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Welcome

Oktay GENCER

General Coordinator of the Network
Dear Distinguished Delegates, Ladies and Gentlemen,

On behalf of the organising committee, it is my great pleasure to extend you a
cordial welcom e to the 11 ™ Meeting of the Inter-Regional Cooperative Research
Network on Cotton for the Mediterranean and Middle East Regions.

It is an honor for us to host this m eeting and have such an outstanding
attendance.

There is no need to tell you, about the significance of cotton growing and it’s
ecomomy in the world . For this reason we still n eed to expolore ho w all cotton
producing, trading and consum ing countries can work i ndividually and collectively
to promote cotton.

In this meeting there are 49 distinguis hed specialists from 11 countries. And
36 papers will be presented a nd discuss ed in working group s (Breedin g,
Biotechnology, Agronomy, Economy, Fiber = and Yarn Technology) besides the
evaluation of past and future activities of groups. I strongly believe that the
participants will be able to search for new and innovative solution s to our m utual
problems and also will be able to initiat e new cooperative research pro jects among
themselves and the member countries.

It is m y hope that the inf ormation presented here during the m eeting and
discussions among the representatives, our cotton world will be better equipped to
meet the challenges we face.

I wish to thank again all distinguished representatives of participant countries
(Bulgaria, Egypt, France, Greece, India, Mozam bique, Pakistan, Spain, Sudan,
Turkey and USA).

Besides exchanging information and knowledge on subjects related to cotton
within and among the working groups, I hope all of you will enjoy your stay here and
experience the well known Turkish hospitality.

I want to express our appreciations and sincere thanks to Dr. Rafiq

CHAUDHARY, head of technic al sec tion of International Cotton Advisory
Committee, for his support to this meeting.
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And I want to express special thanks  to all who supporte d this m eeting;
specifically to International Cotton Advisory Committee, to the Cukurova
University, to the Mus tafa Kemal University, to the Ege University, Research an d
Application Center of Science and Technology, to the Ege University, Department of
Bioengineering, to the Dicle University, to the Gul Cotton Company, to the Republic
of Turkey Ministry of Food, Agr iculture and Livestock, Gene ral Directorate of
Agricultural Research and Policy, to the Republic of Turkey Ministry of Food,
Agriculture and Livestock, International Agricultural Training Center, to the
Agricultural Research for Development (CIRAD), to the Camlaralti College.

I also want to expres s my sincere tha nks to all m embers of the organizing
committee for their outstanding work.

And, I want to express my special th anks to Dr. Yasar AKISCAN, secretary
of the network meeting, for his devotion and hard work.

Wishing that the W orkshop and Joint Meeting could fulfill its aim s
successfully, I again welcom e all of you. Have a good tim e, while exchanging your
ideas and puting your new knowledge to work.

Best regards
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Cost of Production Structure is Changing in Cotton

M. Rafig CHAUDHRY

Head, Technical Information Section
International Cotton Advisory Committee, (ICAC) Washington DC 20006, USA
e-mail: rafiq@icac.org

Abstract

The International Cotton Advisory Committee (ICAC) undertakes a survey of
cotton of production of cotton every tree year . Thirty-four countries that planed
about 90% of the world cotton area in 2009/1 0 participated in the last survey. The
data is for the year 2009/10. Average cost of production of seedcotton per kilogram
increased from 30 US cents in 1994/95 to 43 US cents/kg seedcotton in 2009/10. The
cost of production of lint in 1994 was US$0.93/kg lint, wh  ich increased to
USS$1.22/kg lint in 2009/10. In 2009/10, the worl d average data showed that 28 US
cents were spent on every kilog ram of lint produced in the world, more than an y
other input/operation includi ng harvesting and ginning. Cost of production in term s
of fertilizer has alm ost doubled from 1994/95 to 2009/10 i.e. 15 cents and 28 cents
respectively. Cost of w eeding even m ore than doubl ed in 2009/10 over 1994/95.
Insecticides cost form ed almost 23% of total cost in 1994/95 that declined to only
11% in 2009/10. Many factors are responsible for decline in insecticide use including
lesser use of insecticides, awareness about severe conse quences resulting in cautious
use, lower cost of insecticides and better chem istries. Insect resis tant biotech cotton
also helped to lower insecticides use. Recent stagnation in yields will have a negative
impact on c ost of production of cotton. Ne wer technologies are needed to increase
yields for lowering cost of production.

Keywords: Cotton, Cost, Survey.
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Progress in GM Cotton Development in Public Sector

Yusuf ZAFAR

Director General, Agriculture & Biotechnology Division
PAEC, Islamabad, Pakistan
Minister (Technical), Permanent Mission of Pakistan to the IAEA
Hofzeile 13, A-1190 Vienna, Austria
e-mail: y_zafar@yahoo.com

Abstract

Nearly two third of cotton produced gl obally is GM in nature. All top six
producing countries (Australia, Brazil, Ch  ina, India, Pakistan and USA) ha ve
officially adopted GM cotton which is being g rown safely and success fully for the
last 10 — 15 years.

Almost all the biotech cotton being gr own commercially has been developed
by private sector. The public sector have strong R&D programm es on developing
GM cotton for various traits like resistant to pathogens and various abiotic stresses,
enhancement of quality (oil) and fiber im provement. Though none of these
endeavors yet reached to commercialization. H owever, these efforts will b e further
strengthen now by availability of com plete genom e of diploid cotton (Gossypium
rhamondii)) having DD genom e. It is expected that sequence of tetraploid cotton
(AADD) and other diploid cott on (AA) will soon be availa ble in public data base.
Majority of ESTs of cotton are already in  use by the biotech researchers. All these
activities will be reviewed with spe cial reference to cotton biote ch p rogramme of
Pakistan which is being carried out in public sector.

The issues of patent and bio-safety aspects which ar e tightly related to GM
crop are two m  ajor impedim ents to th e commercialization of Biotech cotton.
Therefore, out of nearly 80 cotton growing countries there are still only 11 countries
where system is in place to grow GM crops. These issues will also be highlighted.
Keywords: GM Cotton, Pakistan.
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ORAL PRESENTATION
Cotton Situation in Greece

Eleni TSALIKI* and Apostolos KALIVAS

Hellenic Agricultural Organisation —- DEMETER Cotton and Industrial Plants Institute
PO Box 60406 57001 Thermi Thessaloniki Greece
*Corresponding author, e-mail: dir.cotton@nagref.gr

Abstract

The cultivated area in Greece fluctuat es last years am ong 250000 — 300000
ha and the average seedcotton y ield is 250 Okg/ha. 10. 0% of Greece' s total
agricultural production is cotton and around 76% of the EU's total output is grown in
Greece.

Cotton sector is ch aracterized by sm all size farm s (4.5ha) where cotton
cultivation is fully m echanized. All the governmental measures in compliance with
EU rules, are focused on Integrated Crop Management from sowing to collecting and
ginning including pest and weed control.

At the proc essing lev el, a total of 70 private and co-operatives ginneries
convert the raw cotton to fiber. The Cotton Standardization Centre of Karditsa which
belongs to the Cotton and Industrial Plants In stitute is established the last two years
in order to classify the producing Greek cotton bales with accredited HVI equipment.
The current regulatory fra mework from the Common Agricultu ral Policy, with th e
direct and attached support for cotton and other crops, was due to expire at the end of
2012, but extended for one m ore year un til the end of 2 013, because there is a
significant d elay in the negotia tions at Eu ropean level. Neverthe less the subsid ies,
cotton research in Gree ce, is targe ted to im prove cotton ¢ ompetitiveness either b y
increasing yields and reduc ing cost or by im proving the product’s perfor mance to
increase market share.

Keywords: Cotton, Greece.
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Introduction

Cotton is Greek national product becaus e 10.0% of Greece's total agricultural
production was cotton and around 76% of th e EU's total o utput (about 1.45 m illion
tonnes of raw cotton) is grown in Greece.

It is the 5™ national product in exports (total 391 million euros) and occupied, in this
difficult period, 70.000 fa milies in agricu Iture and 150.000,00 em ployees in oth er
sectors (manufacturing, marketing - distribution - third party services, etc.).

Table 1. Cotton cultivation and production in Greece.

Year Cultivated area (ha) Production (tones) Average yield (kg/ha)

2000 405000.0 1.235.000 3050
2001 378737.8 1.246.839 3290
2002 360500.0 1.131.500 3140
2003 367100.0 972.000 2650
2004 383791.0 1.254.780 3270
2005 363000.0 946.000 2610
2006 380380.0 765.400 2010
2007 338724.0 668.181 1970
2008 284157.0 670.000 2360
2009 233000.0 600.000 2580
2010 260374.8 565.000 2140
2011 301405.5 795.710 2640
2012 * 283964.6

* estimation, Source: Ministry of Rural Development and Food (2000-2009) and OPEKEPE (2010-2012)

Varieties

In orde r to cultivate a cotton variety in Greece it has to be reg istered to
National or European Catalogue. There are  a total of 107 variet ies registered in
National Catalogue for 2012 but from them cultivated in extended area only 20-30.

The registration of varieties to th e National Catalogue, the control of
maintainers as long as the tria Is for assur ance of varie ties, are th e m ain tasks of
Variety Research Institute of Cultivated Plants (V.R.I.C.P.) which also belongs to the
Ministry of Rural Development and Food.

12
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Cultivation

Cotton sector in Greece is characteri zed by sm all (4.5ha) highly specialized
cotton farms while there is a trend toward single cropping in som e areas (Thessaly),
where cotton accounts for 60% of the arable land (Figure 1).

Cotton cultivation is fully m echanized and the governm ental m easures in
compliance with EU rules are focused on Integrated Crop Managem ent from sowing
to collecting and ginning including pest and weed control.

Water management is of out most i mportance and special attention is given
due to the declining of water resources. Co tton cultivation is alm ost 100% irrigated
and drip irrigation is recommended where the cost can be afforted.

S s e L

Ad ol g TRl

B 0% of agricultural land
. 0-5%
5-15%
I 15-50%
B >50%

Figure 1. Areas of cotton cultivation in Greece.

The main cotton en emies are th e pink and green bollworm s but usually we
have few generations and infestations ar e limited, com pared to other countries.

13



Bollworm 1 nfestations are no occurring ev  ery year and in the years of high
infestation two or three sprays m aximum are efficien tly con trolling the pes t
population.

Aphids and thrips are som etimes a ffecting crop butto a lim ited extent,
therefore no sticky cotton occurs in Greece.

The main cotton disease is cotton wilt caused by the fungi Verticillium Wilt.
The only w ay to face the problem and contro | the disease is the use of resistant or
tolerant varieties and th e application of an integrated control program. In the recent
years dam ages due to this disease have b een restricted to a great extent, m  ainly
because of the cultivation of resistant varieties.

Processing

At the processing level, a total of 70 private enterprises and co-operatives
convert the raw cotton to its usable state through the ginning process. T he produced
bales are the first material of the local textile industry or exported, mainly to Turkey
and China.

The instrument testing offered by Cott on Standardization Centre of Karditsa
which belongs to th e Cotton and Ind ustrial Plants Institute, gives the opportunity to
measure the m ost im portant characteristic s of each single cotton bale produced in
Greece, rapidly with standard methods and verificated instruments. The accurate and
repeatable r esults on in strument tes ting can evaluate the correct perform ance of
cotton and assis t the com plete cycle of th e cotton tex tile process (g inner, seller,
spinner and finally the consumer).

EU policy

OPEKEPE is the Greek Payment Authority of Common Agricu ltural Policy
(C.A.P.) Aid Schemes and is also supervis ed by the Ministry of Rural Developm ent
and Food. OPEKEPE' s m ain task is the co  ntrol and paym ent of beneficiaries,
according to European and national Laws.

From 2006 the new CAP were introduced the direct (single, dec oupled aid) and the
special area payment (attached support, coupled aid).

The amount of the direct payment scheme is in principle, equal to the average
of the grants received b y each farmer the three years 2000-2002 (histo rical period).
The single payment withheld each year at the request of producer, regardless of type
and current production.

The special area payment is for farmers who cultivate and produce cotton. In
2006 there was a ceilin g of 370000,0 ha eligib le for Greece to grant the total of this
special area aid but for 2011/12 this s upport was 805,6 € / haif  the total cotton
cultivated land was 250000,0ha.

14
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Figure 2. Cotton Standarization Centre of Karditsa, Greece

According to Ministry of Rural Development and Food, the current regulatory
framework for the CAP, especially f or direct payments was due to expire at the end
of 2012, but extend ed for one m ore year unt il the end of 2 013, because there is a
significant delay in the negotiations at Europe an level about the new r egulations for
the programming period 2013-2020.

Research

The Ministry of Rural Development and Food is the major coordinator of
cotton r esearch, i n Greece. Cotton and Industrial Plants Inst itute which belongs
now to Hellenic Agricultural Orga nisation - DEMETER (for =~ mer National
Agricultural Research Foundation NAGREF) along with the Agricultural
Departments in the Univers ities d eal with co tton rese arch. Th e National and
European Union programm es are sources of research funding and in few cases
cooperatives and Regional Operational Programmes.

Research, is targeted to im prove cotton com petitiveness either by inc reasing
yields and reducing cost or by im  proving the product’s perform ance to increase
market share.

15
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Summary of current status of Cotton Research Program in the Sudan

Abdelrahman H. LATIF* and Elfadil A. BABIKER

Agricultural Research Corporation, Cotton Program Wad Medani, Sudan
*Corresponding author, e-mail: ahlatief(@yahoo.com.hk

Abstract

Cotton in S udan is indigenous. Commercial growing of the crop, how ever,
started in 1867. In Sudan cotton is produ ced both under rain and under irrigation.
This large production has, since the begi nning, been backed by a strong research
program. The Agricultural Research Corporation (ARC) has an intensive program to
develop new varieties, increase yield a nd improve quality in both hirsutum  and
barbadence. The fram e work of the cotton research is pillared m ainly upon variety
improvement, Agronomy, Stickiness and te sting technology. Cotton improvem ent
addresses higher yields, earliness, disease and insect resistance breeding new variants
having different balances of fiber characteristics. As results, more than 50 varieties
released but Only 7 varieties are cu rrently grown. Genetically engineered Bt-cotton
(open pollinated) is recently adopted, resu lting in average increase of 54% and 87%
in seed cotton yield ov er local checks. T echnical packages that fit bo th ecological
different zones and variability in crop dura tion were also generated as well as fiber
testing, monitoring the quality performance of the prospective genotypes and existing
cultivars. Research o n stick iness pr oblem continued, wh ere be tter prac tical
knowledge on avoiding stickiness in-field practices were shared in Sudan. According
to International Textiles Manufacturers ~ Federation Survey a better position for
stickiness in Sudan was reported. Work on soil moisture, methods likely to im prove
the spinning process and future m apping of zones varying in stickiness incidence is
ongoing.

Keywords: Cotton, Sudan.
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Turkey Cotton Report

Huseyin BASAL'*, Volkan SEZENER?

' Adnan Menderes University, Faculty of Agriculture, Department of Crop Sciences, Aydin/Turkey
*Nazilli Cotton Research Station, Nazilli-Aydin/Turkey
*Corresponding author, e-mail: hbasal@adu.edu.tr

Abstract

World cotto n area, pro duction and consum ption is estimated 35.9 m illion
hectares an d 27.3 m illion tons, and 22.7 m illion tons respectively in 2011/12.
Domestic cotton production and area was 480.000 hectares and 817 000 in 2010/11,
respectively. Turkish cotton area and production are projected to decrease about 17%
and 27% in 2011/12 due to the fall in the price of cotton in relation to previous years
as well as the decre asing com petitiveness of cotton in re lation to wheat, co rm and
soybeans. In 2011/12, Turkey represent  2.7% of total cotton production, 5.4% of
total cotton consumption, and 5.4% of total cotton imports in the world. Turkey is the
eight largest producer in the world. However, it was estimated that Turkey imports a
total of 480 000 tons of cotton in 2011, of which 363 772 ton or 82 % was US

cotton. The cotton is produ  ced in three m ajor areas, in descend ing ordert he
Southeastern Anatolia (GAP), Aegean, Cukurova. With the expansion of irrigation area to 1.04
million hectares by 2014, cotton planting and production area would be increase in the GAP
region, accounted for 300 000 hectares planting area and over 500 000 tons cotton production.

During last decade p rivate sector h ad sign ificant ro le for cotton seed supply and
improvement of new cot ton varieties. The ratio of cotton seed production by private
sector jumped from %19 to %100 between 2001 and 2011. The textile industry is one
of the most important and dynamic sectors in the Turkish economy accounting for 8
percent of its GDP. In 2011, Turkey’s text ile exports were valu ed at 7.709 billion
USS, and Turkey’s clothing and apparel ¢ xports were valued at 15.666 billion USS,
for a total value of 23.373 billion US$. These  sectors had a 17,3% share in total
export volume in 2011.

Keywords: Cotton, Turkey.
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Introduction

A warm climate crop, cotton is cultivated between 37° N and 32° S, and about
90% of cotton is grown in the Northern He misphere. Cotton is grown in m ore than
60 countries and planted on about 2.5% of the world’s arable land m aking it one the
most important industrial crops in the world. It also provides employment to millions
of person during cotton production, transpor tation, ginning, baling and storage, and
in allied industries such as agriculture inputs, machinery and equipment, cotton seed
crushing and textile m anufacturing. The m ost important, cotton provides food and
fiber which are the most  basic requirem ents of hum an being. Am ong edible oil
consumed in the world cotton oil is the fifth rank.

Cotton planting area, yield, production, a nd trade in selected countries in
2011/12 and 2012/13 were given in Table 1.  The ICAC Secretar iat reported that
2011/12 world cotton area and production is estimated at 35.977 million hectares and
27.3 million tons. In 2 011/12, world cotton consum ption is expected to be 22.7
million tons 7.3% lower than last season, 24.5 million tons in 2010/11. Global cotton
production was 25.1 million tons in ~ 2010/11 and cotton production reached 27.3
million ton s in 2011/12 (8.7 % increase in cotton p roduction). World cotton
production is forecast 2 5.5 million tons in 2012/13 down by 6.6 % from this season.
The decline in prices during 2011/ 12 (2010/11: 164.26,2011/12: 1.00 U.S. § per
pound) has driven cotton planting down this year in many countries.

Although cotton is produced in 61 ¢ ountries in the world during 2011/12,
only eight of the m, China (Mainland), I ndia, USA, Pakistan, Brazil, Australia,
Uzbekistan and Turkey sh are 86.8% of production, 78.3% of area and 80.6% of
consumption. The average world cotton p lanting area is b etween 30 and 36 m illion
hectares for long term . Last decad e co tton yield increased average 10 Kgha ' per
year. According to the latest the ICAC estimates, the world average yield is expected
at 748 kilogram s per he ctare in 2011/12. Aver age yield in cotton was varied from
164 Kg ha "'(Kenya) to 1900 Kgha ' (Austra lia) regard less of planting area in
2011/12. The five highest yiel ding countries in 2011/12 in  descending order were
Israel, Australia, Mexico, Brazil and Turkey (ICAC, 2012).

After a 25% jump to 9.6 million tons in 2011/12, the volume of cotton traded
internationally is expected to drop by 21% to 7.6 million tons in 2012/13. The leap in
global cotton trade in 2011/12 does not refl ect improved demand for cotton. In fact,
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global cotton mill use is estimated down by 7% to 22.7 m illion tons, the sm allest in
eight years. A small rebound in global cotton mill use is projected in 2012/13, on the
basis of lower prices and a more robust global economy. This improved demand will
boost cotton imports, but not enough to offset the expected drop in demand by China,
which now holds large stocks. Im ports by China are projected to fall by alm ost half
to 2.7 m illion tons in 2012/13, whereas im  ports by the rest of the world could
rebound by 18% to 4.9 m illion tons. Global 2012/13 cotton production is forecast at
25.5 million tons, down by 6.6 % from this season: the d ecline in prices during
2011/12 has driven cotton plantings down this year in many countries. Global stocks
are expected to expand by 14.1% in 2012/13 to 15.72 million tons. By the end of July
2013, global cotton stocks could represent 66.8% of global consum ption, the highest
stocks-to-use ratio since the mid-1980s. The projected accumulation of cotton stocks
will weigh on international cotton prices in 2012/13 (ICAC, 2012).

Table 1. Cotton Planting Area, Yield, Production, and Trade in Selected Countries in

2011/12 and 2012/13

Countries Area Yield Production Consumption Import Export

(1000 ha) (Kg ha™) (1000 MT) (1000 MT) (1000 MT) (1000 MT)
A B A B A B A B A B A B
China 5.528 49751. 339 1379 7400 6.8608. 635 8.635 5342 2.535 5 5
India 12. 178  11.540 493 472 6.001 5.447 4421 4.775 120 120 2.295 618
USA 3.829 4.226 886 878  3.391 3.725718 351 4 1 2526 2.504
Pakistan 2. 800 2.900 819 740 2294 2146  2.163 2336 195 381 250 120
Brazil 1. 393 1.045 1352 1426 1.884 1.490 888 897 6 17 1.043 666
Australia 600 515 1.800 1.924 1.080 991 8 8 0 0 1035 818
Uzbekistan 1. 316 1.285 669 700 880 900 273 281 1 1 532 568
Turkey 542 407 1. 384 1.550 750 630 1. 250 1.325 519 765 7 7
Sub-Total ~ 28.186  26.893 23.680 22.189 18.356 18.608 6.187 3.820 7.693  5.306
Other 7.791 7.349 3.602 3295 4423 4940 3416 3764 2.023 2278

World Total 35.977  34.242 758 744  27.282 25484 227779 23548 9.603 7.584 9.716  7.584

A:2011/12,B: 2012/13.
Source: ICAC, Cotton This Month, October 1%, 2012
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In China, cotton prices in 2012/13 w ill be supported by the minim um support
price policy, under which the governm ent organizes daily purchases of new crop
cotton betw een Septem ber 2012 and March  2013. In the rest of the world, the
pressure of accum ulating stocks, combined with weak dem and, could drive cotton
prices down. Due to the Chinese governm  ent’s comm itment to support dom estic
prices and the rebuilding of its national reserve (4,6 million tons at the end of August
2012), Therefore, cotton im ports by China will likely drop sharply in 2012/13. The
Secretariat expects Chin a to im port 2.5 m illion tons th is season, less than half'th e
record quantity purchased last season. W ith the projected sharp declin e in Chines e
imports, the 2012/13 outlook in the rest of the world is conducive to lower
international prices. Cotton production outside China is forecast down by 6% to 18.6
million tons in 2012/13, as a result of the significant drop in prices last season.
Cotton production in the southern hemisphere is projected down by 17% to 3 million
tons in 2012/13 as a result of the fall in co tton prices since last year. The decline in
production will be m ore pronounced in Brazil (-21% to 1.5 m illion tons) and
Argentina (-22% to 164,000 tons, respectively) than in Australia (dow  n by 8% to
991,000 tons) (ICAC, 2012). The separation betw een cotton prices and the prices for
other agricultural crops, like corn and soyb eans, promises to lead to a significan t
decline in cotton acreage for the 2013/14 s eason (Cottoninc, 2012). At its present
level of 16.7 m illion tones, the pro jection for 2012/13 glo bal ending stocks is th e
highest ever. The stocks-to-use ratio climbed to 67.1% also a record (Table 2).

Cotton Production in Turkey

Turkey is one of the important countries in te rms of the m agnitude of total
cotton production, consumption and total imports in the world. Turkey has produced
over 500 000 tons of cotton lint per year since 1980. Domestic cotton production and
area was 480.000 hectares and 817 000 in 2010 /11, respectively. Turkish cotton area
and production are projected to decrease a bout 17% to 400.000 hectares and 27% to
600.000 MT in 2011/12 (USDA b, GAIN Report, 2012). The decrease is expected to
occur due to m any issues includ ing the f all in the price of cotton in relation to
previous years as well as th e decreasing competitiveness of cotton in relation to
wheat, corn and soybeans. Cotton compete with wheat and corn production for land
use, depending on which is m  ore prof itable for producers. In 2011/12, Turkey
represent 2.7% of total co tton production, 5.4% of to tal cotton consum ption, and
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5.4% of total cotton im ports in the world. Turkey is the ei ght largest producer in the
world (Table 1).

Table 2. World Cotton Balance Sheet

2008/09 2009/10 2010/11 2011/12 2012/13
(Estimate) (Proj.)
Millions of Metric Tons

Beginning Stocks 12.257 11.397 8.638 9.380 13.780
Production 23.455 22.168 25.210 27.282 25.480
Supply 35.712 33.565 33.848 36.662 39.260
Export 6.609 7.805 7.625 9.716 7.580
Import 6.647 7.928 7.725 9.603 7.580
Consumption 23.817 25.470 24.517 22.779 23.550
Ending Stocks 11.939 8.638 9.380 13.782 15.720
Stocks/Use Ratio 50.1 33.9 38.3 60.5 66.8

Cotlook A Index* 61.20 77.54 164.26 100 84x*

* U.S. cents per pound, ** Average for the first two months of 2012/13 (August to September 2012).
Source: ICAC, Cotton This Month, October 1%, 2012.

The cotton planted area, production, and yield trend in Turkey is given Table
3. The area under cotton increased consid erably between 1945 and 1955, and cotton
production thus kept on increasing in that of years. Since 1955, cotton planting area
has fluctuated between 650 000 and 750 000 hectares. The lowest (400 000 ha) and
highest (760 000 ha) planting area were recorded in 2011/12 and 1998/99
respectively. An all time record cotton production of 910 000 tons achieved in
2001/2002. Until a few years ago, witha lint cotton production of about 900
thousand tons, Turkey used to be ranked as the sixth largest cotton producing country
in the world, af ter China, the USA, Indi a, Pakistan and Uzbekistan. However, a
significant reduction in cultivation area and production has been witnessed during the
recent years. With its new production regions and increased annual production levels,
Brazil has significantly surpassed T urkey in production capacity. Severe drought,
low cotton price s, co upled with the f armers’ switch to alte rnative crops, h ave
resulted in a dramatic drop in cotton production in the recent years, from around 900
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thousand tons level a few years ago, to as low as 400 thousand tons level last season
(ICAC, 2010).

Last three decades yield increased from average 700 Kg ha-1 to 1600 Kg ha™.
The increase in cotton production has also been instrumented in expanding the textile
industry. The variety potential and the agro -climatic conditions are the determ ining
factors in term s of high yield. Also, incr  ease in yield m ay be a ttributed to the
improvement in plant protection and agronom ical applications, and fertilizers. Better
protection against pests has im pact yields in China and the USA. On the other hand,
average yield increase in Brazil is due to a shift in co tton area to h igh yielding area
(Chaudhry, 2004). In T urkey, all cotton plan ted areas are irrigated. W ith better
growing conditions, increased use of certificated seeds and availability water during
the growing season has increased yields in ~ most areas esp ecially at th e Southeast
Anatolian (GAP) region. The average yield in 2011/12 is expected to be 1500 Kg ha”
! Overall yields im  proved in recent year s due to the investm  ent of modern
equipment, planting at larger fields, inc reased utiliza tion o f certified seeds and
mechanical harvesting. Field yields are im proving because the far mers that continue
to plant cotton are the most efficient and experienced, well equipped and have larger
fields. Turkish Government is also increas ing its efforts to unite sm all and divided
farms. Therefore, better planting techniques and econom ies of scale are helping to
achieve higher yields. Increases in the use of certified seeds over the years had also
helped increasing yields. The increase in certified seed use is driven by a ten percent
higher production bonus for certified seed u sers. Th e rate of certified seeds
utilization has rapidly increased in all cotton productions areas and reached to 100%.
Farmers have been using seeds whic h are delinted, high quality, and high
germination rate and to which insecticides were applied in recent years (Sarsu an d
Yucer, 2011; USDA a, GAIN Report, 2012).

The cotton is grown in three m ain areas; the Southeastern Anatolia (GAP),
Aegean, Cukurova, and sm all amounts of co tton also are produced around Antalya.
The highest cotton planting and producti on regions in 2011/12 in descending order
were the Southeastern Anatolia (G AP), Aegean, Cukurova and Antalya (Table 4).
Among the cotton production areas Sanliurfa, Aydin, Adana, Hatay and Izm ir have
the highest cotton planting area and pr oduction. These provinces produced 638 MT
or 78% of total Turkey cotton produc tion in 2010/11. Cotton planting area is
continuing to gradually increase in the Southeastern Anatolia (GAP) region from 8%
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(1980/81) to 60% (2010/11) due to an increa sing in irrigation sy stem created by the
GAP. The Southeastern Anatolia Projec t (GAP)isam assive $32 billion pub lic
project to harness the power and potential  of the upper reaches of the Tigris and
Euphrates rivers and to irrig ate the fer tile p lains that lie between them. GAP is
estimated to double Turkey' s irrigable farm land. It is planning to irrigate a total of
1.7 million hectares of land by the end of this project. Average annual expansion of
the irrigation network during the last five years is about 10 000 hectares. Crop yields
of cotton, wheat, barley, lentils and other grai ns have tripled in the Harran plain as a
result of irrigation from the Ataturk Da  m. Cotton planting area in the GAP has
climbed from 50 000 ha to 300 00 0 ha last three decades. At the same period cotton
yield rose from 500 Kgha ~'to 1500 Kgha ', thatisth ree tim es more. Cotto n
production increased from 26,000 tons (1980/ 81) to 450,000 tons (2010/11), m aking
the GAP region the top cott on producer area. This regi on produces over 50% of
Turkey’s total cotton production. With the expansion of irrigation, The GAP region
will account for over 300 000 hectares plan ting area and o ver 500 000 tons cotton
production. Harran is the heart of the cott on growing area in the GAP region, where
140,000 hectares are under irri  gation. An estimated 15,000 hectares of land have
been affected by salt accum ulation caused by poor irrigation practices. However,
drainage channels have been built to prev ent harm to the cotton f ields from rising
underground water levels due to excessive irrigation. The T urkish Government also
provides technical and financial assistant to farmers to build m odern drip irrigation
systems to prevent eco logical prob lems and wasting water re sources (USDA b,
GAIN Report, 2012).

The Turkish government has spent more than US$ 22.5 billion over the past
three decades on a gigantic irrigation and ag ricultural extension project in Southeast
Anatolia, known as the GAP project. W hen finished, som e 1.5 m illion hectares of
land will be irrigated and a total of 22 dams will be completed. So far about seventy-
four percent of the hydroelectric projects are completed but only fifteen percent of
the irrigation projects. In 2008 the government promised to allocate US$ 12 billion in
five years for dam s, irrigation and infrastructure in the region. During the last three
years, the Turkish government allocated funds for some of the irrigation projects. If
actually realized, a to tal of 1.04 m illion hectares of land will be irrig ated by 2014
which could eventually increase cotton pl anting and production in the region. In the
first Master Plan of GAP, 25% of i rrigated land thought to be as a cotton growing

25



area and then it was sw itched to 45%. In GAP region, th e ratio of cotton planting
area in the new open irrigated land woul d be up to 90% depends on cotton price.
Even half of the irrig ated land will be advocated to cotton , this m eans that cotton
planting area in the GAP would be over 500 000 ha in the future.

Table 3. Cotton Area, Production, and Yield in Turkey

Years Area (1000 h)  Production (1000 MT) Yield (Kg ')
1945/46 231 54 235
1955/56 625 157 251
1965/66 685 325 474
1975/76 670 480 716
1985/86 659 518 832
1995/96 757 851 1127
2001/02 697 920 1214
2002/03 694 983 1035
2003/04 637 918 1396
2004/05 640 936 1462
2005/06 547 864 1582
2006/07 591 977 1653
2007/08 530 868 1636
2008/09 495 673 1360
2009/10 420 638 1520
2010/11* 481 817 1700

*Republic of Turkey Ministry of Food. Agriculture and Livestock, Turkish Statistical Institute.

In Cukurova region, cotton production ar ea is gradually decreased from 350
000 to 103 000 ha last three decades. The  increased cost of production and high
insecticide usage aga inst to whitef ly (Bemisia tabaci Genn.) and com petition from
other crops forced the cotton growers to sw itch to citrus orchards, soybean,
wheat/corn double crop rotations. In Antaly a, cotton areas are under residential and
tourism developm ent, horticulture and ¢ itrus orchards pressures. Depends on
competition with other c rops in te rms of returns, cotton planting area has fluctuated
between 80 000 and 250 000 hectares in Aege an for last three decades. Except for
GAP region, in all regions cotton producti on will fluctuate in accordance with th e
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return of alternative crops and the cost of production. Expansion in the GAP region
will be able to compensate for the decreasing in traditional growing areas.

In Cukurova region, farm ers had a diffi cult time deciding between corn and
cotton production. Corn is profitable in te rms of high yields, low cost, ready buyers
and relatively high prices. Th ere is one big irrigation pr oject in the region called
Yedigoze dam which will irrigate 75.000 ha of land in the Imamoglu Valley. Farmers
in the region will switch from wheat to first season corn and cotton. T he project will
be finished in 2014. The governm ent sets targets for every s ector up to 2023. In
terms of agriculture, Adana agriculture wi 1l be much different in 2023 than today.
Corn and Cotton will be the dom inant crops for the first season crop. S unflower and
Canola area will increase (USDA a, GAIN Report, 2012).

The Hatay region was flooded in January and February by extensive rain and
opening of a dam door. Almost 15,000 ha of wheat area were badly affected by these
floods. W heat m ost pro bably will be replaced by cotton and cornin ~ April 2012
(USDA a, GAIN Report, 2012). Even though farmers are not happy with the returns
on cotton, recent floods in the Hatay region destroyed wheat fields, which will leave
farmers with no other choice than to plant cotton (USDA b, GAIN Report, 2012).

Corn is one of the m ain crops compete with cotton in terms of planting area.
A major increase in corn planting area was observed in several areas. In Cukurova it
was due to far mers’ heavy investments lo ss on cotton planting in MY 2011, In the
Aegean region, it was due to a dramatic increase in the number of livestock farms. In
the Marm ara region, it was due to incr ~ eased dem and from the broiler industry
(USDA a, GAIN Report, 2012).

In South East Anatolia region heavy rainfall in autum  n pr evented farm ers
from harvested second season corn in som e regions and some farm ers allocated land
to cotton planting (USDA a, GAIN Report, 2012). Excessive rains in the GAP region
also prevented wheat planting last fall. Th is left cotton as the only option for som e
farmers. Sim ilarly in the Hatay region, floods destroyed wheat fields, which are
expected to be rep laced by cotton. Hot summers in the GAP region adversely affect
corn production, which creates risks and also makes cotton more attractive than corn
(USDA a, GAIN Report, 2012).
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Table 4. C otton Planting Area, Production a nd Yield at Southeastern Anatolia
(GAP), Aegean, Cukurova, and Antalya Regions.

Southeastern Anatolia (GAP) Aegean

Years Area Production Yield1 Area Production Yield1

(1000 h) (1000 MT) (kgh™) (1000 h) (1000 MT) (kgh™)
1980/81 51 (8%) 26 (5%) 504 218 (32%) 185 (37 %) 852
1990/91 141 (22%) 142 (22%) 1014 258 (40%) 285 (44%) 1102
2000/01 317 (48%) 427 (49%) 1346 208 (32%) 286 (33%) 1375
2001/02 298 (43%) 422 (46%) 1212 236 (34%) 269 (29%) 1146
2002/03 320 (46%) 454 (46%) 1422 224 (32%) 305 (31%) 1359
2003/04 300 (47%) 444 (48%) 1478 203 (32%) 266 (29%) 1311
2004/05 325 (51%) 476 (51%) 1463 176 (28%) 254 (27%) 1445
2005/06 295 (54%) 448 (52%) 1517 144 (26%) 219 (25%) 1524
2006/07 310 (52%) 503 (51%) 1436 151 (26%) 225 (23%) 1058
2007/08 292 (55%) 472 (54%) 1480 119 (22%) 166 (19%) 951
2008/09 313 (63%) 423 (63%) 1169 83 (17%) 95 (14%) 830
2009/10 236 (56%) 349 (55%) 1273 81 (19%) 114 (18%) 982
2010/11 288 (60%) 464 (57%) 1614 84 (17%) 114 (18%) 1206

Cukurova Antalya

Years Area Production Yield1 Area Production Yield1

(1000 h) (1000 MT) (kgh™) (1000 h) (1000 MT) (kgh™)
1980/81 369 (55%) 253 (51%) 687 35 (5%) 36 (7%) 1039
1990/91 211 (33%) 190 (29%) 900 32 (5%) 38 (6%) 1192
2000/01 116 (18%) 153 (17%) 1315 13 (2%) 14 (2%) 1108
2001/02 152 (22%) 218 (24%) 1427 11 (2%) 11 (1%) 1072
2002/03 141 (20%) 212 (22%) 1482 9 (1%) 12 (1%) 1360
2003/04 126 (20%) 196 (21%) 1276 8 (1%) 12 (1%) 1520
2004/05 130 (20%) 192 (20%) 1474 9 (1%) 14 2%) 1600
2005/06 103 (19%) 187 (22%) 1823 5 (1%) 10 (1%) 1902
2006/07 126 (21%) 241 (25%) 1626 4 (1%) 8 (1%) 1810
2007/08 115 (22%) 223 (26%) 1750 4 (1%) 6 (1%) 1590
2008/09 95 (19%) 150 (22%) 1372 4 (1%) 5 (1%) 1330
2009/10 100 (24%) 170 (27%) 1470 3 (1%) 5 (1%) 1530
2010/11 105 (22%) 201 (25%) 1884 4 (1%) 7 (1%) 1770

Source: Republic of Turkey Ministry of Food. Agriculture and Livestock, Turkish Statistical Institute.

In MY 2011, cotton area increased at the expense of the wheat area but due to
subsequent price shocks in the cotton sect or, many farmers decided to grow either
wheat or corn in MY 2012. In MY 2011, cotton farmers couldn’t find enough seeds
to plant and even went to cotton ginning prem ises to collect seeds. Similarly, in MY
2012 farmers demand for corn seed was highe r than expected, a nd global and local
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seed companies are alm ost out of corn seed sto cks. High cotton prem iums in MY
2012 will not be enough to attract farmers to grow more of these crops. In MY 2011,
cotton farmers couldn’t find enough seed to plant and even went to cotton ginning
premises to try to collect some seed. In MY 2012, farmers demand for corn seed was
higher than expected and gl obal and local s eed com panies are alm ost out of corn
seed stocks. Since, corn is profitable in terms of high yields, low cost, ready buyers
and relatively high prices. (GAIN Report, 2012).

Table 5. Average Fiber Quality Parameters of Cotton Growing Regions

Cotton Fiber Fiber Short Reflectance Trash
Growing Length  Strength Ul Fiber (% Rd) Yellowness Count
Regions (mm) (g/tex) Mic . (%) Index (b) (g/number)
Aegean 29.8 31.5 459 847 8.9 70.8 7.9 353
Cukurova 28.8 29.8 479 83.19.5 68.5 8.2 49.4
Southeastern

Anatolia 29.230.4 444 844 8.8 69.3 7.8 72.8
(GAP)

Cotton is profitable due to record high prices and a government subsidy (420
TL/MT). In MY 2011, there was arush to  purchase cotton seed due to incredibly
high cotton prices. In MY 2012, a sim ilar rush occurred for purchasing corn seed.
The governm ent was late announcing 2012 comm  odity prem ium. Farm ers have
already decided on either planting corn, co tton, oilseed plants or forage crops. The
government premium has been a very important factor in farmers’ planting decisions.
In the past two years, the governm ent made a point of announcing premiums in time
to influence planting decisions butin ~ MY 2012, far mers had to decide on crops
according to m arket conditions or anticipated prem iums because p remiums were
announced later. The Governm ent’s main target is to encourage production of more
oilseed crops and cotton by increasing the sunflower seed premium from 230 to 240
TL/MT, and the cotton prem ium from 420 to 460 TL/MT in 2012, whereas the corn
premium was kept the sam e as the prev ious year (USDA a, b,GAIN Report, 2012).
On the other hand Farm er leaders argue that this year th e bonus should be 600
TL/MT per kilogram due to increased production costs (U SDA b, GAIN Report,
2012). All the cotton growing regions have re  ceived adequate rains and irrigation
water is re ported to b e suf ficient in all regions. But in spite of  a vailability o f
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irrigation water, higher input prices such as seed, fertilized, fuel and electricity
continue to be concerns for cotton farmers (USDA a, GAIN Report, 2012).

Average fiber quality parameters of three regions were given Table 5. Aegean
cotton generally is considered to be the  best quality and is preferred by the local
textile industry.

During MY 2011, local cotton prices  moved along with world prices. A
sudden drop in world cotton prices followi ng record high prices and continuing low
domestic prices disappointed farm ers and pe rsuade some of them plant other crop
such as wheat, corn and soybean in the cotton growing regions. Prices declined forty-
six percent last spring from the previous year’s highs (GAIN Report b, 2012).

Last three years cotton prices fluctuated in Turkey from US$ 1.79 in 01.2010
to US$ 4.66 in 03.2011. The decline in prices during 2011/12 has driven cotton
planting down this year inm  any countri es including Turkey. Local Standard 1
Aegean cotton was US$ 2.26 per kilogram in October 2011 and went down to US$
1.95 per kilogram in January 2012. A cotton export ban in India raised hopes of local
producers for a recovery of domestic prices, but the ban was removed quickly. Local
cotton is presently (09.2012) quoted for US $ 1.91 per kilogram , compared to US$
2.49 per kilogram a year ago.

Classification, Harvesting and Ginning

The ginning rate averages about 41 pe rcent in the Aegean region, about 39
percent in the GAP and 38 percent in Cukur ova. Ginners generally purchase seed
cotton directly from growers. Lint ge  nerally is graded and certified by the
government—regulated inspectors at the  gins, using a green card system . The
government started a project about three ye ars ago to introduce a m echanized HVI
testing system and has sent techn icians to the United States for train ing at USDA’s
Memphis facilities. Accordingly, there was going to be HVI m easurement centers in
Izmir, Adana and Urfa and Turkey will eventually move to the HVI testing system in
the next five years (USDA, GAIN Report b, 2012).
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Table 6. World Cotton Prices (US $/Kg) during 2009, 2010, 2011 and 2012.

Years  Month Cotlook A Endeks USA Memphis ICE Std. Guarantee
2009 1 1,27 1,32 1,14
2009 2 1,22 1,25 1,20
2009 3 1,13 1,14 1,17
2009 4 1,25 1,29 1,30
2009 5 1,37 1,45 1,50
2009 6 1,36 1,38 1,55
2009 7 1,42 1,45 -
2009 8 1,42 1,52 -
2009 9 1,41 1,53 1,57
2009 10 1,47 1,61 1,54
2009 11 1,56 1,72 1,63
2009 12 1,69 1,79 1,73
2010 1 1,72 1,79 1,77
20102 1,77 1,82 1,79
20103 1,90 1,97 2,04
20104 1,95 1,98 2,22
20105 1,99 2,00 2,22
20106 2,05 2,02 2,29
20107 1,89 1,89 -
20108 1,71 1,75 2,35
20109 2,30 2,34 2,55
2010 10 2,77 2,80 3,04
2010 11 3,39 3,37 3,71
2010 12 3,71 3,70 3,74
20111 3,94 3,86 3,94
20112 4,70 4,65 4,43
20113 5,06 5,02 4,66
20114 4,71 4,73 4,42
20115 3,66 3,92 3,63
20116 3,66 4,01 3,43
20117 - - 2,54
20118 2,52 2,65 2,57
20119 2,58 2,73 2,49
2011 10 2,44 2,55 2,26
2011 11 2,31 2,40 2,07
2011 12 2,09 2,26 1,94
2012 1 2,23 2,42 1,95
20122 2,22 2,32 2,15
20123 2,19 2,24 2,10
2012 4 2,21 2,27 2,07
20125 1,98 2,04 1,96
2012 6 1,81 1,87 1,90
20127 1,85 1,90 1,92
20128 1,86 1,88 1,91
20129 1,86 1,89 1,91

Source: Izmir Commodity Exchange
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The Ministry of Foreign Tradeu  ndertook a program to establish HVI
machine classification of Turkish cotton. They planned to create facilities furnished
with HVI machines in Izmir, Urfa and Adana. The initial plan was to start the project
in 2011 but due to budget problem s the new sy stem is expected to be functional in
five years. W hen activ e, the syste m will collect data for each b ail inana tional
database. The new system was intended to facilitate m  aking production support
payments according to quality, and also a llowing cotton trade in a futures m arket
(USDA, GAIN Report b, 2012).

Because of cheap lab  or cost, mech anical h arvest equipm ent was not
extensively used by the far mers. Mechanical harvesting becam e popular after 2000
because of the significantly increased labor costs. Currently, about one-fourth of the
Turkey’s cotton is hand-picked. The prim ary development in the next five years will
likely be the adoption of present harves ting technology. Mechanical harvesting has
reduced the cost of picking by %25 (Sarsu and Yucer, 2011). Th e total num ber of
harvesters in Turkey in creased with great speed reach ing approximately 1,000. The
great m ajority, about 680 of them, ar e new modern harvesters. About 220 are
secondhand and about 100 are old tracto r-pulled harvesters. The dem and for
harvesters has increased particularly during the last season when a delay in planting
caused cotton fields to m ature at th e same time and a la ck of harvesters and labor
caused delays and losses (USDA, GAIN Report b, 2012).

In Turkey the num ber of gins is estim ated to be around 500 and all of them
are privately owned. The m ajority of the gins in the Aegean region are roller gins,
more suitable for longer staple cotton, while about half of the gins in Cukurova and
the Southeast are roller gins and half are saw gins. However the recent increase in
machine harvesting has triggered construc tion of new saw gins . The agricu Itural
cooperatives Taris and Cukobirlik have invested in new sa w gins to m eet the needs
of their m embers. There are saw gin proj ects in the GAP r egion as we 1l by p rivate
groups (USDA, GAIN Report b, 2012).

Organization of the cotton trade

Commodity Exchanges are established for bringing purchasers and suppliers
together, registering and announcing the prices and ensu ring the well functioning of
the market mechanism. The reference prices in the cotton m arkets constitutes in the
commodity exchanges. Cotton is purchased by the cooperatives and ASCUs, ginning
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plants and traders. Thes e institutions have important roles in the dom estic trade of
cotton. Almost all of the cotton producers have been organized within the framework
of the 89 agriculture sales cooperatives a nd 4 Unions. Total num ber of m embers of
Taris, Antbirlik and Cukobirlik is around 123.693. The Agriculture Sales
Cooperatives and ASCUs operating  under the Law No0.457211 have purchased,
processed, stored and sold the products of their members and if necessary products of
the other producers. T hese Cooperatives and ASCUs have im  portant ginning-
pressing, fibre, storehouse and oil fact ories enterprises. C ooperatives and ASCUs
supply the substantial amount of the production inputs of the producers and distribute
it. Generally, they give the inputs, which they supplied, to the producers as in rem
credit. In order to be eligible to use th eir voting rights, m embers of the cooperatives
have to subm it m inimum 50% of their ~ products, whic h they co mmit to the
cooperatives. The re maining part is sold to other purchasers. Cooperatives and
ASCUs can also give cash cred it to thei r p artners ac cording to th eir financ ial
situation. Another im portant aspect worth mentioning is the significantly weakened
positions of the Agricu Itural Sales Cooperativ es and their Unions, such as Taris,
Cukobirlik and Antbirlik, can  also be regarded asam  ajor factor for the lim ited
interest to cotton growing because these ASCUs used to be very powerful in the past,
also in charge of im plementing governm ent support policies. They even continued
giving such supports from their own resour ces at tim es when “the premium levels”
had fallen short of their m embers’ expectations. These cooperative unions had long
been regarded as “good shelters” for m  ost of the sm all to m edium sized growers.
However, their recently weakened financial positions greatly deprived them being of
significant use (ICAC, 2010).  Cotton purchase ratio of The Agriculture Sales
Cooperatives were given in Table 7. Ag riculture Sales Cooperatives and the
Agricultural Sales Coo peratives U nions (ASCUs) (nam ely Taris Pa muk Birligi,
Cukobirlik, Antbirlik and GAP Birlik) purch ased approxim ately 20% of the total
cotton production between 1998-2002 in Turke y. Then the ratio declined to 4% in
2010 due to the their re cently weakened financial positi ons. It is worth to rem ember
that price supports on beha If of the governm ent thr ough the Agricultural Sales
Cooperatives Unions have ceased to be practiced and seed cotton purchases of these
unions have been solely on their ow n accounts, especially since the 2000/01 season.
The am ount of cotton the ASCUs get from their m embers depends largely on the
procurement prices they announce, payment conditions and the prices offered by the
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ginners, traders, and other intermediaries in relation to market realities (ICAC, 2010).
Those ASCUs, especially Taris, which had overlooked the market realities during the
recent years and offered their members prices much higher than the prevalent market
prices, have put them selves under big losses as well as  under severe shortages of
finance for their upcom ing cotton procurem ents. Cukobirlik, the second largest
ASCU, which operates in the Mediterranean and the South Eastern regions, has been
more cautious when announcing their procur ement prices of seed cotton. Since the
ASCU’s have not sufficient finance, their role in price setting will not b e significant
under the present market circumstances.

Cotton is freely traded in the m arket and prices are determ ined by dom estic
supply and demand conditions, as well as by the international m arket prices. Seed
cotton trading m arket is ¢ onsisted m ainly of t he Agri cultural Sales Cooperatives
Unions (ASCUs), the individual cotton produ cers, traders and cotton g inners, while
the m ain players in the lint cotton m arket are again the ginners, spinning m ills,
directly or through their comm ission agents, and finally the dom estic and foreign
trading cotton com panies. Private sector i nvolvement in the seed cotton m arket is
mainly through the ginners or traders/ginne rs. Local interm ediaries buy seed cotton
and sell to ginners charging them a small profit margin. Imported cotton prices also
affect the formation of prices in the domestic market (ICAC, 2010).

Organic Cotton Production

The first serious attempt for organi ¢ cotton production st arted in 1980 in
Turkey to include cotton as a rotation crop and also to prove that organic farm  ing
should not be lim ited to only food producti on. Organic cotton production in Turkey
was several hundred tons during early 1990’s and reached several thousand tons by
early 2000’s. Turkey was the world 1 eader for organic cotton production but
domestic production has declined 18.000 ton  in 2010. Or ganic cotton is still in a
stage at growth, being cultivated in 24 countries worldwide with the top three
producers India, China and Turkey (Sarsu and Yucer, 2011; Ozudogru, 2011)

Improvement New Cotton Varieties

The Seed Registration and Certificati on Center was established within the
Ministry of Agriculture in 1959 and has been officially functioning within the
Ministry of Food, Agriculture and Livestoc k since then. Alm ost all of the cotton
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seeds are renewed every year in T urkey. The rate of certified seeds utilization has
rapidly increased in all cotton productions areas and reached to 100% (Sarsu and
Yucer, 2011). Variety registra tion studies started in 1964, however it accelerated
after 1990. Four varieties were developed in 1970s, 5 varieties were developed in
1980s, 23 varieties were developed in 1990s, 66 varieties were developed in 2000s.
The increase in developed varieties is expected to continue in 2010s.

Table 7. Cotton Purchase Ratio of Agricultural Sales Cooperatives Unions

Years Taris (%)  Cukobirlik (%) Antbirlik (%)  Total (%)
1997 8.1 3.1 2.0 13.2
1998 11.8 9.0 2.4 23.2
1999 12.2 6.9 2.6 21.7
2000 8.6 5.5 1.6 15.7
2001 10.9 6.5 1.2 18.6
2002 12.1 4.8 1.2 18.1
2003 10.6 2.8 1.2 14.6
2004 11.1 4.8 0.6 16.5
2005 7.2 33 0.4 10.9
2006 6.5 3.4 0.5 10.4
2007 5.2 3.6 0.4 9.2
2008 5.1 3.6 0.5 9.2
2009 1.7 0.5 0.6 2.8
201024 0.6 1.0 4

Public sector started cotton breeding in 1959 and private sector started cotton
breeding in 1995 (Sarsu and Yucer, 2011) . Between 2002 and 2007 total 34 new
cotton variety was registered and the ratio of private s ectors in reg istered cotton
variety (16 new cotton variety) was 47% during this pe riod. Last five years total 37
new cotton varieties improved and 26 of that was registered by private secto ts.
Between 2008 and 2012, the ratio of private sectors in registered new cotton varieties
were increased to 70%. The major innovation in variety development was carried out
by private sectors. However m ajority of re gistered cotton varie ties were introdu ced
from other countries as a breeding line ~ or new cotton variety. A fe ~w of private
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sectors have own breeding or research  and developm ent program . The am ount o f
cotton seed supply by public and private sectors were given Table 8. The am ount of
cotton seed supply by public and private sectors were varied from 7.662 (2003) to
26.809 (1995) tons. Until 2000, the m ajority of cotton seed (75%) was provided by
public sectors, however the ratio of pr ivate sectors in cotton seed production
gradually increased and reached 100 % in 2010.

Table 8. Cotton seed supply by public and private sectors

Public Sector Private Sector Total
MT % MT %

1995 26.457 99 352 1 26.809
1999 14.343 852.514 15 16.857
2000 11.936 77 3.666 23 15.602
2001 15.204 813.572 19 18.776
2002 19.286 77 5.846 23 25.132
2003 1.512 20 6.150 80 7.662
2004 910 8 9.858 92 10.768
2005 4.144 21 15.432 79 19.576
2006 2.542 13 16.314 87 18.856
2007 1.750 12 12.572 88 14.322
2008 79 1 10.907 99 10.986
2009 0 0 10.811 100 10.811
2010 104 1 15.574 99 15.679
2011 20 0 16.890 100 16910

Cotton Supply and Distribution in Turkey

Cotton supply and distribution of T urkey is given Table 9. Dom estic cotton
consumption is expected to be 1.250 and 1.325 MMT in 2011/12 and 2012/13.
Turkey is the fourth largest consumer of cotton in the world behind China, India, and
Pakistan. MY 2012 cotton consum ption is now projected to 1.325 MMT 6% higher
than 2012 (USDA, GAIN Report a, b, 2012).
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Table 9. Supply and Distribution of Cotton in Turkey

2009/ 10 2010/11 2011/12*  2012/13*
(ICAC (ICAC
Est.) Proj.)
Area Planted (1000 ha) 420 481 542 407
Yield (Kg ha™) 1.52 0 1.700 1.384 1550
Production (1000 MT) 638 817 750 630
Beginning Stocks (1000 MT) 331 290 275 267
Imports (1000 MT) 957 729 519 765
Total Supply (1000 MT) 1.926 1.836 1.544 1.662
Domestic Cons. (1000 MT) 1.603 1.508 1.250 1.325
Export 33 32 7 7
Total Domestic Consumption (1000 MT) 1.636 1540 1.257 1.332
Ending Stocks (1000 MT) 290 296 287 350
Stock to Use (%) 18 20 23 26

* [CAC, Cotton This Month, October 1%, 2012

Turkey’s cotton im ports fluctuated between 493 000 (2002/03) and 960 900
tons (2009/10) during last decade (Table 10). Turkey continued to be a major market
for cotton of foreign origin because the  domestic production was not s ufficient to
meet the demand of its textile industry. Turkey continued to import about a third of
its cotton supply in 2011/12. Turkey is the third largest cotton im porter country after
China and Bangladesh. Turkey im ported 729.4 MT cotton in 2010/11 and the U.S.,
Greece, Turkmenistan, Brazil, and Tajikistan was the first f ive supplier countries in
descending order. The United States was  the leading supplier with 476 000 tons
(66%). During the first eleven m onths of MY 2011 Turkey im ported 465.292MT,
which is a thirty -four p ercent de cline com pared to the same period last m arketing
year and is due to high local production. Although the US was the leading supplier
with 195,889 MT, its market share declined from the usual sixty percent to forty-two
percent. Rapid fluctuations in the global cotton price during the last two seasons have
caused millers to prefer small orders from domestic sources, or from sources near-by,
such as Greece. Marketing year-end imports are expected to remain at about 520,000
MT compared to 730,000 MT last year. Cott on imports are expected to increase in
MY 2012 to about 620,000 MT due to a projected decr ease in domestic production.
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During MY 2011 USA and Greece countries were the traditional suppliers, but
Brazil, Argentina and Australia are em erging as new cotton suppliers for Turkey
(Table 11) (USDA, GAIN Report a, b, 2012).

Table 10. Turkey Cotton Import During Last Decade

Imports US$
Years (1000 MT) (Milyon $)
2001/02 648.5 592.3
2002/03 493.8 549.1
2003/04 516.9 761.5
2004/05 748.4 882.8
2005/06 762.3 960.8
2006/07 877.3 1,137.9
2007/08 711.4 1,099.8
2008/09 630.2 866.4
2009/10 960.9 1,570.2
2010/11 729.4 2,044.1

Source: Turkish Statistical Institute.

Table 11. Turkey Cotton Import in 2010/11 and 2011/12

2010/ 11 2011/12
Countries Imports (1000 MT) % Imports (1000 MT) %
U.S. 476, 9 65,4 195.,9 42,1
Greece 87,3 12,0 80,7 17,3
Turkmenistan 51,2 7,0 232 5,0
Brazil 27,8 3,8 72,9 15,7
Tajikistan 21,1 2,9 11,4 2,5
Uzbekistan 16,7 2,3 6,9 1,5
India 11,1 1,5 6,0 1,3
Australia 0 0 8,4 1,8
Argentina 6,2 0,8 10,6 2.3
Egypt 5,2 0,7 4,5 1,0
Burkina Fasoo 3,6 0,5 0 0,0
Others 22,1 3,0 38,9 8.4
TOTAL 729, 4 100,0 4652 100,0

Source: USDA, GAIN Report b, 2012).
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Cotton Industry in the Future

Cotton production: Cotton planting ar ea gradually drop in all production
regions at varying degrees in Turkey. It is expected th at increase in cotton growing
area in the Southeastern Anatolia, m ay no 1 onger be seen in the near future. High
production costs, unattractive prices and better returns from alternative crops such as
corn and wheat, have generally discouraged the cotton growers from growing cotton
even in this region. In the Cukurova region, there will not be si gnificant increases in
area since farmers in this region have switched to alternative crops, mainly to maize,
soybeans or cereals. Cotton p lanted area in Antalya region is also exp eriencing a
gradual decrease. The Aegean region, where the best quality “upland” cotton is being
grown, cotton growers has also been expe  riencing significant diversion to other
crops, mainly to m aize, simply because of higher cost of cotton production (ICAC,
2011). Machine picking has become common all cotton growing regions owing to
high cost and severe shortages of labour in hand picking. This developm ent also
contributed to the significant reduction  in contam ination. The ginning industry,
which is largely composed of roller-ginning plants, has also adopted itself in dealing
with machine-picked cotton by incorporating pre and post ginning cleaners as well as
using higher capacity roller ginning equipment (ICAC, 2011).

Cotton consum ption prospects: In a quot a-free world, the dom estic textile
industry will be affected by low priced  im ported textile products, and also the
demand for dom estic yarn, raw and finished fabric would be re duced. Therefore it
will not be difficult to foresee a dro p in cotton consum ption, which wi Il affect not
only the domestic cotton production but also the consumption of imported cotton. A
similar outcom e is also foreseen  fo llowing the recent m ove by m any textile
companies (spinners, weavers, k  nitters, etc.)tor elocate th emselvesinth e
neighbouring countries, where m  ost of th e production factors (labour, energy,
finance, etc) are comparatively cheaper than they are in Turkey (ICAC, 2011).

5.3 Cotton export/import prospects: Turkey was a net cotton exporting country until
1992. From 1993 onwards Turkey has becom e a net cotton importing country, with
steady increases in co tton im ports being realized durin g the last decade. This
situation made Turkey the third largest cotton importing country in the world (ICAC,
2011).
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Textile Industry in Turkey

With the gr adual development of t he textile and clothing sectors during the
last three decades, cotton has become im portant to the industrial sector as well as to
the internal and external trade of Turkey. However, significant drops in the dom estic
production have continued to n ecessitate imports of cotton of considerable
magnitude, making the country the third la rgest importer of cotton after China and
Bangladesh (ICAC, 2010).

Textiles and clothing are am ong the m ost i mportant sectors of the Turkish
economy a nd foreign trade. Accounting for about 6-7% of the (gross dom estic
product) GDP together, these two sectors ar e the core of Turkish econom y in terms
of GDP ¢ ontribution, shar e in m anufacturing, em ployment, investm ents and
macroeconomic indicators.

In 2011, Turkey’s textile exports we  re valued at 7.709 billion US$, and
Turkey’s clothing and apparel expo rts were valued at 15.666 billion US$, for a total
value of 23.373 billion USS. These sectors ha d a 17,3% share in total export volume
in 2011 (Table 12).

Higher prices and labor force problem s in some of the m ajor manufacturing
countries such as China have played a part  in Turkey' s receipt of increased orders
from the United States and the EU. In 2011, textile exports to Ukraine, USA, UK,
Italy, Iran, Poland, France and Russia saw th e highest percentage increase over 2010
exports; and clothing and apparel exports to Ukraine, UAE, Poland, Iraq, Netherland
and Spain saw the highest percentage in crease over 2010 exports. Turkey’s top ten
textile export destinatio ns included Russian Fed., It  aly, Germ any, I ran, United
Kingdom, Poland, Romania, United States, Bulgaria, and Egypt. Turkey’s top ten
clothing and apparel export destinations included Germany, United Kingdom, Spain,
France, Netherland, Italy, Denmark, United States, Belgium, and Russian Fed. (Table
13).

There are more than 40,000 textile and clothing companies in Turkey with an
estimated workforce of 750,000 employees. Turkey is one of the m ain actors in the
world clothing industry. Turkey ranks 8t h in w orld cotton production and 4th in
world cotton consum ption. The Turkish clot hing industry is the 7th largest supplier
in the wor ld, and the 2n d largest supplier to the EU behind China. It has a share of
4% in knitted clothing exports and it ranks 5th among the exporting countries. With a
share of 2,6%, Turkey ranks 10th among the woven clothing exporters in the world.
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The Turkish textile industry, which is listed in the world’s top ten exporters,
is also the second largest ~ supplier to the EU. The Turkish textile and clothing
industry has as ignificant ro le in world trade with the capability to m eet high
standards, and can compete in international markets in term s of high quality and a
wide range of products (Ministry of Economy, 2012). Since Istanbul is becom ing a
fashion and shopping center, m ost of the companies have shifted their production
facilities to the inner pr ovinces. [zmir, Bursa, Ankara, Denizli, Gaziantep, Kayseri,
Tekirdag, Adiyaman, Kahramanmaras and Adana are now major cities for textile and
clothing production (Ministry of Economy, 2012).

EU is the most im portant m arket fo r Turkey’s clothing exports. In 2011
Turkey exported clothing of US$ 11 billi  on to the EU, which was equivalent to
81,6% of Turkey’s total clothing exports. Main markets among the m embers of EU
were Germany and the UK. Clothing exports to these countries were US$ 5.2 billion,
which was nearly half of Turkey’s clot  hing exports to the EU W ith its fashion-
oriented and quality products, Turkey has  been increasing her share in the m  ain
markets, especially in  the Euro pean m arket which has high standards and
sophisticated customer needs. In 2011, Turkish companies exported to more than 170
countries in the world (Ministry of Economy, 2012).

Table 12. Turkey' s Te xtiles, Clothing and Apparel Exports Com  pared to Total

Exports (billion US$)

2007 % 2008 % 2009 % 2010 % 2011 %
Textil tt:
extile (Cotto n— 5 55 g 2514 19 2090  2.02.866 25 3693 27
Products) *
Textile * (cotton,
synthetic, Wool, ¢ 363 5 g 6.640 50 5374 536352 56 7709 5.7
silk and other
fibers)
Clothing and 15563 145 15234115 12.854 12.6 14205125 15.664 11.6
Apparel] **
Sub-Total 21.926 20.421.874 16.6 18.228 17.820.557 18.1 23373 173
Total Export **  107.271 132.027 102.164 113.883 134.954

* Mediterranean Exporter Associations www.akib.org.tr
** Istanbul Textile and Apparel Exporters’ Associations www.itkib.org.tr/itkib/istatistik

Despite all the bleak econom ic developm ents around the world, Turkish
textile and garm ent exporters managed to increase exports in both categories during
MY 2011 Higher cotton prices and production costs in Chin a helped Turkish textile
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exporters to com pete against Chinese pr oducts in the intern ational m arkets and
prevented declines in textil e exports. Experts indicate that economic problems in the
main Turkish textile ex port market, the EU, and political p roblems in neighboring
countries w ill eventu ally have an adve rse effects on exp orts and th e dom estic
economy.

Table 13. Leading Countries for Textile and, Clothing and Apparel Export of Turkey

in 2011
Textile Export Clothing and Apparel Export

Countries (million US$) Ratio %  Countries (million US$) Ratio %
Russian Fed. 1.004 13.0 Germany 3.884 24.8
Italy 778 10.1 UK 2.036 13.0
Germany 458 5.9 Spain 1.347 8.6
[ran 294 3.8 France 1.254 8.0
UK 288 3.7 Netherland 856 5.5
Poland 288 3.7 Italy 817 5.2
Romania 283 3.7 Denmark 460 2.9
USA 273 3.5 USA 429 2.7
Bulgaria 237 3.1 Belgium 414 2.6
Egypt 207 2.7 Russian Fed. 295 1.9
Spain 201 2.6 Sweden 286 1.8
France 176 2.3 Iraq 269 1.7
Morocco 168 2.2 Poland 165 1.1
Tunisia 168 2.2 UAE 160 1.0
Ukraine 167 2.2 Romania 152 1.0
Netherland 151 2.0 Israel 150 1.0
Greece 145 1.9 Austria 144 0.9
China 142 1.9 Switzerland 139 0.9
Belgium 127 1.7 Czech Rep 133 0.9
MFZ 118 1.5 Ukraine 117 0.8
Sub-Total 5.68 1 73.7 Sub-Total 13.518 86.3
Total 7.709 Total 15.664

Source: Istanbul Textile and Apparel Exporters’ Associations (ITKIB), 2012.

Machinery Investm ents, According to the Switze rland-based Interna tional
Textile Manufacturers F ederation (ITMF), during the period of 1990-2009, Turkey
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ranked second globally in investments in large circular knitting machinery as well as
open-end rotors; third in long-staple spindl es; fourth in short- staple spindles; and
fifth in shuttleless loom s. ITMF's 2009 and 2010 International Textile Machinery
Shipment Statis tics repo rts ind icate that Turk ey invested in a signif icantly gre ater
amount of textile machinery in 2010 over 2009 , particularly in spinning m achinery:
Imports of false-twist spi ndles increased by 633 percen t; long-staple spindles, 607
percent; open-end roto rs, 587 percent; and short-staple  spindles, 234 percent. In
addition, Turkey's imports of large-diameter circular knitting machinery increased by
348 percent; flat-knitting machinery, 192 percent; and shuttleless looms, 284 percent
(www.fibre2fibrefashion.com/industry-article).

Firms invested profits heavily into machine capacity. For exam ple, by 2008,
Turkey has advanced to own 7.3% of OE rotor, 5% of long staple spinning, and 5.1%
of wool weaving looms capacity of the world. In 2011, Turkey was the 4th rank and
imported 628 000 short-stable spindles. The single biggest investor in long stable
spindles was Turkey (32.500) followed by Chi na, Iran, UA Em irates and Italy. In
terms of investments in open-end rotors and in the segm ent of double heather draw-
texturing spindles Turkey was the 3t h country (35.250 for open-end rotors, 20.000
for double heather draw-texturing spindles) after China and India. Turkey was the
4th investor country in the segm ent of ci rcular (900 m achines) and electronic flat
knitting machines (2.150 machines) (www.fibre2fibrefashion.com/industry-article).

Geographic Concentration of Turkish Textile Sector

According to em ployment num bers, number of com panies and the export
figures, textiles and apparel production is m ainly concentrated in three geographic
regions in Turkey: Marmara Region, Aegean Region and Cukurova region (Porter, et
al., 2012)..

Marmara Region

The tex tile activity w ithin the Marm ara region is co  ncentrated in the
Tekirdag, Istanbul and Bursa provinces. Ma  rmara Region constitutes the largest
textile cluster within T urkey’s economy, responsible for 56% of the total textile
employment in the cou ntry. The regi on accom modates aro und 67 % of the total
textile related com panies (M inistry of Labor and Social Security Statistics ), and
performs 71% of the total textile exports within the Turkish economy (Turkstat). The
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major production activities are garment manufacturing, yarn production, knitting and
textile finishing (Porter, et al., 2012)

Aegean Region

Aegean reg ion has co ncentrated on home textiles, m ainly towels and
bathrobes. It has a share of 12% of th e textile em ployment within Turkey, is
responsible from 10% of the total of the total textile exports and accommodates 11%
of the total textile companies (Porter, et al., 2012).

Cukurova Region

Last but not the least, Cukurova is an up and com ing region for textiles
production in Turkey. This region observes  higher growth in term s of the textile
exports, textile employment and textile related companies than any other. The m ajor
products for the region are machine carpets, rugs, yarn production and weaving and
finishing of cotton.

The export performances of these regions differed significantly during the last
decade. Although all in creased total e xports numbers between 2002 and 2011, only
Cukurova was able to increase its share in total textile expor ts (Table 14) (Porter, et
al., 2012).

Table 14. Relative Export Performance of the Regions.

% of total textile exports of Turkey

Regions 2002 2011
Marmara 78 71
Aegean 12 11
Cukurova 5.4 11.7

Since (Agreement on Textiles and Clothing) ATC became effective in 2005,
overall Turkish textile sector has been in stagnation or decline. Despite this trend,
Cukurova region m anaged to grow its text ile employment(Porter, et al., 2012). Due
to international market pressures, as textiles lost its competitiveness in Marmara and
Ege regions, labor and capital m oved to rela tively more profitable s ectors, such as
automotive. However, Cukurova offers m any benefits to textile producers that m ake
the region promising and uniquely position ed to com pete internationally and reach
significantly higher GDP and export figures (Porter, et al., 2012).
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Although the region has a diversified economy, textile is among main sources
of e mployment. Local cotton production a nd closeness of provinces to ports has
made a significant contribution to the development of textile sector within the region.
During the last decade, m ore than 500 co mpanies entered in textile industry in
Cukurova. Not only the num ber of fir ms ha s increased, but also the firm s have
started to grow in their exports and sizes. For example, in year 2010, 12 of the textile
companies that are operating in the C  ukurova region have ranked in the top 500
firms in Turkey (Porter, et al., 2012).

Some Advantages of Cukurova Region

1. Cukurova is very well connected to Mersin and Iskenderun ports and the
rest of the country,

2. Cukurova’s proximity to the Mediterranean and Middle Eastern markets
provides an important advantage.

3. The second largest airport of Turkey is under construction in closely
Mersin, to be finished by 2014.

4. Geographical proximity to main cotton production area (GAP)

5. Labor in Cukurova, relative to western part of Turkey, is cheaper, and this
gives the region a competitive advantage in textiles over Marmara and
Aegean

6. Adana is the 4th biggest city in Turkey with a population of 1.8 million
people and Cukurova region is densely populated overall.

Industry Future

The industry, today, has become one of the most important components of the
Turkish economy with its total expo rt value of 23.4 billion US dollars (Textile: 5.7,
clothing and apparel: 15.6 billion US$). Tu rkish clothing manufacturers must create
and market their own brands, produce higher value-added apparel abroad to compete
with the China and India. Com petitiveness of th e sector needs to be s ignificantly
enhanced and strategically planned, sin ce being a low cost producer is not enough
anymore to reach sizable export figures. Turkey has the production cap acity to meet
almost all the raw m  aterial needs of ¢l othing industry. Turkey has also gained
valuable experience in fabric design and it is started to present its special design with
fashion shows in prominent markets. Turkish textile industrialist, m ost of whom has
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created their own tradem ark together with the patent rights, provide the m ost
important foreign home textile and clothi ng com panies with their f abric (ITKIB,
2011).

Many patte rn design ¢ ompetitions that m ake im portant contr ibutions to
development of fabric design in Turkey  are organized by di  fferent institutions
leading to emergence of young designers a nd creations of product diversity. Turkey
either takes part in m any famous international textile fairs or organize international
textile fairs. Turkey’s potential shown successfully all over the world (ITKIB, 2011).
The main goals of the sector under the current world conjuncture are to produce high
value added, original and high quality products and to sell them at a reasonable price
level. On th e other h and, as para llel to the current trend in the world, Turkey has
shown great success in the technical textile products  in cooperation with the
university-industry and government institutions and by giving importance to R&D.

Main advantages of Turkish Textile Industry:

Use modern technology,

Existence of a well-developed textile finishing industry,

Talented designers and creations of product diversity,

Marketing of highly value added, fashionable and quality products

Richness in basic raw material

Geographical proximity to main markets, especially European markets

Short logistics period due to the geographical proximity,

Qualified and well-educated labor force,

Liberal trade policies,

Giving importance to quality, environm ent and human health, sensitivity

on working conditions of workers,

11. Custom Union agreem ent with European Union and free trade
agreements with many other countries (ITKIB, 2011).

A N Al o e

[a—
e

Turkey is aiming to achieve $500 billion in total exports and rank am ong the
top 10 economies in the world by 2023, the 100th anniversary of the founding of the
Republic. T he textile and apparel industry ~ certainly will play a ro le in helping
Turkey attain this goal, as it is a leading force in  the economy. The industry has
invested more than US$100 billion in inte grated and advanced technology; accounts

46



11" Meeting of the Inter-Regional Cooperative Research Network on Cotton for the Mediterranean and
Middle East Regions, November 05-07, 2012, Antalya, Turkey

for 25 percent of its export revenue and 11 percent of the national gross income; and
provides direct employment for more th an two million people. Turkey's textile a nd
apparel indu stry aims to achieve U S$80 billion in exports by 2023 - with apparel
accounting for US$60 billion; and textiles, US$20 billion (textileworldasia, 2012).
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Abstract

Cotton production has been im proved in respect to am ount and quality with
contributions of scientific and technologi cal innovations. Increased sensitivity to
health and environm ental issues has caused developm ent of new subjects such as
organic agriculture. Organic production system s are based on specific standards that
combine tradition, innovation and science. It sustains hum an and anim al health and
maintains ecosystem and soil quality. Organic agriculture stops the use of pesticides
and nutrient pollution.

Turkey has a good knowledge on organic farming and is one of the leading
countries in this regard. Organic cotton is grown in 23 countries around the W orld.
India, Syria and Turkey in can be seen in the rank of the countries related with
organic cotton production in 2011. Textile Exchange Organic Cotton Farm and Fiber
Report in 2011 announced that organic cott on production increased 15 percent from
209.950 metric tons (MT) in 2008 - 09 to 241.276 MT (1.1 million bales) grown on
461.000 hectares (1.14 m 1illion acres) in 2009 - 2010 in the world. Organic cotton
now represents approximately 1.1 percent of global cotton produc tion. In the future,
it is anticipated that dem and for organic cotton fiber will be greater than supply.
Organic cotton is considered as a niche product or niche-market product up to now,
but textile sector relevant to organic cotton with the effects of consumer awareness is
start to move from a niche market to mainstream with contributions of many clothing
companies.

In Turkey, organic cotton production faced with fluctuatio ns from year to
year due to several difficulties such as  pest and disease intensity, m arketing and
contracting problem s, dem and and supply ba lance, etc. Taking into consideration
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demands of producers and consumers of cotton and also text ile m anufacturers,
several product types including organic and al so natural colored cottons have to be
created in order to provide progress in this field.

Keywords: Organic Cotton, Turkey.

Introduction

Cotton production has been improved in amount and quality by contributions
of scientif ic and techn ological inn ovations. In creased sen sitivity to health and
environmental issues has caused developm ent of new subjects such as organic
agriculture (14).

Organic production can be defined in many ways. IFOAM, the International
Federation of Organic Agriculture Movem  ents, defines organic agriculture as
follows: “Organic agriculture is a production sy stem that sustains the health of soils,
ecosystems and people. It relies on ecologi  cal processes, biodiversity and cycles
adapted to local conditions, rather than the use of i  nputs with adverse effects.
Organic agriculture combines tradition, innovation and scie nce to benef’it the shared
environment and promote fair relationsh  ips and a good quality of life for all
involved” (12).

When cotto n sold as o rganic, it requires a third pa  rty cer tification by an
independent, accredited certification agency. Further in th e process ing chain, care
must be taken not only to se parate organic cotton from conventional cotton, but also
to ensure environm entfriendly processi ng. However, organic cotton can also be
processed conventionally and the textile  end-product can be sold asm  ade from
organic cotton (4, 5).

Importance of Organic Cotton

Increasing consciousness about conserva tion of environm ent as well as of
health hazards caused by agrochem icals has brought a m ajor shift in consum er
preference towards organic production part  icularly in the de  veloped countries.
Global consum ers are increasingly looking fo rward to organic production that is
considered safe and hazard-free (12).
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Cotton is considered the world's 'dirtiest' crop due to heavy use of insecticides
and hazardo us pesticides to hum an and an imal health. Cotton covers 2.5% of the
world's cultivated land. Cotton is being spraye d with 16% of the wo rld's insecticides
(11).

Organic cotton has been  considered as a niche = product or niche-m arket
product up to now, but textile sector relevant to organic cotton with the effects of
consumer awareness is being started to m ove from a niche m arket to m ainstream
with contributions of many clothing companies (2).

Conventional cotton is produced in over 60 countries, but organic cotton was
grown in 23 countries by the 2010/11 gr owing season. Those countries were
Bangladesh, Benin, Br azil, Burkin a Faso, China, Egypt, Greece, India, Israel,
Kyrgyzstan, Mali, Nicaragua, Pakistan, Paraguay, Peru, Senegal, South Africa, Syria,
Tanzania, Turkey, Tajikistan, Uganda, a nd the USA. Most production was taking
place in India, Syria, China, Turkey, the United States, Tanzania and Uganda (1, 9).

According to the 2011 Textile Excha nge Organic Cotton Farm and Fiber
Report, organic cotton production grew 15 percent from 209,950 MT in 2008-09 to
241,276 MT grown on 461,000 hectares in ~ 2009-2010. Organic cotton production
was declined 35 percent from 241,697 MT in 2010/11 to 151,079 MT this year (8).
Organic cotton now represents 1.1 percent of global cotton production (Figure 1) (7,
8, 10).

Figure 1. Global Organic Cotton Production in the World
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Table 1. Organic Seed Cotton Production in Turkey

Organic Seed Cotton Production (Ton)

Province 2003 2004 2005 2006 2007 2008 2009 2010 2011
Izmir - 1.706 1.716 253 2.3151.731 1.088 2.068 2.326
Aydin 9.841 6.181 5.099 6.742 12.507 6.356 647 2.598 50
Denizli 233 265 1206
Canakkale 10 - - - - - - - -
G.Antep 75 135 60.00 - - - - - -
Hatay 572 1.060 - - 26 70 3.026 2.497 2217
Manisa 228 319 154 170,00 175 69 - 567 491
Sanliurfa 21.928 19.647 25321 52.780 39.582 57.822 6.108 22506  8.472
Mardin - 1.220 855 - 84 596 637 1.322 954
Diyarbakir - - - 464 366 - - - -
Mugla - - - 13 - - - - -
Adiyaman - - - - 480 1.480 - - 142
K.Maras - - - - - 187 - 252 -
TOTAL 32.654 30.269  33.206 60.422 55.535 68.311 11.738  32.076 15.857

Until pres ent, organic cotton was produced in 13 provinces in Turkey. The
following table gives the production values of the provinces wher e organic cotton is
grown in Turkey. The highest production is in Sanliurfa, followed by Izmir province
in 2011. (Table 1) (13, 15). Last year lint cotton production was 6.342 tons (Figure 2)
(13, 15). The amount of organic cotton production varies significantly over the years.
These production figures vary sig nificantly d ue to the reasons such as clim atic
factors, the decrease and increase in dis eases and pests over the years, the marketing
problem, absence of verification of num ber and the inadequate production a mounts
reported by private companies.

General Problems on Organic Cotton Production in Turkey

Turkey has a good knowledge on organic farming and is one of the leading
countries in this regard. Although Turkey has a great potentia 1 for organic cotton
production, very different pr oblems are experienced during the production phase.
Taking a glance at these problem s, the bigge st problem in our country in organic
cotton production is that the m iddle-scale farmers, who choose organic production,
have difficulties in abandoning their habits to use chem icals since use of che mical
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pesticides is very wide-spread in cotton  production (12). For la rge-scale farm ers,
organic cotton production is not attractive since they prefer to earn higher from their
lands within a short time. Since our farm  ers do not have sufficient know-how in
organic cotton production, they have di fficulties in acce ssing the biological
preparations licensed for organic agricultu re, and they also com plain about high
prices of such preparations.

Figure 2. Organic Seed Cotton and Lint Production in Turkey

Besides, the oppression of large chem ical pesticide trusts on the m arket is
also a m atter of concern. Such companies  are concerned about declines in their
market shares, as chemical preparations used in conventional agriculture are replaced
by biological preparations as organic pr oduction increases, and they convey their
negative ideas about organic agricultural production to the producers.

During organic cotton production, itis necessary for the producers to give
more im portance esp ecially to pla nt nutr ition, appropriate rota tion and green
fertilization. In addition, extending the production and use of biological preparations
and compost is another significant matter in organic agriculture (4, 5).
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The market for organic cotton is held by a small and specific buyer segm ent,
and this situation leads to m  arketing pr oblems. The companies th at entered the
market first in organic cotton production do not want the organic cotton go out of
their control therefore the increase in production is limited (6).

One other thing that Turkey has to do in  relation with organic cotton is the
establishment of an organic cotton stock exchange. Although we have been
producing organic cotton for a long time, and even though we were placed near the
top of the list in som e years, an organic cotton stock exchange could not have been
established in our country yet. This isa significant requisite for our country, which
will lead to improvements in organic cotton production.

In Turkey, sometimes there are prob lems in sup plying organic cotton seeds.
The producers face difficulties in ~ years when organic s eed productionisno t
sufficient. The organic cotton seeds shoul d not contain GMOs, and they should not
be delinted with chem icals. The cotton seeds in Turkey are GMO-free (2). The ban
on the im port of seeds with GMOs into the co untry is a great advan tage for Turkey
nowadays. With respect to the future of organic cotton, this is an important point for
our country.

In addition, the cottonseed, used as an organic anim al feed, is an im portant
source of nutrition for organic livestock farm ing with its s ignificant protein content.
The extent of organic cotton in our count ry brings forward the utilization of
cottonseed oil, which is a product with diffe rent areas of us e. Despite the favorable
nutritional values of conventi onal cottonseed oil, it m ay be inconvenient to use it in
food industry due to high levels of chem ical residues. Therefore, it is thought that
organic cottonseed oil m ay gain importance as a food product since it is cheap and
reliable.

Also the other important subject in organic production is the careful selection
of varieties adapted to local conditions in  term s of clim ate, soil and resistance to
pests and diseases.

In Turkey, there are a h igh number of cotton varieties available on the seed
market provided by research stations and seed com panies. Unfortunately, these
varieties have not been breeding for organi ¢ farming. There is still lack of organic
cotton breeding activities for organic farming.
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Taking into consideration the de mands of producers and consumers of cotton
and also textile m anufacturers, several pr oduct types including organic and natural
colored cottons have to be bred in order to make progress in this field.

Natural colored cotton’s future depends on continuous im provement of fi ber
quality and appropriate m anufacturing pr ocess. Breeders have still im  proved the
properties of naturally colored cotton. Because of low yield s, inability of the fiber to
machine spinning, naturally colored cottons have not been utilized for commercial
textile production. This has been declined due to limited market demand (3).

Conclusion

Turkey has m any advantages such as suitab  le ecolog ical and clim atic
conditions, enough knowledge, high experience and developed textile sector to carry
out organic agriculture. Breeding programs have to be start in Turkey with the aim of
developing convenien t varieties for local cond itions. Turk ey has a potential to
increase product range using organic and also natural colored cotton.
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Abstract

Cotton is a cultu re plant that has an im portant place in ag riculture, industry
and trade both in Turkey and the W orld. Turkey, one of the leading countries in the
world both in term s of textile industry and cotton processing capacity, provides
various textile products to world markets.

The traditional cotton breeding studies in Turkey f irst star ted with the
introduction m aterials obtain ed from USA in 1927 and th en the selection studies
were continued by using these plant m aterials. Cotton breeding studies gained
acceleration in 1960s. There are 12 3 cotton vari eties in Tu rkey registered prim arily
by research institutes, private com panies and universities using introduction,
selection and crossing breeding methods.

Cotton biotechnology studies including ti ssue culture and molecular genetics
have been conducted for nearly the past 15 years in Turkey. Plant tissue culture
researches were started in 1960s in our ~ country and private com panies that had
permission of tissue culture production have preferred to w ork on crops other than
cotton. Universities have taken the lead in  tissue culture studies in cotton and also
leaded the estab lishment of inf rastructures of research institu tes and centers
Researches still continue to provide regenerations through embryogenesis and
organogenesis for obtaining the complete plan ts using cell, tissue and organ cultures
in cotton, to select som aclonal variants resistant to different types of abiotic stresses
(mainly salinity, drought, etc.) and biotic stress factors such as Verticillium dahliae
Kleb., and to produce haploid and doubled haploid plants.
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Especially in the las t 10 years, the num ber of researches has been quite
increased o n characterization of cotton species using DNA m arkers by m olecular
methods and mapping the genes that are effective on fiber quality and controlling the
resistance to Verticillium wilt in ¢ otton genome. The universitie s also have lead ed
the m olecular genetic researches o n cott on and therefore with their contributions,
necessary infrastructures have been started to establish in public research institutions,
centers as well as private companies.

Although the size of cultivation areas of transgenic cotton varieties, which are
biotechnology products, has increased throughout the world, they are not allowed to
be grown in Turkey due to the current bi  osafety law. H owever, som e transgenic
varieties were tested in fi eld experim ents under controll ed conditions in research
institutes. C otton research ers which have high knowle  dge continue to conduct
successful researches fo r developin g cotto n genotypes with better yield and fiber
quality and, also re sistant to bio tic and ab iotic stres s factors in order to m eet the
demands of producers, textile suppliers and consumers by i ntegrating conventional
and modern biotechnology techniques.

Keywords: Cotton, breeding, Turkey

Introduction

Cotton is a strategic p lant th at make s im portant contributions to national
economies with its added value and em ployment opportunities. Cotton fiber is the
main raw m aterial of textile indu stry, a nd furtherm ore, cotton seed oil has been
started to be used increasingly as raw material in biodiese 1 production. For this
reason, cotton has become a part of energy agriculture.

Turkey is one of the leading countrie s in the world on ac count of both its
cotton processing capacity and strong te xtile industry and  introducing textile
products to global markets.

Cotton production decreased throughout th e world due to the negative effects
of global economic crisis in 2008 and 2009.

Alternative products have been started to be preferred in cotton production
fields and in Turkey due to high produc  tion cost of cotton, lower subsidy rates
compared to other cotton producing countries, and high number of the other crops in
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Ege and Cukurova Regions which are im  portant cotton production locations and
cotton production has decreased to a critical threshold.

Cotton cultivar developm ent studies have gained m omentum with the use of
conventional plant breeding m ethods to so Ive different problem s seen in cotton
production in Turkey and also with the use of biotechnological methods in the recent
years.

Conventional Cotton Breeding In Turkey

The most important issues of breedi ng programs include increasing income
levels of producers by improving yield poten tial with higher quality and meeting the
requirements of consum ers. Cotton breed ers in Turkey carry out studies on
developing high yielding variet ies, incre asing fiber quality, ear liness, resistance to
disease, pests and stress factors of various abiotic origins like arid ity and saltiness,
extending gene pool with the use of wild species(Barut, 2003 ; Basal, 2007; Sezener,
2012).

The early developm ents in Turkis h cotton production started with the
establishment of Cotton Res earch Institutes in Adana  in 1924 and in Nazilli in
1934.The researchers initiated the firstbr  eeding studies with  the selections of
introduction m aterials obtained from foreign countries and hybridization studies
gained acceleration in 1960s. A total of 123 cotton varieties have been registered by
public institutes, un iversities and priva te in stitutes by using va rious breed ing
methods between 1950 and 2012 in Turkey. The half of the bred cotton varieties
were obtained as introduction m aterial, while 34% were obtained with hybridization
method and 16% w ere obtained by re current selection breeding m ethod.
Approximately 15-20 varieties are commerc ially produced at presen t. Mutation
breeding is not widely used and a comme rcial achievem ent has not been obtained
yet. There is no transgenic cotton variety in official records.

The leading Agricultural Research Institutes dependent on Minis try of Food,
Agriculture and Livestock of Turkey Republic related with cotton breedin = g
researches are Nazilli C otton R esearch Station (Nazilli-A ydin), East Mediterranean
Agricultural Resear ch I nstitute (Ad ana), GAP Intern ational Agricu Itural Resea rch
and Training Center (Diyarbakir) East Mediterranean Gateway Zone Agricultural
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Research Station (Kahramanmaras), GAP Agricultural Research Institute (Urfa) and
West Mediterranean Agricultural Research Institute (Antalya).

35 Cotton varieties are developed by N azilli Cotton Resea rch Station. The
tasks of this institu te which incorpor ates molecular genetics, tissue cultu re,
phytopathology and fiber technology laborator ies are divided into national and
international categories.

In add ition, thisin stituteis on e of 6 E xcellence Centers of Islam
Development Organization and is assigned to ensure coordination among affiliated
countries on cotton studies, as well as prep are, coordinate and carry out projects and
also to organize training program  s. In this context, this institu  te continue to
collaborate on cotton breeding issues with ~ som e countries such as Azerbaijan,
Turkmenistan and Uzbekistan other than ~ the m embers of The Organization of
Islamic Cooperation.

Introduction Breeding

Introduction plant m aterials provided by transferring seed, plant and
vegetative plant parts from one ecological region to another contribute to genetic
diversity for breeding studies. Several cott on varieties brought to Turkey from USA
as introduction m aterials in different year s have m ade i mportant contributions to
cotton production: Acala-8(1927), Delta pine-15 (1948), Coke r (1958), Carolina
Queen 201 (1963), Sealand-542 (1965), Delcerro (1977) etc. Introduction breeding is
continued through commercial companies at present.

Selection Breeding

The selection breeding was the most preferred method in breeding studies due
to inadequate number of genetic materials in the initial years of cotton production in
Turkey. With selection breeding studies, important cotton vari eties including Acala-
1086, Coker 100 A/2, Nazill 166-100, Adana 967/10, Cu kurova 1518, Adana 98,
Nazilli 84-S, Nazilli 143 and Nazilli 954 were registered.

Hybridization Breeding

Hybridization or combination breeding constituting the basis of global cotton
breeding a t present is carr ied out to combine positiv e sides of two or num erous
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genotypes in one genotype. Approxim ately, 40 cotton varieties registered in Turkey
were obtained by this method.

Biotechnological Researches on Cotton In Turkey

Molecular technologies are used as rou tine in plant breeding studies in m any
countries. Turkey has only  recently started to use these techno logies in plant
breeding and genetic studies and m any laborat ories have been es tablished on this
subject.

Especially in the las t 10 years, the number of research es in Turkey has been
quite increased on characterization of cotton varieties using DNA m  arkers by
molecular genetics m ethods and mapping the genes which are  effective on fiber
quality, fiber color and also the gen es controlling resistance to Verticillium wilt in
cotton genome (Bolek et al., 2005; Altan et al., 2010).

Association and genome mapping are made mostly by using SSR, AFLP and
SNP m arker technics on hybrid populations in our country. Th e universities also
have leaded the m olecular g enetics rese arches on cotton and therefore with th eir
contributions, neces sary infrastructures ha ve been started to estab lish in pub lic
research institutions, centers as well as private companies.

Some of the private seed growing co  mpanies established in Turkey have
started touse m  olecular technologies  as routine in their breeding studies.
Conventional breeding m ethods will con tinue to play active role in m eeting the
demands of producers and textile in dustry; however, biotechnological m ethods will
also be used by cotton breeders to develop new cotton varieties.

Plant Tissue Culture Researches on Cotton In Turkey

These techniques are us ed in creatin g somaclonal variability and develop ing
new varieties, and also they give importa nt opportunities in genetic engineering field
for performing studies on resist ~ ance to pes tsand d iseases. Invitro selection
techniques focused on in the recent tim  eshave great potentials in order to solve
several abiotic stress problems in cotton.

Studies on plant tissue cultures were st arted in 1960s in Turkey, and private
institutions allowed for tissue culture production generally focused on products other
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than cotton, and universities took the lead in studies on cotton and infrastructures
could be established in research institu tes and centers  in cooperation with
universities. Various studies are carried out in T urkey on whole cotton plant through
cell, tissue and organ cultures, obtai ning regeneration through som atic
embryogenesis and organogenesis, obtaini ng and selecting so maclonal genotypes
resistant to abiotic stress factors like sa linity, drought and biotic stress factors like
Verticillium spp., and producing haploid and doubled haploid plants. Detailed studies
on obtaining haploid cotton plan t by fertilization with po llens subject to gamma ray
(Cobalt-60) were conducted in Turkey  (Gurel et al., 2003; Aydin et al., 2004;
Turkoglu, 2007; Hayta et al., 2010).

It is know n that researchers m  ore carefully and prude ntly deal with
developing of transgenic varieties that pose no harm to environm ent and hum an
health. Besides co tton resistance to herbic ides and pes ts, there are als o succes sful
researches conducted to increase the fibe ryield and quality and i mprove the fatty
acid composition of cotton seeds. It is eviden t that this kind of studies will div ersify
and continue to increase.

Cultivation area of biotechnology product tr ansgenic cotton varieties rapidly
increases throughout the world (Zhu et al ., 2011; Jam es, 2012); however, it is not
possible to produce transgenic cotton due to  the current biosaf ety legislation in
Turkey. On the other hand, som e transgenic va rieties are investigat ed in test fields
under controlled conditions in research institutes.

Breeding Programs of Public, University and Private Organizations in Turkey

The main topics of cotton breeding studi es of public ins titutions in Tu rkey
generally include increasing yield and fibe r quality characters, tolerance to drought
and high temperatures, resistance to diseas e and pests, earliness, developing new
varieties, tissue culture and biotec ~ hnology. Of these studies, 34% are about
adaptation and variety developm ent, wh ile 21% are about fiber quality, 13%
earliness and second product in cotton breedi ng, 8% resistance to drought and high
temperature, 8% mutation, 8% storage, 4% resistance to diseases and p ests, and 4 %
tissue culture and biotechnology.

Considering the cotton breeding studies of private organizations, Turkey is
the production center of especi ally non-transgenic seeds of many products including
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cotton thanks to the peculia r ecology and soil condition in Turkey, and therefore,
many intern ational and foreign origin firms produce comm ercial cotton seeds in
Turkey.

The m ost important in stitution that s upports the finance of agricultural
researches in Turkey is Turkey Scientif  ic an d Technical Researches Institution
(TUBITAK). TUBITAK supports the projects of public institutions, university and
private sectors to develop science and technology policies, contribute toe
establishment of necessary infrastructures and tools to realize these aims, support and
carry out research and deve lopment activities and lead the creation of science and
technology culture considering th e national priorities in co operation with all parts of
society and relev ant institutions in order to inc rease and per petuate the com petitive
capacity and welfare of Turkey. Agricultural res earch and development activities are
also supported and coordinate d by General Direct orate of Agricultural Research and
Policies of Ministry of Food, Agriculture a nd Livestock. In addition, there is another
financial supporting program na med as “Industrial Thesis Program ~onne w
technology adaptatio n, proces sdevelop ment, quality im provement and
environmental modification projects belonging to Ministry of Science, Industry and
Technology.

Conclusion

Seeds, the m ain input of plant production, are prelim inary condition for a
fertile and good quality plant production. Seed trade was limitedly made in the world
in past, while international seed sector has demonstrated a rapid growth in the last 20
years.

The increasing international seed trade poses an important threat to countries
with inadequate seed production capacities. Foreign varieties are commonly used for
nearly all important arable crops including the ones with adequate seed production or
high native production.

The prerequisite to put an end to foreign-source dependency is the
development of native varieties by esta blishing various breeding program  s.
Therefore, national cotton  breeding program s should be strengthened by using
biotechnological techniques in order to develop native varieties.
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Biotechnological techniques s hould be integrated into conventional breeding
programs in order to shorten variety br eeding tim e, increase th e efficiency of
selection studies and compete with other companies in the world.
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Abstract

A segregating m utant population has  been developed from the standard
Bulgarian variety “Chirpan 603" for identifi cation of QTLs related to fiber quality
characteristics. SSR markers developed in interspecific crosses and further confirmed
in intraspecific crosses, together with in-house developed ISSR markers were used
for association m apping of fiber stre  ngth, length, uniform ity, m icronaire and
elongation. QTLs were identified w ith major effect on all traits with the ones related
to fiber strength, uniform ity and micronaire co-localizing on the sam e region of one
linkage group.

Keywords: Cotton, Gossypium hirsutum, mutation, QTL, mapping.

Introduction

Upland cotton (Gossypium hirsutum L., 2n = 52) is the m ost extensively used
of the four cultivated Gossypium species. However the narrow genetic background of
the germplasm used for developing modern cotton varieties is slowing the speed of
increases in productivity worldwide. Sta  gnant yield, declining fiber quality, and
damages from biotic and abiotic stresses affect prof tability of cotton production. The
high value per hectare of cotton and global te xtile market demand for increased fiber
uniformity, streng th an d exten sibility cl early justify the importance of new and
innovative approaches toward evaluati ng and understanding genetic m echanisms
underlying fiber qualities. Thus the species ha s been the target of num erous genetic
studies and breeding efforts.
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The level of genetic diversity is low in G. hirsutum, especially among
agriculturally elite types, as revealed by different means of assessment (Gutierrez et
al. 2002; Ulloa et al., 2002; W endel et al. 1989). Increasing dive rsity is therefore
essential to genetic improvem ent efforts. Each of the three m ajor approaches to
increasing genetic diversity — germ plasm introgression, m  utagenesis, and
transformation — has its advantages and disadvantages.

G. barbadense (L.)is the only ¢ ultivated r elative of Upland cotton ( G.
hirsutum) with the same chromosome number (2n = 4x = 52). It is valued for its fiber
quality, whereas Upland cotton is higher va lued for its yie 1d potential. W hile these
species are easily hybridized, even the very early studies  (Stephens, 1949) on
conventional backcrossing and/or inbreeding  were quick to find that it leads to
extensive loss of intr oduced var iability. One of the ch allenges in inte rspecifc
introgression is to u se valuable alien tra its of G. barbadense germ plasm, such as
fiber length, fneness, and streng th to im prove Upland cotton (Lacape et al. 2005).
Traditional plant bre  eding app roaches f or im proving f iber qua lity throug h
interspecif ¢ introgression have been hindere  d by com plex antagonistic genetic
relationships (Culp et al., 1979). Recent molecular m apping studies associated G.
barbadense chromosomes with many favorable Q TLs affecting fiber and agronom ic
traits (Rong et al. 2004; Lacape et al. 2005).

Attempts to incorporate genes into Upland cotton through classical breeding

methods have generally not achieve d stable introgression of the G. barbadense fiber
properties (Stephens, 1949; McKenzie, 1970).  Associated with these attem pts at
introgression have been poor agronom ic qualities of the progeny, distorted
segregation, sterility, m ote form ation, and lim ited recom bination due to
incompatibility between the genomes (Reinisch et al., 1994).
Genetic transfor mation on th e other hand has been m ost successful in m odifying
main agronomic traits, s uch as herbicide and ins ect tolerance, while the attempts to
improve fiber quality are still in their infancy. This is m ostly due to the paucity of
information about the genes that specifically control quality traits and their regulation
in particular.

One of the m ain avenues for identifying and studying quality-related genes
has been induced m utagenesis. This a pproach proved effective inm  any crops,
including cotton (Ahloowalia and Maluszynski, 2004). In the present study we chose
to apply a com bination of m utagenic trea tment with the applic ation of m olecular
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markers f or identif ying quantitativ e tra it loc i1 (QTLs) in a segr egating m utant
population developed f rom commercially used Bulgarian variety. W ithin this study
the m ain objectives se t forth were to identif y m olecular m arkers related to f iber
quality characteristics and to identify QTLs with practical applicability for Bulgarian
cotton breeding programs.

Material and Methods

Plant material

The Bulgarian variety Chirpan 603 was se lected for the present study as it
was commercially grown over more than 80% of the cultivation area in 2005.

Phenotypic observations

Fiber quality characteristics ~ m easured were: length (mm), fineness
(Micronaire), strength (g/tex), elongation (%), uniformity (%), and maturity.

Gamma irradiation treatment and greenhouse cultivation conditions

Five hundred gram s of seeds were gamm  a-radiation treated. Based on
previous ex perience with breeding m aterials from G. hirsutum species the applied
treatment was with 150 Gy, which appeared  to be the most effective in inducing
useful mutations.

After producing the M1  generation in a greenhouse seeds from all the
following generations were planted and seed cotton collected in the field. The plants
were phenotyped during the growing season and the fiber quality of the ones that
produced enough seedcotton determined.

SSR analysis

Selection of the SSR prim ers for use in the present study was perform ed as
described elsewhere (Ivanova and Bojinov, 2009). Sequences of SSR prim ers were
downloaded from the CMD datab ase (http ://ukcrop.net/perl/ace/search/CottonDB),
and oligonucleotides synthesized by Microsynth AG (Balgach, Switzerland).

ISSR analysis

Inter s imple sequence repeat (IS SR) m arker system was developed by
Zietkiewicz et al. (1994) to circum  vent the requirem ent of SSRs for flanking
sequence infor mation. It has thus found wide applicability ina variety of plants
where the most signif cant uses remain in genetic mapping, diagnostic f ngerprinting

and in the study of genetic structure within and between populations of individual
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species. ISS R polym orphisms can provide us eful discrim inatory inform ation for
phylogenetic and system atic studies of  closely related species and subspeci  fc
lineages (Bussell et al., 2005). The application of these m arkers to cotton was rarely
attempted and did not expand beyond verifying the capacity of the sys tem to reveal
both intraspecific variations (Liu and Wendel, 2001) and an accidental use as a sub -
sampling technique for producing SSR markers (Zhang et al., 2009).

Results and Discussion

After 5 generations of selfing andre  producing the lines were considered
sufficiently stable and hom ogenous for dete rmining the fiber quality properties for
identification of QTLs.

The freely available m apping software MapDisto (Lorieux, 2012) was used
for QTL i dentification and m apping. Th e procedure for com puting QTLs in
Recombinant Inbred Lines (RILs) was used as best corresponding to characterizing a
population of mutation-derived sister lines.

For molecular marker analysis a total of 3 pairs of SSR and 13 ISSR prim ers
were screened for their capacity to reveal polymorphisms.

ISSR primers were able to produce high number of markers. The screening of
the population with the 13 prim  ers result ed in great dif ferences in producing
polymorphic bands where 3 of them result ed in no polym orphisms revealed, while
the 10 rem aining produced between 2 and 8 polym orphic bands. Altogether ISSR
primers produced 41 polym orphic bands throughout a population of 126 individuals.
Of these only 35 could be m  apped as som e had jus t a single appearance in the
studied population (Table 1).

Table 1. Linkage groups of ISSR markers.

Linkage groups from all loci*

Group Number of loci ISSR marker Ne

Unlinked: 11 2 6 7 9 22 24 2526 31 33 34
group 1: 12 1 4 5 1014 16 1720 21 27 3032
group 2: 10 3 8 1315 18 19 2328 29 35

group 3: 2 11 12

* LOD min: 3,00; r max: 0,10; cM max: 10,1
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Phenotyping for the fiber properties revealed significant differences in fiber
quality within the population (Table 2).

Table 2. Range of quality characteristics observed in tagged M5 plants.

Mic Str Len Unf Elg Mat
Minimum 323,8 23,3 79,3 5,9 0.38%*
Maximum 6,2 34,9 30,1 88,5 15,2 0.99
Mean 4,3 28,8 26,8 83,9 8,9 0.92
Chirpan 603 untreated 4.927.6 26.6 83.5 9.6 0.90

*- single outlier that was discarded for calculating the mean.

The results showed that the variations generated by mutagenic treatment were
sufficient for identification of loci, linked to fiber quality characteristics. The lowest
observed value for m icronaire for exam ple was 3.0. Nonetheless several progenies
had high micronaire readings with one proge ny having 6.2. At th e other extreme of
this trait there wa s one progeny with m icronaire r eading of 3.0 and three m  ore
progenies with micronaire of 3.3-3.4. The progeny with the lowest m icronaire has
apparently not reached maturity as both its strength (at 23.8) and length (at 25.6)
were significantly lower than that o fthe parent variety. The other three genotypes
with low microna ire had the tra it a ctually af fected by the mutagenic trea tment as
their strength (varying between 28.1 a nd 28.4 g/tex), length (26.8-27.9 mm ) and
elongation (8.5-8.9) indicate that their fiber has completed its development.

The progeny with the lowest fiber strength had the 1o west micronaire as well,
thus th e tra it va riation in this cas e could be attribu ted to th e in complete f iber
development. Atthe o ther extreme there were four progenies with f iber strength
varying only slightly (34.2-34.9 g/tex). Micron aire of these progenies varied little,
too (4.5-4.8), while fiber length was more va riable (24.8-27.3 mm). Interestingly the
elongation of the progenies with the longe st fiber (27.2-27.3) within this group was
close to the one of the pa  rental genotype and varied  very little (7.7-8.1) thus
indicating that within these progenies the only affected trait was fiber strength.

In line with the prelim inary expecta tions fiber length was affected both
positively and negatively with extre mes evenly spaced from the m ean. Three of the
four progenies with shorte st fiber had high to very  high micronaire (4.7-6.2) and
equal or higher fiber strength to th e parent genotype (27.2-29.2g/tex), which
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indicates th at these pro genies hav e reached full m aturity and their fib er length is
actually negatively affected by the mutagenic treatment.

The analysis of the progenies with 1 ongest fiber did not result in sim ilarly
clear-cut conclusions. The progeny with the longest fiber (30.99 mm) had its strength
(26.6 g/tex) and elongation (8.2) essentially equal to that of the parent, while its
uniformity was significantly increased (  88.5%). The next three progenies with
longest fiber (29.6-29.8 mm ) had their strength significantly increased (28.6n-31.0
g/tex), while micronaire was moderately to significantly decreased (3.5-4.5).

The complex nature of the inheritance and the requirement to combine several
different (and often negatively correlated) traits makes breeding for the varieties with
good agronomic performance, and carrying at the same time multiple improved fiber
characteristics a dauntin g task that every co tton breeder strives to reso lve. Marker
assisted selection (MA S) hasrisenasa  tool of choice inth e recent years as it
significantly facilitates the selec tion of genotypes for interc  rossing in each
generation. As more and more alleles having positive effect on th e traits of interes t
are identified and m olecularly tagged, this tool becomes more and m ore accessible
for the actu al breed ing program s. Up to the present study no MAS tools with
practical ap plicability were ava ilable for Bulgarian breeding program s as the ones
developed o utside the country were base d on germ plasm of little interest when
peculiarities of local cotton cultiv ation are taken into account. A further hindrance is
that the studies aim ing at making such tools readily available within the country are
suffering from insufficient funding and lack of accum ulated expertise. By using one
of the m ost comm ercially important varieties in the country this study attem pts to
provide knowledge and tools needed to keep Bulgarian breeding program s
competitive.

One of the main steps in identifying appropriate molecular markers for use in
MAS is the association of these markers with the tr aits of interest. In the present
study several such markers were identified. Furthermore, mapping those to a genetic
map provided further insight of what could have actually resulted in m odification of
the traits of interest.

Of the 41 ISSR polymorphic bands identified within the present study only 35
could be m apped (Table 1 and 3). Of th ese markers ISSR12 had significant effects
simultaneously on fiber length and unifo rmity (Table 3) explaining 4.6 and 8.7%
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respectively of the variability of these traits. Marker ISSR30 was the only other
marker with effect on fiber length, explaining 6.14% of the variation of that trait.

Table 3. Distances (in ¢cM) and significance of the effects of ISSR markers on fiber
quality in M5 population.

ISSR marker N° cM len Unf Str Elg Mat
1 0,0 1,94 0,12 0,89 2,21 2,68
2 23,2 0,21 0,01 2,08 1,79 0,58
3 36,1 2,04 0,04 3,65 0,37 0,06
4 0,0 0,80 0,00 0,01 0,02 0,02
5 472 1,99 0,01 0,01 1,29 0,01
6 0,0 0,74 0,15 3,14 0,03 1,47
7 0,0 0,00 0,02 0,45 0,10 0,06
8 16,8 1,17 0,76 1,06 0,12 0,15
9 42.5 1,67 0,80 1,17 0,00 0,96
10 0,0 0,31 0,11 0,19 0,03 3,95 *
11 18,3 3,32 0,76 0,52 0,03 0,58
12 25,1 4,58 * 8,68 ** 0,32 0,16 0,50
13 0,0 0,83 0,34 0,02 0,53 0,05
14 0,0 0,07 0,01 0,19 1,21 0,03
15 0,0 0,02 0,29 0,09 0,22 0,00
16 0,0 0,30 0,00 0,17 1,92 0,01
17 1,9 0,58 0,01 0,26 3,21 0,00
18 0,0 1,20 0,70 0,75 0,45 0,01
19 2,7 1,12 1,58 0,92 0,21 0,04
20 0,0 1,00 0,10 2,09 3,15 0,10
21 10,0 1,23 0,52 0,02 0,63 0,55
22 30,0 0,17 0,00 1,93 0,24 1,05
23 0,0 0,96 1,06 0,20 0,03 0,01
24 18,3 0,32 0,23 0,14 0,55 0,95
25 41,5 0,09 2,79 1,41 511* 0,01
26 60,6 0,15 2,31 0,14 1,71 0,09
27 0,0 0,34 0,05 0,36 1,36 0,16
28 0,0 1,52 1,16 3,95 * 2,51 17,54 ****
29 6,1 0,63 0,06 0,00 7,94 ** 0,00
30 0,0 6,14 * 3,87 3,77 3,58 0,05
31 0,0 1,42 1,49 2,35 0,33 0,22
32 0,0 0,15 0,01 0,00 1,16 3,29
33 0,0 0,09 0,24 0,07 1,91 0,29
34 0,0 0,00 0,25 0,83 0,94 0,87
35 0,0 0,02 0,26 0,80 0,12 0,04
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Marker ISSR28 was another marker with significant effects on more than one
trait. It explained about 4% of the variation in fiber stre ngth together with more than
17% of the variability of =~ m aturity. Marker ISSR10 wa s the other one having
significant effect on maturity explaining about 4% of the variability of the trait.

Differences in fiber elongation were a ttributed to the prese nce of two ISSR
markers, namely ISSR25 and ISSR29. Th e observed polymorphism s of the for mer
could be attributed to explai ning about 5% of the total va riation of the trait, while
about 8% were attributed to the polymorphisms of the latter.

Of the SSR polym orphic bands identifie d within the present study only one
had a significant effect on the fiber length. This locus was a ssociated with the LG1
(Fig. 1) and had statistically significant effect, explaini ng 6.6% of th e total trait
variation. Fiber stre ngth was sign ificantly affected by two different loci —one on
LG3, explaining 4.7% of trai t variability and the othe r on LG4, explaining 7.7%.
Uniformity on the other hand was affected by two different regions — one included
markers CM1-290 and CM3-100 (encompassing 7.2 ¢cM on LG1 and explaining 18%
of the total variation), while the othe r was tagged by single m arker (CM7-100),
responsible for 9.8% of the variation and placed on the LG3. Elongation was affected
by a single region on the LG3 explaining 14.3% of trait variation.

Micronaire appeared as the trait that ha d highest percentage of the variation
explained by loci with statistically significant effect. The trait was affected by loci on
two different linkage groups. The region on th e first group (L G1) is relatively wide -
encompasses 24.7cM and is responsible for  20% of the trait va riation within the
population. The other linkage group with major effect on micronaire was LG3.

In our study the upper region of the LG3 contained a region encom passing 5
cM tha th ad sta tistically s ignificant e ffect on fiber streng  th, micronaire and
elongation. This finding is in line with the observations that m icronaire as a
measurement affected by bot h fiber fineness and m aturity is affected by the buildup
of cellulosic fibrils (which improves strength, but reduces elasticity). Therefore, the
mutagenic treatm ent applied at the beginni ng of present study m ay have affected
some basic processes of cellu lose synthesis and/or deposition that are defined by the
locus/loci tagged with the abovementioned markers. Further studies would be needed
to iden tify which of them any possibl e m echanisms are affected, but th e
simultaneous effect on the m odification of all three traits by the genetic constitution
of a single locus strongly  supports such theory. The possibilities for using SSR
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markers, identif ied in inte r- and intraspe cific crosses as linke d to fiber quality
characteristics in co tton, for identification of loci affected by a mutagenic treatment
of seeds from the standard Bulgarian variety (Chirpan 603) were demonstrated in the
present s tudy. Furthermore, the ap plicability o f ISSR m arkers in MAS m utation
breeding was demonstrated as well. Genetic linkage map has been constructed which
consisted of 5 linkage groups. Markers linked to all studied fiber characteristics were
found with loci having sta tistically signific ant effect on corresponding traits
explaining between 4 and 17% of the tota 1 tr ait var iation. Com bining m aps f or
individual traits allowed for identification of a region, aff ecting several quality traits
at once (namely fiber strength, micronaire and elongation). The m arkers tagging this
region may prove of particular interest for future breeding efforts that w ould aim at
applying marker assisted selection (MAS) for pyramiding multiple positive alleles.
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Figure 1. Com bined genetic m ap for studied traits. The width of colored bars
represents the percentage of trait v ariability explained by marker presence
at each locus.

The possibilities for using SSR markers, identified in inter- and intraspecific
crosses as linked to fiber quality characteri stics in cotton, for identification of loci
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affected by a m utagenic treatm ent of seed s from the standard Bulgarian variety
(Chirpan 603) were demonstrated in the present study. Furthermore, the applicability
of ISSR markers in M AS m utation breedi ng was dem onstrated as well. Genetic
linkage m ap has been constructed which  consisted of 5 linkage groups. Markers
linked to all studied fiber ch aracteristics were found with loci havi ng statistically
significant effect on correspondi ng traits explaining between 4 and 17% of the total
trait variation. Combining maps for individual traits allo wed for identification of a
region, affecting several quality traits at once (nam ely fiber strength, micronaire and
elongation). The m arkers taggi ng this region m ay prove of particular interest for
future breeding efforts that would aim at applying marker assisted selection (MAS)
for pyramiding multiple positive alleles.
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Abstract

The wild s pecies Gossypium anomalum L. is having high fibre length,
fineness, strength and m aturity alongwith resistance to ja ssids, mites, bollworm s,
rust, bac terial blight and CLCV. To intr ogress these cha racters into ¢ ultivated G.
arboreum, efforts were made by crossing and as a result of this, the strain RAC-024
was developed under TMC project and tested in TMC trials at different locations as
well as MLT in AICCIP trials. Th e overall mean performance indicated that this
genotype recorded 21.16 per cent higher seed cotton yield (1305 kgha ™) than the
check JLA-794 (1077 kg ha ). The Phule Anmol was adjudged as the best entry in
the trials conducted at 10 locations inre  spect of fibre length and strength. This
genotype was found promising for fibre length (27.7 mm), strength (23.2 g tex™) and
micronnaire value (4.5). These fibre prope rties are com parable with the existing G.
hirsutum genotypes. Therefore, this variety is recommended under the nam e “Phule
Anmol” for commercial cultivation in Khandesh region of Maharashtra.

Keywords: Cotton, fibre quality, G. arboreum.

Introduction

Cotton is one of the m ost important cash crop in Maharashtra and occupies
39.42 lakh ha area (2010-11). After introducti on of Bt hybrids the area under diploid
cotton is co nsistently decreased. However, under rainfed conditi on and in m arginal
soils, the perform ance of Bt hybrids isno  t consistent. S uitability for rainfed
conditions, low cost of cultivation and resistant to biotic and abiotic
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stresses are the advantages of the diploid cotton varieties (Anonymous, 2011a).
Looking to these advantages, the area under  diploid cotton is again increasing. In
Khandesh, desi cotton is very well adop ted to the f luctuating ra infall and poor
growth conditions and hence suit well to  scanty resources of the poor far mer. Desi
cotton is also resistant to m any biotic and abiotic stresses. There is a large coverag e
under G. arboreum cultiv ar Y-1 , JLA-794 and som e of the private s ector
varieties/hybrids. These arboreum cultivars have comparatively low fibre properties
as com pare to Am erican and Egyptian cotton. Looking to the present trend of
growing cotton organically desi co tton can be a suitable a Iternative. As the fibre
qualities of these varieties was found to be low as com  pared to hirsutum, work of
developing G. arboreum variety with superior fi bre properties at Cotton
Improvement Project, MPKV, Rahuri was initiated.

Materials and Methods

G. arboreum basically possess a coarse, rough and medium fibre used to be
commercially rated lower than hirsutum cotton. The wild species G. anomalum is
having high fibre length, fineness, strengt  h a nd m aturity. This species is also
resistance to jassids, m ites, bollwor ms, rust and bacterial b light and CLCV. To
introgress these chara cters in to cu Itivated G. arboreum, efforts we re m ade by
crossing. The cross was m ade between G. arboreum MPKV GMS x G. anomalum,
Wew. & Peyr at Cotton Improvement Project, MPKV, Rahuri during the year 2001 -
02 and the strain RAC-024 was devel =~ oped by Pedigree selection m  ethod. The
genotype w as tested consecuti vely for five years under T MC projects at different
locations as well as MLT and AICCIP trials. The university multilocation trials were
conducted at Rahuri, Jalgaon and D hule during 2006-07 and 2007-08, whereas, the
Co-ordinated trials were conducted at 16 locations (Sriganganagar, Faridkot,
Ludhiana, Hisar, Kanpur, Khandwa, Am eli, Akola, Parbhani, Jalgaon, Bharuch,
Dharwad, Raichur, Nandyal, Mudhol and Kovilpatti). The fibre properties viz., 2.5 %
span length, uniform ity, m icronaire, stre ngth, elongation and SFC we re tested at
CIRCOT, Mum bai. The genotype was tested for wider spacing as well ash  igher
doses of fertilizers. It was also tested for major pests and diseases at MPKV, Rahuri
as well as in Co-ordinated trials. The va riety was released under the nam e “Phule
Anmol” for commercial cultivation in Khandesh region of Maharashtra in the yea r
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2011. The statistical analysis was carried  out according to Panse an  d Sukhatm e
(1985).

Results and Discussion

Performance of RAC-024 in different Trials

The perform ance of RAC-024 in different trials  viz., Station, Multilocation
and Co-ordinated trials is presented in Table 1. During 2003-04, the strain recorded
the highest seed cotton yield at Surat (2290 kg ha 1y as com pared with check
G.Cot.16 (991kg ha™'). At Nanded, during 2004-05 the culture RAC-024 recorded the
highest seed cotton yield (2528 kg ha ') as compared with check PA-183 (1139 kg
ha™") and in 2005-06 it recorded significantly hi gher seed cotton yield (2015 kg ha ™)
over both the Checks PHH-316 (1041 Kg ha ) and NH-545 (984 kg ha ™) in TMC
MM 1.3 trial. During 2006-07, at Rahuri cent re, in TMC MMI1.1 project, the culture
RAC-024 recorded significantly hi ghest seed cotton yield (1452 kg ha ™) over local
check JLA-794 (1235 kg ha ™) while in TMC MM1.3 project , the culture recorded
significantly highest seed cotton yield (1058 kg ha ') over local check JLA-794 (780
kg ha ™). In university station trial dur ing 2009-10, the genotype recorded
significantly highest seed cotton yield (2083 kgha ™) over local check JLA-794
(1732 kg ha™") (Anonymous, 2011b).

The univers ity m ultilocation trials were condu cted at Rah uri, J algaon and
Dhule during 2006-07and 2007-08. The entry reco rded lower yield than the check
JLA-794, however, the fibre properties were  superior over the checks. The Co-
ordinated trial conducted at 16 locations  indicated that the genotype RAC-024
recorded 1144 kg ha ™' seed cotton yield which is 25.2% higher than the local check
JLA-794 (914 kg ha™") (Anonymous, 2011b).

The genotype was also tested in Dr ought Screening Trial in TMC MM 1.3
trial at Nanded during 2005-06 (Table 2). Amongst the genotypes tested, RAC-24
was found promising as drought tolerant due to less reduction in chlorophyll content
(21.87 %) and high relative water cont  ent (88.63%) during st ress period of the
season. The entry recorded higher seed cotton yield (1708 kg/ha) than the check NH-
545 (736 kg/ha), however, it was at par with the other check PA-402 (1858 kg/ha).
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Table 1. Performance of RAC-024 in different Station/ MLT/ Co-ordinated/ trials.

;l(;'. Trial Lo cation RAC-024 JLA-794 (C) Other Checks
Station trials
1 TMC MM 1.3 trial Surat (2003-04) ! 2290 - o8l
G.Cot.16 (C)
2 TMC MM 1.3 trial Nanded (2004-05) ! 2528 - 139
PA-183(C)
3 TMC MM 1.3 trial Nanded (2005-06) ! 2015 - 1041
PHH-316 (C)
4  TMC MM 1.1 trial Rahuri (2006-07) : 14521 235 1165
PA-255 (C)
5  TMC MM 1.3 trial Rahuri (2006-07) ! 1058 7 80 067
PA-255 (C)
6 Statio  n trial (2009-10) 1 2083 1732 -
Drought Screening Trial i 1958 PA-
1 TMC MM 1.3 Nanded (2005-06) 1 1708 402 (C)
Mean 1876 1249 1159
Multilocation trials
I MLT  2006-07 3 994 1314 -
2MLT  2007-08 3 1138 1540 -
Mean 1 066 1427 -
Co-ordinated trials
1 Mean of 16 locations (2010-11) 16 1144 914 -
Mean 1 144 914
o verall Mean 1305 1077
% increase over JLA-794 21.16

Pest and diseases:

The screening of RAC- 024 in TMC MM 1.3 trial at Nanded (2005-06) and
Rahuri (2006-07) for sucking pest com  plex and locule dam age revealed that
infestation due to sucking pests was be low econom ic threshold level at both the
locations ex cept for thrips dam age at Nanded (Table 4). The culture has shown
resistant reaction to BLB, and disease free reaction to dahiya and ALB (Table 5).
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Table 2. Perfor mance of RAC-024 for drought tolerance tested at CRS, Nanded in
TMC MM 1.3 trial during the year 2005-06.

Sr.  Genotype Seed Cotton Yield % reduction in RWC (%)
No. (kg ha™) Chlorophyll
IRA  C-024 1708 21.87 88.63
2N H-545 (C) 736 31.77 84.78
3 PA -402 (C) 1858 28.91 85.20
General Mean 1032.33 38.43 80.04
SE + 145.97
C D at 5% 403.96

Table 4. Screening of RAC-024 against sucking pest complex and bollworm in
TMC MM 1.3 Trial at Nanded (2005-06) and Rahuri (2006-07).

Sr. Name of Aphids Jassids Thrips White flies  Visual Locule
No variety grade Damage
2005-06 Nanded
1 RAC-024 9.83 (3.21) 1.33 (1.35) 11.26 (3.42) 4.51(2.44) 1 4.99 (2.86)
2PA-402 (O 8.11(2.93) 1.65 (1.46) 10.46 (3.31) 4.87 (2.31) 1 2.34 (1.34)
3 NH-545(C) 12.66 (3.62)  2.90 (1.82) 13.92 (3.79) 4.62 (2.25) I 17.75 (10.22)
SE + 0.19 0.12 0.17 0.15 - 0.29
CD at 5% 0.51 0.33 0.48 0.41 - 0.79
2006-07 Rahuri
1 RAC-024 7.00 1.00 0.83 3.50 I 29.0
2 JLA-794 ©) 4.66 0.03 0.02 1.73 I 25.0
3 PA-255 © 3.00 0.83 0.03 2.20 1 31.0
SE + 0.75 0.13 0.08 0.27 - 2.32
CD at 5% 2.40 0.41 0.27 0.85 - 5.54
Economic 10/leaf 2/leaf 10/1e af 5/le af - Below 10%
threshold level

* The figures in parenthesis indicates arc sign values

Quality characters:

RAC 024 was adjudged as the best entry in the trial conducted at 10 locations
in respect of fibre length and strength. Th is genotype recorded average fibre length
(27.7 mm) and strength (23.2 g tex™"), along with Micronnaire (4.5) in different trials
conducted during 2004-05 and 2010-11 (Anonymous, 2011c).
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Table 5. Screening of RAC-024 a gainst m ajor diseases in TMC M M 1.3 Trial a t
Nanded (2005-06) and Rahuri (2006-07, 2010-11 ).

Sr. No Name of variety

Disease grade

ALB BLB GM
2005-06 Nanded
1 RA C-024 1(R) I(R) 0 (DF)
2 PA -402 (C) 2 (MR) 2 (MR) 0 (DF)
3 NH-545 (C) 1(R) 2 (MR) 2 (MR)
2006-07 Rahuri
1 RAC-024 0 (DF) 1(R) 0 (DF)
2 JLA-794 (C) 0 (DF) 2 (MR) 1(R)
3 PA-255 (C) 0 (DF) 0 (DF) 1(R)
2010-11 Rahuri
1 RAC-024 1 (R) 0 (DF) I (R)
2 Y-1(C) 2 (MR) 0 (DF) 3 (MS)
3 JLA-794 (C) 2 (MR) 1 (R) 3 (MS)

Table 6. Fibre quality param

eters of RAC-024 in com parison with JLA-794 and

Phule-688.
Sr. Genotypes 2. 5% UNIF MIC STRE. ELON. SFC SL
No. SL (%) value ¢ tex! (%) (%) ratio
1 RAC-024 27.7 49 4.5 23.2 5.4 12.9 0.85
G. arboreum
,  JLATR(O 25.6 49 49 20.0 - - 0.78
G. arboreum
3 Phule688(C) )55 40 22.1 8.0 ; 0.82
G. hirsutum
. Above
Fibre Norms 26-28 48-50 3.5-4.5 21-22 - 0.80

In view of s uperior fibre properties and yield potential over the G. arboreum
check varieties Y-1 and JLA-794, the stra in RAC-024 was released under the nam e
“Phule Anmol” and recommended for commercial cultivation in Khandesh region of
Mabharashtra (Jalgaon, Dhule and Nandurbar districts) in the year 2011.
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Abstract

This study was carried out to investigat e the genetic behaviors for resistance
to Verticillium wilt (Verticillium dahliae Kleb.), earliness and seed cotton yield at the
six parent lines of cotton ( Gossypium hirsutum L.), VD-4, PAUM-15, Cukurova
1518, VD-18, Stoneville 468, Nazilli 84S, were crossed in all possible co mbinations
according to the half-diallel m ating de sign, in the years of 2008-2009. Com bining
ability an alysis of the data revea led th at gene ral com bining ability e ffects were
highly significant (P < 0.01) for resistance to  Verticillium wilt, earliness and see d
cotton y ield. The gene ral com bining abil ity (GCA) varia nces were greater than
specific co mbining ability (SCA ) varian ces for resistanc e to Verticillium wilt and
earliness, which showed the p redominance of additive gen e effects. S CA variance
was greater than GCA variance for s eed cotton yield and this showed the
predominance of non-additiv e gene effects. Among the six parents, S toneville 468
for resistan ce to Verticillium wilt, Cukurova 1518 for yield and PAUM-15 and
Nazilli 84S for earliness appeared to be  the best general com biners. Am ong the
fifteen cross combinations, 12 for resistance to Verticillium wilt, 2 for earliness and 7
for seed cotton yield was found best specific combiner.

Keywords: Half diallel, general combining ability, specific combining ability.

This study was carried out as a part of PhD thesis..
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Introduction

Improvement of seed cotton yield, earliness and resistance to Verticillium wilt
(Verticillium dahlia Kleb.) are im portant aim s for cotto n breeders in Turkey.
Verticillium wilt is one o f the most important diseases in the cotton production areas
of Turkey (Celik et. al., 2010). This dis ease reduces cotton yield and quality. The
fungus of Verticillium causes a wilt that cannot be effectively controlled by chemical
or cultural m ethods. The best m eans of ¢ ontrol is an intrinsi ¢ genetic resistance
(Fiola and Swartz, 1994).

Diallel analysis has been widely used by plant breeders in the sele ction of
parents and crosses in the early genera tions (Marani, 1967; Green and Culp, 1990;
Islam et al., 2001; Braden et al., 2003; Kiani et al., 2007). Com  bining ability
describes the breeding value of parental lines to produce hybrids. General combining
ability (GCA) effects are the average performance of a parent in combination with all
other parents so parents with the highest GCA effects should have greater im pact on
trait im provement. Spe cific com bining ab ility (SCA) identifie s the best hybrid
combinations for trait perform ance (K earsey and Pooni, 1996; Rauf et. al., 2006).
Information related to the different types  of gene action could prove an essential
strategy to the co tton breede rs in the sc reening of better parental com binations
(Karademir and Gencer, 2010).

The main objectives of this study were evaluate the general combining ability
of parents and specific com bining ability of their crosses for selecting the superior
crosses for inspected traits.

Material and Methods

Six cotton genotypes, VD-4, PAUM -15, Cukurova 1518, VD-18, Stoneville
468 and Na zilli 84S, were selected as pa  rents based on their yield perform ance,
earliness and resistance to Verticillium wilt. Parents were crossed using a half diallel
mating design in 2008.

Six parents and their fifteen F j crosses were plan ted in arando mized
complete block design with three replicatio ns at the experim ental field of Cukurova
University, Cotton Research and Application Center (Adana) in 2009. Rows were 12
m length and distance between and within the row spacing were 70 cm and 20 cm
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respectively. Plants were inoculated with the defoliating pathotype of ~ Verticillium
Wilt, called Mn/8 by Gore, 2007. Stem -puncture technique was used to introduce the
conidia (containing 0.2 ml and 10° conidia mI™' concentration) directly into the xylem
tissues.

All plots were harvested twice by hand on September 10, and Septem ber 26,
2009. Earliness was calculated as the percentage of first ha rvest. After the harvest,
the main stem of each plant was cut near the ground. And disease index were rated
on plants as a scale of 0 to 4 acco  rding to intensity of vascular d iscoloration. A
disease index range from O to 2 indicates resistance, and inde x value above the 2
indicates susceptible (Wilhelm et al. 1974).

A SAS program for the diallel analysis  system was used for analy sis of
variance and estimates of GCA and SCA effects for inspected traits (Zhang ve Kang,
2003, Akiscan, 2011). Estim ates of GCA and SCA effe  cts were based on the
Griffing’s (1956) method II, model .

Results and Discussion

Analysis of variance (T able 1.) indicat ed that highly significant differences
(P<0.01) among the genotypes for inspected  traits were found. The m ean squares
obtained from com bining ability analysis (Table 1.) revealed that GCA and SCA
variances were significant (P < 0.01) for all the traits. SCA variance was greater than
GCA variance for seed cotton yield and this showed the predom inance of non-
additive type of gene actions (dominance o r epistatic ef fects) in the inheritance of
this trait. Al-Enani ve A tta (1986), Guly asar (1987), Kanoktip (1987), Alam et. al.
(1991), Kapoor (2000), Karadem ir (2005), I1 yas et. al. (2007), Karadem ir et al.
(2009) and Karadem ir and Gencer (2010) also reported the predom inance of non-
additive type of gene acti ons rega rding th is tr ait. Ho wever, GCA variances were
greater than SCA variances for res istance to Verticillium wilt and e arliness, which
showed the predominance of additive gene effects.
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Table 1. Analysis of variance for genotypes and com bining ability in half dialle
cross of cotton.

Source of Seed cotton yield Earliness . .
Variation D.F. (ke da’l) (%) Disease index
Replications 2 393.37 362.14 0.17
Genotypes 20 12624.15 ** 237.37 ** 1.42 **
Error 40 2170.57 30.60 0.10

GCA 5 10070.33 ** 481.22 ** 3.20%*
SCA 15 13475.42 ** 156.09 ** 0.83 **
Error 40 2170.57 30.60 0.10
GCA/SCA 0.75 3.08 3.86

** Significant at the P<0.01 levels of probability.

The gener al com bining ability ef fects of pa rents (Tab le 2) ind icated that
genotype Cukurova 1518 was best general co mbiner for seed cotton yield, while
PAUM-15 was found best com biner for earliness followed by Nazilli-84. Higher
disease index indicated susceptible genotype s therefore, negative GCA values were
considered better for this trait. Then St oneville 468 was best general com biner for
disease index and followed by VD-18 genotype.

Table 2. General combining ability effects of parents for investigated traits.

Genotypes Seed(lc((;t(ti(:ll)yleld Eal(“;gess Disease index
VD-4 -1.557 -1.974 0.631 **
PAUM-15 14.664 5.326 ** -0.055
Cukurova 1518 19.414 * -1.928 -0.009
VD-18 9.231 -6.724 ** -0.197 **
Stoneville 468 -37.411 ** 1.064 -0.467 **
Nazilli 84S -4.340 4.235 ** 0.097

*, ** Significant at the P<0.05 and P<0.01 levels of probability, respectively.

The SCA effects of the crosses for inspect ed traits are presented in (Table 3).
Significant and positive SCA effects for s eed cotton y ield were observed in seven
crosses of the fifteen cross com binations. Cross com bination of Cukurova 1518 x
Stoneville 468 was best speci fic combiner for seed cotton yield followed by VD-4 x
PAUM-15, Stoneville 468 x Nazilli 84S, PAUM-15 x Cukurova 1518, VD-4 x
Cukurova 1518, PAUM -15 x Nazilli 84S a nd VD-4 x Stoneville 468, respectively.
However, significant and positive S CA effects for earliness were observed only in
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the two co mbinations. PAUM-15 x Nazilli 84S was best specif ic com biner for
earliness followed by Stoneville 468 x Nazilli 84S.

Table 3. Specific combining ability effects of crosses for investigated traits.

Genotypes Seed(f{(;t(t;:l])yleld Eat(‘(l);)r;ess Disease index
VD-4 x PAUM-15 73.176 ** 2.649 0.714 **
VD-4 x Cukurova 1518 57.159 * 4.736 -0.199
VD-4 x VD-18 -6.091 0.065 -0.478 **
VD-4 x Stoneville 468 49.384 * -0.522 -0.407 *
VD-4 x Nazilli 84S -52.020 * 5.240 -0.355 *
PAUM-15 x Cukurova 1518 60.005 * 3.536 -0.046
PAUM-15 x VD-18 34.288 -5.168 0.008
PAUM-15 x Stoneville 468 -93.304 ** -8.955 ** -0.255
PAUM-15 x Nazilli 84S 56.259 * 11.707 ** -0.419 *
Cukurova 1518 x VD-18 -41.829 3.686 -0.371 *
Cukurova 1518 x Stoneville 468 82.113 ** 4.865 -0.467 **
Cukurova 1518 x Nazilli 84S -90.691 ** -13.805 ** -0.599 **
VD-18 x Stoneville 468 38.030 1.128 -0.113
VD-18 x Nazilli 84S 10.826 2.390 0.389 *
Stoneville 468 x Nazilli 84S 65.167 ** 10.536 ** -0.274

*, ** Significant at the P<0.05 and P<0.01 levels of probability, respectively.

Furthermore, significant negative specific combining ability was observe d in
seven crosses for disease index. Cukurova 1518 x Nazilli 84S cross combination was
best com biner for disease index fo llowed by VD-4 x VD-18, Cukurova 1518 x
Stoneville 468, PAUM-15 x Nazilli 84S, VD-4 x Stoneville 468, Cukurova 1518 x
VD-18 and VD-4 x Nazilli 84S, respectively.

Conclusions

Significant additive genetic effects were observ ed for earliness and d isease
index. Therefore, selection in the early generations (F»-F3) may be more suitable for
these traits. On the other hand, non-additive genetic effects were observed for seed
cotton y ield. Hence, selection in the advanced generations (F4-Fs) m ay be more
suitable for this trait. Among the 15 cross combinations, 7 for seed cotton yield, 2 for
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earliness and 7 for resistant to Verticilium wilt were selected as the promising crosses
for the future studies.
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Abstract

The actin-b inding protein prof ilin (PRF) plays an im  portant role in cell
growth and expansion by regulating the orga nization of the actin filaments. Recent
studies have reported asso ciation between fiber elongati on in cultivated cotton
(Gossypium hirsutum) and PRF expression. Inthe  present study, we cloned four
genomic clones from allotetraploid cotton ( G. hirsutum) and its putative diploid
progenitors ( G. arboreum and G. raimondii) designated GhPRF1_A, GhPRF1 D,
GaPRF1, and GrPRF1 encoding cotton PRF  and ch aracterized t heir genomi ¢
structure, phylogenetic relationships and promoter structure. Sequence analysis of the
coding regions of all clones resulted in a single protein product which revealed more
than 80% similarity to most plan t PRFs and a typical organiza tion with an actin-
binding and a polybasic phospholipid binding motif at the carboxy terminus. DNA
blot hybridization suggested that PRF gene is present with more than one copy in the
allotetraploid species G. hirsutum. Expression analysis performed in various organs
of cultiva ted cotton re vealed that the PRF gene was pref erentially expressed in
cotton fibers. Very low levels of expressi on were observed in whole flowers, while
PRF transcripts were n ot detec ted in ot her organs exam ined. Furthermore, higher
levels of expression were observed at the early stages of cotton fiber development (at
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10 days post anthesis), indicat ive that this gene may play a major role in th e early
stages of cotton fiber development. Quantitation of the expression by real-time PCR
revealed higher expression levels in a G. hirsutum variety with higher fiber
percentage compared to a variety with lower percentage. In addition, higher levels of
expression were found in cultivated allotetraploid G. barbadense cotton species with
higher fiber length in comparison to cultivated allotetraploid G. hirsutum.
Keywords: PROFILI, Cotton
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Abstract

Double-crosses, compared to the single- mulattos, a larger wealth of genetic
terms (diversity) have, where th ey are ecolo gically wider spans, more adaptable to
environmental conditions, in other words th e general adaptation to the environm ent
(adaptation) are the ability  to cause a high particular  ly in the te  xtile industry
overcome many problem s that m ay occur with a m ixture of varieties increases the
likelihood of success.

This study was carried out in order to determ ine the heterotik effects of
investigated properties in the population which created from 45 double cross F
generation, using the double cross breeding m ethod, in Diyarbakir ecological
conditions in 2010. The trials are conducted as complete block design (RCBD) with
three replications. In the study seed cotton weight per boll was studied.

Twenty hybrid co  tton com bination had p  ositive and high values
heterobeltiosis in terms of cotton w eight per boll were determined as promising and
future studies that need to be taken into consideration in this hybrid combinations.
Keywords: Cotton, Double Cross, Heterosis, Heterobeltiosis.
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Abstract

Two cotton — abiotic stress factors s ystems have been investigated: cotton —
K/Na imbalance (caused by deficiency of K in the soil and over accumulation of Na
in the leaves), phenotypi cally expressed as leaf  reddening, and cotton — water
shortage causing drought.

Both stress factors are in ducers of a state of oxidativ e stress. To counteract it
cotton plants deploy the antioxidant potential by triggering various mechanisms.

Regarding the first system , in stres s-free conditions plants synthesize the
anthocyanidin malvidin (with m ono hydroxy- su bstituted B-ring), whereas in stress
conditions (reddening) the synthesis of ant hocyanidins is intensified and shifted to
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another molecule, cyanidin (having o-dihydr oxy-substituted B-ring). This structural
difference namely determines the higher antioxidant activity of cyanidin as compared
to m alvidin, finally con tributing to the be tter antioxidant perform ance of the red
leaves.

In overcom ing drought stress cotton plan ts utilize other components of the
antioxidant pool. Upon water shortage dr ought tolerant cotton genotypes m aintain
higher levels of carotenoids, proline and polyphenols, including flavonoids, as
compared to sensitive genotypes. Moreover, they possess a higher ratio of quercetin
to kaempferol aglycons, the quercetin bei ng distinguished by a stronger antioxidant
activity due to the specific hydroxylation pattern of the B-ring.

Thus the conclusion can be drawn that cotton plants em ploy an effe ctive
versatile network of antioxidant compounds for defense against various abiotic stress
constraints. The data obtained contribut e to the understanding of the biochem ical
bases of abiotic s tress tolerance in plants, and can serv e as a rationale in m odeling
and engineering abiotic stress tolerant cotton crops.

Keywords: Cotton, stress, antioxidant potential

Introduction

It is commonly recognized that the pr imary event induced by stress factors is
the burst of reactive oxygen species (ROS) lea ding to a state of ox idative stress
having a deleterious effect on cell function an d structure. Plants have elaborated a
diversified defense network of antioxida  nts (ROS scavengers) to regulate the
oxidative stress this allowing the m aintenance of nor mal functioning and survival
(Blohina et. al. 2003).

In our research on cotton stress physi ology we studied two system s differing
in the nature of abiotic cons traints: K/Na im  balance (Na accum ulation),
phenotypically expressed as leaf reddening, a nd water deficit. Both factors induce a
state of oxidative stress (Alia et. Al., 1993; Yildiz-Aktas et. al. 2009).

The purpose of the present paper is to investigate the involvem ent of
antioxidant compounds in the responses of cotton plants to the above stressors.
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Material and Method

Experiments on reddening cotton plants were carried out by using Nazilli 84-
S cv. grown in three locatio ns of Ege region — Soke, Tire and Bergama. Drought-
tolerant Sahin 2000 cv. and drought-sensitive Nazilli 84-S cv. gr own in Soke region
were used in water shortage experiments being subjected to limited water supply (1/3
field capacity). In leaf samples a ran ge of enzymatic (peroxidase) and non-enzymatic
(proline, carotenoids, polyphenols, anthoc yanins) antioxidants was determ ined, and
the HPLC (High Perform ance Liquid Chro matography) profiles of polyphenols and
anthocyanins were assayed. Transm  ission electron m icroscopy, photosynthetic
performance and m alonyldialdehyde test we re used to assess leaf functional and
structural integrity. The m ethods applie d were described elsewhere (Stoyanova-
Koleva et. al. 2005; Edreva et. al. 2006; Yildiz-Aktas et. al. 2009).

Results and discussion

In the red cotton leaves a strong accu ~ mulation of proline (225 %), total
polyphenols (430 %) and anthocyanins (662 %) (percent of controls, green leaves)
was recorded. Peroxidase activity was also increased (387 %). All these m olecules
are endowed with antioxidant propert ies (B lohinaet. al. 2003), and their
overproduction contributes to the normalization of ROS level, increased as a result of
K/Na imbalance and Na accumulation in the leaves of reddening plants.

HPLC profiles revealed that the pre dominant anthocyanidin in stress-free
conditions (green leaves) ism  alvidin having m ono-hydroxy substituted B-ring
whereas in stress conditions (red leaves) the sy nthesis of anthocyanidins is shifted to
cyanidin possessing o-dihydroxy substituted B-ring. This s pecific molecular feature
— the presence of o-dihydroxy grouping — determ ines the higher antioxidant activity
of cyanidin as com pared to m alvidin wh ich ¢ ontributes to the b etter antiox idant
protection in red leaves . It is ev idenced by the lower fragm entation of m embrane
lipids as shown by the m alonyldialdehyde test (57 % of controls ) and the preserved
membrane integrity according to data of transmission electr on microscopy (Yildiz-
Aktas et. al. 2009).

In the leaves of the drought-tolerant genotype Sahin 2000 higher contents of
proline, carotenoids, total polyphenols, cinnamic acid deri vatives and flavonoids as
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compared to the sensitive genotyp e Nazilli 84-S were observed. Thisi mpressive
difference was expressed in both stress-f ree conditions (norm al water supply) and
upon water lim itation. Moreover HPLC profile s of polyphenols point to the higher
ratio of quercetin to kaem pferol flavonoid aglycons in the tolerant than in the
sensitive genotype, quercetin being disti nguished by a stronger antioxidant activit y
due to the presence of o-dihydroxy grouping in the B-ring. Thus it can be surm ised
that the high antioxidant potential is a protective tool against drought which is proved
by the better photosynthetic perform ance and lower m embrane damage observed in
the drought-tolerant than in the sensitive genotype.

Conclusion

The data re vealing the protective role of antio xidants against ab iotic s tress
factors can be used in modeling stress-tolerant cotton crops.
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Abstract

This study was conducted to determ ine yielding performance and some fiber
quality characteristics of new Bulgaria n and foreign cotton  varieties under the
conditions of Bulgaria. Elev en Bulgarian varieties - Ch irpan-539, Beli Iskar, Veno,
Trakia, Helius, Avangard-264, Perla, Vega, Natalia, Darm i and Colorit, four Turkish
— Nazilli-84/5, Nazilli-663, Nazilli-954 and Barut-2005, and one Macedonian — 5140
were included in a trial carried out in 2008-2010, in 4 replications and harvested plot
of 20 m? with sowing design 60x10x1. It was found tha t m ost characters were
influenced strongly by the year con ditions. Under the Bulgarian cond itions, Darmi,
Helius and Natalia varietie s appeared to be the best. The Turkish varieties were not
suitable for direct use in Bulgarian pr ~ oduction because of m aturity latency and
insecure yields. However, they had longe r fiber, higher lint pe rcentage and bigger
bolls, and set up higher their fruit-branches, which makes them very valuable for the
cotton breeding programs. The different beha vior of Bulgarian and foreign varieties
in 2010 compared to the previous two years reflected on their clustering.

Key words: Cotton, Varieties, G. hirsutum L.,Economic characters

Introduction

The cotton breeding in Bulgaria achiev ed undeniable results during the past
years. Ten new cotton varieties were created and approved by the Executive Agency
for Variety Trials, Approbation and Seed Control in 2007-2010. These varieties have
been realized in the fram e of two di fferently purposeful breeding program s by
applying of different breeding m ethods (Stoilova, Valkova, 2 008; 2010; Stoilova et
al., 2010; Valkova, Stoilova, 2010; Stoilova, 2011).
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Foreign cotton varieties have been tested in our country based on the decision
of the Inter-Regional Cooperative Research Network on Cotton (Bozhinov et al.,
1998a; 1998b; Stoilova, Bozhinov, 2004; Sto ilova, Valkova, 2005). Studies on their
genetic remoteness showed that some of them could be used in one breeding program
with the B ulgarian on es to ge ta new sourc e m aterial and to ¢ reate new cotton
varieties (Stoilova et al., 2005; Stoilova, Bozhinov, 2006).

Uninterrupted progr ess in the cotton breeding in the wo rld, including the
Mediterranean and Mid dle East countries, and cre ated variability of new varieties,
necessitate genotypes to be exa mined under various conditions which will perm ita
better understanding of their genotypic and ecological performance, and to achieve
an efficient management in their introduction.

The aim of this research was to examine yielding performance and some fiber
quality characteristics of new Bulgaria n and foreign cotton  varieties under the
conditions of Bulgaria.

Material and Methods

Eleven Bulgarian varieties - Chirpan- 539, Beli Iskar, Veno, Trakia, Helius,
Avangard-264, Perla, Vega, Natalia, Darm i and Colorit, four Turk ish — Nazilli-84/5,
Nazilli-663, Nazilli-954 and Barut-2 005, and one Macedonian - 5140 were in cluded
in a trial carried out in 2008-2010 in 4 replications and harvested plot of 20 m* with
sowing design 60x10x1. As standards were  used Bulgarian cultivars Chirpan-539
(for productivity) and A vangard-264 (for fiber quality). The varieties were evaluated
on the grounds of obtained data for th e most im portant econom ic characters:
September and total seed cotton yields; boll weight; fiber length; lint percentage and
height of first fruit-branch setting.  Statistical program ANOVA was applied f or
statistical data processing. Hierarchical  cluster analysis based on the studied
characters was also applied. The varietie s were clustered using the Ward’s m ethod
(Ward 1963).

Results and Discussion

Cotton production in our country is developed under conditions of lim ited
temperature resources and unstable rainfa 1l security, and therefore its econom ic
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productivity is highly dependent on agro -meteorological condition s during the
vegetation period.

Table 1. Agro-meteorological characteristics of the region during the growing season
of cotton in the period 2008-2010 compared to the long-term means

Months
Years IVV VI VII VIII IX X IV-IX X VI-VIII X V-IX
Temperature sum, >t°C

1928 -2007 343 519 622 720 711 561 3476 2053 3133
2008 386 522 636 7177 925 55 3608 2145 3222
2009 357 569 648 7517 255 71 3621 2124 3264
2010 364 554 625 706 7 98 5 82 3629 2129 3265

Rainfall, 2’ mm

1928 - 2007 45 63 65 52 41 34 300 158 255
2008 66 36 95 3639 1 327 134 261
2009 17 16 14 893 55 8 229 138 212
2010 63 27 82 114 22 48 356 218 293

Hydro-thermic coefficient (by Selyaninov)

1928 -2007 131 121 1.05 0.72 0.58 0.61 0.86 0.77 0.81
2008 171 0.69 149 0500 041 .64 0.91 0.63 0.81
2009 048 028 022 1.190 481 .02 0.63 0.65 0.67
2010 1.73 048 131 1620 280 .83 0.98 1.02 0.90

The data for agro-meteorological conditions of the region during the years of
study are given in Table 1. Asa whole 2008 was hot in term s of te mperature and
middle dry in rainfall supply. Prolonged dr ought during the period of flowering and
boll formation — the second part of July a nd August, affected adversely the yield and
fiber length. In term s of tem perature and rainfall supply 2009 was also hot and dry.
Temperature sum during the vegetation period (1.V.-30.IX.) was 3264 °C, which was
138 °C more than the long-term mean. Rainfall sum was 211 mm, or 47 mm below
the average of m any years. There were tw o stress periods - drought f rom April to
June and sem i-drought in August. Semi-drought in August, in com bination with
higher average tem perature com pared to of many years, accelerated the flowering
and boll form ation period and brought about to shortening of th e vegetation period.
In this year cotton m atured at the end of August, while in nor mal years it usually
matures in the m iddle of Septe mber. Shortening of the flowering and boll opening
period had a strong ad verse effect on seed cotton yield and fiber quality, s tronger
expressed for the qualitative varieties having a longer vegetation period. In term s of

111



temperature security 2010 was hot, by 132 °C higher temperature sum during the

vegetation period and 76 °C higher in th e summer months, compared to the average
values of many years. T he rainfall during the growing season was m ore than 38 mm
over the norm and for the summ er months it exceeded the average of many years by
60 mm. This year was humid, with a dry period in May.

Table 2. Two-factor data analysis of ~ the econom ic characters of Bulgarian an d
foreign cotton varieties tested at the Field Crops Institute in Chirpan, 2008-

2010
Source of Degree of Sum of Sum of . .
.. Dispersion Fexp.
variation freedom squares squares, % P
September yield

Varieties - A 15 4776300 78.0 318420 112.8"
Years-B 2 290245 4.7 145123 5147
Interaction AxB 30 659005 10.8 21909 7.8
Errors 1 41 397920 6.5 2822

Total yield
Varieties - A 15 2011850 29.6 134123 4057
Years-B 2 3786350 55.7 1893175 571.6™"
Interaction AxB 30 531310 7.8 17710 537
Errors 1 41 467010 6.9 3312

Boll weight
Varieties - A 15 13.3 32.1 0.883 11.37F
Years-B 2 9.9 23.9 4.923 63.27
Interaction AxB 30 7.2 17.7 0.239 6.17"
Errors 141 11 .0 26 .6 0.078

Fiber length
Varieties - A 15 145.6 24.8 9.7 28.7°7
Years-B 2 312.8 53.3 156.4 462.4
Interaction AxB 30 80 713 .8 2.7 7.95
Errors 14 1 47.7 8.1 0.34

Lint percentage

Varieties - A 15 769.3 35.6 51.3 75.57
Years-B 2 11473 53.0 573.7 844.5
Interaction AxB 30 151.3 7.0 5.0 7.4
Errors 14 1 95.8 4.4 0.68

Two-factor data analysis of the econo mic characters in 2008-2010 (Table 2)
showed that the effect of genotypes was  highly significant for all the traits, which
means that the genotypes significantly differed. The varieties had the highest
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participation in the tota 1 varia tion of the Septem ber yield and boll weight. This
means that the phenotyp ic expression of these two characters m ainly depended on
the genotypes of varieties. For the othe  r characters variation by years was with
greater involvement showing a high influence of envir onmental conditions on their
expression and it was m  ore strongly expr essed for the total yield. Genotype-
environment inter action was signif icant f or all characters, which m eans that th e
genotypes interacted with the environmental conditions.

Table 3. Economic characters of Bulgarian a nd foreign cotton varie ties tested at th e
Field Crops Institute in Chirpan, 2008-2010 (average data for 3 years)

Height
Total In%to September In % to Boll Fiber Lint  of thel™
Variety yield  Chirpan- yield Chirpan-  weight  length  percent  fruit-
kg/ha 539  kg/ha 539 g mm % branch
cm
Chirpan-5392 307 100.0 1835 100.0 53 26.6 39.8 16.8
Beli Iskar 2264 98.1 1795 97.8 5.4 26.5 384°15 6
Veno 2131 92.4° 1710 93.2 5.4 26.7 38.3%14 80
Trakia 2 367 102.6 2048 111.675. 4 26.3 38.0°16 .1
Helius 2 466 106972 152 117375, 4 26.4 38115 .7°
Avangard-264 2183 94.6 1845 100.5 5.4 28.07""36 3014 6™
Perla-267 2 387 103.5 2088 113.87"5. 3 28.17"36 317 1
Natalia 2 483 107.6°2 138 116.575. 3 2807737 717 0
Darmi 2519 10922 208 12035 2 2807737 417 4
Colorit 2349 101.8 2043 11135, 6727 J737 0 018 5t
Vega 2423 105.0 2047 111575 5727 937 017 9
Nazilli 84/5 1774 76.9°° 978 53305 g7to8 1742 122 5T
Nazilli 663 1446 62.7°° 793 4326, 3728 5742 6725 07
Nazilli 954 1613 69.9° 758 4135 8729 0741 124 7T
Barut 2005 1803 78.1°° 1012 55.105. 8728 5740 9719 5T
5140 2352 102.0 1957 106.6 56726 5 36.7 16.8
GD 5% 147 6.4 135 7.4 0.2 0.5 0.7 1.1
GD 1% 194 8.4 179 9.7 0.3 0.6 0.9 1.4
GD 0.1 % 250 10.8 230 12.5 0.4 0.8 1.1 1.9

The total yield, average for three years, ranged from 1446 kg/ha to 2519
kg/ha (Table 3). Darm i, Natalia and Helius va rieties showed the highest yields and
exceeded the standard variety Chirpan-539 by 6.9 to 9.2%. Other Bulgarian varieties
were equal with the standard, except for  the variety Veno whi ch was inferior by
7.6%.
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Macedonian variety 5140 produced 102%  to the standard and in 2010
exceeded it by 12.4%, in 2008 - by 3.1%, but in 2009 was inferior by 13.3% (data are
not given here). All Turkish varieties in to tal yield were in ferior to the standard by
21.9% to 37.3%, average of the three y ~ ears. Am ong them, the highest yield was
found for Barut-2005 and it was followed by Nazilli-84/5. Statistical data proceeding
showed high significance of the differences between all T urkish v arieties and the
standard variety Chirpan-539.

The September yield, analyzed for its  relationship to earliness, averag e for
three years, ranged from 758 kg/ha to 2208 kg/ha and was th e highest for Darmi,
followed by Helius and Natalia. The Macedonian variety 5140 was equal with the
standard - Chirpan-539, but ~ was inf erior to most Bulga rian v arieties. Turkish
varieties were late in maturity and produced lower September yields.

As for the boll weight the Turkish vari eties showed higher values - 5.6-6.3 ¢
as against 5.2-5.6 g for the Bulgarian ones (average for three years). The biggest boll
weight was found for the variety Nazilli-663.

The fiber length (average for three years) ranged from 26.3 mm to 29.0 mm.
The Turkish varieties had fiber length 28.1-29.0  mm, Bulgarian ones - 26.3 -28.1
mm. The longest fiber was found for the Tu rkish variety Nazilli-954. Of Bulgarian
varieties, Chirpan-539, Beli Iskar, Veno, Trakia and Helius had short fiber (26.3-26.7
mm), while the others ha d longer fiber (27.7-28.1 mm). The Maced onian variety
5140 in fiber length (26.5 mm) was equal with the Bulgar ian varieties having short
fibers.

In 2009, as a result of drought stress in August the fiber length was shortened
compared to 2008, by 2.9 mm and 3.9 mm for the Turkish varieties Barut-2005 and
Nazilli-84/5, and by 1.7- 2.1 mm for the Bulgarian variet ies Chirpan-539, Veno and
Avangard-264.

The Turkish varieties had higher lin ~ t percentage (40.9-42.6%) than the
Bulgarian ones (36.3-39.8%). Chirpan-539, Beli Iskar, V' eno, Trakia and Helius
varieties showed lint percentage of 38.0-39.8%, while the others, having longer fiber,
had lower lint percentage - 36.3-37.0%. Macedonian variety 5140 had also lower lint
percentage (36.7%).

All Turk ish var ieties c haracterized by a high setting of first fruit-branch -
19.5-25.0 cm. Of the Bulgarian v arieties, Colo rit and Vega showed significantly
higher setting of the fi rst fruit-branch (17.9-18.5 cm). The other varieties set up the
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first fruit-branch at height of 14.6-17.4 cm and by this char acter were equal with the
standard (16.8 cm) or inferior. Height less than 13 c¢m is considered to be critical for
the cotton mechanical picking.

Ward's method
Euclidean distances

Chirpan-539
Beli Iskar
Veno

Trakia

Helius

5140
Avangard-264

Colorit

Vega
Perla
Natalia

Darmi

Nazilli 84/5
Barut 2005 }
Nazilli 954

Nazilli 663

0 5 10 15 20
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Figure 1. Dendrogram of 16 cotton varieties by six characters on average data for
three years (2008-2010)

Based on the data of analyzed characters in Tab le 1 cluster analysis of tested
varieties was performed. The dendrogram on Fig. 1 shows th at the varieties formed
two m ajor clusters. The f irst clus ter inc luded all Bulgarian var ieties and the
Macedonian variety 5140, while the second one included all Turkish varieties.

The Bulgarian varieties divided into two groups, each of them subdivided into
still smaller groups, indicating that there were genetic diffe rences at the lowest level
of division. The varieties Beli Isk ar, Veno, Trakia, Helius and 5140 (Macedonian )
were in one group together with the standa rd variety Chirpan-539. These varieties
were obtained by intraspecifi ¢ hy bridization within the ~ G. hirsutum L. species
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(Chirpan-539, Beli Iskar, Veno) and experi mental mutagenesis (Helius and Trakia).
The Varieties Trakia and Helius were ge netically v ery sim ilar. Of them , the
Macedonian variety 5140, possessing lower lint percentage, detached as an
independent. The varieties Beli Iskar and Veno were also very sim ilar. Of the m,
Chirpan-539, possessing higher productivity and higher lint percentage, separated as
an independent.

Ward's method
Euclidean distances

Chirpan-539
Beli Iskar
Veno
Avangard-264
Barut 2005
Trakia

5140

Colorit

Vega
Perla —————

Helius
Natalia
Darmi
Nazilli 84/5
Nazilli 954
Nazilli 663

T

6 8 10 12 14

o
N -
N

Linkage Distance

Figure 2. Cluster analysis of 16 cotton genotypes by six characters in 2010

The other group included Avangard-264 (sta ndard for fiber quality), Colorit,
Vega, Perla, Natalia and Dar  mi. These varieties were created by interspecific
hybridization of the species G. hirsutum L. x G. barbadense L. (Avangard-264) and
hybridization of stabilized lines (G. hirsutum L. x G. barbadense L.) with promising
varieties of the G. hirsutum L. spesies. These varieties distinguished by longer fiber
and lower lint percentage. The varieties  Colorit and Vega were genetically very
similar, Avangard-264 separated from the m. The varieties Nata lia and Darm i were
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also v ery s imilar, Per la sepa rated f rom them. Dif ferentiation of the Bulgar ian
varieties into two groups was almost en tirely determ ined by the inclusion of
genotypes with germplasm of the G. barbadense L. species. Of the Turkish varieties,
Barut-2005 and Nazilli-84/5 were very sim ilar, while Nazilli-954 and Nazilli-663
formed separated subgroups.

Clustering of the varieties in 2008 and 2009 wa s similar to that based on the
average data (Figures are not given here ) with the exception of Darmi and 5140 in
2009, when they changed their groups.

Fig. 2 presents clustering of the varie ties in 201 0. Three Bulgarian v arieties -
Avangard-264, Trakia and Helius, and Macedonian 5140 changed their groups.
Turkish variety Barut 2005 has changed its major cluster and was in one group with
Chirpan-539, Beli Iskar, Veno and Avanga rd-264. The varieties Avangard-264 and
Veno were genetically very sim ilar. In this group the variety Chirpan-539 was m ore
distinct, probably because of its higher yield an d higher lint percentage. In the other
group similarity was found for the varietie s Trakia and 5140 as well as for Natalia
and Helius.

The m oving of genotypes from one cluster to another one at the
environmental conditions changes was probably due to genotype-environm  ent
interaction which was significant for al I characters. When the genotypes were
clustered on the averag e data their stab ility by characters and years p robably was
partially included.

Bulgarian and foreign varieties reacted more specifically to the environmental
conditions in 2010 compared to the previ  ous two years inte rms of the studied
characters. Of Turkish vari eties, Nazilli-84/5 and Nazu 111-954 m atured earlier than
Barut 2005, which manifested as the earliest among them in 2008 and 2009, and they
were on a level with the st andard variety Chirpan-539 in seed cotton yield due to
prolonged growing season.

The Bulgarian varieties Beli Iskar, Ve no, Trakia and Helius which usually
have shorter fiber and higher lint percentage than other ones formed a comparatively
longer fiber (especially Veno) and lower lin t percentage. Turkish varieties usually
have higher lint percentage than Chirpan-539, but they were equal with it. Of the
qualitative varieties, Darmi formed shorter fiber and by this pr operty was equal with
the varieties Trakia and Helius. The hea vy rainfall during the summer months June
and July advantaged the form ation of longer fiber at the ea rly varieties, but affected
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adversely their lint percenta ge because of the seeds we ight increasing. Different
behavior of the varieties in this year, compared to the previous two, gave im pact on
their clustering, but did not affect strongl y the clustering base d on the three years
average data.

Conclusions

1. During the first two years of st  udy (2008-2009) there was a sufficient
temperature sum and insufficient rainfall ~ security for the cotton. Rainfall in
September did not com pensate the lack of moisture during the summ er months, only
prolonged the vegetation period.

2. The varieties had the ~ greatest impact on the Se ptember yield and boll
weight. Other characters were affected most strongly by the year conditions.

3. Under the conditions of Bulgaria, Darmi, Helius and Natalia varieties
appeared to be the best and exceeded the standard variety Chirpan-539 in seed cotton
yield by 6.9-9.2%. Darmi and Natalia had longer fiber than Chirpan-539 by 1.4 mm.

4. Cluster analysis based on the av erage d ata confirm ed the gen etic
differences between Bu Igarian varieties which were r ealized in the f rame of two
differently purposeful cotton breeding programs - for productivity and fiber quality.

5. Turkish varieties are not suitable fo r direct use in the Bulgarian ¢ otton
production because of their laten ess and insecure y ields. They are, however,
characterized by longer fiber, higher lint percentage, larger bolls and set higher first
fruit-branch, which makes them very valuable for the cotton breeding in our country.

6. In view of the fact that varieties interact with the environmental conditions
the clustering should base on average data or environments relevant to the purposes
of selection.
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Abstract

The objective of this study was to dete rmine the effect of drought stress on
cotton leaf area characteris tic. The e xperiment was carried out at the GAP
International Agricultural Research and  Training Center in 2010 cotton growing
season with the aim of evaluating 12 cott on genotypes for leaf area developm ent
under irrigated and water stress conditions . The experim ent was laid out as a
randomized split block design with four replication s. Significant differences were
observed among genotypes, treatments and  genotypes x treatm ents interaction for
leaf area. The m ean leaf area of genotypes changed from 67.15 to 82.02 cm % mean
of control was 84.82 cm 2, while the m ean of water stress treatm ent was 62.59 ¢ m’.
The result of this study indi cated that leaf area decreased approxim ately 30% under
drought stress condition.

Keywords: Cotton (Gossypium hirsutum L.), Drought Stress, Leaf Area.

Introduction

Water stress is the m  ost im portant factor lim iting crop productivity that
adversely affects fruit production, square  and boll shedding, lint yield, and fiber
quality properties in cotton (EI-Zik ~ and Thaxton, 1989). As the global clim  ate
changes continue, water shortage and drought have becom e an increasingly serious
constraint limiting crop production worldwide.

The dem and f or drought tole rant genot ypes will be exa cerbated as water
resources and the funds to access th em become more lim ited (Longenberger et al.,
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20006). Previous studies revealed that 2-4 °C increase in temperature and the expected
30% decrease in precipita tion m ay adversely affect crop productivity and water
availability by the year 2050 (Ben-Asher  etal., 2007). T  hus, screening cotton
varieties for resistance to drought stress conditions and improving cotton tolerance to
this stress conditions will be mitigate negative consequences of this adversity. Cotton
is normally not classified as a drought tolerant crop as some other plants species such
as sorghum which is cultivated in areas normally too hot and dry to grow other crops
(Poehlman, 1986). Nevertheless cotton has m echanisms that make it well adapted to
semi-arid regions (Malik et al., 2006). An unde rstanding of the respons e of cultivars
to water d eficits is also important to model cotton growth and estim ate irrigation
needs (Pace et al., 1999). Previous studies  reported variation in drought resistance
among and within species (Penna et al., 1998) . Water-deficit stress adversely affects
plant performance and yield development throughout the world (Boyer, 1982).

Table 1. Plant height, stem and leaf dry weight, leaf area, and node num ber in
drought stressed and w ell-watered ¢ ontrol plants of Stonevelle 506 and
Tamcot HQ95 at the end of the drought, 49 days after planting. The
drought treatment was imposed by withholding water for 13 d. (From Pace

etal., 1999).

Plant Part Treatment

# Drought C ontrol
Plant height (cm) # 20.0%4 27.9#
Stem dry weight (g)# 1.13*# 1.39#
Leaf dry weight (g) # 1.41*4 2.16#
Leaf area (cm?)  # 56*# 1534
Node number # 7.8%# 9.44

* Means in a row are significantly different at the 0.05 probability level.
The objective of this study was to determine the effect of drought stress on cotton leaf area characteristic.

Leaf area is a determ inant factor in radiation interception, photosynthesis,
biomass accumulation, transpiration and ener gy transfer by crop canopies. It is also
important with respect to crop-weed competition and soil ero sion (Jonckheere et al.,
2004). Therefore, leaf area is measured in many different studies. There are plenty of
investigations on relationship betw een drought and leaf area or leaf area indexi n
cotton. Water-deficit stress reduces cell and leaf expansion, stem elongation, and leaf
area index (Jordan et al., 1970; McMichael and Hesketh, 1982; Turner et al., 1986;
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Ball et al., 1994; Gerik et al., 1996). Genotypes with sma ller leaf area have an
advantage under condition of water st ress (G. S. Chaturvedi et al,.2012). Leaf, stem
and root growth rate are very sensitive to water stress because they are dependent on
cell expansion (Hsiao, 1976; Hearn, 1994).  Krieg and Sung (1986) reported that
water stress caused a reduction in the whole plant leaf area by decreasing the
initiation of new leaves, with no significant changes in le af size of leaf abscission.
Both the main stem and sym podial branch es developed significantly less leaves;
however, the effect was less s evere on the m ain-stem leaves. Impaired mitosis, cell
elongation and development result in reduced plant height, leaf area and crop growth
under drought (Nonam i, 1998; Kaya et al., 2006; Hussain, 2008). Pettigrew (2004)
reported that water-deficit stress resulted in a decrease in leaf size. Available reports
showed that drought tolerant species reduced the water loss either by reducing the
leaf area or lim iting stom atal opening (Gil lani,. 2010). Crop cultivars selected for
yield under water-lim ited environments often have constitutively reduced leaf area
associated with sm aller le aves (Blum 2005). In m any cases, water deficit reduces
growth, and leaf area developm ent and duration (Alishah et al,.2009).Significantly
fewer nodes and lower dry weights of ste  ms a nd leaves of water-stressed plants
compared to those of the control were reported by Pace et al (1999)(Table 1).

Materials and Methods

The experim ent was carried ou tat the G AP Interna tional Agr icultural
Research and Training Cent er’s experim ental area du ring 2010 growing season in
Diyarbakir/Turkey. In the study, twelve co tton genotypes were observed in term s of
leaf area ch aracteristic under water stre ss and non-stress conditions. Eight advanced
cotton lines (BMR-25, SMR-15, TMR- 26, BST-1, SER-21, SST-8, CM R-24, SER-
18) developed for tolerance to drought stre ss, and four comm ercial cotton varieties
(Stoneville 468, BA 119, GW-Teks and Sahin 2000) were used as plant material.

The experiment was carried out under field condition as a random ized split
block design (RSBD) with two blocks, one well watered and the other water stress
applied, with f our rep lications in e ach block. Genotypes were random ized within
each of the main blocks and replications. Each sub plot consisted of four rows of 12
m length, between and within the row spacing were 0.70 m and 0.20 m respectively.
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Between main plots 4.2 m space is left fo r avoiding edge interferen ce between th e

treatments.
Seeds of th ese co tton genotypes were planted with com bine cotton d rilling
machine on 7 ™ May, 2010 and all plots were treated w ith 20-20-0 com posite

fertilizer to provide 70 kg N ha-1 and 70 kg P ,0Os ha-1. Just before flowering, 70 kg
N ha-1 were applied as ammonium nitrate as an additional N dose. Herbicides were
used twice in both the years. In both y  ears, insect were monitored throughout the
experiment and no insect control was neces sary during these growing season. Plants
were grown under recommended cultural pr actices for commercial production; the
experiment was thinned and hoed three times by hand and two times with a machine.

Experimental plots were irrigated by drip irrigation method. Water treatments
consisted of two regimes, one of the we 11 watered and the other water-stressed.
Throughout the growing season, 378 mm water was given in water stress treatm ent
and 756 mm water was given in non-stress trea tment. In the stress application, plants
were subjected to water stress from flowering stage to 10% boll opening period.

Measurements were taken on five leaves per plot with the average of the five
leaves used for statis tical analysis. For measuring leaf area five plants were selected
randomly from each plot and labeled. 80 days after plan ting (peak flow ering stage)
fifth fully expanded leaf below the term inal was cut from each plant an d copied on
the pages, later copied pages were scanned and leaf area calcu lated as cm? leaf! with
Net.Cad 5.1 GIS computer program.

Plots were harvested twice by hand a nd the obtained seed cotton from the
four rows of the plots were weighed and calculated for seed cotton yield and fiber
yield. The first harvest was 7th October, 2010 and the second harvest was done on
9th November, 2010. After the harvest, seed cotton samples were ginned on a m ini-
laboratory r oller-gin for lint quality . Fiber quality properties we re determ ined by
High Volume Instrument (HVI Spectrum). Statistical analysis were perform ed using
JMP 5.0.1 statistical software (http:// www.jmp.com) and the m eans were grouped
with LSD(().()s) test.

Results and Discussion

The analysis of variance of the inv estigated characteristics and the ob tained
findings from the cotton genotypes are presen ted in Table 1. Signi ficant differences
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were obtained among genotypes and treatments for seed cotton yield, fiber yield and
leaf area. Treatment x genotype interactions was non-significant for all the measured
traits. Seed cotton yield, fiber yield and leaf area were ¢ onsistently affected by water
treatment.

Table 1. Average values of seed cotton yiel ds, fiber yields and leaf area of cotton

genotypes
Genotypes Seed Cotton Yield (kg ha™) Fiber Yield (kg ha') Leaf Area (cm’ leaf™)
Stress Normal Avarege Stress Normal Avarege Stress Normal  Avarege
BMR-25 2076, 2 276482420, Scd  ggs9 11435 10047c 5792 8685  72,38bd
SMR -15 18354 2968,02401, Ted 951 11419 9350cd 70,70 8672  78,71ab
TMR-26 2003, 9 2840,12422, Ocd 157 11528  982.8cd 6527 90,90 78,08 ab
BST-1 1962, 9 26022,72292, 8cd  go66 10690  937.8cd 6562 8555 75,59 be
SER-21 1945, 8 2780,62363, 2cd 079 11446  9763cd 62,58 7489  6874d
SST-8 2064, 4 281592440, led  g369  1142,1  9845cd 5326 8559 69,43 cd
CMR-24 1935, 5 25423 22389.d 905 10605 92544 62,57 80,06  7131cd
SER-18 2307, 5 314792727, Tabg69 12882  1117.5b68, 20 958482,  02a
STV 468 2419,0 32463 2832,6a 1081,01439, 4  12602a 609973, 54  6726d
BA 119 2184,2 283462509, 4bc 96891269, 3 11191b 5694 7737  67,16d
TEKS 1849, 4 27245 22869¢d 5936 11649  9793cd 6426 86,08 75,17 bc
SAHIN 2000 1980,2 27338 2357.0ed 9074 10885  9480cd 62,79 9447 78,63 ab
Mean 20470b  2836,7a 24419  853,0b 11754a 10142 62,59b 84.82a 73,71
oV (%) 9,249, 03 9.53
LSD g5
Genotype 22,44%% 7, g% 6,37%
Treatment 9,15%% 2, 93%* 2,89%%
GxT. NS NS NS

Among the genotypes, highest seed cott on yield was obtained from SER-18,
Stoneville 468 BA 119 and SST-8 in water st ress conditions. Stoneville 468 also had
the highest yield under well ~ watered conditions. This situation indicates drought
tolerance of these genotypes (SER-18, St oneville 468 and SST-8) as com pared to
others. These genotypes also m aintained higher fiber yield under stress conditions.
These seed cotton y ield and fiber y ield re ductions are sim ilar to those reported by
(El-Fouly et al., 1971; Marur, 1991, Cook and El-Zik, 1993;Rajamani, 1994;
Pettigrew, 2004b; Bolek, 2007;Alishah and Ahmadikhah, 2009).

Significant differences were observe d am ong genotypes and treatm ents for
leaf area. The m ean leaf area of genotypes changed from 67.15 to 82.02 cm %, mean
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of control was 84.82 cm 2, while the m ean of water stress treatm ent was 62.59 ¢ m”.
These results indicated that there was nearly 3 0% of reduction in leaf area when
comparing the stress and non-stress treat  ment. Sim ilar results were reported by
Jordan et al., 1970; McMichael and Hesketh, 1982; Turner et al., 1986; Ball et al.,
1994; Gerik et al., 1996; Krieg and Sung,.1986; Nona mi, 1998; Kaya et al., 2006;
Hussain, 2008; Pettigrew, 2004; Gillani,. 2010; Alishah et al,.2009; Pace et al.,1999.

Conclusion

From this study, it can be concluded that the water stress significantly
affected cotton yield, fiber yiel d and leaf area characteristic. Leaf area decreas ed
almost 30% due to water stress treatm ent. As seen in this study the leaf area can be
the indicator of stress in  terms of physiological studies. P hysiological param eters
such as leaf hairiness, leaf water conten t, root length, fast root growth, root/shoot
ratio, chlorophyll content,  photosynthesis and stom atal conductance should be
measured in order to learn the mechanism of the drought stress.
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Abstract

Eleven cotton cultivars were evaluated for germination efficiency concerning
both, the relevant percentage and the germ  ination rates. S eeds from the selected
cultivars were placed for seven days, in  conditions of increased osm otic pressure
achieved by gradually increasing concentrations of polyethylene-glycol solutions.

A differentiation in cultiv ars behavior concerning the percentage and the
germination rate was observed. Among the eleven cultivars tested “HERMES” was
the least and “SANDR A” was the m ost af fected concerning the two m  easured
parameters. The remaining cultivars are graded in intermediate order. In all cases the
cultivar x polyethylene-glycol interaction was significant.

Keywords: Cotton, Polyethylene glycol, germination..

Introduction

Cotton plant has the most complex structure of any major field crop while the
germination and seedlin g estab lishment is one of the m ost critical stage for plant
development.

The cotton varie ties dif fer in their leve  Is of resis tance toad verse
environmental conditions, namely in germ ination under dry and hot con ditions. The
selection of appropriate genot ypes that are better adapted to these conditions, based
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on genetic variability, is the most effective and the most economical way to improve
cotton (Wayne kot Cothren 1999).

Germination seeds are particularly pr  one to chilling injury dueto  ear ly
planting dates and in addition to this, water stress, oxygen deficiency and soil
compaction may result in reduced germ ination rates and poor quality seedlings. The
sharp temperature increases causes soil compaction and as a result delay and even the
failure of germination. On behalf of thes e circumstances the watering is unavoidable
with increase of cultivation cost (Hake et al., 1996).

Early sowing and use of cotton varie ties resistance to drought is of great
importance for countries like Greece, because it is in the m argins of cotton belt with
usually cool temperatures and high moisture at planting time.

Polyethylene glycol (PEG) has been used worldwide, in order to estimate the
resistance of various seeds to germ inate under drought laboratory conditions (Hadas
1977, Ashraf and Abu - Shakra 1978, Som ers et al., 1983). PEG when dissolved in
water then prevents the intake of the plants. T he denser is a solution, the grea ter
negative pressure needed for the plant to absorb water. Hadas (1977) com pared the
results of germ ination rates of m any species in the laboratory using PE G solutions
and found that there is a very close relationship with the results in the field.

Somers et al. (1983) also used PEG, in order to create drought conditions in
the laboratory and select genotypes of s unflower that grows best under dry and hot
conditions. In solutions of 20gto  40g PEG molecular weight 20000/100m 1 H ,O,
which created environm ent from -6 to - 21 bars, the sam e researchers found wide
variation in the percentage germination. Their results were subsequently confirm ed
in the field.

Aim of this study was the evaluation of ~ germination efficiency concerning
both, the re levant pe rcentage and the germ ination rates of eleven co tton cultiv ars
with the use of different concentrations of PEG solutions.

Materials and Methods
Cotton seed s of elev en comm ercial vari eties, with gr eat m arket shar e in
Greece over the last th ree years, were used in a laboratory experiment in Cotton and

Industrial Plant, Thessaloniki Greece. Fifty seeds from each variety plated in p etri,
with 10ml of PEG molecular weight 6000. Th e concentrations of PEG used were 0,

132



11" Meeting of the Inter-Regional Cooperative Research Network on Cotton for the Mediterranean and
Middle East Regions, November 05-07, 2012, Antalya, Turkey

40, 80, 120, 160 g/100m 1 H,0. The petris were placed covered in growth cham bers
at 28°C for seven days, in order to avoid impact of environment moisture.

The Split-p lot design was used, which allows the testing o ftwo f actors in
combination. The m ain effect was the ¢ oncentrations of PEG and serves as a
replication for the se cond factor, the cultivars. The analysis of variance is sim ilar to
that used with the experimental design completed randomized (CR).

Within each repetition random ized levels of the first factor A (solution PEG
0, 40, 80, 120, 160 g/100m 1H20) used and s ubsequently at each level was the
randomization of levels of the second factor B (11 varieties). As the aim of this study
was to measure the resp onse of particular varieties they are placed in su bfragments,
where the experimental error is smaller and the comparison more accurate (Steel and
Torrie 1980).

Germination percentage m easurements were made every day the sam e time
and a seed with a radicle > 0.5 cm was considered germ  inated. In each repetition
there was a blank. The germination rate measured by the type

Ve = Snx / dx proposed by Ca margo and Vaughan (1973) for sorghum. In
this equation nx is th e number of seed s germinated on day x and dx the num ber of
days from the beginning of germination till x days.

Data obtain ed were an alyzed for s ignificance by testing the difference of
means LSD (P=0.05).

Results and Discussion

Table 1 sh ows the res ults from the sta tistical analy sis o f variance of the
percentage germination and germination rate of eleven cotton varieties. The effect of
PEG is sta tistical s ignificant bo th f or the ge rmination percen tage a nd f or the
germination rate. The varieties have statistically significant differences for both these
measurements. The interaction between vari eties and PEG was also significant, and
all v arieties didn’ tr eactin the s ame way inthe incr  eased osm otic pr essure
environments.

Examining the external means (A), with LSD¢ s = 5.02 (between two averages
A) we obs erve that the differences we re signif icant am ong all tre atments. The
general m ean value of blank percentage germ ination in all varieties was 83.7%,
significantly higher than the corresponding m ean value of the seeds germ inated in
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40g PEG/100m1 H,O solution. In 80g PEG/100m 1 H,O solution, the m ean value of
all varieties reduced to 57,6% while in 120g PEG/100m 1 H ,O solution the
germination percentage was 30,2 % and only 2,2% in160g PEG/100ml H,O solution.
The negative effect in germination percentage is directly related to the c oncentration
of PEG as observed also from Sharma 1973 and Smith et al. 1989.

Table 1. Analysis of variance of germ ination percentage and rate of cotton seeds in
indifferent PEG solutions.

Mean square F
Source of Degrees of Germination Germination
variance freedom Percentage Rate Percentage Rate
PEG (A) 4 11611.7 2306.3 wk ok
Error A 15 30.5 7.6
Varieties (B) 10 355.7 97.5 wk wk
Interaction 40 75.3 10.5 ok Hk
Error A 150 11.4 2.8
Total 219
** P <0,01

Table 2. Mean values of germinated cotton seeds in different PEG solutions.

Varieties (B)
e
z 2 Z <«

< E m &} )

< Z S = L, £ s =z 5 8 2 9

= g & 3 £ 2 % E 3 z g ¢t

PEG (A) S & =z =z 5 & < B = F 5 Z
Blank 840 850 830 840 840 830 840 83.0 83.0 84.0 84.0 837

40g/100ml H,O 79.0 785 855 615 68.0 71.5 775 455 81.0 45.0 66.5 69.0
80g/100ml H,0O 66.5 705 81.0 385 495 61.0 695 495 66.0 37.5 440 57.6
120g/100ml H,O 425 430 570 7.0 26.0 285 465 24.0 33.0 13.5 11.0 30.2
160g/100ml H,0O 30 35 1.0 20 5.5 50 05 1.0 20 1.0 00 22
Average 550 56.1 615 386 46.6 49.8 556 40.6 53.0 36.2 41.1
LSD ;5

5,02 between two A averages,

4,22 between two B averages,

9,44 between two B averages in the same A level,

10,31 between two A averages in the same or diffeerrent B level.
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Table 2 presents the mean values of germinated cotton seeds in different PEG
solutions.

Examining the external means (B), with LSD s = 4.22 (between two averages
B) we observe that variety HERMES had  the higher germination p ercentage in all
concentrations. Varieties Bolina, Carm en, Celia and Volcano had high germ ination
percentage with no s tatistical sign ificant differences while Midas, Ethiage 1 and
Nova presented the lower per centage with th e lower per centage in Sandra variety.
These results shown that drought conditions caused by PEG, reduced the germination
ability of all tested varieties with statistical significant differences between them.

PEG concentrations of 120g and 160g /100m 1 H,O reduced the germination
ability with no practical inte rest in the field. On the other hand, the conditions of
40g/100ml H,O and 80g PEG/100ml H,O more simulated with the field conditions.

In the concentration of 40g PEG/100m 1 H ;0 observed great variety
differentiation and varieties Herm es, Volcano, Celia, Bolina and Carm en show high
percentage germination with no significant differences (LSDys=9,44 between two B
averages in the sam e A level). T he com parison of the m ean values of the ab ove
varieties with the values of control (LSD (s=10.31 between two A averages in the
same B level) shown no statistical significant differences. This means that low levels
of drought have no effect on these varietie s. On the other hand to the germ ination
percentage of varieties N ova, Opal, Elina, Ethiage 1, Sandra and Midas observed
statistically differences in com parison with the control. This m eans that the lack of
moisture at levels similar to 40g PEG/100 m1 H20O has no e ffect to the first group of
varieties but to the second group of varieties there will be a need for replanting to the
field.

To the next concentration level of 80g PEG/100m 1 H,O observed a statistical
significant differentiation between the varieties. Germination percentage of Hermes
variety was 81%, no statistically different both from the prior concentration and from
the control. Instead of th is Sandra variety has only = 37.5% germ ination statistical
lower from the other varieties, except Midas and Nova.

The 120g PEG/100m 1 H >0 conc entration has as result the germ  ination
decrease and in some varieties at the level of zero. Hermes variety germinated to the
higher observed level of 57% and Nova variety to the lower 7%.

Finally with 160g PEG/100m 1 H ,0 the germ ination percentages of all
varieties minimised with no statistical differences between them.
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Figure 1. Effects of different PEG solutions in germination cotton seeds percentage.

Table 3. Mean values of ge rmination rates of cotton s eeds in polyethylene glycol
solutions.

Varieties (B)

' o

n Z o Z,
< 2 % < a4 Z E g S g Z
5 4 > < £ 2 £ 2 z QA
PEG (A) 8 8 = 2 &8 &8 & & & & S
Blank 18.1 192 228 143 134 189 192 140 199 13.7 18.1
40g/100ml H,0 168 164 222 132 146 175 17.6 10.1 17.3 10.8 15.5
80g/100mI H,0 123 119 17.1 79 100 141 144 109 115 89 105
120g/100ml H,O 59 47 104 12 35 63 75 48 52 23 27
160g/100m! H,O 03 03 02 05 07 08 01 01 02 02 00
Average 107 105 145 74 84 115 117 80 108 72 9.3

LSD 5

1,25 between two A averages,

1,05 between two B averages,

2,34 between two B averages in the same A level,

2,41 between two A averages in the same or diffeerrent B level.
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Figure 1 shows the interaction betw een variety and PEG concentration. The
varieties reacted different to th e treatments used. 40g PEG/100m 1 H,O has no effect
to som e varie ties ge rmination percentage but caused a 50% reduction to others.
Almost zero germ  ination occurred at 160 PEG/100m 1H ,0. In general, a
differentiation in cultivars behavior ¢ oncerning the germ ination percentage was
observed and the negative effect was directly related to the concentration of PEG.

Table 3 pr esents th e germ ination rate of seeds in PEG solutions . The
examination of external mean values (A) with LSDys=1.25 (between two A averages)
shows that the germ ination r ate re duced statistically signif icant as lo ng as the
concentration of PEG increase. The control mean value germination rate was 17.4, in
40g PEG/100ml H,O was 15.6 and to the 160g PEG/100ml H,O was only 0.3.

The external mean values with LSD ¢s=1.05 (between two B averages) shows
that Hermes variety grew with high er rate in comparison with th e others, while the
varieties Carmen, Elina, Volcano and Celia followed.

Figure 2. Ef fects of different PEG solutions in germ ination rates of ele ven cotton
cultivars.

The com parison of mean values in the sam e PEG level ha s more practical
interest because Herm es variety germ inated faster, Volcano, Bolina, Carm en, Elina,
Celia and Midas with an intermediate rate and the lower germination rate observed to
varieties Nova, Ethiage 1, Sandra and Opal.
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40g PEG/100m1 H ;O c oncentration has no effect to Hermes variety while
varieties Sandra and Ethiage 1 showed the lo wer rates. Also to the con centration of
80g and 120g PEG/100m 1 H,O, Hermes variety has the higher germ ination rate. In
160g PEG/100m1 H,O the germ ination rate reduction w as so im portant that no
differentiation was observed and the data showed that th is high con centration
has no practical interest in the field.

Figure 2 shows the interaction of variety and PEG concentration to
germination rate. The cultivars behavior ~ concerning the germ ination rate wa s
different in the various concentrations of PEG with the concentration of 40g

PEG/100ml H,O to have the lower effect and 160 PEG/100m 1 H,O the greater effect
with almost zero germination rate.

Conclusions

Germination ability of cotton cu ltivars redu ced under artificial stres s
conditions with the use of PEG. The negati ve effect is direc tly relate d to the
concentration of PEG. In all cases the cultivar x polyethylene-glycol interaction was
significant.

A differentiation in cultiv ars behavior concerning the percentage and the
germination rate was observed. Among the eleven cultivars tested “HERMES” was
the least and “SANDR A” was the m ost af fected concerning the twom  easured
parameters.
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Abstract

Fifteen upland cotton (Gossypium hirsutum L.,) were evaluated for heat tolerance
based on leaf area, leaf tem perature, canopy temperature and seed cotton yield under
field conditions, where tem perature exceed 40 °C in July and August. Genotypes,
showed sta tistically s ignificant dif ferences for leaf area and seed cottony ield,
however non-significant differences were obser ved in term of leaf temperature and
canopy temperature. Seed cotton yields ranged from 1794.00 (Fiber Max 958) to
3783.96 (AGC 85) kg ha™ among the genotypes and AGC 85, AGC 375, Stoneville
474 and DP 396 had the highest values fo r seed cotton yield and shared sam e
statistically group. Leaf area ranged from 56.06 to 101.20 ¢ m*leaf”. Fiber Max 819,
Fiber Max 958 and AGC 208 had the lowest leaf area, while Stoneville 453 and SJ-U
86 had the highest leaf area. Leaf temperature ranged from 36.20to 41.17, and
canopy temperature ranged from 25.27 to 29.37, and non-significant differences were
obtained from both of't his traits. C orrelation analysis sho wed that leaf area was
positively correlated with seed cotton yield, on the oth er hand leaf temperature and
canopy temperature were negatively correl ~ ated with seed cotton yield, which
indicated that lower leaf and canopy tem peratures are a good indicator under stress
conditions.

Keywords: Cotton, heat tolerance, leaf area, leaf temperature.

Introduction

Cotton is one of the most im  portant st rategic crops playing a key role in
economic a nd social developm ent of Turkey. Cotton is produced in about 76
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different countries, cov ering more than 34 m illion hectares across a wide range of
environmental conditions (USDA, 2012). In 2010 /2011 growing season in Turkey
542.000 ha cotton area was planted and a  pproximately, 954.600 tons fibers were
produced (Turkish Statistical Institute, 2011). About 60% of Turkish cotton com es
from Southeastern Anatolia Region, wher e clim ate is se mi-arid. Cotton is known
especially adapted to sem i-arid and arid environm ents, but cotton is grown unde r
fully irr igated conditio ns in Turkey. The tem  perature incre ase is expected to
continue 1.5-5.9 °C within the next centu ry because of global warm ing (Hodges ve
McKinion, 1996). Thus, if global warm ing occurs as projected, cotton production i n
the future will be reduced, due to cotton sterility and boll retention problems (Reddy
et al., 1992b). The effects of high tem  perature on germ ination, seedling growth,
vegetative growth and crop developm ent ha ve been well d ocumented (Oosterhu is
and Snider., 2011). A Ithough adverse tem peratures can affect all stages of
development, the crop seem s to be particu larly sensitiv e to adverse tem peratures
during reproductive developm ent (Oosterhuis, 2002). High tem perature stress also
leads to a series of physiological and bioche mical changes that adversely affect plant
growth and productivity (Yildiz and Terzi, 2007). Although genera lly regarded as a
crop of the hot, cotton is sensitive for  high temperature stress during the growing
stage, especially flowering and boll-form ation period. The earlier studies revealed
that m aximum num ber of bolls and square s retain occurred at 30/22°C day/night
temperatures (Reddy et al., 1992a) with  the optim um for photosynthesis at 28 °C
(Burke et al., 1998). It is well known that  high tem perature has a strong negative
correlation with lint yi elds, with yield decreased about 110 kgha ' for each 1 °C
increase in m aximum day tem perature (Singh et al., 2007). Leafareais a
determinant factor in radiation intercep tion, photosynthesis, biomass, accumulation,
transpiration and energy transfer by cr op canopies (Akram -Ghaderi and Soltani.,
2007). Leaf area developm ent is highly sensitive to tem  perature. The optim um
temperature for leaf growth is about 30° C (Hodges et al., 1993). Bibi et al., 2004
suggested wild type of cotton due to m ore tolerant than the comm ercial cultivars.
They reported that the percentage change in leaf extension growth of plants that were
subjected to tem perature reg ime com pared to the plants grown at the control
temperature 29 °C showed that there were  no significant differences am ong the
genotypes at 32 °C. Once tem peratures reach about 35°C, growth rate and
photosynthesis of cotton begins to decrease. F ollow up studi es indicated that yield
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improvements in m odern genotypes were associated with improved heat tolerance
due to stomatal conductance, sm aller leaf size and lower leaf tem perature (Lu et al.,
20006; Pettigrew and Meredith., 2012). Leaf area is a complex traits which controlled
by the g enes acting ad ditive x ad ditive, add itive x dom inance and dom inance x
dominance interactions (Hussain et al., 2008). The objective of this study was to
determine the effect of high temperature stress on the leaf area of cotton under field
studies and to use efficiently for screening tools to improve yield.

Material and Methods

Field study was conducted at the GAP In  ternational Agricu Itural Research
and Training Center’s e xperimental area during 2010 cotton growing season. The
experimental field is located (37°55' 36" N, 40°13'49" E) at 670 m above sea level.
Generally, this reg ion is characterized by a semi-ar id continental climate with very
hot and dry summers and cold with rainfall or snowy winters. The long-term average
annual tem perature is 15.8 °C, total rainfall is 491 mm and the average relative
humidity is about 29.9%. The experim ent was laid out as random ized com plete
block design with four replications. Fift  een cotton varieties were us  ed as plant
material some of which selected for their tolerance to heat stress in the literature and
represent a range of leaf shapes. Seeds of these cotton genotypes were late planted
(on 17™ May) for coincide with of flowering  time to high tem perature. The plots
consisted of four rows, 12 m in length with a 0.70 m spacing between rows. Plots
were initially over-seeded a nd then hand thinned toa  final population density of
approximately 79.000 plants ha . Before sowing total herbicide (200 m 1 da™ doses)
were applied for weed control and once herbicides at the doses 60 ml/da was applied
after emergence. All plots were treated w ith 20-20-0 com posite fertilizer to provide
70 kg N ha™' and 70 kg P,Os ha™. Just before flowering, 70 kg N ha™ were applied as
ammonium nitrate as an additional N dos es. Insect were monitored throughout the
experiment and no insect control was neces sary during these growing season. Plants
were grown under recommended cultural pr actices for commercial production; the
experiment was hoed three times by hand and two tim eswitham achine.
Experimental plots were irrigated by drip irrigation method. Adequate irrigation was
provided for m inimizing effect of drought stress during cotton growing stage,
especially in reproductive stage. In the study, five plan ts were selected randomly for
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observations in each plot. Leaf area of th  is plants were m easured 80 days after
planting, the tim e of pea k flowering and fr uiting. For m easurement of leaf area on
the fifth fully expanded leaf below the term inal were cut and copied on pages and
then scanned and m  easured witha  Net-CAD 5.1. computer program . Lea f
temperature was measured by Infrared Thermometer (DT-8811H). This measurement
was taken between 11.00 to  14.00 hours in m id-day. Then plots were harvested
twice by hand and yield of four rows of pl ot were weighed and calculated for seed
cotton yield. First harvest was done on 22 Octobe r; second harvest was done on 10
November in 2010. Statistical analysis we re perfor med using JMP 5.0.1 statistical
software (http://www.jmp.com) and the means were grouped with LSD (g 0s) test.

Results and Discussion
The analysis of variance of the investig ated traits ind icated that there were
significant differences (P < 0.01) among the genotypes for seed cotton yield and leaf

area, but non-significant differences were observed for leaf tem perature and canopy
temperature.

Figure 1. Seed cotton yield of different fifteen cotton genotypes.
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Seed cotton yield of genotypes range d from 1794.00 (Fiber Max 958) to
3783.96 kg ha "' (AGC 85) as shown in Figure 1. Am ong the genotype screened,
AGC 85, AGC 375, Stoneville 474 and DP 396  had the highest seed cotton yield,
while Fiber Max 958 had the lowest yield. The two okra leaf type genotypes (Fiber
Max 819 and Fiber Max 832) used in this study did not exhibit higher yield, this may
be com e fr om different genetic backgrounds in addition to different leaf types
Similar findings has been reported previously by some authors (Pettigrew, 2003).

Figure 2. Leaf area of different fifteen cotton genotypes

Leaf area ranged from 56.05 (Fiber Max 819) to 101.20 ¢ m? leaf™ (SJ-U 86)
and differences am ong genotypes were  statistically significantat ( P <0.01)
probability level (Figure 2). In this study, Fiber Max 819, Fiber Max 95 8, AGC 208
and AGC 85 genotypes had lower leaf area th an the other genotypes. Sim ilar results
confirmed these findings, Pettigrew 2004, reve aled that the okra leaf trait reduced
individual leaf area 37% relative to the comparable normal leaf type leaves.

Earlier studies indicated that smaller leaf area plays a crucial role to their sun-
tracking ability (Lu et al., 1997). These findings m  ay be useful to ¢ reate a new
germplasm in order to combine smaller leaf area and higher seed cotton yield.
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In the present study, non-significant differences were obtained am  ong
genotypes in term s of leaf tem perature and canopy tem perature, leaf tem perature
values of genotyped ranged from 36.20 to 41.17 °C and canopy tem peratures ranged
from 25.27 to 29.37 °C as shown in Figure 3.

Figure 3. Leaf tem peratures and canopy tem peratures of different fifteen cotton

genotypes
Table 1. Correlation coefficients between leaf area, leafte  mperature, canopy
temperature and seed cotton yield
Leaf area Leaf Canopy Yield
temperature temperature (kg ha-1)
Leaf area 1,0000 0,1457 0,1029 0,2843
Leaf temperature 1,0000 0,3135 -0,2325
Canopy temperature 1,0000 -0,0107
Yield (Kg ha-1) 1,0000

Correlation coef ficient between inv estigated traits are pres ented in Ta ble.1
Leaf area was positiv ely corr elated with see d cotton yield, leaf te mperature a nd
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canopy temperature, however leaf te mperature and canopy tem  perature was
negatively correlated with  yield, which indicated th  at lower leaf or canopy
temperature is a good indicator to high yielding capacity under heat stress.

Conclusion

The present investigation has revealed that sig nificant lev el of pheno typic
variation for leaf area and seed cotton yield was available in used genotypes. Among
the genotypes AGC 85 and DP 396 showed hi gher yielding capac ity and lower leaf
area, these cotton genotypes m ay be useful for using as parent in cotton breeding
program for heat tolerance. In addition, it was found positive correlation between
leaf area an d seed cotto n yield, and negative correlation between leaf temperature,
canopy temperature and seed cotton yield, which indicated that low er leaf and
canopy temperatures are good indicator for heat stress tolerance. The results of this
study consisted of one year's data, so further researches are needed for the future.
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Abstract

Even though cotton is known asadr  ought-tolerant crop, severe drought
conditions lead to slower plant growth, decrease in boll size and may cause shedding.
A pot experiment in glasshouse was conducte d to determine alterations in water use
efficiency, leaf tem perature and to tal dry weight of two different cotton genotypes
under drought conditions. Plants were subjected to two different water regim es: well
watered and drought. T otal dry weight of pl ants significantly reduced as a response
of drought conditions. Water use efficiency (WUE) of the genotype Chirpan-433 was
higher in well-watered conditions wher eas amphidiploid genotype had higher WUE
under drought conditions. Leaf te mperatures increased 14.3 % with drought stress in
amphidiploid genotype and 13.9 % in Chirpan-433.

Key words: Cotton, drought, water use efficiency, leaf temperature, total dry weight.

Introduction

Crop yield is determ ined by genetic a nd as w ell as environm ental factors,
which exert the m ajor effect on yield for mation during growing season (Bibi et al.,
2003). Several studies suggested that alteration s in cotton germ plasm during past
thirty years may have resulted in a reduction of tolerance level of modern cultivars to
environmental stresses (Brown et al., 2004) . Accordingly, variability in cotton yield
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is am ajor concern for global pro duction an d recent literatures indicate that this
variability is m ostly related to extr eme environmental conditions, particularly high
temperatures and drought (Bibi et al., 2003).

Although cotton is well adapted to s emi-arid conditions, it responds well to
sufficient water by producing lint proportiona 1to a mounts of irrigation supplied.
Especially, three key periods of cotton gr owth, which are stand establishment, pre-
bloom and shortly after boll set should be supplemented with moisture. Main effects
of drought on cotton plants are slow pl ant growth, sm aller bolls and shedding.
Amount of irrigation during stand establis hment and pre-bloom has great effects on
total yield whereas insufficient water supply following bloom and boll development
significantly reduces lint quality (McWilliams, 2003).

Drought tolerance is a com plex agronom ic ¢ haracteristic with m ultigenic
components, which interact in plant syst ems (Cushman and Bohnert, 2000). Lim ited
water supply decreases cott on production in many regions. Therefore, selection for
drought tolerance is a fundam ental interest of plant breeders in cotton. Previous
studies on drought tolerance have fo cused m ainly on plant physiological
characteristics (Kum ar and Singh, 1998;  Kasperbauer, 19 99; Pace et al., 1999).
Wealthy of data indicated th at drought toleran ce is related to ability of plant to
reduce water loss by stom atal or morphol ogical structures (Fam brini et al., 1995;
Franca et al., 2000).

The purposes of the present study w ere to evaluate the effects of drought on
water u se efficiency, leaf tem perature and total dry w  eights of two different
genotypes.

Material and Method

A pot experim ent in a glasshouse was conducted in Ege University, Faculty
of Agriculture, Departm ent of Field Crops to determ ine alte rations in water use
efficiency, leaf tem perature and to tal dry weight of two different cotton genotypes
under drought conditions. The genotypes us ed as plant m  aterials were an
amphidiploid (Chirpan-433 G.hirsutum x G.sturtii) which is consid ered as m ore
drought tolerant, and the variety Chirpan-433 (G.hirsutum). The drought tolerance of
amphidiploid is derived from the wild progenitor species G. sturtii.
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Figure 1. Leaf, stem and root weight values of two differe  nt genotypes
(Amphidiploid and Chirpan-433 ) under well watered and drought
conditions.

The trial was run in a Random ized Par cel Design with 4 replications. For
each genotype eight pots were used. Plants were grown in p ots (28 cm high, 30 cm
diameter), each carry ing approx imately 9 kg of soil (m ixture of peat in ratio 3:1).
Irrigation was perform ed through a pipe direc tly to the bottom of the pot. A single
plant was planted in each pot. All plants we re grown at optim al water supply (70-75
% W ater Holding Capa city-WHC) until b eginning of bloom ing stage. Half of the
plants were grown at the same watering regime until harvesting (Control Treatment).
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The other half of plants was subjected to  a gradual decrease of water supply after
bloom (Drought Treatment). The moisture content of so il reached to 3 0 % W HC
after 5 days of drought treatment. Total dry weight (leaf, stem and root weights), leaf
temperatures and water use efficiency of the plants were determined.

Results and Discussion

Dry weight reduction of cotton plant was suggested to a key factor in order to
understand response of cultiv ars to drought conditions (Pace etal., 1 999). In the
present study, leaf and stem dry wei ght were found signi  ficantly higher in
amphidiploid cotton under drought and well watered conditi ons whereas root weight
was not significantly differ under both ¢ onditions (Figure 1). Total dry weight
decreased as a result of drought stre  ss for both genotypes (Figure 1). However
amphidiploid cotton had higher total dry we  ight relative to cv. Chirpan in both
conditions.
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Figure 2. Water use efficiency o~ ftwo different genotypes (Am phidiploid and
Chirpan-433) under well watered and drought conditions.
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Figure 3. Transpiration am ount of two different genotypes (Am  phidiploid and
Chirpan-433) under well watered and drought conditions.

Water use efficiency is described as  dry m atter production per transpiring
water by plants and known as related to drought tolerance of crops (Hslao and
Acevedo, 1974). W ater use efficiency of th e plants were determ ined after drought
treatment in the present study. W ater use e fficiency of cv.Chirpan-433 was higher
under well-watered (control) conditions whereas am phidiploid cotton had higher
WUE under drought conditions (Figure 2). Total transpiration of the plants was also
evaluated u ntil harve sting tim e. The tr anspiration of am phidiploid cotton was
significantly higher under ¢ ontrol conditions. H owever, both genotypes had sim ilar
transpiration amounts under drought conditions (Figure 3). B ut relative reduction in
transpiration amount of amphidiploid cotton was more pronounced.

The early re sults with in frared thermometers caused scientists to recognize a
direct measurement of plant responses to the environmental changes (Jackson, 1982).
Leaf tem perature was determ ined for a period of 17 days and 14.3 % increase in
amphidiploid cotton and 13.9 % increase in ~ cv.Chirpan-433 was recorded under
drought relative to control conditions (Figure 4).
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Figure 4. Leaf tem perature of two differe nt genotypes (A mphidiploid and Chirpan-
433) under well watered and drought conditions.

Conclusion

In conclusion, dry m atter production and water use efficiency of were found
slightly h igher under d rought cond itions. Th erefore better adaptation capacity o f
amphidiploid cotton relative to cv.Chirp an-433 m ight be attributed to these
parameters. However tolerance level of the genotype could be supported with the
further physiological analyses.
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Abstract

The incidence of bacterial blight (  BB) was evaluated in Rahad schem ¢
especially in Blocks 1, 2 and 3 with representative samples from blocks 7 and 8at the
Rahad schem e. The experim ental sites at Rahad research station and China
Technology Dem onstration Centre (Block 4) were included. The survey was
conducted in seasons 2006/2007 and season 2011/2012. All our popular cotton
cultivars were found to be susceptible to the disease under Rahad conditions at least
for block 4. The occurrence of new race or r aces of the disease in the Rahad schem e
is claim ed for. Our released cotton varie ties have not been evaluated against the
disease under Rahad conditions. Disease incidence was 100%, the percent of infected
leaves was 71.7, over all disease severity was 2.3 and the percent of infected bolls
was 8.0%. In the second survey the diseas e was only reported in block 4 which was
52.3% for disease incidence, 25.7% for in fected leaves, 0.5% for over all disease
severity and 0.5% for infected bolls. The Rahad research station reported 97.8% for
disease incidence, 56.9 % for infected leav es, 1.1% for over all disease severity and
13.7% for infected bolls. Concerning th e introduced cultivars the hybrid cotton
cultivar BB incidence was 53.5 and the open pollinated Bt cultivar was 86.7 percent
of infected plants. 16.7 % and 22.2 % as inci dence of infected leaves for Hybrid Bt
and OPV cultivars respectively. W ith overall disease severity of 0.2 and .04 as well
for the two introduced Bt cultivars.

Key words: Bacterial blight, cotton, Rahad scheme, Sudan.
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Introduction

Bacterial blight, incited by =~ Xanthomonas campestris pv malvacerum, is
potentially very destructive disease of cott on. It occurs in m ost areas of the world
where cotton is grown. It is the major disease affecting cotton production in Sudan, it
can affect all the above ground parts of  the crop and under severe conditions it is
responsible for heavy shedding of the leaves and fruits. Developm ent of the disease
is favored by warm humid conditions and spreads through plants by rainstorm s and
splashes, hence severity of the disease dec lines after the rains faze out. Seed cotton
loss can vary according to the disease se verity which is dictated by whether
conditions, variety cultivated and other possible control m easures adopted.
Destructive outbreaks of the disease occurre d in the early beginnings of the Gezira
scheme (1930-31) and at that time it was thought this disease might prevent growing
cotton in the Gezira. Reduction in seed  cotton by 14-21% due to the disease was
reported (Elnur, 1970).

Disease management in Sudan

In the early thirties flooding proved to  be effective for inactivation of the
disease, seed disinfectants such as acid delimiting was also practiced since 1927. The
first resistant cotton variety Bar XL1, aB? B® Lam ber type becam e the m ost
important variety in the irrigated ar eas in the late 1950 (Moham ed, 2000). The B,Bg
gene com bination was incorporated into Barakat variety (Siddig, 1973) and Barac
(67) B (Kheiralla, 1970) proved to be effective against the disease. Resistance to the
disease has been broken down by a new r ace of the pathogen where all our cotton
varieties becam e susceptible to, this race  is then refer to as Post-Barakat race
(Ahmed et al. 1997). Recently, two new cotton varieties resistant to races of the
pathogen, Ham id with B;B3B¢B7 and Knight with B;B3BsB7Bg gene com binations
were released (Mustafa et al. 2004). More recently , Abdeen cotton variety which
possesses (B2B3BgB7) gene combination was released as resistant against the disease (
Ahmed, 2007).The disease is also known to ~ be m anaged through chem ical seed
dressing and a lot of seed dressings were known to be released by the ARC scientists
against the disease. Disease m  anagement in Sudan nowadays developed to be
achieved through adopting a com  bination of resistant cultivars, chem ical seed
treatment, sowing date and legislative measures.
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Cotton bacterial blight in the Rahad scheme

Rahad scheme was one of the sites that were chosen for the national cotton
variety to be tested in; however, no assessment for the disease was done to the tested
or released cotton varieties. Since 2005; two surveys were carried out for cotton
bacterial blight in the schem e. The first survey was for the growing season 2006/07
and the cultivated cotton variety grown wa s Barac (76) B while the second one was
for the season 2011/12 and the cotton variety grown was Hamid.

Methodology

In this survey, the ten blocks of the scheme were covered and each block was
represented by two villages. From each village two hawashas (5 feddans each) were
chosen and each hawasha was represente d by 3 sam ples 15 plants each. Two upper,
two middle and two lower leaves and the bo 1ls were assessed for the disease in each
plant. Disease assessment was recorded as percentage for infected plants, leaves and
bolls and the disease rating of 0- 5 was used for the overall disease severity , Where,

0 = No infection

1 = 1- 10% of the leaf area is affected

2 =11-20% of the leaf area is affected
3 =21 -30% of the leaf area is affected
4 =31 —40% of the leaf area is affected
5 =>41% of the leaf area 1s affected.

Methodology for the second season

Blocks 1, 2 and 3 were chosen to repres ent the southern part of the schem e
while blocks 7 and 8 represented the norther n part of the schem e. The central part
was represented by block 4. The experimental sites Rahad research station and China
Technology Demonstration Centre (Block 4) were included in the survey.

Results

In the first survey, disease incidence was 100%, a percent infected leaf was
71.7, over all disease severity was 2.3 and a percent infected boll was 8.0%. In the
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second survey the disease was only reporte d in block 4 which was 52.3% for disease
incidence, 25.7% for infected leaves, 0.5% for over all disease severity and 0.5%
for infected bolls. The Rahad research station reported 97.8% for disease incidence,
56.9 % for infected leaves, 1.1% for over all disease severity and 13.7% for infected
bolls. Rain fall in the second survey ranged 150-300 mm/annum.

Discussion

The cotton variety Barack 76 (B) was known to be grown in the scheme since
the early eighties, while Ham  id cotton variety was introduce to the schem e as
commercially in the season 2007/08. Both cultivars have been released as resistant
cultivars for cotton bacterial blight. A Ithough rainfall were not higher for both
surveys all disease param eters were higher in the first survey, this m ainly explained
the highest susceptibility of the cultivated va riety to the current bacterial race. For
the first survey the spread of the disease was all over the schem e, this may indicate
the spread of a virulent race of the bacterium throughout the scheme which led to the
breakdown of the resistant cultivar Barack 76 B (grown for more than twenty years.),
while the scientific wisdom says that: Growing a cotton variety in one locality should
not exceed ten years and hence it should  be replaced by another one. The second
reason for high spread of the disease m ay be attributed to the in adequate of the use
of chemical seed treatm ent against the disease where only 10% of the seeds was
treated with Kruzer/Starner. (Eltayeb and Ali, 2007).

For the second survey the disease was reported only in block 4 in the newly
introduced commercial cotton variety Ham id (grown all over the schem e) this came
after five years of the introduction of the variety. The higher m ean of disease
incidence (97.8 %) reported in the second survey in Ham id, Abdeen and W agar
which were recently released as resistant varieties (Not W agar) raise up the
assumption of the occurrence of virulent race or races of the disease the site. Disease
symptoms of old and new races were repor ted in both surveys. The lower disease
levels reported in the Sudan China Centre ~ may be attributed to the delay in the
sowing date (July 23). Although, the Rahad schem e is generally not known of high
rainfall location, however the spread of the disease in the schem e put us under great
challenge with the regard to the susceptibility of our release resistant varieties.
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Table 1. Rahad Agricultural Scheme (Season 2006/07)

% % Over all No of % % total

Block infected infected disease bolls/ infected Sowing leaf Total rain
NO  plants leaves  severity plant bolls date shedding fall (mm)

1 100 80.0 2.5 6.4 12.6 - 353

2 100 69.4 2.3 6.1 6.0 - 26.3

3 100 57.2 1.2 7.0 4.8 - 10.2

4 100 77.0 1.9 12.3 4.5 10/7 25.8

5 100 70.6 2.1 8.8 3.6 - 36.7

6 100 68.9 2.1 4.4 9.0 20/7 15.7

7 100 73.3 2.3 9.4 4.9 - 27.5

8 100 77.3 2.1 10.5 54 30/6 26.8

9 100 74.4 1.8 4.6 16.5 15/7 15.3

10 100 67.2 2.2 4.9 12.3 20/7 10.2

Mean 100 71.5 2.3 7.4 8.0 23.0
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Table 2. Rahad Research Station (2006/07)

% % Over all No of %
infected infected disease bolls/ infected Sowing Total rain
Variety plants leaves severity plant bolls date fall (mm)
Nur 100 36.6 0.5 9.1 0.0 10/7 359

Table 3. Rahad Scheme (2011/12)

% % Over all  No of % Total
Village infected infected disease bolls/ infected Sowing rain fall
Block (B) No. plants leaves severity plant bolls date (mm)
1 4 0.0 0.0 0.0 9 0.0 15/7 160
2 7 0.0 0.0 0.0 7 0.0 12/7 -
3 13 0.0 0.0 0.0 8 0.0 1/7 150
7 33 0.0 0.0 0.0 15 0.0 22/6 300
8 38 0.0 0.0 0.0 12 0.0 27/6 -
4 178 0.0 0.0 0.0 11 0.0 10/7 191
4 17TW 86.7 14.1 1.0 11 1.2 15/7 191
4 18 E 100 61.1 1.2 8 2.6 15/7 199
4 I8 E 73.3 27.8 0.3 8 0.0 18/7 199
4 18N 0.0 0.0 0.0 11 0.0 15/6 200
4 19 53.3 244 0.5 10 14 5/7 272
B4 Mean 52.3 25.7 0.5 10 0.9 209

S = South W=West E=East N=North

Table 4. Rahad research station farm (Block 4) (2011/12)

% % Over all No of % Total
infected infected disease bolls/ infected Sowing  rain fall
Cultivar plants leaves severity plant bolls date (mm)
Hamid 933 50.0 1.0 7 14.7 2/7
Abdeen 100 65.5 1.2 4 30.0 2/7 224
Wagar 100 61.1 1.2 6 6.5 1/7
Mean 97.8 56.9 1.1 6 13.7

Table 5. Sudan China Technology Dem onstration Centre (Neighboring Rahad

Station)
% % Over all No of %
infected infected  disease bolls/ infected Sowing Total rain
Cultivar  plants leaves severity plant bolls date fall (mm)
Hamid 73.3 22.2 0.3 0.2 0.0 23/7
Abdeen 46.7 14.4 0.2 0.3 0.0 23/7
Bt hybrid 53.5 16.7 0.2 1.3 0.0 23/7 224
Bt OPV 86.7 22.2 0.4 1.5 0.0 23/7
Mean 65.1 12.9 0.3 0.8 0.0
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Abstract

Cotton is intensely cultivated in South eastern Anatolia, Aegean, Cukurova and
Antalya region of Turkey. In these regions cotton growing is m onoculture or wheat
rotation. These caused reduction in cotton yi eld and increasing soil-born disease and
pest density. Cotton producers who want to  improve the efficiency use excess ive
nitrogenous fertilizer. This situation cha nges soil physical structure and decreases
organic matter of soil. In th is study, cotton is planted af ter wheat, second crop corn,
and sesam e and soybean rotation system  to determ ine the m ost appropriate in
between 1992-1997. Results in this study showed that second crop corn, soybean and
sesame has been found high yield of seed cotton.

Keywords: Cotton, crop rotation, seed cotton yield.

Introduction

World cotton area and production is estimated 35.8 million hectares and 26.7
million tons in 2011/12. Turkey is the eight largest produ cer in the world with 2.6
million tons seed cotton production at 542 000 hectares (Anonymous 1a).

In Turkey, cotton is gene rally cultivated in South- eastern Anatolia Region,
Cukurova, Aegean and Antalya Region as m ono culture or with wheat crop rotation.
Crop rotation is the m utually support and complem ent of different crops that are
cultivated in sequence in the same agricultural area taking into account of the climate
of the region and soil properties in orde r to harvest high-efficient and high-quality
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crops. Production in the cotton fields without crop-rotation, soil-borne disease agents
and pests increase, and soil organic m atter content decreases through activation. The
producers use great amount of nitrogen fertili ~ zers to increase th e level of cotton
harvest or to m aintain the yield level an d thus, the nitrogenous fertilizers that are
used in large quantities cause environmental pollution and soil infertility.

Each plant cannot uptake the same amount of nutrients from soil. Some plants
uptake som e certain nutrients m ore than others. Mono-cultural cultivation results
with the decrease of soil nutrients for the sam e plant. Today, although there is no
difficulty in providing the needs of nutrients of plants with the possibilities of
advanced fertilization, plants with differe nt root depth feed on plant nutrients in
different soil depths. T he pl ant nu trients in d ifferent so il depths are utilized via
growing plants with different root depth in crop rotation.

Numerous studies have been done to dete rmine the plants th at can be rotated
with cotton plant. In th e Southeastern parts of the United States, peanut (  Arachis
hypogaea L.) is an alternative product that is frequently used (Johnson et al., 2001).
In the Mid-southern parts of the Un ited States, corn and grain sorghum ( Sorghum
bicolor) has been determined as crop-rotation plant with cotton (Wesley et al., 2001).
In the higher parts of southern Texas, cott on has been grown in rotation with cereals
and grain sorghum. In the Florida USA, the crop rotation of cotton-corn for 15 years
has resulted with 35 percent of m ore cott on yield com pared to continuous cotton
cultivation. In New Mexico, harvest yield has been m ore in cotton-alfalfa crop
rotation compared with crop rotation of the cotton-legume or cotton-cereal (Aydemir,
1982).

Compared to other crops, cotton's yield response to crop rotations is relatively
small. Long term rotation research, initiated at the turn of the century in Alabam a,
stressed growing legumes in rotation to provide the n itrogen needed for cotto n
production. Current (1978 to 1987) cotton yields in this ongoing study indicate an 11
% increase in cotton yield with legum  e-cotton rotations com pared to continuous
cotton. These yield increases seem rather  sm all when compared to 95 years of
continuous cotton.

In the m id 1970's, declines in cotton yi elds Beltwide were attributed to the
absence of crop rotation. However, anot ~ her Alabam a study (initiated in 1979)
comparing continuous cotton with I-year rotations of corn, soybeans or double crop
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wheat-soybeans has shown only small yield benefits since its in ception. The largest
lint yield increase (average 6%) resulted with the wheat-soybean rotation (Hake et al,
1991).

40% of cotton yield increase was obt ained by the 15-year-old studies
conducted in Turkey, Adana Cotton Resear ch Institute on rotation of cotton
cultivation experim ents based on continuous  alternations of  cotton-wheat. The
alfalfa-cotton-wheat rotation studies conduc ted by Nazilli Cotton Research Institute
identified a decrease on loss wilt dis  ease (Aydem ir, 1982). Between the years of
1993-1996 Sanliurfa GAP Re gional Deve lopment Adm inistration Koruklu
Agricultural Research Station con ducted a project nam ing "The Applicable Crop
Rotation Systems Project in the Ir rigated Fields in GAP Re gion". According to this
project, barley - grain sorghum - cotton, wheat - grain sorghum - cotton, wheat - corn
- cotton sys tems are more prom ising compared to continuous cotton system s; thus
cotton was not a good pre-plant for itself (Saglamtimur et al., 1999).

Saglamtimur et al. (1993), in order to  determ ine the appropriate rotation
systems in the Southeastern Anatolia Region, conducted a study. They determ ined
that in cotton-wheat-corn and cotton-wheat -sorghum rotations, seed cotton yields
were higher than the continuous cotton system.

Eren et al. (1999), soybean as second crop rotation after wh eat has identified
a positive impact on the crop yield after soybean in Antalya province.

The objective of this study was to co ~ mpare the effects of different crop
rotation systems on seed cotton yield and to determine the most suitable crop rotation
system in Antalya conditions.

Materials and Methods

Material

This study has been carried out in Bati Akdeniz Agricultural Research
Institute in the field of sandy loam in 1992—-1997. Trial location was 35 m above the
sea level and has a warm climate. The average annual rainfall in Antalya is 1200 mm
and the average temperature is 20 C.

The average of rainfall, tem perature and humidity in the trial area in 1992 to
1997 are shown in table 1. The total am ount of rainfalls in 1992, 1993, 1994, 1995,
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1996 and 1997 were 646, 943, 1037, 1206, 1432 and 1200 mm, respectively. In the
same years the average tem perature was 16.9 °C, 17.6 °C, 19.4°C, 17.9° C, 18.2°C,
18.7 °C and hum idity was 62.5%, 64.4%, 64.8%, 66.8%, 66.8% and 63,6%,
respectively.

The average yearly temperatures were similar during the long period of years.
The amounts of rainfalls were different by y ears. These rainfalls were not sufficient
for the growth. The rest of the water that was needed for the growth of the cotton was
provided by irrigation water.

Table 1. The average s um of rainfall, the av erage temperature and hu midity in the
trial area in 1992-1997.

Years The last10 years 1992 1993 1994 1995 1996 1997
Temperature 19,9 16,9 17,6 19,4 17,9 18,2 18,7
Humidity 64,0 62,5 64,4 64,8 66,8 66,8 63,6
Total rainfall 1200 646 943 1037 1206 1432 1200

Some of the physical and chemical analysis results made from the soil samples
taken from 0-30 cm deep from the trial ar ea at the beginning of the experim ent are
given in Table 2.

Table 2. Soil samples taken from cotton field (0-30 cm) some physical and chemical

properties
. . Org
Lime ];:C x Loam Clay Silt Struc- matter P ppm K Ca Mg,
PH (%) 10°25C (%) (%) (%) ture (%) (olsen) ppm ppm pmm
7,5-8,421,5 0,072 8,8 48 43,2 Silt-clay 1,7 23 265 2340 480
Alkalinity Very No

i ini 1 High High Medi High
high  salinity ess 1g g edium ig

The soil texture of the trial area was silt and loamy and was rich in potassium
and phosphorus but poor in  organic m atter and the percentage of lim e was high.
There is no problem of salinity and pH of these soils ranged from 7.5-8.4.

In this study, "Cukurova 1518" was used as a cotton variety, and the wheat
variety “Series 827, soybean variety "Mit chell", sesam e variety "Muganli 57" and
maize variety "Ant 90" were used.
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Method

The research was initiated in 1992 as randomized complete block design with
three replications based on five treatm ents lasting for six ye ars. The experiment was
carried out in 5 treatments as shown in Table 5.

Cotton seeds were sown with pneumatic sowing machine with the space (75 x
25 cm), in May. In the sowing tim e, 8 kg of pure nitrogen, 6 kg of phosphorus and 6
kg of potas sium were given and at the fi  rst irrigation 6 kg of pure nitrogen was
added.

Table 5. Cotton rotation treatments including wheat as a main crop and soybean,
sesame and corn as second crops in 1992-1997

No Treatme nt

1 Wheat -Cotton- Wheat -Cotton - Wheat —Cotton-...

2 Co tton-Cotton-Cotton-Cotton- Cotton-Cotton-...

3 Wheat+ Soybean -Cotton- Wheat+ Soybean —Cotton-...
4 Wheat+ Sesame- Cotton- Wheat+ Sesame- Cotton-. ..

5 Wheat +Corn -Cotton- Wheat +Corn —Cotton-...

Wheat ( Triticum aestivum L.) as a winter cu lItivation was planted between
September 15 to October 1 and corn, soybean and sesame as second crop were sown
from last week of June to the first weeks of July after wheat harvest. Cotton crop was
rotated wheat + second crops. Cotton + cotton rotation was used as control.

Wheat seed s of the stu dy was plante d depth of 4-6 cm  with 20 cm row
spacing 475 seed.m™. Corn, soybean and sesame as second crops after wheat harvest
were planted with sowing m achine in 70, 50, and 80 seeds in m 2, respectively. P lot
size of all crops of experiment was 45 m?. The experiment was established according
to split plot arrangem ent in random ized complete block design. The averages are
grouped according to LSD.

Results and Discussion
Cotton Yield

The variance analysis result of various crop rotation treatments in the years
1992 through 1997 was given in Table 4.
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Table 4. The variance analysis of crop rotation treatments on seed cotton yield

VAT SD SM F Prob
Rep 2 1486.1331 0.89 0.4160
Treatment 4 14738.8395 8.85 <.0001
Error 1 8 1976,1 1,19

Year 5 99336.3274 59.66 <.0001
Treatment x year 20 7264.9921 4.36 <.0001
Error 2 50 83253,46 1665,1

Total 8 9 802962,70

There were significant differences am ong crop rotations on seed cotton yield
and interactions between year and crop rotation system s were also significant. In the
years 1992-1997, the seed cotton yield in rotation systems are given in Table 5.

Table 5. Average seed cotton yields of crop rotation system in 1992-1997

No Treatment Means (kg .da™)
5 Wheat +Corn -Cotton- 420,5A
3 Wheat+ Soybean -Cotton- 403,1 A
4 Wheat+ Sesame- Cotton- 396,8 AB
2 Cotton-Cotton- 363,2 BC
1 Wheat -Cotton- 3519 C
Average of means 387,1
CV (%) 10,5
LSD 34,2

No. 5(wheat +corn —cotton), No.3 (w  heat +soybean —cotton) and No. 4
(wheat +sesame —cotton) rotation systems have been the highest yields of seed cotton
(Table 5). The rotation systems above gave higher seed cotton yields compared with
continuous cotton and cotton-wheat rotation  systems. Average s eed cotton yields
ranged from 420,5 kg.da™ (No.5) to 351,9 kg.da™ (No.1).

In the studies of rotation, cereals after legumes had increases in yields (Forbes
and Watson, 1992). Rushell (1961) has indicate d that yields of cereals after legum es
increased s eed yields and yield in creases cou ld change according to the legume
Crops.

Other studies found that m aize sown after leguminous crops increased grain
yield (Aydin and Tosun, 1993; Temu and Aune, 1995). Eren et al. (1999), soybean as
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second crop rotation after wheat has iden tified a positive impact on the crop yield
after soybean in Antalya province.

Saglamtimur et al. (1993), in order to  determ ine the appr opriate rota tion
systems in the Southeastern Anatolia Region, conducted a study. They determ ined
that in cotton-wheat-corn and cotton-wheat -sorghum rotations, seed cotton yields
were higher than the continuous cotton system.

Conclusion

To determ ine the different crop rota tion system s for cotton m onoculture
farming in Antalya conditions, this study s howed that crop rota tion is required in
order to obtain high quality products, soil exhaustion, a nd disease and pest
prevention.

Corn, soybean and sesame are the most suitable second crops that can be used
for rotation in the cotton f ields also ¢ oncerning the climate, soil properties and
marketing conditions of the region.
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Abstract

During in the last decad es was increased the deficit and grow up the value of
irrigated water. In th is situation is n ecessary that steps should be taken to reduce of
cotton irrigation depth, with a view to receiving to a high effect from unit of irrigated
water and unit of area.

Field trial on cotton (Vega cultivar) was carried out during 2007-2011 on
leached vertisols under irriga tion regime of sprinkling — 75 % of the field m oisture
capacity (F MC) for the soil laye r of 0 — 40 cm. The trial included the following
variants: factor A) Irrigati on with lower rates:1). Singl e irrigation of 600 mm /ha at
the interphase period bloom ing-boll formations; 2). Two irrigations of 450 mm /ha —
the first one at the bloom ing stage and the second — at the boll form ations period,
3).Two irrigations of 600 mm /ha — t he first one at the bloom ing and the secon — at
the boll formations period; 4). Non-irrigate d variant — for standard. Factor B) W idth
of inter-row space: 1). 60 cm. 2).80 cm.

It was estab lished that the best resu lts were obtained at the variant where
cotton cultivated of 80 ¢ m inter-row sp ace and with second tim e irrigation with
600mm - with 939 kg/ha m ore that non-irri gated control and with 11.9 % more than
variant with irrigated norm 600 mm/ha. In reference of net profit of 1000 m? irrigated
water the best results were realized after single irrigation norm of 600 mm/ha.

In respect of width of inter-row space the yield from a unit of area with inter-
row space 80 cm we receive with 4.6 % more than sowing of 60 cm inter-row space.
Key words: Cotton, irrigation rate, inter-row space, water deficit, cotton yield.
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Introduction

For Bulgarian cotton wore defined optimal and rational irrigation regimes, pre
irrigation soil humidity, the soil depth humidity, period of watering. It was found out
a single irrigation quantity a nd irrigation rate during the ye ars with different rainfall
provision for the main soil type — Pelic vertisols and Chromic cambiosols (by FAO).

During in the last 20 ye ars was increased the deficit of irrigation water and
grow up the value of irrigated water. This situation is necessary that step s should be
taken to reduce of cotton irrigation depth, w ith a view to receiving to a high effect
from unit of irrigated water and unit of area. The studies to this effect were carried
out in USA (McMichael Hesketh 1982; Ga rrot, Punymeier, Husman, 1988; Gerik et
all 1996); Gruce (Danalotos et al 1998;  Paschalidis Stavrikos, 2006); Uzbekistan
(Bezborodov, 1995), Bulgaria (Nikolov, 1994) and others authors (Spenser, 1998).

Standard inter-row space for cotton in Bulgaria is 60 cm . Because of let up
quantity of rainfalls on the summer period (from May to Septem ber) with 8.0 — 12.0
%, in comparison with of long year period was tested to cultivate cotton on inter-row
space of 80 cm - Nikolov, G.(1988), Saldzhiev, 1., Nikolov G. (2004).

Herewith investigate set the task of ascertaining of rational irrigation regime
under conditions of regulated water deficit fo r cotton. It was tested sown fields of
cotton under irrigation and non-irrigation regime at width of inter-row spaces
respectively of 60 and 80 cm.

Material and Methods

During the period 2007-2011 a field trial was set by the standard method in 4
replications with size of the plots - 20 m %. The following variants were tested: factor
A) Irrigation with lower rates:1). Single irrigation of 600 mm/ha at 75 % FMC in soil
layer 0-40 cm in the interphase period bl ooming-boll formations; 2). Two irrigations
of 450 mm /ha at 75 % FMC in soil layer  0-40 cm — the first one at the bloom ing
stage and the second — at the boll form ations period; 3).Two irrigations of 600
mm/ha at 75 % FMC in soil layer 0-40 cm  — the first one at the bloom ing and the
secon — at the boll formations period; 4). N on-irrigated variant — for standard. Factor
B) W idth of inter-row space: 1). 60 cm - standard. 2).80 cm . The tests were
conducted at an irrigation regim e of sprinkling on variety Vega, in two crop rotation
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(durum wheat - co tton), at f ertilization rate of N ;g9 and crops density of 170 000
plants per 1 ha.

The soil type was Pelic vertisols w  ith humus horizon — 70 -115 ¢ m, with
humus content of 1.8 —3.5 % and clay m inerals 60 %, wilting moisture 18-20 %.
FMC for layer 0-50 cm was 34.2 %, 51-100 cm was 31.6 % and 101-200 cm — 28.7
%. The productive m oisture for layer 0- 60 cm was 96 mm, for layer 0-100 ¢ m was
181 mm and 101-200 cm — 99 mm.

About the sum of tem perature (Table 1) 2007 and 2011 w ere warm years,
2008 2009 and 2010 were m oderate warm . In respect of the rainfall sum  for the
period June — August was characterized years 2007 and 2011 as dry, 2008 and 2009
as moderate, and 2010 as humid.

Table 1. Climatic conditions for the 2007 — 2011 period.

Mounts X IV- X VIE X V-

Years IVV VI Vil VIl  IX X VIl IX

Sum of temperature X t °C
1928—07 343 519 622 720 711 561 3476 2053 3133
2007 3 51 579 693 825 753 527 3728 2271 3377
2008 3 8 522 636 717 792 555 3608 2145 3222
2009 3 57 569 648 751 725 571 3621 2124 3264
20103 64 554 624 706 798 582 3628 2128 3264
20115 35 538 645 772 743 558 3791 2160 3256
Rainfalls - mm

1928-07 45 63 65 52 41 34 300 158 255
2007 1 9 53 39 0 62 128 301 101 282
2008 6 6 36 95 36 3 91 327 134 261
2009 1 7 16 14 89 35 58 229 138 212
20106 3 27 82 14 22 48 356 218 293
20114 6 46 31 24 58 50 255 113 209

Making production expenses under non-ir rigation conditions was in amount
of BGN 1857.50/ha or € 928.75 pe rha. The buy up cost of seed cotton was 1300
BGN/t (0.50 BGN/kg subsidy + 0.80 BGN/kg re deem price). Middle price of stick
up by pomp irrigation water was 0.30 BGN per 1 m * and 200 BGN/ha for expenses
service. In production expe  nses not-include incom e, interests of credits and
amortizes assign-ments.
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Results and Discussions

September yield which expressed cotton earliness for the irrigated v ariants
during the dry years (2007 and 2011) was sign ificantly higher than the non-irrigated
control — with 17.3-19.5 %. For the m oderately humid years (2008 and 2009) the
yields of the irrigated variants were 7.1 — 13.8 % higher than the non-irrigated cotton.
During the humid years (2010) the average re sults showed that the irrigated variant
exceeded th e non-irrig ated variants with 118.0 kg/ha and b y total yield s outweigh
with 48 — 358 kg/ha more.

Table 2. Seed cotton yields under different inter row spaces and different irrigation
regimes — by years and average. Mostly influence of factors.

Variants Total yields by years - kg/ha Average
2007 2 008 2009 2 0102 011 kg/ha % +D
Inter - row space
60 cm 2246 3 153 23552 660 2 472 2577 100.0 -
80 cm 2560 3 220 24412 7432 612 2715 105.4 138"
5.0 % 90 14 230 80 94 112 4.7 112
GD 1.0 % 124 197 4 11 08 130 135 6.0 135
0.1% 172 2745 61 46 158 161 6.9 161

Irrigated norms

Non irrigated 19751 863 1989 2 5151 972 2063 100.0 -

1200 mm 28903 780 2648 2 8732 833 3004 145.5 941"
900 mm 2434 3 633 25772 8542 730 2846 138.0 7837
600 mm 22053 469 23792 5632 633 2650 128.5 5877

5.0% 110 201 43 113 112 288 43 288
GD 1.0 % 152 279 58 153 153 386 5.6 386
0.1 % 211 388 78 207 206 430 6.3 430

The highest September yield from non-irrigated variant was realized average
0f 2042 kg/ha (98.98 %) then  total yield. Decrease of irrigation norm from 1200
m’/ha with 25 % and 50 % at cotton field not  bring about to adequate change in
yields — the drop in this case is with 319 kg/ha (89.4%) and 163 kg/ha (94.6 %).

During the dry years (2007 and 2011) the earliness of the irrigated variants
was within the limits of 79.3 — 84.9 % of th e total yield am ount. For moderate years
(2008 and 2009) this percentage was within 72.7 — 82.7 %, and for hum  id — 60.8-
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69.1 %. For the non-irrigated controls this ratio was respectively 91.2 %, 85.1 % and
74.7 %. Average for the period 2007-2011 the ea rliness of the irri gated variants was
within the limits of 82.6 — 84 % and 83.7- 100 % for non-irrigated control - Table 2.

The cotton yields from non-irrigated variants vary in the course of years and
have an effect of specific of cli matic special feature during cotton vegetation. In
humid 2010 year from non-irrigated variants was realized the heist yields, because
was formed average from 7 to 9 cotton-balls (capsules number) of plant. The variants
grew under irrigation and top the norm s of rainfalls during vegetation, for med
capsules, disposed in the top floors of  plant and form ed 10- 12 cotton-balls, who
don’t ripened and was given low yields  —hardly 1,9—-14,2% m  ore than non-
irrigated cotton (Table 2).

During the dry years (2007 and 2011) in creasing of yields of irrigated
variants varied from 11.6 % to 46.3%. The bed effect was merited of fact that above
the quota amount of rainfalls in months August and September further for keeping of
cotton-bolls in middle levels of cotton-bus h, who ripen and increased the yields. In
irrigated va riants inc idence r ainfalls in combination with ir rigation depth prolong
vegetation, September further for keeping from 12 to 16 cotton-bolls, but 6.3 % of
them not ripe, who decrease effect of irrigations.

The highest results from irrigation cotton were got at 2008 — from 587 to 818
kg/ ha more than no-irrigation cotton — Table 2. At the rate of the period increased of
yields was the highest at the irrigated norm from1200 mm. From this variant was
realized with 39,7 % more in comparison non-irrigated variants. F rom the rest
irrigated regimes were received yields higher with 36.9 % and 28.3 % in com parison
with no-irrigation cotton.

With optimized of water factor by different years the yields varied from 2205
BGN/ha to 3780 BGN/ ha, in such at an aver age of five years period under irrigation
increased the cotton yields with 28.5 —45.5 %. The variant with irrigation norm 1200
mm realized average with 941 kg/ha more th an non-irrigated and with 158 kg/ha and
354 kg/ha more than o ther irrigated variants. Decrease of irrigated norm from 1200
mm with 25 % (900 mm ) and 50 % (600 mm) predetermined decreased of cotton
yields average with 158 kg/ha (5.3 % or 205.4 BGN/ha) and 354 kg/ha (11.8 % or
460.2 BGN/ha) - Table 3 and Table 4.

The cotton grown under inter-row space of 80 cm show better yields then
crops under inter-row s pace 60 cm (Tab le 2 and 3). Different of cotton-yields in
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comparison of cotton gr own under i nter-row space 80 cm and irr igated norm 1200
mm, 900 and 600 mm was higher than th ese grown under irrigation and inter-ro w
space 60 cm with 8.68, 6.35 and 3.14 %. Netin  come from variants with irrigated
norms from 1200 and 900 mm was with 161 and 115 BGN/ha m ore than the same
variants planted in 60 cm inter-row space — Table 3 and 4. At the variants of 600 mm
irrigation water results show identical net income.

As regards of results of 1 hectare e xpressed in kilograms. net production and
net income (expressed in BGN per 1 hect are), the variants with 1200 mm irrigated
norm realized net incom e from 503 to 664 BGN (3744 — 3905 BGN total output) —
Table 4. At the other irrigating variants the results chow values from 3585 to 3700
BGN and 3445 for low nor m. This variant realized the best ne t production and net
income.

The effect of 1000 m * irrigation water per 1 ha varied from 886.6 to 1342
BGN. Average for the period the h ighest values were obtained by the variant with
one irrigation of 600 mm done in the bolls formation stage.

Table 3. Seed cotton yields under different irrigation norms and different Inter-row
space — by years and average. Interaction of factors.

Total yields by years - kg/ha Average
Variants 20072 0082 009 2010 2011 +D Grade
Kg/ha % kg/ha

Inter-row space 60 cm

Non irrigation 19801 9491 980 2506 1893 20621  00.0 - -
1200mm 24913 7552 590 2809 2753 28801  39.7 818 +++
900mm 23153 5142 488 2805 2668 27581 33.8 696 +++
600mm 21983 3922 363 2518 2573 26091 265 517 +++

Inter- row space 80 cm

Non irrigation 19691 7771 998 2525 2051 20641  00.1 2 -

1200mm 32803 8042 705 2937 2913 31301 51.8 1068 +++
900mm 25533 7522 666 2903 2792 29331 422 871 +++
600mm 22123 5462 395 2608 2692 26911 305 620 +++

5.0% 167 284 60 159 181 218 10.6 218 -
GD 1.0% 230 394 82 217 250 338 16.4 338 -
0.1 % 3185 481 11 292 346 455 221 455 -
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Additionally total production from irrigation variants was 517 — 818 kg/ha for
inter-row space 60cm and 620 — 10 60 kg/ha for varian ts at inter-row sp ace 80 cm .
Decrease of irrigating norm of 1200 mm with 25 and 50 % brought to go down of
total output according with 159 — 229 BGN/ ha for inter-row space 60 cm and 205 —
460 BGN/ha inter-row space 80 cm . Additional charges for irrigation d ecrease with
90 — 180 BGN/ha. Net profit of 1000 m” irrigated water varied from 886.6 to 1120.6
BGN/ha for inter-row space 60 c¢m and from 1157.0 to 134 2.9 BGN/ha for variants
of inter-row space 80 cm. Increased overall dim ensions of irrigated no rms decrease
the effect of this index-Table 4

Table 4. Economic indexes on irrigated variants

Norms of Total Costs of Net Net Effect of Net profit of
irrigation output  production  production income 1000 m* 1000 m’
BGN/ha  BGN/ha BGN/ha BGN/ha irrigated irrigated water
water kg/ha BGN/ha
Inter-row space 60 cm
Non irrigated 2681 1857,50 823,50 - - -
1200mm 3 744 2417,50 1326,50 503 682 886.6
900mm 3585 2327,50 1257,50 434 868 1128.4
600mm 3445 2237,50 1240,50 384 862 1120.6
Inter-row space 80 cm
Non irrigated 2682 1857,50 824,50 1 - -
1200mm 3 905 2417,50 1487,50 664 890 1157.0
900mm 3700 2327,50 1372,50 549 967 1257.1
600mm 3445 2237,50 1207,50 384 1033 1342.9
Conclusions

Under conditions of regulated water defi cit, the highest effect was provided
by irrigation regime of 75 % FMC in soil layer 0-40 cm, which was re alized in two
irrigations with irrigation ra te of 600 mm. Average for 5 years with this irrigation
regime the total cotton yield increased with 941 kg/ha or with 45.5 %, in comparison
with non-irrigated variant.

The cotton grown under inter-row space of 80 cm show better yields then
crops under inter-row space 60 cm. Different  of cotton-yields in comparison of
cotton grown under inter-row space 80 cm and irrigated norm 1200 mm, 900 and 600
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mm was higher than these grown under ir rigation and inter-ro w space 60 cm with
8.68, 6.35 and 3.14 %.

Additionally total production from irrigation variants was 517 — 818 kg/ha for
inter-row space 60cm and 620 — 10 60 kg/ha for varian ts at inter-row sp ace 80 cm .
Decrease of irrigating norm of 1200 mm with 25 and 50 % brought to go down of
total output according with 159 — 229 BGN/ ha for inter-row space 60 cm and 205 —
460 BGN/ha inter-row space 80 cm.
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ORAL PRESENTATION
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Abstract

This study was carried out  to determ ine the charac teristics of som e soil
productivity in the Antalya region w here cotton grown. For this purpose, 78 units in
2000, 36 units in 2002, total 114 soil samples were taken from different places where
growing areas in Antalya and arounds cott on. The soil pH, lim e (CaCO3), electrical
conductivity, texture, organic m atter, phosphorus (P) and potassium (K) were
analyzed. According to the survey, structure of the soils showed variety from sandy
loam to cla y loam. Soil pH is usually slightly alkaline and alkaline, and of ten no
salinity. Determ ined that the m ajority of soils to becom e very high an d extremely
calcareous besides organic matter content was low level. Amounts of soil available P
and K levels ranging was found from low level to very high level.

Keywords: Mediterranean region, cotton, nutritional status, soil fertility.

Introduction

Cotton is te xtile raw mater ial that av ailable to m ankind for m ore than five
thousand years. Cotton is a cultivated plan t that fiber and tex tile industry, seed and
oil industry, which contributes to th e employment of agricu Iture and livestock with
pulp.

The world cotton production and planti ng area is approxim ately 542 000 ha
and Turkey is 8th largest producer with production of 954 600 tons of fibers
(Anonymous 1a).

Cotton is grown in the GAP Region, Aeg ean and Mediterran ean coast of our
country. The GAP region shows an upward trend over years. Antalya has a declining
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planting area in recent years. In sp  ite of this, it is still on e of the m ajor co tton
growing areas.

A well-ventilated loam , sandy clay loam and alluvial soils are suitable for
cotton plant. Cotton is sensitive to s oil acidity and grows optim ally from pH 6 to 8.
Cotton growing slows down above pH 8 in the soil and yield decreases. Cotton
should not be grown in high levels of gr ound water in the soil. The cotton plant is
tolerant to moderate sa linity of the soil. However, the sa Ity soils caus e a lot of
production losses (Aydemir 1982).

In cotton cultiv ation, b oth lack an d excess plant nutrients have negative
impacts on plant growth and yield. Lack of nutrients deteriorate quality plant fibers
and reduce resis tance to diseases and pe sts. Excessed fertilization d ecreases the
amount of production, increases pests and di seases, and causes a delay in harvest
(Anonymous 1b).

Cotton cultivation is expected to obtain the product of the plant can be grown
conditions required amount depends on the availability of plant nutrients. The cotton
plant takes f rom the soil ove r calcium then nitrogen and potassium follows it. In
addition, in term s of m icro-nutrients in the soil, iron, m anganese, zinc, copper,
magnesium, and sulfur were rem oved. Seed cotton to 250 kg/da rem ove 15.6 kg N,
3.6 kg P205, K20 15.1 kg, 4 kg of Mg, Ca 16.8 kg, 0.6 kg S from soil. Nitrogen
intake is relatively small in the be ginning of cotton, but after the next 70 ™ day from
planting is rapidly increase and again nitroge n intake decreases that tim e to close of
harvest as possible. Phosphorus uptake as nitrogen, at the beginning is poor but then
when the boll form ation increasing phosphor us uptake and excessive from the soil.
Potassium intake is close to the amount of nitrogen and accumulates to the vegetative
organs of the plant. Potassium deficiency manifests itself in the old leaves. In the
lack of potassium , appearing symptoms of special cotton le af redness (Gurel et al.,
2006).

In this study, the major cotton production area of cotton grown in the Antalya
region was carried out to determine the status of some soil productivity.
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Material and Methods

Material

Research materials was taken 78 soil sam ples from Topalli (3), Alayli (2),
Yurtpinar (3), Kundu (8), Karacali (4), Ye  nidumanlar (5), Gokde re (2), left (3),
Abdurrahmanlar (2), Gebiz (3), Akcapinar, Boztepe (3), Kozagaci (2), A. Kocayatak,
Kumkoy (4), Kayaburnu, Karincali (4), Canakci (2), Candir (4), Tasagil, Bereket (5),
Denizyakasi (2), Gundogdu (2), Peri (7), Colakli, Gundogdu, Aspendos and Cum ali
in 2000 and 36 soil sam ples from Solak, Yeni dumanlar (3), Yurt pinar, Aksu, TRT,
Aspendos, Bereket (4), Sofular, Sarisu, Evrenseki, Manavgat (3), Tasagil, Belkis (2),
Kemer Agz i (2), Kara Calli (2 ), Kundu (8), Bati Akdeniz Agricultu ral Research
Institute (3) in 2002, in Antalya Aksu, Serik and Manavgat towns.

Method

Soil sam ples were taken from a depth of 0-20 cm . pH of the soil samples
according to Jackson in 1/2.5 soil /water mixture (Jackson, 1967), CaCO3 content by
using Scheibler’s calsimeter (Evliya, 1964), electrical conductivity according to Soil
Survey Staff (1951), organic m aterial according to m odified W alkey-black m ethod
(Black, 1965) were determ ined. Available phosphor accord ing to the Olsen (Olsen,
1982) and v ariable Potassium in 1 N a mmonium acetate solution (pH = 7) (Kacar,
1972) was performed.

Results and Discussion

The results of analyzes of total 114 soil sam ples taken from 0-20 ¢ m depth
were given in Table 1. In addition, soil samples were classified according to the limit
values and Table 2 were prepared.

pH of the soil sam ples ranged from 7.2 to 8.3. According to Kellog (1952),
the soil samples were 8.8% neutral, 58.8%  slightly alkaline and 32.5% alkaline.
Ozturkmen et al. (2005) detected that the nine of the 10 soil samples were alkaline in
the Harran Lowland and one of them was very strong alkaline with 9.35 pH value.
Ulgen et al. (1988) reported that 85.9% to the soils of the Mediterranean was m ildly
alkaline and pH value between 7.0 and 7.9.
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Table 1. Soil samples taken from cotton field in 2000 and 2002, minimum, maximum
and average values of some physical and chemical properties

2000 2002
Soil properties Min Max  Average Min Max Average
pH 7.20 8.30 7.53 8.00 8.60 8.25
CaCO3 (%) 2.25 37.76 25.55 10.6 41.4 253
EC (dS/m) 370 950 586 126 597 306
Texture 30-50 70-110  50-70 30-50  70-110 50-70
Org. matter (%) 0.35 5.49 1.47 1.10 540 2.25
P (kg/da) 0.82 13.19 3.18 3.2 94 5.6
K (kg/da) 6.33 73.89 29.78 20 78 41
Ca (ppm) 1810 2815 2473
Mg (ppm) 191 975 564

The CaCO3 contents of soil sam ples ranged from 2.25% to 41.4% in this
study. When the results of analysis to CaCO3 is classified according to Evliya (1964)
these soil samples have 0.88% low, 2.6% limy, 1.8% high, 18.4% very high, 76.3%
excess limy. The results show accordance with Anonymous 1b. The am ount of lime
(CaCO3) of cotton production areas is gene rally higher. Depending on the height of
the amount of soil lime, pH value is often above 7 and 8.

In the case of pH value 8, f ertilizer utilization ef ficiency of the cotton plan t
decreases. In addition, especially, the uptake of the micro elements such as iron (Fe)
and zinc (Z n) decrease. Inth is case, sulfate f ertilizers w ould be recomm ended
reducing pH and the high rate of lime.

Organic matter (%) content of these soils ranged from 0.35% to 5.59%. The
amount of s oil organic m atter is very low in A ntalya. Ulgen et al. (1988) reported
that 24% of the Mediterranean region soil was less than 1% le vel of and 47.1% of
these soils ranged between 1 and 2% in organic matter.

Salt content of these soils ranged fro m 0.042% to 0.56%. By Soil Survey
Staff (1951), the soils have been 64.9% sa 1t, 32.5% of m 1ild salt and 2.6% in the
medium salty. In Antalya, Soils of cott on production have been found high saline.
Ozturkmen et al., (2005) were showed that va riation of total salt soil from 0:20 to
2:48 mmhos/cm in the Harran Plain conditions. Cotton is a plant tolerant to soil
salinity. When the value of salinity is higher than 7-8 (dS / m) 25 °C., occurred loss
of cotton yield. W hile salt valu e increase ever 1 unit the yield of cotton decrease
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6.6%. Reasons of increasing to the salinity of the soil were ground water, the quality
of irrigation water, excessive irrigati  on, high tem peratures and evaporation. In
regions of salinity or ground high water effect may increase to salinity with excessive
irrigation, besides caused soil to wash nutrients (Ekmekci et al., 2005).

Soil samples are 22.8% loamy, 57.0% then clayish loamy and 11.4% clayish
(Black, 1957). Soil with medium-structure such as sandy loamy, silty loamy, loam vy,
and clayish loamy is ideal for the cu Itivation of cotton (Anonym ous 1b). Results of
analysis show a good structure for cotton with 57% clayish loamy soil structure.

Available phosphorus conten t of soils in Antalya varied between 0.82 kg/da
and 13.19 kg/da. Olsen and Somm ers (1982) ex plained that soil has plant-available
phosphorus 6.1% very little, 18.4% little , 19.3 % medium, 19.3% m uch and 36.8%
very m uch. In general, the accumulations of phosphorus in the soil are high in
Antalya. This situation m ay be a result of the P fertilization unconsciously done by
farmers every year. Alagoz, et al. (2006) reported that accumulation of phosphorus in
the soil may affect Fe and Zn uptake.

Available potassium content of soils varied between 6.33 kg / da and 78 kg /
da, in Antalya. According to Pizer (  1967) soils contain 14.9% low, 62.3% enough
and 22.8% much of potassium in plant-avai lable. Approxim ately 15% of the land
under cotton cultivation is poor in potassium and yield and quality of cotton decrease
in the areas of insufficient potassium.

Redness of leaves and wilt disease caused by potassium are major problem in
cotton areas grown in both the Aegean Re  gion and Antalya (Gurel et al., 2006;
Ozkahya, 1976). In cotton, wilt disease and leaf redness sym ptoms leads to
interference and m isleading prac tices from time to tim e. In calca reous soils th is
element uptake by the plant is difficult. T hus, it should be checked whether taken by
the leaf analysis and if necessary, leaf fertilization should be done (Anonymous 1b).

In 2000, it was observed that according to soil samples taken is a very good
amount of Ca and Mg in the soil and does not constitute a problem in terms of cotton
production areas.
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Table 2. Classification of limit values for soil samples from cotton fields in Antalya

Year
2000 2 002 Total
number number number
Soil Limit of of of
Property Value E valuation samples % samples % samples %
5.1-55St rong Acid - - - - - -
5.6-6.0 M edium Acid - - - - - -
o 6.1-6.5 S1 ight Acid - - - - - -
p 6.6-7.3  Neutral 10 12.8 - - 10 8.8
7.4-7.8 S1 ight Alkali 67 85.9 - - 67 58.8
7.9-8.4 Al kali 1 1.3 36 100 37 32.5
0-2.5Lo w 1 1.3 - - 1 0.88
. o 2.6-5.0 Lim y3 38 - - 3 2.6
(Lc“;é(gg)) 51-100H igh2 26 ] ] 2 18
10.1-20.0 Ver y High 1 3 16.7 8 222 21 18.4
20.0< Excessive 59 75.6 28 77 .8 87 76.3
0-0.15 Saltless 45 57.7 29 80.6 74 64.9
9% Salt 0.15-0.35 S1 ight Salty 30 38.5 7 19.4 37 32.5
0.35-0.65M edium Salty 3 38 - - 3 2.6
0.65<H igh Salty - - - - - -
0-1V ery few 7 9,0 7 6,1
Organic 1-2 Few 65 83,3 15 41 ,6 80 71,2
Matter (%) 2-3 Med ium 5 6,4 17 47,2 22 19,3
3-6H igh 1 1,3 4 11,2 5 4.4
up to 6 Very High
% <30 Sandy - - - - - -
Constitutive 30-50 Loam y 20 25.6 6 16.7 26 22.8
b 50-70 C layish Loamy 50 64.1 15 41.7 65 57.0
Y 70-110Cla  vyish 8 10.3 5 13.9 13 11.4
Saturasyon 1 Heavy Clayish - - - - - -
<13 Very few 7 9.0 - - 7 6.1
Available 1.3-2.6 Few 21 26.9 - - 21 18.4
Phosphorus  2.7-39M  edium 21 26.9 1 2.8 22 19.3
(kg/da) 4-6.5 Ove rl19 24.4 3 8.3 22 19.3
>6.5 Very Over 10 12.8 32 88 9 42 36.8
. <17 Few 17 21.8 - - 17 14.9
?&Z‘;:‘E; 17.1-50 En  ough 50 64.1 21 583 71 62.3
Ko/d 50.1-830ve rll 14.1 15 41.7 26 22.8
(kg/da) >83V ery Over - - - - - -
<714V ery Poor - -
Ca 715-1433 Poo r - -
(ppm) 1434— Medium 36 100 36 100
2866> G ood - -
Mg <55 Poo r - -
55-116 Med ium - -
(ppm) 116> G ood 36 100 36 100
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Conclusions

Generally, soil texture in the cotton fi elds of Antalya were found loamy and
clayish loamy, however, 10% of the cotton soil is clayish. Loam y and clayish loamy
texture is good for cotton plant and farmers.

Organic matter was found poor in almost the all cotton area. Organic m atter
affects soil by direct or indirect ways. Or  ganic-based fertilizers and forage crops
cultivation can be offered for the production of a sufficient amount of organic matter.

In nearly all the soil sam ples the problem of salinity were not found by
analysis. This shows quality of irrigation water and good drainage in our region.

More than half of soil sam ples are high calcareous and high pH values. For
this reason, the pH of th e soil may be recommended to  reduce by use of acid
fertilizers.

Available phosphorus content of soils is generally higher. This situation
shows that phosphorus is used unconscious ly. By analyzing phosphorus in soils,
unnecessary use can be prevented.

Levels of potassium of soils are us ually enough, but 15% of cotton growing
areas not en ough. Especially wilt disease contam inated and calcareous soils should
be made additional fertilization.

According to the results of soil analysis, suitable tim e and dose of fertilizer
use for cotton plant provides economic production.
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Introduction

Cotton (Gossipium hirsutum L.) is one of the most important fiber producing
crops in the world. In Bulgaria cotton is traditionally cultivated in rainfed conditions
and therefore it expresse s good tolerance to drought (Bojinov et al., 2000).
Nevertheless, the drought reduces signifi cantly its potential yield. There is
substantial e vidence that soil water def icits during critical grow ing stages, such as
reproductive stage, can significantly affect growth and yield (Kaur and Singh, 1992;
Marur, 1991). W e established that the bo 1l productivity of pot-grown cotton plant s
exposed for 20 days at 35-40% of field water capacity was di minished by 23-35%
(Koleva and Vasilev, 2010). The decrease of yield was accompanied by significan tly
depressed both net photosynthetic rate  and photosynthetic pigm ents quantity of
cotton plants (Vasilev and Koleva, 2011).

An opinion exists that several p hotosynthetic and le af gas exchange
parameters, nam ely photosynthetic rate, pi gments con tent, transp iration intens ity,
stomata conductance, etc., may be used as indicator s for tolerance of cotton
genotypes to drought (Pettigrew, 2004; Ulla h et al., 2008; Soom ro et al., 2011). The
results of other authors have not confir med this statem ent (Massacci et al., 2009).
Therefore, there is not general opinion and enough evidence concerning the
usefulness of photosynthetic param eters for the screening studies for drought
tolerance as well as selection criteria.

Chlorophyll fluorescence is widely accep ted as suitab le stress indicato r for
plants. At norm al (physiological) temper atures it originates from photosystem II
(PSII), which is suscep tible to diffe rent s tresses, includ ing drought. Many in vivo
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studies have dem onstrated that water de ficit resulted in dam ages to the oxygen
evolving complex of PSII and to the PSII reaction cent ers associ ated wi th t he
degradation of D1 pr otein (Lawlor, 1995; Yordanov et al., 2003; Zlatev and
Yordanov, 2005). On the other hand, chlorophyll fluorescence m easurements can be
performed in situ and quickly with portable devices , which are very important for
screening studies and breeding program s. Furthermore, param eters of chlorophyll
fluorescence may also s erve as phy siological criteria for indirect selection for high
yielding genotypes. For now there are lim ited and contradictory inform ation about
correlation between seed cotton yield a  nd chlorophyll fluorescence inhibition in
cotton (Dumka et al, 2004; Pettigrew, 2004).

Therefore, we have decided to study physiological performance of Bulgarian
cotton cultivars grown in  rainfed conditions using so me chlorophyll fluorescence
parameters in order to s earch for ex istence of correlations with the y ield as a fin al
goal.

Material and Methods

Experimental set-up

In the investigation are involved 13 cotton cu Itivars genotypes created in the
Field Crops Institute — Chirpan, Bulgaria (Table 1). The genotypes were cultivated in
field conditions during 2011 and 2012 in the ¢ xperimental field station Field Crops
Institute — Chirpan. The trial was conducted as a random ized block design in four
replications, on leached smolnitza soil type, with harvesting plots of 20 m?.

Chlorophyll fluorescence measurements

Physiological perform ance of cotton  plants was studied using a pulse
amplitude modulation chlorophyll fluoro  meter MINI-P AM (W alz, Effeltrich,
Germany). The top fully developed attached leaves were used for the measurem ents.
During the flowering-boll form ation plant stage in 2011 and 2012 the fluorescence
parameter — actual yield of photochemical energy conversion (Y) (Genty et al., 1989)
were measured in several da ys - tim e scale. In additi on, in 2012 several other basic
fluorescence parameters were determined, namely F, Fy,, Fy/Fy,, qP and gN. Minimal
fluorescence, Fy, was measured in 30 min dark-adapted leaves using weak modulated
light of < 0.15 pmol m™ s™' and maximal fluorescence, F,, was measured after 0.8 s
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saturating white light pulse (>5500 pmol m™ s™'). Maximal photochemical efficiency
of PSII (F \/F,,) for dark adapted leaves was calculated using equation F ,=F,—F, for
variable flu orescence. In light adap ted le aves p resent fluorescence (F) before and
maximal fluorescence (F ") after saturation pulse (0.8 s white ligh t pulse, > 550 0
umol m 2 s were determ ined. Photochem ical (qP) and non-photochem ical (qN)
quenching param eters were calculated a ccording following van Kooten and Snel
(1990).

Table 1. Used Bulgarian cotton cultivars and their parentage

Ne Genotypes Parentage

1. Chirpan—539 Beli izvor x Garant [G. hirsutum L.x G. hirsutum L.]

2. Avangard-264 C—-460 x C-6030 [G. hirsutum L.x G. barbadense L.]

3. Perla Garant x Progres [G. hirsutum L.x (G. hirsutum L.x G. barbadense L.)]
4. Natalia Ne 65 x T—-073 [(G. hirsutum L.x G. barbadense L.) x G. hirsutum L.]
S5.Darm i Ne 268 x C-9070 [(G. hirsutum L.xG. barbadense L.) X G.barbadense L.]
6. Ko lorit Ne 266 x Balkan [(G. hirsutum L.x G. barbadense L.) x G. hirsutum L.]
7. Vega Ne 266 x Ogosta [(G. hirsutum L.x G. barbadense L.) X G. hirsutum L].
8. Dorina T —89/92

9. Nelina Perla— 267 x T - 073

10.R  umi Ne 268 x Deltapine 20

11. Helius C — 6530 [irradiated with ¥ rays]

12. Boyana Chirpan — 603 x C—9070 [G. hirsutum L.x G. barbadense L.]

13. Viki C — 9070 [irradiated with ¥ rays]

Data analysis
The results obtained were processed by the dispersion analysis method using
one-way and two-way ANOVA (for P <0,05).

Results and discussion

Climatic conditions duri ng the vegetation periods in 2011 and 2012 are
characterized by different com binations ofclim atic f actors. 2012 year is
distinguished by extremely low am ount of precipitation during the vegetation period
of cotton — May — Septem ber compared with an average amount of precipitation for
long period of time and can be described as severely dry (data not shown). The data
for the quantity of available wate r c ontent in d ifferent soil layers up to 1 m eter is
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presented in Table 2. It is a pparent that in the upper 20 cm the quantity of available
water is too low and during the long peri  ods (second decade July — first decade
August 2011 and whole August 2012) is com pletely missing. It is due the absence of
rain tog ether with ¢ omparatively high  temperatures leadi ng to significant
evapotranspiration and drying of upper soil la yers. It is known that the m ajor part of
cotton roots is occupied in 50-cm layer and the central root is able to reach and even
go further the 1-meter zone. Obviously, based on the presented data the water supply
to cotton plants during the two vegetati  on periods has been ensured through the
deeper soil zones.

Table 2. Available water content (mm) in different soil layers at flowering-boll
formation stage of cotto n plants gro wn in rainfed condition s during 2011

and 2012
Soil layer, cm 0-10 0-20 0-50 0-100
Date 2011 20122 011 20122 0112 012 2011 2012
21-30 VI 0 4 3 173 66 4 109 154
1-10 vII 2 0 3 9 23 52 91 133
11-20 VII 0 0 0 6 20 34 86 109
21-31VII 0 0 0 2 11 20 73 89
1-10 VIII 0 00 08 15 63 74
11-20 VIII 7 01 7 04 26 93 55
21-31 VIlI 2 0 6 02 59 75 47
Average productive 89 mm 181 mm

moisture (1956-2007)

The data for actual yield of photochem ical energy conversion (Y), presented
in the Figure 1, gives evidence to what exte nt soil water a vailability has influenced
the physiological perform ance of cotton plants. The data showed that values, with
small exceptions (last m easurement in 2012 an d sporadic ones in 2011 in cultivars
Perla and Natalia) have exceeded 0.500. T  he lower values of Y  from the last
measurement during 2012 could be explaine d by leaf senescence as well as growth
retardation in the end of vegetation, while the sporadic lower values in 2011 could be
a result from technical error.

The conductance of fluorescence m  easurements on the selected cotton
cultivars in dynam ics (4-6 tim es per st udied periods) were based on the hypothesis
that, the ev entual precipitation during the vegetation coul d allow differentiation of
the used cultivars by their physiological response to the changes of soil water regime.
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Unfortunately, a stable moderate drought ex isted during the studied periods in both

years, which did not give a poss 1ibility to check this hypothesis. Therefore, the d ata
given in Figure 1 do not show significant vari ation in Y values of different cultivars

during the studied periods in 2011 and 2012.

Figure 1. A ctual yield of photochem ical en ergy conversion (Y) in the leaves of
Bulgarian cotton cu Itivars grown in ra infed conditions at flowering-boll
formation stage during 2011 (A) and 2012 (B)

In our previous experim ents with dr ought-exposed cotton plants we have
obtained similar Y values and concluded that prim ary photochemical processes in
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these plants were not disturbed (Vasilev and Koleva, 2011). These results are in a
belonging to Genty et al. (1987) and
Inamullah and Isoda (2005) who studied the photosynthetic performance of drought-
stressed cotton plants.

To understand the reason for the relativ

good correspondence with the conclusions

ely well saved photochem istry in
rainfed cotton plants we performed quenching analysis of chlorophyll fluorescence in
the first decade of September 2011. The data obtained are presented in Table 3.

The quenching analysis allows disti nguishing two funda mentally different
pathways of absorbed light energy convers ion. qP reflects the fractions of open PS2
reactions centers and denotes the proporti on of excitation energy trapped by them,
while qN is a result of various processes that are responsible for therm al dissipation
of excess energy in the photochemical apparatus - high-energy state, state transitions
and photoinhibition (Bolhar-Nordenkam pf and Oquist, 1993). gN has an im portant
function in regulation of dissipation / utilization of excitation energy.

Table 3. Chlorophyll fluorescence parameters in leaves of Bulgarian cotton cultiv ars
grown in rained conditions at flowering-boll formation stage during 2012

Cultivars F JEm Y qP qN
Chirpan-539 0.819 £ 0.030 0.590 £ 0.039 0.878 £0.105 0.526 = 0.083
Avangard-264 0.843* £0.012 0.629 +0.039 0.897 + 0.049 0.562 +0.035
Perla 0.832 £ 0.006 0.592 + 0.094 0.867 £ 0.055 0.554 +£0.104
Natalia 0.831 £0.011 0.527 £ 0.069 0.837 £ 0.044 0.631 £0.129
Darmi 0.772°° £ 0.035 0.383 £0.182 0.911*+0.106 0.825 +0.094
Kolorit 0.795 £ 0.026 0.528 +£0.103 0.862 £0.156 0.508 +0.260
Vega 0.823 £0.016 0.493 +0.083 0.741+£0.114 0.501 +£0.218
Dorina 0.804 +0.014 0.551 £0.068 0.873 +£0.051 0.548 £0.158
Nelina 0.816 £ 0.017 0.519+0.159 0.892 + 0.060 0.626 +£0.218
Rumi 0.804 £ 0.010 0.379 £ 0.181 0.704 £ 0.315 0.616 £0.219
Helius 0.810 £ 0.026 0.396 +0.143 0.638°+0.234 0.586 +0.147
Boyana 0.813 £0.021 0.548 = 0.046 0.841 +0.068 0.563 +0.093
Viki 0.817 £ 0.015 0.490 + 0.082 0.976 £0.169 0.739+0.118

5% 0.024 0.136 0.19 0.20
GD 1% 0.033 0.181 0.26 0.27
0. 1 % 0.044 0.237 0.33 0.34

The m aximal photochem ical efficiency of PSII (F  /Fy,) for dark-ad apted
cotton leaves varied from 0.77 to 0.84, which according to Bolhar-Nordenkampf and
Oquist (1993) is in the nor m for healthy leav es (Table 3). The values of qP were
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relatively high, giving an evidence for good us e of the trapped excitation energy for
photosynthetic processes. qN values were lower that P ones.

The results regarding seed cotton yiel ~ d from com parative varietals trial,
conducted during two years are presented in fig. 2

Figure 2. Seed cotton yield of Bulgarian cotton cultivars grown in rainfed conditions
during 2011 and 2012

Table 4. Analysis of variance of yield

2

Source of variation df MS SS :})
Total 103 3139 78476.8 100
Genotype 12 670.8 8050 8.4
Environment 1 58162 58162 60.7
Interactions 12 1022.1 12264.8 12.8
Error 75 230.1 17262.8 18.0

The applied analys is of varian ce rev eals the prese nce of statistically
significant difference in the amount of yield due to of both studied factors — genotype
and year an d the in teraction between them. (Table 4). The variation of yield in our
varietals trial is to the greatest extent, due to the year of cultivation with 60.7 % from

197



the total variation. The influences of genotype — 8.4 % and intera ction between year
and genotypes — 12.8 % are vastly less, a Ithough the variances of both factors are
statistically significant.

Based on the meteorological data and results of analyses of variance it can be
concluded that both years of cultivation are vastly differ and the reduction in yield
in the secon d year of cultivation is due to the severe d rought. Under water stress
conditions during 2012 the yield de creases at all studied varieties to varying degrees.
The reduction in yield is highest in cultiv ars — Chirpan-539 and Boyana and lowest
in cultivars Viki, Darmi and Rumi. Furthermore at cultivar Avangard-264 yield has
increased by 4% com pared to 2011, probably this cultivar is characterized by better
agronomical drought tolerance.

Conclusion

Bulgarian cotton cultivars hav e relatively high tolerance to soil drought. At
rainfed conditions leading to significant d ecrease of the productive so il moisture in
the upper layer (till 50 cm ), the cotton pl ants from all used cultivars expressed
relatively good photosynthetic perfor mance judged by chlorophyll fluorescence
parameters. The m aximal photochem ical efficiency of PSII (F /Fy) in their leav es
was in the norm typica | for healthy leaves and the actual yield of photochem ical
energy conversion (Y) was high enough for plants grown in water-limited conditions.
Seed yield of the used cotton cu ltivars at rainfed conditio ns were lo wer than th e
potential yield. In 2012 all varieties realize lower yield com pared with the yield in
2011. Solely variety Avangard-264 show  better agronom ic drought tolerance in
severely dry 2012.

At the present stage of the study, we did not find significant differences in the
physiological status of the used cotton cult ivar, which could be attributed to their
specific tolerance to drought.
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Abstract

Studies were conducted in 2009 — 2011 in the field of the Field Crops
Institute — Chirpan. The species com  position of ene mies inhabiting cotton and
aphidophag agrocenosis, found standard entomological m ethods — visual
observations, soil excavation, route surveys, mowing with a bag and entom ological
laboratory d efinitions. T he investigation conducted during the periods: outside the
growing season of cotton; from stage of germination to flowering stage of cotton and
from flowering stage to maturity stage of cotton.

In the cotto n agrocenosis there are estab lished forty-six species: from which
thirty-two are harm ful insec ts and m ites belonging to sevent ypes: Coleoptera,
Heteroptera, Hemiptera, Thysanoptera, Trombidiformes, Lepidoptera and Orthoptera
and seven teen families: Elateridae, Tenebrionidae, Chrysomelidae, Curculionidae,
Coccinellidae, Pentatomidae, Aphididae, Miridae, Cicadellidae, Membracidae,
Thripidae, Tetranychidae, Noctuidae, Pyralidae, Gelechiidae, Acrididae and
Tettigoniidae and fourteen are beneficial insects belonging to five orders: Coleoptera,
Heteroptera, Neuroptera, Diptera and Hymenoptera and five families: Coccinellidae,
Nabidae, Chrysopidae, Syrphidae and Aphidiidae.

The survey of entom ofauna in cotto n agrocenosis will help to develop good
plant protection practice. Prot ection of cotton pests a p rerequisite for in creasing the
interest in its cultivation.

Keywords: Entomofauna, cotton, good plant protection practice.
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Introduction

Cotton fiber is an essential and im portant oilseed crop. Its wide distribution is
explained by its use as a raw material for the textile, chemical and food industries.

When processed cotton seeds produced moderate 20% cottonseed oil, which
is one of the m ost - i mportant semi oils. The refined cottonseed oil has a very high
nutritional value and is thus used in ¢ ooking and canning. Terms of cottonseed oil is
used in industry for making soap, steari  ne, glycerin, dynam ite, etc. Ani mal food,
which is derived from oil and mining industry represents 40 to 42% by weight of the
seed is a valuable food for animals as it is rich in protein (40-43%).

Enemies of cotton in Bulgaria with the econ ~ omic im portance are: cotton
aphid - Aphis gossypii Glover (Hemiptera; Aphididae), tobacco trips - Thrips tabaci
Lind. (Thysanoptera; Thripidae), Tetran ychus urticae L. (Trombidiform es;
Tetranychidae), Helicoverpa arm igera H ub. (Lepidoptera; Noct uidae) and others.
(Radev, 1972).

Key pest is cotton aphid, which even in  years the leas t - attack leads to a
reduction in yield to 10%.

In recent years, due to the curren t extreme conditions, the regulato ry role of
useful entomofauna be come particularly relevant. To som e extent, population
number of cotton aphid is governed by afi  dofag fa mily Coccinellidae, Syrphidae,
Chrysopidae and Nabidae (Pelov 1972; Grigorov, 1977). The authors indicate
Coccinella septempunctata L. the most - important parasitoid of the enemy.

Dimitrov and others., (1995, 1996) have  found that an important role in
regulating the population density of the co  tton aphid, a fa mily Nabidae, fam ily
Coccinellidae, family Chrysopidae and family Syrphidae. With the advent of aphids,
species and family Nabidae - Coccinella se ptempunctata L. enter agrocenosis cotton
and im plement regulatory activity by th e enem Yy falling into depression.
Representatives of the f amily Chrysopidae, f amily Syrphidae u is multip ly only
during peak development of cotton aphid.

In San Diego, Capinera (2001) found that the natural enemies of cotton aphid
are ladybirds (Coleoptera; Co ccinellidae), hoverflies (Diptera; Syrphidae) and wasps
(Hymenoptera; Braconidae).
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According to Josep et al., (2009), cotton agrocenosis Spain predatory
ladybirds (Coleoptera; Coccinellidae) and t ypes of fa milies He miptera, Diptera and
Neuroptera, influence the development and multiplication of cotton aphid.

Parasites of the order Hym enoptera preferentially para sitize aphids to size -
from 1.48 to 1.75 mm (Frazer and Gill, 1981 ; Chau and Mackauer, 2001) and colors
- yellow (Losey et al., 1997; Harmon et al., 1998).

Materials and Methods

Studies were conducted in 2009 — 2011 in the field of the Field Crops
Institute — Chirpan. The species com  position of ene mies inhabiting cotton and
aphidophag agrocenosis, we found by standa  rd entom ological m ethods — visual
observations, soil excavation, route surveys, mowing with a bag and entom ological
laboratory d efinitions. T he investigation conducted during the periods: outside the
growing season of cotton; from stage of germination to flowering stage of cotton and
from flowering stage to maturity stage of cotton.

Results and Discussion

In areas for sowing cotton in the region of Chirpan were m ade soil
excavations and were found: of the or der Coleoptera, fam ily Elateridae - Agriotes
lineatus L., Agriotes sp utator L. an d Agriotes obscurus L. Representatives of the
family Tenebrion idae - Opatrum sabulosum L. and fam ily Chrysom elidae -
Phyllotreta atra F. and of the ord er Heterop tera, family Pentatomidae - Eurydema
ornata L., Eurydema oleraceum L. and Dolycoris baccarum L. were found at the end
of March and beginning of April, weed - Sinapis arvensis L., Cirsium arvensis L. and
Capsella bursa-pastoris Med. (Tablel).

During the developm ent of cotton - fr om phas e germ ination to flowering
phase, the following types were identifi ~ ed: the following species o fthe order
Hemiptera, family Aphididae — Aphis goss ypii Glover, of the order T hysanoptera,
family Thripidae — Thrips tabaci Lind. of the order Trom  bidiformes, fa mily
Tetranychidae - Tetranychus urticae Koch. , from the order Lepidoptera, fam ily
Noctuidae - Scotia segetum Schiff., Scotia yps ilon Root., Euxoa tem era Hb., Euxoa
tritici L., Helicoverpa arm  igera Hb. and Laphygm ae xigua Hb. and fa mily
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Gelechiidae - Pectinophora malwella Hb., of the order Orthoptera, family Acrididae -
Dociostaurus maroccanus Thung. and family Tettigoniidae - Tettigonia viridisima L.
(Table 2).

Table 1. Insects established before sowing of cotton during 2009 - 2011

Order Family /Species

Order Coleoptera Family Elateridae Agriotes lineatus L.
Agriotes sputator L.
Agriotes obscurus L.

Family Tenebrionidae Opatrum sabulosum L.
Family Chrysomelidae Phyllotreta atra F.
Order Heteroptera Family Pentatomidae Eurydema ornata L.

Eurydema oleraceum L.
Dolycoris baccarum L.

The entomofauna in cotton agrocenosis is influenced by the growing vicinity
of'its plants. In the case of m aize, corn - tonka mix or cereal in the periphery of the

blocks were established pests of the order C oleoptera, f amily Chrysom elidae -
Oulema melanopa L. , Leptinotarsa decem lineata Say., Aphthona euphorbiae
Schrank.

The weed in cotton agrocenosis cons ists of annual dicotyledonous weeds —
Solanum ni grum L., Am aranthus retrofle xus L . and Hibiscum trionum L., annual
cereal - Echinochloa crus-galli L., Setaria viridis and Setaria glauca L. and perennial
weeds - Convolvulus arvensis L., C ynodon dactylon Pers., Cirsium arvensis L. and
others. As a result, you develop and sp ecies: of the order Coleoptera, fam  ily
Curculionidae - Tanymecus palliatus F., the family Coccinellidae - Subcoccinella
vigintiquatuorpunctata L. and family Chrysomelidae - Spilosoma mentastri Esp , of
the order Lepidoptera, fa mily Pyralidae - Loxostege sticticalis L. and Ostrinia
nubilalis Hb. and of the order He miptera, family Miridae - Adelphocoris lineolatus
Goeze and from the family Cicadellidae - Empoasca ssp. and family Membracidae -
Stictocephala bubalus F.

Harmful fa una in cotton agrocenosis from flowering phase to phase
maturation is - poorly developed (T able 3). This period covers the m onths of July
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and August, which are characterized by extremely high temperatures and low relative

humidity.

Table 2. Insects found in cottonseed agrocenosis from phase germ
flowering phase during 2009 — 2011

ination to

Order Family/Species
Order Coleoptera Family Curculionidae Tanymecus palliatus F.
Family Coccinellidae Subcoccinella vigintiquatuorpunctata L.
Family Chrysomelidae Oulema melanopa L.
Leptinotarsa decemlineata Say.
Aphthona euphorbiae Schrank
Spilosoma mentastri Esp.
Order Orthoptera Family Acrididae Dociostaurus maroccanus Thung
Family Tettigoniidae Tettigonia viridisima L.
Order Lepidoptera Family Noctuidae Scotia segetum Schiff.
Scotia ypsilon Root
Euxoa temera Hb.
Euxoa tritici L.
Helicoverpa armigera Hb.
Laphygma exigua Hb.
Family Pyralidae Loxostege sticticalis L.
Ostrinia nubilalis Hb.
Family Gelechiidae Pectinophora malwella Hb.
Order Hemiptera Family Miridae Adelphocoris lineolatus Goeze
Lygus rugulipennis Popp.
Family Aphididae Aphis gossypii Glover
Family Cicadellidae Empoasca ssp.
Family Membracidae Stictocephala bubalus F.
Order Thysanoptera Family Thripidae Thrips tabaci Lind.
Order Trombidiformes  Family Tetranychidae Tetranychus urticae Koch.

During the study of the f auna in cotton ar eas there were iden tified thirty-two
species of harmful insects and mites belonging to seven or  ders: Coleoptera,
Heteroptera, Hemiptera, Thysanoptera, Trombidiformes, Lepidoptera and Orthoptera
and sevente en f amilies: Elater idae, Tenebrionidae, Chrysom elidae, Pentatom idae,
Aphididae, Thripidae, Tetranychidae, Noctuidae, Gelechiidae, Acrididae,
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Tettigoniidae, Curculio nidae, Cocc inellidae, P yralidae, M iridae, Cicadellidae an d
Membracidae.

Table 3. Pests found in cottonseed agrocenos is flowering phase to phase ripening
period 2009 — 2011

Order Family/Species
Order Orthoptera Family Tettigoniidae = Tettigonia viridisima L.
Order Hemiptera Family Aphididae Apbhis gossypii Glover
Family Membracidae  Stictocephala bubalus F.
Order Trombidiformes Family Tetranychidae Tetranychus urticae Koch.
Figure 1 shows the types of useful entomofauna established cotton

agrocenosis near Chirpan: the order Coleoptera, f amily Coccine llidae - Cocc inella
septempunctata L., Coccinella quinquepunctata L., Adonia variegata G z., Propylaea
quatuordecimpunctata L. and Stethorus punc tillum W s.; order Heteroptera, fam ily
Nabidae - Hi macerus apterus F. and Nabis ferus L.; order Neuroptera, fam ily
Chrysopidae - Chrysopa carnea S~ teph., Chrysopa septempunctata Wes m. and
Chrysopa form osa Br.; order Diptera, fa mily Syrphidae - Scaeva pyrastri L. and
parasites of the order Hym enoptera, family Aphidiidae - Diaeretiella rapae M. Int.,
Lysiphlebus fabarum March. and Aphidius matricariae Hal.

The emergence and dynamics of population density of predators and parasites
in cotton ag rocenosis is associated with the development of th e main pests - cotton
aphid. W ith the advent of her cotton cr  op plants was detected following types:
Coccinella septempunctata L., Coccinella quinquepunctata L., Adonia variegata Gz.,
Propylaea quatuo rdecimpunctata L. and Stetho rus punctillu m Ws. and
representatives of the f amily Nabidae - Himacerus apterus F. and N abis ferus L.
Increasing the density of co tton aphid in cotton areas (m ore than one ball) led to an
increase in the num ber of Coccinella sep tempunctata L. an d Himacerus apterus F.
(32% and 22% of the total num ber of identified species), Chrysopa carnea Steph.
(7%) and Scaeva pyrastri (7 %). Maximum density of these entom ophag was noted
during peak multiplication of the en emy. During this period the y ellow form of the
species were found, and verm in Diaeretiell a rapae M. Int., Lysiphlebus fabarum
March. and Aphidius matricariae Hal.
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Figure 1. Useful entomofauna in cotton agrocenosis period 2009 - 2011

Diapauses falling in  to the cotto n aphid reduce the s ize and us eful
entomofauna in cotton crops. W ith the advent of the common plant ~ Tetranychus
urticae Koch. was found the presence of Stethorus punctillum Ws.

In cotton agrocenosis there are id  entified fou rteen sp ecies are benef icial
insects belonging to five orders: Coleopter a, H eteroptera, Neuroptera, Diptera an d
Hymenoptera and five families: Coccinellidae, Nabidae, Chrysopidae, Syrphidae and
Aphidiidae.

Conclusions

In cotton agrocenosis there are establish ed forty-six species: thirty-two of
which are harmf ul insects and mites be  longing to seven orders: Coleoptera,
Heteroptera, Hemiptera, Thysanoptera, Trombidiformes, Lepidoptera and Orthoptera
and seventeen f amilies: Elate ridae, Tenebrion idae, Chryso melidae, Curculionidae,
Coccinellidae, Pentatom idae, Aphididae, Miridae, Cicadellidae, Mem bracidae,
Thripidae, Tetranych idae, Noctuidae, Pyralidae, Gelechiidae, Acrididae and
Tettigoniidae and fourteen beneficial insects belonging to five orders: Coleoptera,
Heteroptera, Neuroptera, Diptera and Hymenoptera and five families: Coccinellidae,
Nabidae , Chrysopidae, Syrphidae and Aphidiidae.
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The survey of entom ofauna in cotto n agrocenosis will help to develop good
plant protection practice. Protection of co  tton pests a prerequisite for increasing
interest in its cultivation.
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Abstract

A field experim ent was carried out to study the photosynthetic efficiency in
cotton hybrids ( Gossypium hirsutum L.) at Cotton Im provement Project, Mahatm a
Phule Krishi Vidyapeeth, Rahuri, Dist. Ah mednagar (MS). The experim ent was laid
out in random ized block design (RBD) with three replications and ten hybrids. The
physiological basis for differences in s eed cotton yield amongst the high and low
yielding hybrids was m ainly due to the va riation in magnitude of the m orphological
and physiological characters along with yield contributing characters. Higher
magnitude of m ean values of plant hei ght, leaf area, dry m atter production and its
partitioning, photosynth etic rate an d yield contribu ting ch aracters are i mportant
physiological traits in ideotype for ach  ieving higher productivity in cotton. The
cotton hybrids NHH-4 4, Phule-492, RH H-516, RHH-707 and Ank ur-651 were
observed to be photosynthetical ly more ef ficient th ereby resulting in to the higher
yield. These hybrids were also found to be s uperior in respect of photosynthetic rate,
stomatal conductance, chlorophyll content, dry matter production and its partitioning.
Key words: Cotton, physiology, photosynthetic efficiency, yield, G. hirsutum.

Introduction
Cotton (Gossypium Sp.) is one of the most important cash crop cultivated in
India. It is m ainly grown for fibre purpos e to supply the raw m aterial to textile

industries. Apart from its fi bre, it contributes to play a pivotal role in paper and
cardboard industries in coming decades. The productivity of cotton in Maharashtra is
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310 kg per ha in term s of lint which is very low and mainly attributed to cultivation
of cotton under rainfed condition. Also lim ited use of fertilizers and its high price
contributes to the low productivity. Now a da ys human population is increasing at a
faster rate in the world over and d emand for clothing are increas ing. To fulfill the
increasing needs of clothing, sp ecial attention needs to be given to increase the yield
per unit area of cotton, which would be  achieved by the use of best quality seed,
timely and suf ficient quantities of irrigation water, p roper applic ation of fertilizers
and timely application of plant protection measures.

Various m orpho-physiological and yiel d contributing characters determ ine
the productivity of the crop. There are some hybrids having specific characters which
are responsible for h igher produ ctivity. On successful com pletion o f vegetative
phase, the crop starts reproducti ve growth. However, it is established that excessive
vegetative growth m ay not result in propo  rtionate higher yield (Dastur, 1949).
Moreover, it would affect th e harvest index adversely. Di fferent hybrids of cotton
show different growth patte rn during different periods of growth as estim ated by
physiological growth determinants or functions. A number of workers have reported
the effect of different agronomic practices like spacing, irrigation, fertilizers and their
effects on yield of hybrids but very fe w attem pts were m ade to identif y the
physiological param eters which contribute  towards yield directly or indirectly.
Therefore, present investigation was undertaken to study photosynthetic efficiency in
different hybrids of cotton (Gossypium hirsutum L.).

Materials and Methods

The experim ent was conducted during the  kharif season of year 2010 at
Cotton Im provement Project, Mahatm a P hule Krishi Vidyapeeth, Rahuri, Dist.
Ahmednagar (M aharashtra). The ex periment was laid out in a random ized block
design (RBD) with three replications and ten hybrids viz., RHH-707, RHH-523,
RHH-216, RHH-202, RHH-516, RHH-622,  RHH-520, Phule-492, NHH-44 a nd
Ankur-651. The observations on various growth and yield attributes such as plant
height, leaf area, num ber of sympodial branches per plant, total dry matter and seed
cotton yield per plant and  per ha. were recorded pe riodically. The physiological
observations viz., periodical mean photosynthetic rate (umol m™s™), periodical mean
transpiration rate (um ol m*s™), periodical m ean stomatal conductance (mol m s™),
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and periodical mean photosynthetically active rad iation (umol m~s") were recorded
at 60 and 120 days after sowing (DAS) on the leaves of fully expanded leaflets from
observational plants from the net plot by using portable IRGA (Infra Red Ga s
Analyser) Parkison Photosynthesis system Model (IRSA- I). Instantaneous water use
efficiency was worked out by the form ula (Farquhar et al., 1989) and total
chlorophyll content was calculated by usi ng formula as suggested by Sadasivam and
Manickam (1996). The data obtained was an  alyzed statistically as per Panse and
Sukhatme (1985).

Results and Discussion

Morphological observations

Significant differences were observed amongst the hybrids for mean values of
plant height, sympodial branches per plant, leaf area, total dry matter and seed cotton
yield per plant and per ha. The observat  ions on various grow th cha racters were
recorded periodically at 60, 120 DAS and at harvest. The data presented in Table 1
revealed that at all the crop grow th stages, none of the hybr id recorded significantly
higher plant height over all the checks. However, the hybrid RHH-516 recorded the
highest plant height (72.00 and 139.46 ¢ m) among all the hybrids and at par with the
best check NHH-44 (7 4.43 and 134.20 ¢ m) at 60 and 12 0 DAS, respectively. At
harvest, none of the hybrid r ecorded significantly higher plant height over the best
hybrid check NHH-44 (158.16 cm ). The hybrid (NHH-44 and RHH- 516) which
showed the highest plant height recorded the higher seed cotton yield and the hybrids
with lowest plant height recorded the lower seed cotton yield. Similar trend was also
observed by Patil and Zode (1988).

The mean number sympodial branches per plant increased with advancem ent
of age of the crop. T here were no sign ificant differences in m ean num ber of
sympodial branches per plant at 60 DAS and 120 DAS. However, significant varietal
differences were observed only at harvest. At harvest, none of the hybrid produced
significantly higher sympodi a over the best check NHH- 44 (34.38). It could be
noticed from Table 1 that, am ong the tested hybrids, RHH-516 had higher m ean
number of sympodial branches per plant at all the growth stages and this hybrid also
produced the higher seed co tton yield (1784.33 kg) per h ectare (T able 2). These
results are in agreement with the findings of Bhatt and Nathan (1983).
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Table. 1. Seed cotton yield (per plant and per ha) and yield com ponents in different
cotton hybrids recorded at 60, 120 DAS and at harvest.

Sr. Plant height Number of sympodia per plant
No. Treatment 60 DAS 120 DAS At harvest 60 DAS 120 DAS At harvest
1 RHH-707 65.50 118.13 139.50 14.78 20. 83 30. 16
2 RHH-523 55.53 116.63 142.10 13.00 19. 16 27. 33
3 RHH-216 54.70 125.03 123.60 14.00 18. 17 25. 00
4 RHH-202 56.40 127.70 150.36 14.16 20. 17 29. 16
5 RHH-516 72.00 139.46 153.13 15.33 21. 00 33. 66
6 RHH-622 64.56 137.76 144.20 13.06 20. 83 29. 83
7 RHH-520 60.63 134.26 141.80 12.66 18. 16 28. 16
8 Phule-492(c) 72.20 132.73 149.53 14.83 20. 50 31. 33
9 NHH-44(c ) 74.43 134.20 158.16 16.00 22.83 34.38
10 | Ankur-651(c) 71.03 127.46 136.23 14.33 19. 33 28. 16
Mean 64. 70 129.64 143.86 14.22 20.10 29.72
SE + 2.793. 85 2.89 0.90 1. 20 1. 05
C.D. at 5% 8.29 11.44 8.58 N.S. N.S. 3.12
St _— Leaf Area (dm2) per plant Mean total dry matter (g/plant) Seed cotton yield
No. 16;; S 11)2128 gatrvest 60 DAS ]1)2128 At harvest f;)r plant Per ha (kg)
1 RHH- 707 51.13 58.86 55.76 82.46 | 210.63 278.26 145.53 1560.00
2 RHH- 523 41.03 54.13 52.80 8236 | 177.93 241.86 134.86 1353.50
3 RHH- 216 56.33 63.80 59.10 84.63 160.70 228.13 131.26 1328.66
4 RHH- 202 56.96 74.13 57.13 7736 | 193.50 260.13 140.43 1452.00
5RHH- 516 61.83 76.76 65.83 124.83 | 257.30 339.56 191.60 1784.33
6 RHH- 622 59.76 73.66 63.16 101.83 | 217.96 290.66 142.93 1529.66
7 RHH- 520 53.00 71.10 60.86 94.10 | 180.43 239.00 133.60 1375.00
8 Hhule-  492(c) 54.20 63.96 57.96 109.63 | 230.36 307.20 196.20 1648.66
9 NHH-44(c ) 64.16 80.76 70.23 125.80 | 281.60369.13 223.16 1985.66
10 Ankur -651(c) 57.33 75.46 61.73 110.76 | 222.36 288.03 175.15 1552.33
Mean 55. 57 69.26 60.46 99.38 216.28 284.20 161.48 1556.98
SE + 1.88 2. 20 1.75 2.49 3. 16 3.57 4.716 57.43
C.D. at 5% 5.59 6.54 5.21 7.39 9.39 10.59 14.01 170.55
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Table 2. Physiological properties of different Gossypium hirsutum hybrids at 60 and

120 DAS
Photosynthesis rate Mean transpi-ration rate Mean stomatal conductance
;:; Treatment (umol/m?/sec.) (umol/m?/sec.) (mol/m*/sec.)
60 DAS 120 DAS 60 DAS 120 DAS 60 DAS 120 DAS
1 RHH- 707 23.10 24.50 0.59 1.76 1.177 0.018
2 RHH- 523 18.40 21.00 1.41 221 0.410 0.310
3 RHH- 216 16.93 17.96 1.65 2.97 0.340 0.290
4 RHH- 202 20.40 22.96 1.18 1.11 0.800 0.200
SRHH- 516 25.13 26.83 0.49 1.46 1.360 0.090
6 RHH- 622 21.40 23.96 0.61 1.81 1.203 0.083
7 RHH- 520 20.20 21.70 1.10 2.54 0.867 0.210
8 Bhule-  492(c) 24.06 25.50 0.42 1.27 1.253 0.130
9 NHH-44(c ) 27.16 29.50 0.36 1.05 1.530 0.067
10 Ankur -651(c) 22.10 26.10 0.81 222 1.047 0.140
Mean 21. 89 24.00 0.86 1.84 0.99 0.15
SE + 1.28 0. 98 0.04 0. 06 0.06 0.04
C.D. at 5% 3.82 291 0.12 0.17 0.16 0.11
Mean instante-neous water Mean Photosyntheti-cally Total chlorophyll content
Sr. use efficiency active radzia-tion (mg/g)
No. Treatment (umol/m*/sec.)
60 DAS 120 DAS 60 DAS 120 DAS 60 DAS 120 DAS
1 RHH- 707 39.46 14.17 758.00 794.83 0.915 2.263
2 RHH- 523 13.07 9.59 743.33 658.06 0.597 1.751
3 RHH- 216 10.21 6.10 660.33 550.53 0.540 1.677
4 RHH- 202 17.26 21.07 1193.33 664.53 0.676 2.153
SRHH- 516 52.73 17.96 1640.33 954.96 0.978 2.365
6 RHH- 622 35.05 13.08 1283.33 665.20 0.847 2.361
7 RHH- 520 18.44 8.62 1318.66 681.83 1.175 2.090
8 Bhule-  492(c) 58.29 20.25 1535.33 914.43 0.901 1.977
9 NHH-44(c ) 66.20 26.20 1742.66 987.66 1.381 2.449
10 Ankur -651(c) 26.39 12.00 1420.00 736.40 1.364 2.123
Mean 33. 71 14.90 1229.53 760 0.94 2.12
SE + 2.94 0.66 185.32 65.30 0.01 0.01
C.D. at5% 8.75 1.95 550.38 193.93 0.04 0.03
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Physiological observations

The data on physiological observations as influenced by hybrids are presented
in Table 2. All the hybrids di  ffered significantly in resp ect of photosynthetic rate
during all the growth stages. Am ong the hybrids tested, none of the hybrid recorded
significantly higher m ean photosynthetic ra te over the best hybrid check NHH-44
(27.16 and 29.50) at both 60 and 120 DAS, respectively. The hybrid RHH-516
(25.13 and 26.83) recorded highest mean photosynthesis rate in all hybrids and at par
with the best check NHH-44. The hybrid NHH-44, RHH-516, Phule-492 and Ankur-
651 recorded higher values for photosynt hetic rate than other hybrids and
simultaneously produced higher dry m atter per plant (g) and seed cotton yield per
plant (Table 1). The results obtained in the p resent investigation are in consonanc e
with the findings of Wullscheleger (1992).

The transpiration rate was low at in itial growth stages and it was increased
gradually at advanced stages of cr op (Table 2). At 60 DAS the hybrids viz., RHH-
216 (1.65), RHH-523 (1.41), RHH-202 ( 1.18) and RHH-520 (1.10) recorded
significantly higher mean transpiration rate over all the checks. The hybrid RHH-216
(2.97) and RHH-520 ( 2.54) recorded significantly higher tr anspiration rate over all
the checks. The control of stom atal aperture is one of the important m ethod through
which water loss from the plant can be regulated. The m ean stomatal conductance
among the hybrids was gradually decreased at later growth stages. The m aximum
stomatal conductance w as observed in hybrid NHH-44 an d RHH-516, which might
have helped in increased photosynthetic ~ rate, m ore dry m atter production and
ultimately higher yields. The water use efficiency was higher at initial growth stages
and there after decreased dur ing further growth stages. At 60 and 120 DAS, none of
the hyb rid recorded sig nificantly higher m ean instantaneous water use efficiency
over the best check NHH-44 (66.20 and 26.20, respectively). The higher W UE was
exhibited by the hybrids viz., NHH-44, Phule-492 and RHH-516. These three hybrids
also had higher seed cotton yields, photosynt hetic rate and low transpiration rate. Xu
et al. (1995) stated that, low soil water stat  us increased water use efficiency by
decreasing transpiration.

Photosynthetically active radiation (PAR) plays an important role in different
physiological processes. The high P AR with optimum temperature resulted in higher
yield. The result of the hybrids differed significantly in respect of PAR during all the
growth stages. The data revealed that th e PAR was higher at 60 DAS and there after
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decreased during 120 DAS stage. The hybrid check NHH-44 and RHH-523 h ad
higher PAR and also had higher seed cotton yield.

The physiological processes like photos ynthesis has great relationship with
chlorophyll content of the plan t. It is expected to prov ide raw m aterial and energy
required for growth and development. Among the hybrids tested at 60 and 120 DAS,
none of the hybrid recorded significantly highest total chlorophyll content over the
checks NHH-44 (1.38 and 2.45 mg/g, respectiv ely). At 120 DAS, the hybrid RHH-
516 (2.365 mg/g) was at par with the check NHH-44 (2.449 mg/g).

The physiological basis for differences in seed cotton yield amongst the high
yielding and low yielding hybrids was m ainly due to the variation in m agnitude of
the morphological and physiological charact ers. The hybrids pr oduced higher seed
cotton yield m ainly due to higher photos ynthesis rate, higher dry m atter production
and its effective translocation fro m s ource to sink and also higher values for
combination of yield contributing characters. On the contrarily, low yielding hybrids
showed lower mean values for plant height, leaf area, dry m atter production and also
combination of yield contributing factors. In light of above, the hybrid NHH-44 wa s
observed to be photosyn thetically more e fficient there by resulting in to the higher
yield and hybrid RHH-216 was found to be low yielding.

Photosynthetic efficiency is a com bine effect of photosynthetic rate, stomatal
conductance, instantaneous water use ¢ fficiency and photos ynthetically active
radiation. The cotton hybrids NHH-44, Phule-492, RHH-516, RHH-707 and Ankur-
651 were observed to be photosyn thetically more efficient thereby res ulting into
higher yield. The higher plant height, leaf area, photosynthesis rate, PA R, stomatal
conductance, total dry m atter and num ber of sympodia are the desirable characters
for developing the ideotypes and obtaining the higher seed cotton yield in the cotton.
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The Effect of Plant Growth Regulators on Seed Cotton (Gossypium spp. L.)
Yield and Lint Quality under East Mediterranean Climatic Conditions

Lale EFE

Kahramanmaras Sutcu Imam University, Faculty of Agriculture, Field Crops Department,
Kahramanmaras/Turkey
Corresponding author, e-mail: lefe@ksu.edu.tr

Abstract

This study was carried out in 2 010 under east Mediterranean clim  atic
conditions (in Kahram anmaras-Turkey) to determine the influence of three plant
growth regulators (PGR) on seed cotton  yield, yield components and m  ajor lint
quality properties of four cotton ( Gossypium hirsutum L.) varities. T he study was
established accord ing to experim ental design of split plots with three replic ations.
Cotton vareties were in m ain plots, plan t growth regulators were in subplots. ~ As
plant material cotton varieties of Agdas-3, Agdas-17, Maras-92 ( G. hirsutum L.) and
Agdas-21 ( G. barbadense L.) were used. Pix (100 cc/  da, at the beginning of
flowering), Turbonik (75 cc/da at the beginning of flowering + 75 cc/da 10 days after
first treatment) and Cytokin (60 cc/da at the beginning of flowering + 60 cc 10 days
after first treatment) were used as commercial preparation of plant growth regulators
and there were control (untreated) plots.

In the study, plant height (cm ), sym podial number, boll num ber per plant,
seed cotton weight per boll (g ), seed cotton yield (kg ha h, ginning outturn (%), 100
seed weight (g), fiber length (mm ) (2.5 % S.L.), fiber fineness (m icronaire), fiber
strength (g/tex), elongation (%), uniform ity index (%), reflectance degree (Rd),
yellowness (+b), colour grade (CG), short fiber index (SFI) (%), trash a rea (%) and
trash count were investigated. Obtained da ta were ana lysed using SAS statis tical
package and means were compared according to Duncan’s multiple comparison test.
Keywords: Cotton, Gossypium spp. L., plant growth regulators (PGR), seed cotton
yield, ginning outturn, lint quality.
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The Determination Effects of Potassium and Zinc Application to Rate of
Photosynthesis, Fiber Yield and Quality on Cotton

Sema BASBAG!, Bahar TEKIN', Remzi EKINCI', Mustafa YASAR?, Yuksel
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'University of Dicle, Agricultural Faculty, Department of Field Crops, 21280, Diyarbakir, Turkey
? International Agricultural Training Center, Ankara, Turkey
*University of Sutcu Imam, Agricultural Faculty, Department of Field Crops, Kahramanmaras, Turkey

Abstract

In this study was conducted to determ ine the effects of di fferent potassium
and zinc application to ra te of photosynthesis and fiber yield and quality of Berke
cotton varieties in experimental area of Di cle Uni versity Faculty of Agriculture in
2010. Rate of photosynthesis, plant height , number of monopodial and sym podial
branches ginning, fiber prope rties (fiber diameter, fi ber length, fiber uniform ity,
short fiber content, fiber strength, fiber brightness, f iberela sticity), we re
investigated.

According to the resu lts, f or all tr aits studied doses of  potassiumxzinc
application and intera ction were signif icant. E ffects of Potassium Xzinc aplica tions
were determ ined significant to properties of plant height, photosynthesis rate, the
number of sym podial branch, boll num ber, ginning percentage, fi ber fineness, fiber
brightness, short fiber, the fiber strengt  h. Effects of Potassium aplications were
significant to fiber length, fiber uniform ity and fiber elasticity ; effects of zin ¢
aplications were significant to number of sympodial branch.

Keywords: Cotton, potassium and zinc application, photosynthesis, yield, quality.
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Introduction of Set Seed Company

Fehmi GULYASAR

Adana Haci Sabanci Organize Sanayi Bolgesi OSB Turgut Ozal Bulvari No: 35
01350 Yuregir / ADANA
Corresponding author, e-mail:

Abstract

Set Seed Company has been establishe d in January 2010 at Adana Organized

Industrial Zone in Turkey. Our goal is to produce cotton seed by using latest
Technologies and provide service to the ¢ ountry agriculture. Af ter integration of
Deltapine Inc. to Monsanto in 2007, seed production strength of the com  pany

increased, and becam e World’ s largest cotton  seed prod ucer. W ith the licence
agreement between Set Seed Company.a  nd Monsanto, Deltapine Cotton seed
demands of Turkish farmers are provided by our company.

Keywords: Set Seed Company.
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Comparision of Different Methods to Determine the Leaf Area Index (LAI) of
Cotton (Gossypium hirsitum L.)

Ozgur TATAR*, Gulden Deniz ATASOY, Ugur CAKALOGULLARI, Emine
DURMUS

Ege University, Faculty of Agriculture, Department of Field Crops, [zmir-TURKEY
*Corresponding author, e-mail: ozgur.tatar@ege.edu.tr

Abstract

The leaf area index is one of the main measurement which is used to carry out
the physiological and m orphological determinations such as photosynthetic activity,
transpiration and some growth parameters in many crops. However, measurm ents of
leaf area in field studies with many leaf samples is time consuming and less reliable
to determ ine photosynthetica lly active canopy ar ea In this study, som e rapid
estimation techniques are com pared with digital scanning method to determ ine the
leaf area index (LAI) of cotton. The st udy was carried out during 2012 growing
season in the experim  ental fields of = Ege University Faculty o f Agricultu re
Department of Field Crops and Plant Physiology Laboratory. Different canopy

structures of cotton are provided with four different sowing dates. LAI wa S
determined by digital scanning, calculation of width-height-coefticient and vertical
digital photography. The results indicate that there is a significant positive

relationship (R?=0.956) between scanning technique and the width-height-coefficient
method. On the other hand, vert ical digital photography is also important to support
the other tw o techniques in term s of dete rmination of the photosynthetically active
area, especially when the overlapping leaves in the canopy are considered.
Keywords: Cotton, leaf area index, digital photography.
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Combined Effects of Drought and Heat Stress on Gossypium hirsutum L. and
Gossypium barbadense L.

Ozgur TATAR", Vaclav HEINAK?, Jaroslava MARTINKOVA?

Ege University Faculty of Agriculture Department of Field Crops, Izmir TURKEY
Czech University of Life Science, Faculty of Agrobiology, Food and Natural Resources, Department
of Botany and Plant Physiology, Prague CZECH REPUBLIC
*Corresponding author, e-mail: ozgur.tatar@ege.edu.tr

Abstract

Cotton is most widely grown during su  mmer period in arid and sem iarid
regions where water is lim ited and high te mperature is often restrict productivity.
Although drought and heat stress genara lly appears sim ultaneously in field
conditions, their spesific effects become more important if irrigation is availble under
unfavoruble high tem paratures. A com perative study was conducted in a controlled
environment to evaluate the effect of drought and heat stress on dry matter pattern of
two different cotton genotypes, cv.Giza ( Gossypium barbadense L.) and cv.Carm en
(Gossypium hirsutum L.). The complete ly rand omize design was perform ed with
three factors and three replications. S oil water content of plants subjected to drought
was 25% of water holding capacity whereas ~ 75% in well watere  d condition .
Atmospheric tem parature was increased up to 40°C in a growth cham  ber while
control con dition was 25°C. Both drought and heat stress were resulted in a
significant decrese in tota 1 dry m atter production for both cv.Giza and cv.Carm en.
However relative reduction in total dry m atter of cv.Giza was m ore pronunced as a
result of combined effect of drought a nd heat stress than cv.Carm en though cv.Giza
had better perform ance under sole drought eff ect. Spesific effect of heat stress on
cv.Giza can be attribu ted to r elatively higer reduction in leaf dry m atter in high
temparatures.

Keywords: Cotton, heat stress, drought, Gossypium hirsutum L. and Gossypium
barbadense L.
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Assessment of Technological Fiber Properties of New Bulgarian Cotton
Varieties by HVI and AFIS

Ana STOILOVA'*, Malgorzata MATUSIAK>, Neli VALKOVA'

'Field Crops Institute — 6200 Chirpan, Bulgaria
’Department of Clothing Technology and Textronics of Lodz University of Technology, Lodz, Poland
3Textile Research Institute — Lodz, Poland
*Corresponding author, e-mail: saldzhieva@abv.bg

Abstract

The aim of this research was to study the fiber technological properties of
new Bulgarian cotton varie ties. In 2008 the fiber tech  nological qualities were
measured by HVI and AFIS at the Textile Research Institute in Lodz, Poland, while
in 2008 and 2009 they were measured with HVI in BTEX, Burgas, Bulgaria. In 2008
the prolonged drought during the period of flowering and boll formation — the second
part of July and August,  reflected unfavorably on the fiber length. In term s of
temperature 2009 was also hot and dry as  regards rainfall s upply. T he phase of
flowering and boll formation passed rapidly and this had a very adverse effect on the
fiber length, stronger expressed for qualita tive varieties having a longer growing
season. It was found that in fiber length (26.03-27.80  mm) the Bulgar ian varieties
belong to “m edium sta ple cott on” and in m icronaire (4.0-4.6 mic) they refer to
“medium fine cottons”. The varieties Avangard-264, Perla, Vega, Colorit, Darmi and
Natalia, possessing germpalsm of G. barbadense L. species, differed by longer and
finer fiber. All varieties had strong fibers (28.0-29.8 cN/tex) with average uniformity
(81.0-82.8 %). They had m oderate to low fiber elongation. The finest fiber was
found for the variety Avangard-264, but it was the strongest for the varieties Darm 1,
Veno and Trakia.

Key words: Cotton, G. hirsutum L., varieties, fiber technological properties.
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Introduction

Creating of early and productive varietie s and varieties with im proved fiber
quality ar e prior ity d irections in th e br eeding of cotton in Bulgaria. In the recen t
years ten new cotton varieties Beno (B ozhinov, Bozhinov, 2008), Trakia, Helius
(Valkova, 2009), Boyana (Valkova, Bozhinov, 2010) with high genetic potential for
yield, Darmi, Colorit, Na talia (S toilova, Saldzhie v, 2008a; 2008b; 2010), Dorina
(Stoilova, Nistor, 2012), Rum 1 (Stoilova, 2012) with higher quality of fiber, Izabell
with natural brown coloured fiber (Stoilova et al., 2010) were approved by the
Executive Agency for Variety Trials, Aprobation and Seed control.

Cotton fiber properties can largely vary based on different reasons: genetic,
environmental factors - growing area, so il and agro-clim atic conditions, growing
technology, and others. Variety is the m ost important factor that determ ines al most
all parameters of the fiber and most of the economic qialities.

In the world there are m  any m ethods and instrum ents for determ ining
technological properties of the cotton fiber. Methods for measureing the physical and
mechanical properties of cotton con stantly are developed on an international scale
(ASTM Standards, 1993; The classificat ion of cotton, 1995; Kl uka, Matusiak, 2000;
USDA, Cot ton Classification - Unders tanding the data, 2004; Frydrych, 2005;
Buyers Guide, Cotton Council International, 2008; Offici al Cotton standards, 2009,
2010).

Since 1996, HVI calibration cotton st andards for length, strength and
uniformity of fiber have been used. The new standards were nam ed Universal HVI
Calibration Cotton Standards and today are  the m ost used. In Bulgaria HVI was
introduced in 2006 into BTEX in Bourgas.

The aim of this study was to determin e the technological fi ber properties of
new Bulgar ian co tton varie ties an d clas sify in conf ormity with th e inte rnational
standards.

Material and Methods
Eleven Bulgarian cotton varieties -  Chirpan-539, Beli Iskar, Veno, Trakia,

Helius, Avangard-264, Perla, Vega, Colorit, Darmi and Nat alia, one Macedonian -
5140 and four Turkish — Barut-2005, Nazili -84/5, Nazilli-663 and Nazilli-954 were
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the objects of the study. Bu Igarian varieties Chirpan- 539, Beli Iskar and Veno were
obtained by interspecific hybridization within the species G. hirsutum L., Trakia and
Helius - through experim  ental mutagene sis, Avangard-264 — by interspecific
hybridization of G. hirsutum L. x G. barbadense L. species, the other five varieties -
after hybridization of the species G. hirsutum L. and stabilized lines of G. hirsutum
L. x G. barbadense L. origin. In 2008-2009, a com parative variety trial was carrie d
out by the block m ethod in four repl ications and harv ested plot of 20 m?”. The
varieties Dorina (approved in 2011) and Nelina (2012) and two prom  ising lines —
Nos. 47 and 67 were included in the trial in 2008 only. After pi cking and ginning of
cotton a rep resentative sample of 350 g was taken of each vari ety. Ginning of seed
cotton was made on a small laboratory gin.

In 2008, technological fiber properties of the studied varieties were m easured
by HVI and AFIS at the Textile Research Institute in Lodz, Poland, in 2008 and 2009
- by HVI in BTEX, Bourgas, Bulgaria.

The fiber properties measured by HVI  were: the Upper Half Mean length
(UHML) - the average length of the longest % fibers in the sam ple and is expressed
in inch; Uniformity - a ratio between the mean length and the upper half mean length
of the fibers and is expressed as a per  centage (ML/UHML); M icronaire - itis a
measure of fiber fineness and m aturity and is expressed as "m icronaire" or " mic";
strength — in cN/tex and elongation whch is expressed as a percentage.

The fiber properties defined by AFIS sy stem were: Mean Length by weight -
L(w), mm; Length Variation by weight - L (w) CV %; Mean Length by num ber -
L(n), mm; Length Variation by number L(n) CV %:; 5 % - L ength by number (it is a
length of 5 % of the longest fi  bers in m easured sam ple), mm; 2.5% - Length by
number, mm; Mean v alue of Upper Quartile Length by weight - UQL(w),  mm;
Fineness (Fine, mtex); Maturity Ratio (Mat); Immature Fiber Content — IFC %; Short
Fiber Content by weight - SFC (w) % and S hort Fiber Content by number - SFC (n)
%; Total Nep Count per gram - NepCnt in Cnt/g and Total Nep Mean Size in  pm.
Fiber properties of the varieties were compared with the 1997 Uster Statistics.

The years of study were characterized in the following way: 2008 was hot in
temperature supply and m iddle dry in rain fall. The strong and prolongation drought
during the period of floweri ng and boll formation —the  second part of July and
August, gave strong negative effect on yield and fiber le ngth. Rainfall in Septem ber
worsened quality of fiber; 2009 was also ~ hot in tem perature supply and dry as
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regards rainfall. Drought in August in com bination with higher average tem perature
compared to of many years, accelerated  the flowiring and bolls form  ation and
brought about to shortening of the growing s eason. In this year cotton matured at the
end of August, while in norm al years it usually matures in the middle of Septe mber.
Shortening of the flowering and boll openi ng period had an adverse effect on the
fiber length, stronger expressed for the qua litative varieties having a longer growing
season.

Results and Discussion

The results obtained from the fiber tec hnological analyses perforem ed with
HVI in BTEX, Bourgas, Bulgaria are give  n in Table 1. The Bulgarian varieties
showed micronaire values of 4.0-4.6 mic (medium fine fiber). The Turkish varieties
had higher micronaire values (4.7-5.2 mic). The finest fiber was found for the variety
Avangard-264. The Bulgarian vari eties fiber strength was 28.0-29. 8 cN/tex (medium
strong to strong), and of the Turkish ones it was 28.0-30.2 cN/tex. T he strongest
fibers were found for the varieties Naz illi-84/5 (Turkish) and 5140 (Macedonian ).
Among the Bulgarian varieties, Darm 1, Veno and Trakia had higher values of the
fiber strength (29.2-29.8 cN/tex). The average HVI fiber length was 26.03-27.80 mm
for the Bulgarian varieties and 26.17-27.64 mm f or the Turkish o nes. Of the
Bulgarian varieties, Avangard-264, Perla, Vega, Colorit, Darm i and Natalia, with
germplasm of the G. barbadense L. species, showed higher values of the fiber length
(27.27-27.80 mm). Among the Turkish varieties the longest fiber w as found for
Nazilli 954 (27.64 mm).

The results from the fiber technological analysis performed on HVI in 2008 at
the Textile Research I nstitute in Lodz, Po land showed that the Bulgar ian varieties
had micronair values of the fiber from 3.5 to 4.0 mic, length - from 25.2 to 28.1 mm
(Table 2). The finest fiber was found for th e variery Natalia and the longest one was
found for the variety Dorina. Avangard-264, Natalia, Colorit and Vega varieties had
also longer fibers. As for the fiber stre ngth higher values were m easured - 28.4-30.8
cN/tex (medium strong to strong) than those measured in Bourgas in 2008 (26.4-29.0
cN/tex). The strongesr fibers were found for th e varieties Colorit and Vega. The fiber
uniformity was in the lim its of 82.1-85.4% (m edium to high). A bout the fiber
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elongation, the values w ere lower - 5.2-5.4% (low) than those m easured in Bourgas
in 2008 - 8.1-9.2 (high).

Table 1. Fiber properties of the varietie =~ s m easured by HVI in BTEX, Bourgas,
Bulgaria. Avarage data for two years - 2008 and 2009

Micronaire Strength Length Uniformity Elongation
Variety MiIC cN/tex mm % %
MeanS.D . Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Chirpan-539 4 .6 009 289 0.89  26.19 0.55 81.0 1.23 9.6 136

Beli Iskar 43 0.06 28.0 1.05 26.64 0.85 81.5 1.18 95 0.5
Veno 4. 4 005 292 1.53  26.03 0.80 81.9 095 9.1 0.74
Trakia 4. 5 0.07  29.0 1.54  26.04 1.10 81.2 1.07 93 0.78
Helious 4. 3 0.06 284 0.84 2604 0.1 822  0.88 94 0.60
Avangard-2644. 0  0.06 282 0.61 2732 0.88 82.8 0.84 9.1 0.68
Perla 4. 2 0.08  28.7 1.11 27.62  0.56 82.6 094 101 1.39
Vega 4. 1 0.05 284 1.00 2727 0.85 812  0.86 88 0.74
Colorit 4. 3 0.07  28.7 147 2730 0.74 82.0 1.34 9.5 096
Darmi 4. 2 0.05 298 1.14  27.80 1.0l 81.2 1.30 94 0.82
Natalia 4. 2 0.05 285 1.07  27.72  0.51 82.4 1.42 9.0 0.71
5140 4 4 0.05 302 1.38 25095 1.04 82.0 1.31 9.7 1.66
Barut-2005 4. 8 0.06 28.0 .13 26.50 0.76 81.1 140 10.0 0.85
Nazilli-84/5 4 8 0.09  30.2 1.06  26.17 2.70 82.7 236 88 0.73
Nazilli-663 5 2 - 28.2 - 26.65 - 81.9 - 8.2 -

Nazilli-954 4 7 0.06  29.1 0.56 27.64 0353 82.3 0.92 9.7 0.87

Table 3 sh ows the re sults ob tained f rom the techno logical fiber an alysis
performed with AFIS at the Textile Research Institute in Lodz, Poland. The AFIS
fiber lengths showed higher values for th e varieties Avangard-264, Natalia, Colorit,
Vega and Dorina. The finest fibers were found for the varieties Natalia and Darm 1,
which had less fiber maturity (0.87%). The fiber maturity ranged from 0.87 to 0.91%
and shows that the fibers of all varietie s were enough m atured. All varieties showed
medium to high variation of the fiber length, by weight - L (w) CV (28.3-31.4%) and
by num ber - L (n) CV (35.6-40.6%). The pr esence of short fibers by weight
expressed by SFC (w) was 4.1-8.0 % and by number expressed by SFC (n) was 12.2-
20.3%. The variety Helius had the highest co  ntent of short fibe rs. The varieties
having longer fibers showed low content of short fibers, w hch is a favorable trend.
Natalia and Darmi varieties showed the lowest percentage of mature fibers (0.87).
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Table 2. F iber properties of Bulgarian vari eties, m easured by HVI at the Tex tile
Research Institute in Lodz, Poland, 2008

Area

Len

Un

Str

El

No Lot 9 Cnt mm 9 Ntex v Mic Rd b
1. Ch irpan-539 0.42 52 26.5 83.6 29.3 53 39 70.8 11.1
2. Traki a 0.58 72 25.2 82.1 28.8 53 3.8 681 11.0
3. Hel ius 0.93 80 25.8 82.2 29.3 53 3.8  66.6 10.4
4. Avangard-264 1.08 74 27.6 84.2 29.4 53 40 694 8.2
5. Natalia 0.97 93 27.4 83.4 29.9 53 35 67.6 8.7
6. Darm i 0.70 60 26.8 83.0 28.9 5.2 3.7  69.8 10.6
7. Colorit 0.96 69 27.5 85.4 30.8 54 38 704 9.5
8. Vega 0.73 62 27.5 84.4 30.8 5.2 3.7  70.7 10.1
9. Do rina 0.68 65 28.1 84.4 28.4 53 4.0 70.0 10.5
10. Nel ina 0.53 56 26.5 82.9 28.9 53 40 709 10.6
11. Li ne 47 0.33 47 27.1 83.9 29.4 54 39 71.6 10.5
12. Li ne 67 1.00 79 26.5 84.2 29.8 54 36 692 10.4

Table 3. Technological fiber properties of Bu lgarian cotton varieties determ ined by
AFIS at the Textile Research Institute in Lodz, Poland, 2008

Lot (va) Lév‘? IiS)L S(fvf L(n) LC(;') s:l)c 5 25 Fine IFC Mat 1;‘;‘; NepCnt
mm o mm % mm o % mm mm mtex % % um Cnt/g
Chirpan-539 245 29628. 2 53 215 37515 0 319 348 161 64 090 818 226
Trakia 233 30.727. 2 7.1 202 39.118. 3 309 335 159 6.7 088 843 299
Helius 228 31426 9 80 19.6 40.620. 3 304 329 160 6.7 088 872 384
Avangard-264 252 29.729. 6 52 220 38315. 0 336 362 162 59 091 724 113
Natalia 254 31.029. 8 57 219 40.116. 3 340 369 149 74 087 860 355
Darmi 247 31229. 0 63 212 40617. 5 33.0 361 149 74 087 676 120
Colorit 256 28329. 4 41 227 35612. 2 333 356 157 64 0.89 682 114
Vega 258 29929. 8 46 226 37.713. 6 343 378 152 6.7 0.89 682 133
Dorina 253 29929. 6 54 220 39215 8 336 362 160 58 091 740 152
Nelina 240 30328. 1 64 208 39817. 7 320 344 163 58 0.90 834 349
Line 47 247 29328. 6 53 21.7 37915 2 323 350 163 59 090 862 294
Line 67 250 29228 7 50 220 36914. 1 328 359 153 69 088 667 120
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Six varieties had large size and high content of neps. Small size (667-740 mp)
and low content (113-152 Cnt/g) of neps we re found for the varieties A vangard-264,
Darmi, Colorit, Vega, Dorina and line 67.

Based on the data in Table 1 the varieties were clustered by five technological
properties. The dendrogram in Fig. 1 show s that the varietie s formed two m ajor
clusters. The first cluster included the Bulgarian varieties Chirpan-539, Trakia, Veno
and Helius, the Macedonian variety 5140 and the Turkish varieties Barut-2005,
Nazilli-84/5 and Nazilli-663. These varieties showed a shorter fiber during the period
of study. The second cluster included the Bu Igarian varieties Colorit, Vega, Dar mi,
Avangard-264, Natalia, Perla, distinguished by finer and longer fiber, Beli Iskar and
Nazilli-954 (Turkish).

Ward's method
Euclidean distances

Chirpan-539
Trakia }
Barut-2005
Veno .

Helius }
5140

Nazilli-84/5
Nazilli-663

Colorit

Vega

Darmi
Avangard-264
Natalia :'—
Perla
Nazili-954 [

0 1 2 3 4 5 6 7 8 9
Linkage Distance

Figure 1. Dendrogram of 16 cotton varie ties by 5 technological fiber properties
determined with HVI by BTEX in Burgas, Bulgaria, 2008-2009
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Figure 2 presents cluster analysis ba sed on the technological fiber properties
measured by AFIS. The varieties Trakia and Helius detached from all genotypes and
formed a separate group, suggesting that gene tically they were most distant from the
others. The other varieties at the lower level of division divided into two groups and
each of them subdivided into two still smaller groups, including similar genotypes.

Ward's method
Euclidean distances

Chirpan-539

Line 47

Nelina

Avangard-264

Dorina

Natalia

Darmi

Colorit

Line 67

Vega

Trakia

Helius

0 2 4 6 8 10 12 14
Linkage Distance
Figure 2. Dendrogram of 12 cotton varietie s by 5 technological fiber properties,
determined by AFIS at the Textile Research Institute in Lodz, Poland, 2008

The results from the cluster analysis showed that there were genetic similarity
and genetic rem oteness between the variet ies. Genetic d ifferences b etween the
genotypes existed at the sm allest levels of division. The Bulgarian v arieties with
germplasm of the G. barbadense L. species form ed a separate cluster or detach ed
into a distinct group. Thes e varieties had finerand I  onger fiber than the other
Bulgarian ones which were obtained th rough intraspecific hybridization or
experimental mutagenesis within the G. hirsutum L. species.
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In years with insufficient rainfall supply, such as 2008 and 2009 were, these
varieties do not realize their longer fiber. The Turkish varieties also do not realize the
fiber quality parameters under our conditions. It was found that the critical period for
fiber length development depending on rainfall was during July 11 to August 10 and
July 11 to August 20 for the  varieties which m ature later, such as Avangard-264 ,
Colorit, etc. (Stoilova, 2011). Rainfall during this pe riod is m ost im portant for the
maximum fiber length increase. Dependency of yield and fiber length on rainfall in
July-August, a period of summer drought, determines the selection of cotton varieties
tolerant to drought and high stress temperatures.

Results from the analy ses showed that the Bulgarian varieties, according to
the international standards, beloneged to the group of " medium fine", m icronaire
values were from 4.0 to 4.6 mic. Cottons with micronaire value below 3 apply to the
group of “finest or very fine”, and over 6 refer to the group of “rough or very coarse”
(The Classification of Cotton, 1995; Uster Statistics, 1997).

Micronaire value as a complex indicator is directly dependent on two fa ctors:
maturity (degree of thicke ness of the cell wa 11) and linear density (m ass per 1000 m
fibers, expressed in m/tex, a function of the diameter and thickness). Comparison of
various fibres in fineness can be done if their maturity is at a similar level.

Maturity R atio ac cording to AFIS expresses  the average cotton fibers
circularity coefficient. Cottons are considered as mature when their Maturity Ratio is
in the range from 0.86 to 0.95. Accor ding to international requirements our varieties
belonged to the group of "mature" cotton. Th eir Maturity R atio varied from 0.87 to
0.91.

The cotton with strength (in g/tex) 31 and above is consid ered as very strong,
28-30 — strong, 25-27 — m edium, 22-24 weak, 21 and below - very weak. In 2008,
according to the data of BTEX, Bourgas, the varieties showed average strength (26.4
- 28.1 cN/tex). The variety Veno (29 cN/tex) was relevant to the group of strong
(“healthy”) cottons. According to the data of the Textile Re search Institute in Lodz,
Poland the varieties refer to the group “strong” cottons (28.4-30.8 cN/tex).

Conclusions

1. The Bulgarian v arieties according to the fiber length (26. 03-27.76 mm) belonged
to “medium staple co tton” and acco rding to th e micronaire value (4.0 -4.6) they
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refered to “m edium fi ne cottons”. Th e varieties Avangard-264, Perla, Vega,
Colorit, Darmi and Natalia differed by longer and finer fiber.

2. All Bulgarian varieties possessed averag e to strong fiber ( 28.0-29.2 cN/tex) with
intermediate uniformity (81.0-82.8 %). They had moderate to low fiber elongation
(5.2-5.4 %) on the data of Textile Institute in Lodz, but it was high (8.2-10.0%) on
the data of BTEX in Bourgas.

3. The cluster analysis based on the studied fiber technological properties confirmed
the genetic differences betw een th e varieties, which have been realized inth e
frame of two differently purposeful breeding programs.
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Abstract

The objective of this study was to determ ine the influence of cotton type in
order to find out if itis possible to produce a carded co mpact yarn of comparable
quality to the com bed conventional yar n. Marzoli spinning fram e was used to
produce combed and carded cotton yarns with linear densities of 14.76 tex (40 Ne),
19.68 tex (30 Ne), and 29.53 tex (20 Ne), at constant twist m ultiplier 4.3, were
manufactured from the same LS cotton (Giza 80 and Giza 90, as Egyptian cotton and
MLS, Greece “Upland” cotton. C ombing was carried out 18% noils during the
combing process. Within the tests carried out, the f ollowing quality parameters were
analyzed of fiber and yarn quality properties such as single yarn streng th, elongation,
mass irregularity, yarn faults, and hairiness.

Yarns spun on the Olfil carded com pact spinning fra me were found to have
the following advantages when compared to those spun on the com bed ring spinning
frame: higher strength and el ongation at break, som ewhat equivalent or higher yarn
unevenness, and a significantly lower number of yarn faults such as thin, thick places
and neps, as well as a lower hairiness. This study also revealed that compact spinning
could be used for producing coarse and m edium yarn counts from 20’s to 40’s, from
Long staple Egyptian cotton with com parable quality to the com bed conventional
ring spun yarns .

Keywords: Cotton, yarn, quality.
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Introduction

The main goal of any spinning company is to achieve im proved yarn quality
that will ensure better competitiveness and higher price. Therefore, it was felt useful
to com pare the quality of conventional and compact spun yarns so as taking into
account the production costs, to explore whet her the quality param eters of com pact
yarns are improved significantly enough to ju stify the purchase of new machines, or
a clapping of drafting equipment of the existing ring spinning frames.

Compact spi nning is arev olution in spi nning technol ogy. Over recent years, the sy stem of
compact spinning has con stituted a rapidly developing te chnological trend in  most co untries. The
spinning triangle that occurs while the yarn is formed is the reason why m any fibers
leave the drafting roving, or become partly spun into the yarn with one end only.

This causes a greater waste of fibers, a lowe r exploitation of fiber tenacity in yarn, a
poorer appearance and a greater hairiness of the spun yarn, (Nicolic et al. 2003).

Compact spinning forms fibers into a na rrow sliver by drafting in a virtually
tension-free process within a com pacting zone. The com pact sliver is twisted in a
very small spinning triangle, thereby eliminating peripheral fibers, (Artzt 2000).

The compact spinning s ystem enables near ly all of the fibers to be twisted.
Thus, the enhanced incorporation of the fibe r characteristics into th e yarn structure
would allow optimal exploitation of the ra w material with increas ed yarn strength.
Since the com pact spinning system has  been introduced commercially onto the
market, a large number of studies have been conducted related to the short-staple and
long-staple compact spinning techniques, each of which claim s to offer advantages,
dramatically increased production speeds, (Artzt, 1997,0lbrich, 2000; Stalder, 2000
El-Sayed and Sanad 2007).

The end breaks in com pact spinning are approx. 50% fewer, which perm its
the reduction of the number of  fibers in the cross-section, or to spin a finer yar n
count. Reducing the possi bility of the num ber of fibers in the cross- section enables
the use of lower-priced tops with coarser fibers. Ca mpen (2002). Celik and Kadoglu
(2004), reported that In com pact yarns, fibers are uniformly oriented and joined into
the yarn rig ht after the end of the draf ting arrangement. Therefore, be tter tenacity,
elongation, and hairiness properties can be en sured. The better tenacity properties of
compact spun yarn provide opportunities to ~ work with lower twist coefficients,
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resulting in an increase in production rate, and also bette r handling properties of the
end-product

To com pare the yarn param eters obtai ned from conventional ring-spinning
frame with those produced by com pact spinning; Krifa and Ethridge (2003) reported
that the compact spinning technology has the potential of improving both the quality
and profitability aspects of cotton yarn manufacturing. Depending on the objectives
of the textile m anufacturer, different appr oaches are av ailable. One ap proach could
be to reduce the cost of the raw fiber wh ile maintaining yarn quality. Another could
be reducing twist while using the same raw fiber. Yet another — as emphasized in this
report — is to elim inate some or all of the com bing while still producing acceptable
yarn quality. According to expert estim ates (Egbers, 1999). The com bing operations
account for nearly 9 % of the total producti on cost of a 30 Ne combed cotton yarn.
This represents approxim ately 21 % of  the process ing cost. W hile the com pact
technology is prom ising, ther e are still m ajor questions to be answered. These
include the following:

e In order to produce a carded compact yarn with comparable performance to the
combed conventional one, what type of raw cotton fiber should be used?

e Do the fiber quality requirem ents va ry depending on the yarn production
sequence? If so, what are the fiber prope  rties that are m ost cruc ial f or the
alternative process?

e I[sitpossible to overcom  eyarn evenness problem s by optim izing the
preparation (espe cially card ing) or by s electing raw f iber with specif ic
parameters?

¢ Given the new, enhanced structure of ~ com pact yarns, are these evenness
defects as critical as they were for the conventional yarns?

The main objective of this study was to  investigate the influence of cotton
type in order to produce a carded compact yarn with comparable performance to the
combed conventional one

Materials and Methods
Giza 80 and Giza 90 as Long Staple Egyp tian Cottons, and a Medium Long

Staple Upland Greece cotton, were m anufactured to com bed and carded yarns on
both the compact and the conventional spinning frame “Olfil RST1 Marzoli machine,
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Two in One”. The linear densities of the spun yarns obtained were 14.76 tex (40 Ne),
19.68 tex (30 Ne), and 29.53 tex (20 Ne) at constant twis t multiplier “4.3”. The
carded and com bed yarns were m anufactured from the sam e cotton, the elim inated
18% of noils during combing process.

Table 1. HVI and Micromat fiber data of the raw cotton

Fiber Properties Giza 80 Giza 90 Upland cotton (Greece)
Upper Half Mean (mm.) 31.0 30.0 27.8
Uniformity Index (%) 85.6 85.5 79.2
Strength (cN/Tex) 38.4 37.8 33.5
Elongation (%) 7.4 7.5 7.4
Short Fibers (%) 5.7 6.3 10.2
Micronaire value 4.2 4.1 4.1
Maturity 0.94 0.92 0.83
Fineness (milltex) 167 153 155
Reflectance (Rd%) 63.7 65.7 73.4
Yellowness (+b) 12.6 11.8 9.4

Table 2: Mean values (3 counts and 3 varieties) of yarn quality properties, combed
conventional vs. carded compact.

ABC D E F G H
Carded 19.00 7.03 52 12.54 30 67 52 4.04
Ring Combed 19.95 6.27 5.7 11.42 2232 29 3.65
Carded 20.13 6.03 6.2 12.09 13 51 48 3.73
Compact Combed 21 .89 53 6.2 11.31 7 23 24 342
LSD at 5% 0.26 0.74 0. 390. 152. 76 4.2 5.44 0.03

A: Strength (cN/Tex), B: Cv Strength (%), C: Elongation (%), D: Eveness (C.V %), E: Thin places,
F: Thick places, G: Neps, H: Hairiness

Within this research work, the quality parameters of the fibers were tested,
using the HVI and Microm at testers. The s pun yarns were t ested for the fol lowing
parameters: single yarn stre ngth “cN/tex”, yarn strength c.v. “%” elongation at
break “%” using Statimat ME. Mass irregularity, hairiness, and yarn faults were also
measured via Uster Tester 3, at a yarn f eeding of 400 m/min. The obtained results of
yarn quality param eters were compared with the Uster Statistics, (2007). Fiber
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quality par ameters from the thre e c ottons obtained from the HVI and Microm at

testers are presented in Table 1.

The obta ined data we re sub jected to sta tistical ana lysis in com pletely
randomized factorial d esign with six rep lications accord ing to Drap er and Sm ith

1966.

Table 3. Yarn quality properties of conventional ring, compact for different cotton

types.

Cotton Strength (cN/Tex) Cv Strength (%) Elongation (%) (ECV?ZZS)
types Compact Ring Compact Ring Compact Ring Compact Ring

Carded  Combed Carded  Combed Carded  Combed Carded  Combed
Giza 80 21.30 21.23 5.85 5.84 6.054 11.54 11.11
Giza 90 20.43 20.22 5.84 6.22 6.159 11.87 11.17
Upland 18.66 18.39 6.41 6.76 6.65.7 12.86 11.97
LSD at 5% 0.45 1.29 0.7 0.27

Thin Places Thick places Neps Hairiness

Com pact Ring Compact Ring Compact Ring Compact Ring

Carded Combed Carded Combed Carded Combed Carded Combed
Giza 80 13 16 1513145 3.54 3.55
Giza 90 11 22 5315468 3.04 3.59
Upland 16 30 90 69 84 75 4.03 3.83
LSD at 5% 4.79 7.3 9.44 0.05

Table 4. Yarn quality properties of conventional ring, compact for different yarn

count.
Strength (cN/Tex) Cv Strength (%) Elongation (%) Eveness (C.V %)
Yarn count  Compact Ring Compact Ring Compact Ring Compact Ring
Carded Combed Carded Combed Carded Combed Carded Combed
20’s 21.10 20.59 5.64 5.537.0 6.4 11.21 10.66
30’s 20.25 20.29 6 6.26 6.3 5.6 12.19 11.51
40’s 19.07 18.96 6.46 7.035.5 5.0 12.87 12.07
LSD at 5% 0.45 1.29 0.7 0.27
Thin Places Thick places Neps Hairiness
Com pact Ring Compact Ring Compact Ring Compact Ring
Carded Combed Carded Combed Carded Combed Carded Combed
20’s 5 5158 6 2 3.52 34
30’s 14 26 55346232 3.57 3.65
40’s 21 37 84 5477 54 4.12 391
LSD at 5% 4.79 7.3 9.44 0.05
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Results and Discussion

Yarn strength and elongation

Data in tab le 2 indica ted that the d ifference in single ya rn strength between
carded compact yarns and the conventional combed ring yarns was not statistically
insignificant. For all co tton v arieties, the single yarn strength and elon gation (%)
values of compact carded yarns were slight ly higher than those of the conventional
combed ring yarns. The evaluations of statistical analy sis results of the difference of
two systems were significant, as shown in Table 3.

When single yarn strength was exam ined, there was an im portant difference
between compact and conventional ring ya rns which were produced from the three
cotton varieties under the studied three yarn counts. The com pact-spun yarns’
strength and elongation (%) valu es are higher than the conventional ones. In this
respect, Giza 80 and Giza 90 Egyptian L  ong staple cotton showed higher strength
and elongation (%) than the Upland cotton. Thus, it ap pears that the ability of
compact spinning to compensate for the beneficial effect of com bing as it tends to
reduce the short fibers and in crease the orientation of the fibers and eliminates many
impurities and seed coat fragments remaining in the fiber after the carding process.

The differences between the two sp inning system s were found to be
significant with regard to single yarn strength and el ongation (%) valu es for 20’s,
30’s and 40’s yarns. Thus, compact spinning made it possible to produce a 20’s, 30’s
and 40’s Ne carded yarn having tensile prope rties comparable to those of a com bed
yarn spun on the conventional fram  e. Furt hermore, yarn hairiness levels were
significantly lower for a great majority of the com pact spun yarns. A lower
difference in yarn strength and elongation (%) between the carded compact yarns and
combed conventional yarns produced on the ring spinning machine can be explained
with the construc  tion of the draf ting system that enablesm  aximum fiber
condensation all the way up to the clamping line in the compact drafting system.

Comparison of the obtained yarn quality parameters obtained with the Uster
Statistics (2007) presented in Figures 1 and 2 which depi ct the differences in the
levels of single yarn strength between th e compact carded yarn and the conventional
combed ring yarn compared with Uster S tatistics in bo th dif ferent cotton varieties
and yarn co unts. It could be stated that the individual parameters have reached the
following levels.
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¢ Single yarn streng th of com pact carded yarns of Giza 80 and Giza 90 below
5%, while Upland compact carded yarn was at the level of 25%.

e Ne 20’s and 30’s for all cotton varieties substantially below or equivalent at the
level of 5%, while Ne 40’s com pact carded yarn recorded the same level of
25%.

This revealed distinct patterns, depe nding on the cottons, and the differences
between the two processing sequences. Am ong the three cottons under study, Giza
80 and Giza 90 showed a carded com pact yarns with equivalent or higher strength
levels than the combed conventional ones.

Yarn evenness

The carded com pact spun yarns had higher yarn unevenness values -
irregularity, thin and thick places and nep values, than the conventional combed ring
spun yarns for all cotton types and consequently yarn counts as shown in in Tables 3
and 4.

The Uster evenness CV%, thin and the thick place va lues of both compact
carded yarns and conventional combed one s were found to have  a statistically
significant difference for all cotton type s “Giza 80, Giza 90 and Upland cotton” and
yarn counts “20’s, 30’s and 40’s” (Tables 3 and 4 and Figures 3 and 42). Giza 80 and
Giza 90 were somewhat higher evenness than Upland cotton

The differences of com pact-spun and conventionally-spun yarns which were
produced from both cotton types and yarn ¢ ounts, in term s of the Ust er Statistics
(2007) were presented in Figures 3 and 4.

In this respect Krifa and Ethridge (2003) explained that in addition to
removing short fibers, the combing operation e liminates many impurities remaining
in the fiber after the carding proces s. Some of these, are fiber neps and seed-coat
fragments (SCFs), are known to significantly deteriorate yarn evenness and increase
its defects (Krifaetal ., 1999; 2000). W ithout com bing, these particles rem ain
problematic, and the compact spinning is not  likely to overcom e them. It is not
surprising, then, that the carded compact  yarns did not compare favorably to the
combed conventional yarn when consider ing the evenness aspect. As shown in
Figures 3 and 4. The differences between the com pact carded yarn and the
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conventional com bed ring yarn compared wi th Uster Statistics in both different
cotton varieties and yarn counts which could be stated that:
e Mass variation “evenness CV%” of com pact carded yarns of Giza 80 and Giza
90 was between25% and 50%, while Upla nd compact carded yarn was at the
level of higher than 50%;
e With regard to yarn count, Ne 20’s, 30’ s and 40’s for all cotton varieties were
substantially below or equivalent to the level of 50%.

These evenness results could limit the application of carded compact yarns in
traditionally com bed yarn m arkets. However, there a re ways to improving the
evenness problem, meaning that using Egyp tian Long Staple cotton varieties which
characterized by lower short fiber index and higher maturity.

Yarn hairiness
The Uster hairiness (H) of carded compact yarns is significantly higher when
compared with the hairiness of conv entional ring combed yarns in both cotton types
and yarn counts (Tables 3 and 4).
Comparison of the obtained yarn hairiness ob tained with the Uster Statis tics
(2007) presented in Figures 5 and 6 which de picted in the differences levels between
the com pact carded yarn and the conventi onal ring com bed yarn compared with
Uster Statistics in both different cotton va rieties and yarn counts it could be stated
that;
e Yarn hairiness of com pact carded yarns of Giza 80 and Giza 90 and Upland
cottons were below 5% Uster level
e With regard to yarn count, Ne 20’s and 30’s for all cotton varieties were
substantially below the level of 5%, wh ile in 40’s yarn count the conventional
ring combed yarn was equivalent of 5% Uster level, on the other hand, 40’s
compact carded yarns was substantially below the level of 25%.
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Abstract

This paper is part of a work concerning the experim  ental research and the
modeling of the m echanical behavior of the cotton sirospun yarn. For this purpose
different cotton blends were selected and their properties were m easured with AFIS
(Advanced Fibre Information System). Yarn count, twist coefficient and strand
spacing were also selected as p redictors because of their con siderable effects on the
yarn properties. In summary, approxim  ately 270 types of sirospun yarns were
produced o n the sam e ring sp inning m achine under the sam e conditions at Ege
University. Linear m ultiple regression m ethod were used for the estim ation of yarn
quality characteristics. Statistical evaluation showed that our equations had a large R
and adjusted R? values.

Key words: AFIS, cotton fiber, regression analysis, ring spinning, sirospun yarns,
yarn strength.

Introduction

Modeling and prediction of the yar n properties has been very attractive for
the textile engineers, therefore several mathematical, statistical and empirical models
have been developed to yield lim ited success in term s of prediction a ccuracy and
general applicability. These interactions are critically important for the s pinners for
raw fiber selection.

Cotton, known as “whi te gold”, is one of the m ost i mportant commercial
agricultural products that have various utilization areas in agricultural, industrial and
trade sectors. Although the synthetic fibe r production is incr eased in the world,
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cotton fiber remains its important b etween other raw m aterials used in w orld textile
industry. Parallel to the wo  rld population increase, rise  of prosperity increases
individual fiber demand and accordingly world cotton consumption in developed and
industrialized communities. But sev eral reas ons such as declin ing of arable lands ,
necessity of food production against fiber production, involving special climate for
cotton fiber production and wate r shortage reduces cotton harvesting. In the coming
days, the problem will grow up since raw material reserves will move backwards and
synthetic fiber production cannot meet the increasing demands.

According to the reasons m entioned above, cotton has reached its highest
price this y ear. Asth eraw m aterial co sts co nstitute the m ajority o f the yarn
production costs, it is critic ally important to know the desirable fi ber characteristics
that we need for our yarn characteristics and for the selectio n of the suitable cotton
blend. When the factors such as decreasing of the cotton fiber supply, appreciation of
the fiber and increasing of its’ price, are  take into account, using m odern spinning
systems which improves yarn properties and prediction of the yarn properties from
fiber properties is becoming more important.

AFIS instrum ent is based on single fi  ber testing. The AFIS test provides
detailed information regarding important fiber properties including, neps, trash, dust
counts and several length param  eters. AF IS instrum ent provides average fiber
properties, distributions and variation from the fiber to fiber. Although lots of the
researches were focused on HVI fiber prope rties and a v ery limited research can b e
found related to the estim ation of yarn pr operties by using AFIS test results. This
system is quick and reproducible counting of neps in raw material and at all process
stages of s hort s taple spinning m 1ill. I tis thu s possible to give ea  rly warning
information to prac tically eliminate subsequent com plaints with resp ect to f inished
product [1].

In recent years, due to the dem and of quality improvem ent studies, so me of
the developments are subject to certain m odifications of the ring spinning fram e to
produce yarns with different structures. The sirospun system enables to produce a
special spin-twisted yarn directly on a conventional ring spinning machine. Sirospun
yarns are less hairy and more extensible co mpared to two-plied yarn. Besides, it has
better evenness, hairiness, abrasion resistance and tenacity com pared to single yarn
with same linear density [2].
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Sirospun spinning system can be inst alled on conventional ring spinning
system with low investm ent costs. Siro spun yarns have higher tenacity, lower
hairiness and better evenness values compared to ring spun yarns with sam e linear
density due to the doubling effect, sm  aller spinning tr iangle and well-em bedded
fibers into the yarn stru cture. Besides, system offers advantages such as eliminating
doubling and twisting processes. System provides production increase, lower energy
and air conditioning costs, lower pro duction costs, savings on place and staff due to
eliminating som e processes and avoids possible yarn dam  ages because of
transporting materials to those eliminating processes (Figure 1).

Figure 1. Sirospun system [1].

Yarn strength depends upon various fibe r parameters. The inherent breaking
strength of individual cotton fi bers is considered to be th e most important factor in
determining the strength of the yarn spun from those fibers. But fiber strength cannot
be measured by AFIS. Instead of strength, mean fiber length becom es the fore most
property among those of AFIS , in a ddition we found very high positive correlation
coefficient between mean fiber length and yarn strength (r = 0.836) . This correlation
means that the higher the mean fiber length, the higher the yarn strength [3].

Since the tensile properties of a yarn directly affect the winding, knitting and
weaving efficiency, they are very important in determ ining the quality of the yarn.
For this purpose, it is impor tant to know which fiber and yarn production parameters
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influence yarn tensile properties and in troduce the functional relationship between
them [4]. For decades, various mathematical and em pirical m odels have been
established for the prediction of single yarn strength and  CSP (Count Strength
Product) using fiber properties and some yarn production parameters. A summary of
some empirical relationships are given in Table 1 and Table 2.

The count streng th product (CSP) is obtained b y multiplying the yarn count
with the leas strength and is used to com pare the strength values of the yarns with
similar linear density. CSP value changes with twist factor and yarn count [5].

Table 1. Some empirical equations for single yarn strength.

Hafez, 1978 Tt[2,83(2logL,,+2logS,+logT)-13,07]

Gutkneckt, 1984 8,28+0,029(S;52*Ls0)-0,49Mic

Iyengar and Gupta, [(Lm-10)/\/Mic]S3,2

1974 [(Li-10)/AMic]S3, U,

Ramey et al, 1977 : -3,9+0,039 S;,-0,175E+0,39L,,

Sasser, 1994 ™ -381-7,9 Mic+51,6L+4,2U1 42,75 Str+0,66 Rd+0,69(+b)-0,24 Tr
Duerst, 1951 lllK\/E *LS,

Louis et al, 1968 S, *¥*WH(1-E)*Y*K'

-19,883+0,701 STR+1,88 (o) -3,504 E +0,287 UNF-0,089 Yarn
Ureyen, 2006 (Ne)-0,687 Roving CV%+0,556 UHML-2,639 Roving cnt (Ne)-1,145
Mic

61,515+4,577 D(n)+0,17 Nepcnt+ 0,303 Yarn (tex) +0,01 Yarn

U 2007 .
reyen, twist+0,175 UQL(w)-0,009 Dust cnt

t; twist in turns/m, T; Yarn linear density (tex), L, ; mean fiber length (cm), S,; zero gauge bundle
tenacity (gf/tex), S;,; bundle tenacity at 1/8 ” gauge (gf/tex ), U,; length uniformity, L,,; mean fiber
length (cm), K constant, t; twist, L; effective staple length, S;; number of working fibers in the yarn
cross-section, S 1;0,75u’-u, u; number o f fibers in the yarn cross section, W; % E ffective wei ght
basedo n5/ 167, E; Fi berb undleel ongation (% ),Y; Yar n linearde nsity (t ex), K}
Y(0,27+VY/16,4)/20,83, " For 27 tex ring yarn, * For 22 Ne ring yarn (Ibs).

Generally, the best prediction of yarn  strength can be pro vided preferably
with 50% span length/ m ean length, bundle tenacity and fiber fineness/ m aturity.
Besides fiber length variations such as uniformity index, unifor mity ratio and short
fiber content have undeniable effects. In the ea rlier researches, the effects of fiber
fineness, slipperiness/ friction, strength and yarn twist on yarn strength w as exposed.
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Balls introduced the “ Intrinsic strength” of a yarn and  defined as hair strength per
equivalent weight. It is defined as the maximum possible strength achievable [6].

Table 2. Some empirical equations for CSP.

160 P 2
Bogdan, 1956-1967 | ————[={1-10""™T 1 _F
® +BM°IC =
: . -2884,06+5676,81L50-86,98Mic +51,73S,+
Louis and Fiori, 1966 22.62E-98,65Tr+0,94r
Gutkneckt, 1984 6,03+0,022(S;5,*Ls0)-0,34 Mic
250,/L, *S
Chellamani et al, 1999 & +590-16C
Mic
L, *S,, *Mc
Chellamani et al, 1990 | 320 Lo > —16C
Mic
Lo *S
Chellamani et al, 1990 | 393 4 27()M —15C
Mic
*S
Anon,1990 275%{520—130
IC

B; Fiber obliquity parameter = 0,14, P; Intrinsic yarn strength parameter, C; Cotton count (Ne), M;
twist multiplier (Ne system ), T; in effective twis t multiplier =4 ,5-0,15P, F; drafting param eter =
2,1/P-8, S,; zero gauge tenacity (mgf/tex), E; bundle elongation (%), Tr; trash content (%).

Material and Methods

As the raw material costs constitute the majority of the yarn production costs, it
is critically important to know the desirable fiber characteristics that we need for our
yarn characteristics and for the selection of the suitable cotton blend. This paper is
part of a work concerning the experim ental research and the m  odeling of the
mechanical behavior of the cotton sirospun yarns which ai ms to find out correlation
between the properties of fibers. Previous researches showed that, yarn properties are
particularly influenced from fiber properties and this effect becomes more influential
in the case of finer yarns. Generally fibe r length and maturity have increasing effects
whereas short fiber content and fineness ha ve increasing effects on yarn hairiness.
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For predicting yarn strength, different cott on blends were select ed fro m different
spinning mills in Turkey and their properties were measured with AFIS. Yarn count,
twist coefficient, stran d spacing andro ving properties were  also selected as
predictors because of th eir considerable e ffects on the yarn properties. In siro spun
system, as two roving were fed through the drafting system, the roving must be hal f
of the fineness of the roving, usingto  produce ring-spun yarns with sam e linear
density. All sam ples were spun into ya rns on a Rieter Model G30 ring spinning
machine at a yarn count of Ne 20, Ne 30, Ne 40 and Ne 50. Each yarn count was
spun at three different twist m ultipliers (oe 4, ae 4,5 and oe 5). For each yarn count
and twis t multip lier, thr ee dif ferent st rand spac ing (3mm, 6mm and 9 mm ) were
adjusted. Consequently, approxim ately 270 spinning trials were done. Appropriate
main draft and break draft were adjust ed on the ring spinning m achine for each
sample and other spinning conditions were ke pt constant. Orbit rings and appropriate
travelers for each yarn  count were used. For each yarn sam ple ten cops were
produced and tested. Experimental plan is given in Figure 3 [7].

Figure 2. Experimental plan.

Spinning operations can affect fiber pr operties in different ways, depending
on the machinery line and adjustments etc. For the elimination of these effects, fiber
properties were measured from roving by using an Uster AFIS instrument. The main
test results of fiber properties in different blends (from B1 to B11) are given in Table
3.
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Table 3. Fiber properties obtained from AFIS.

Fiber property Unit Bl B2 B3 B4 B5 B6 B7 B8 B9 B10 Bi11
Neps cntlg 4 19 24 8 5 7152 1219 2517
Mean length by

’ mm29,5 281 25 303 268 27248 261 263 28255
weight
Upper quartile mm352 339 30,7 366 32 32,6309 31 312 33,9306
length by weight
Shortfiber content = 5 4. o5 9433 4699 3,746 3951
by number
Mean length by mm258 242 215 264 23 233202 22,9227 243222
number
Short fiber content -, ', ¢ 1,6 151 9 113 132255 11 128 11,4142
by number
%5 span length mm40,9 399 36,7 424 373 382356 36,1 36,9 39,1 35
Total Cntg 8 11 14 729 16 8 514 9 9
Trash Cnt/g 0 0 0 00 0 11 02 02

Yarn unevenness and hairiness tests were performed on an Uster Tester 5,
whereas the tens ile properties of th e yarns were evalu ated on an Uster Tensorap id
tensile testing machine. Statistical analyses were performed using Minitab and Gretl
software.

Results and Discussion

Regression analys is is a common  statistical to ol f or the investig ation of
relationships between two groups of variables. The fitted model can be used either to
merely describe the relationship between de pendent and independent variables, or to
predict new values. The m ultiple regres sion a nalysis and ordinary least squar es
method wa s selected to learn the relati  onship between severa 1independent or
predictor variables and a dependent or criterion variable. Because yarn characteristics
are influenced by several factors such as  fiber properties, pr oduction param eters,
machine settings, the spinning conditions et  c. Initially, the types of relationship
between independent variables (selected pa rameters) and depende nt variables (yarn
properties) were checked by using curv e es timation and corre lation analysis.
Statistical analysis demonstrated that there was a nearly linear relationship betwee n
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fiber properties measured in AFIS and siro spun yarn properties. Because of this, the
linear multiple regression analysis method was chosen for this study [8].

Firstly, collinearity which is defined as a linear relationship between two
explanatory variables is tested and it is found that there is an exact linear relationship
between some variables such as length m easurements by weight and num ber based
values. Length m easurements by weight had a greater effect on yarn s trength than
number based values, f or this reas on they were selected as indepen dent variab les.
Besides, upper quartile length by weight and 5% span leng th parameters were highly
correlated with mean length by weight. As a result, upper quartile length by weight,
mean length by number, short fiber ¢ ontent by number and %5 span lengt h
parameters, were omitted due to exact collinearity.

Table 4. Possible regression m odels for pr edicting yarn strengt h with AFIS fiber

properties.
Number .
ofindep. R* U s $S YC TWC NC L Or¢ Total  Trash
. R (w) Count Count
variable
169,9 69,9 3243,6 1,7553 X
141,6 41,5 86486  2,4466 X
2818 81,8 9853  1,3664 X X
274,7 747 23353 1,6103 X X
3843 843  507,1 12687 X X X
382,6 82,5 8365 13367 X X X
4851 85,1  361,0 12371 X X X X
4843 843 5019 1,2674 X X X X
586,5 86,5 883 1,176l X X X X X
585,8 858  217,7 12053 X X X X X
6 86,6 86,6 698  1,1716 X X X X X X
6 86,6 86,5 799  1,1739 X X X X X X
787,0 869 95 1,1575 X X X X X X X
786,6 86,6 690 11712 X X X X X X X
8 87,0 86,9 9,0 L1571 X X X X X X X X

SS: Strand spacing, YC: Yarn count (Ne ), TWC: Twist coeff. (ae), NC: Nep Count.

Best Subsets Regression which isam ethod used to help determ ine which
independent variab les s hould be in cluded in am ultiple regress ion model. This
method involves exam ining all of the m odels created from all possible com bination
of predictor variables. Firs tly, all models that have  only one predictor variable

260



11" Meeting of the Inter-Regional Cooperative Research Network on Cotton for the Mediterranean and
Middle East Regions, November 05-07, 2012, Antalya, Turkey

included are checked and the tw o models with the highest R ? are selected. This
process continues until all com binations of all predictors variables have been taken
into accoun t [ 9]. Possible re gression m odels (best subsets) for prediction yarn
strength with AFIS fiber pr operties and yarn production parameters were given in
Table 4.

Adjusted R is used to m easure the goodness of fit in the model that contains
more than one independent variab le. A good model should have a high R % and
adjusted R?, small S, and a Mallows' C-p close to the num ber of predictors in the
model and the constant. Therefore, the last model was chosen because of its high R
(87%) and adjusted R 2 values (86,9 %), sm all S value (1,1571) and C-p value close
to the number of independent variables.

The rela tions between ya rn strength and predic tors were analy  zed
individually by curve estim ation and a polynom ial re lation was found with short
fiber content by weight.

2

Table 5. Stepwise regression models

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

Constant 12.86%* 14.41%* 31.08%*  -36.06%*%  -37.99%*  39.86%*  -9.732%*
Strand spacing (mm)  0.025 0.038 -0.023%*  -0.023**  -0.018% -0.015  -0.020%*
Yarn count (Ne) -0.029%* -0.048%** S0.11%%  -0.109%*  -0.109%*  -0.109%* -0.105%*
Twist coeff. () 1.884%%* 1.813%* 1.166%* 1.162%*  1.156%*  1.164%* 1.198**
Nep count -0.044%** -0.003%* -0.012%*  0.0005  -0.026%*  0.046%*
L(w) 1.813%* 1,958%* 2.016%%  2.091%%  1.602%*
SFC(w) 0.285%* 0.485%* 0.508%*  -10.84%*
Total count -0.047%* -0.058** -0.007
Trash count 0.458%* (0.234%*
SFC(w)? 2.192%%*
SFC(w)? -0.138%*
Adj. R? 0.0796 0.1774 0.8433 0.8443 0.8582 0.8692 0.8887
Akaike 12671,2 12392 8258.,6 82435 8012,6 7811,4 7411,9
Schwarz 12694,4 12421,1 8293,5 82843 8059,2 7863,8 7475,9
InL -6332-6191 4123 4115 -3998 -3897 -3695

**: is significant for a=0.05

Stepwise regression was used for sele cting a model by auto matically adding
or rem oving individual predictors, based on  their s tatistical sign ificance. By this
method, we can control the details of the process, including the significance level and
whether the process can only add term s, re move term s, or both. Regression
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coefficients and significance level o fthe independent variables of different m odels
are given in Table 5. Regression coefficient is the constant that represents the rate of
change of a dependent variable as a functi on of changes in the independent variable.

P value is used for determining statistically significance.

Model 7 was chosen according to higher adjusted R % but lower Akaike and
Schwarz values. Another important diagnostic test was applied for seeking if there is
a heterosk edasticity in the regressi onm odels. The possible existence of
heteroscedasticity is a m ajor concern in  the application of regres sion analy sis,
including th e analys is o f variance, because the presence o f heterosced asticity can
invalidate statis tical tes ts of significance that as sume that the m odeling errors are
uncorrelated and norm ally distributed and th at their varian ces do not vary with the
effects being m odeled. Similarly, in testing for differen ces between sub-populations
using a location test, som e standard tests assume that variances within groups are
equal. W hite test was used to test hom oscedasticity and estab lish whether th ¢
residual variance of a variable in the regression model is constant.

Table 6. Regression coefficients and significance level of the model.

Coe fficient Std. Error t-ratio p-value
Constant -18.233 1 .627 -11.2027 <0.00001 ***
Strand spacing (mm) -0.0310 .008 -3.7412 0.00019 ***
Yarn count (Ne) -0.107 0 .002 -46.5413 <0.00001 ***
Twist coeff. (ae) 1.306 0 .045 29.0271 <0.00001 ***
Nep count 0.0120 .005 2.2049 0.02755 **
L(w) 1.773 0 .035 50.3232 <0.00001 ***
SFC(w) -8.5350 .549 -15.5264 <0.00001 ***
Total count -0.022 0 .004 -5.9009 <0.00001 ***
Trash count 0.3020 .029 10.2810 <0.00001 ***
SFC(w)’ 1.754 0 .109 16.0521 <0.00001 ***
SFC(w)’ -0.107 0 .007 -14.8322 <0.00001 ***
Mean dependent variable 20.3154 S.D. dependent variable 3.1997
Sum squared residual 8754.034 S.E. of regression 1.8780
R’ 0.8849 A dj.R*0 .8844

**: significant for 0=0.05, ***: significant for a=0.01.

White test’s results showed that th ere is a he teroskedasticity in reg ression
model. Anew m odel was established to  solve this problem  and regression
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coefficients of variables, t-values and significance level of each variable of the new
model are given in Table 6.

The regression coefficients of the pred ictor variables were found statistically
significant. Signs (+ or -) of regression coefficients of variables indicate the direction
of influence. It is found that yarn strengt h decrease with increasing yarn count (Ne)
and strand spacing whereas decreasing twist coefficient, as expected. A mong cotton
fiber properties, m ean fiber length and s hort fiber content are the m ain param eters
influencing the yarn strength. Increased m ean fiber length and trash count increased
yarn strength. A polynom ial relation between short fiber conten t and yarn strength
was found. Initially, yarn strength decrease s with the increasi ng of short fiber
content, up to a lim it. After, the increase in the short fiber conten t causes firstly an
increase, then a decrease in the yarn strength [4].

Figure 3 shows the scatter plot of predic ted values versus actual values and
regression line of our model. A high co rrelation (r=0,94) was found between actual
and predicted strength values.

Figure 3. Predicted versus observed yarn strength values.
Conclusion

In this study, we have tried to predict yarn strength, one of the most important
yarn param eters of sirospun cotton yarn s, by using AFIS fiber properties yarn
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properties with line ar multiple regression analysis. It is found that there is an exact
linear relationship between the som e vari ables such as length m easurements by
weight and num ber based values. Besides, upper quartile length by w eight and 5%
span length param eters were highly correla ted with m ean fiber length by weight.
Because of this, upper quartile leng th by weight, mean length by number, short fiber
content by num ber and %5 span length par  ameters, were om itted due to exac t
collinearity.

Yarn strength (cN/tex) =-18,233- 0,031 F.A.M. - 0,107 Yarn count (Ne) + 1,306 (a,)+ 0,012
Nep Cnt + 1,773 Lw — 8,535 SFCw + 1,754 SFCw” — 0,107 SFCw’— 0,022 Total Cnt + 0,302
Trash Cnt

It is seen that the most important fiber properties influencing yarn strength are
mean fiber length and short fiber content due to their h igh regression coefficients.
Spinners are recomm ended to select raw materials having lower SFC (w) and total
count but higher m ean fiber length. Although, th ey have to take in to consider that,
producing coarser yarns, with higher twist coefficients and sm aller strand spacing,
will provide higher yarn strength. Adjusted R? is used to measure the goodness of fit
in the m odel and statistical evaluation showed that our equation had a large R and
adjusted R? (0.88) values.

Acknowledgement

I would like present m y thanks to the Republic of Turk ey, Ministry of Science,
Industry and Technology and Soktas for supporting this research.

References

[1] V. Parthasarath, V., “Evoluti on in cotton testing instrum ents”,
http://www.fibre2fashion.com/.

[2] Bedez Ute T.,: Research On Spinning of Short Staple Fibers by Sirospun System,
Ege University Graduate School of Natu ral and Applied Sciences, Master of
Science Thesis, 2007.

264




11" Meeting of the Inter-Regional Cooperative Research Network on Cotton for the Mediterranean and
Middle East Regions, November 05-07, 2012, Antalya, Turkey

[3] Selvanayaki M., Vijana M.S., Jamuna K.S., Karpagavalli S., 2010, An Interactive
tool for yarn strength prediction us ing Support Vector Regression”, Second
International Conference on Machine Learning and Computing, p 335.

[4] Ureyen, M. E., and Kadoglu H., 2007, “T  he Prediction of Cotton Ring Yarn
Properties from AFIS Fibre Propert  ies by Using Linear Regression
Models”FIBRES & TEXTILES in Easter n Europe October / Decem ber, Vol.
15, No. 4 (63).

[5] Jewel R., 2009, Textile Testing, ISBN 81-7648748-1, 2009, New Delhi.

[6] Hunter L., 2004, “Predicting cotton yarn  properties from fibre properties in
practice, 27" International Cotton Conference, Bremen, Germany, 62-70.

[7] Bedez Ute T., Kadoglu H., 2012, Regressi onal Estimation of Yarn Hairiness of
Cotton Sirospun Yarns From AFIS Fibe r Properties”, ITC&DC-International
Textile, Clothing & Design Conferen ce, October 7th — 10th, Dubrovnik,
Croatia.

[8] Ureyen M.E. & Kadoglu H.: Regre  ssional Estim ation of Ring Cotton Yarn
Properties f rom HVI Fiber P roperties, Textile Research Journal, Vol 76,
2006, p360.

[9] http://mtweb.mtsu.edu/stats/regression/level3/bestsubsets/concept.htm

265






11" Meeting of the Inter-Regional Cooperative Research Network on Cotton for the Mediterranean and
Middle East Regions, November 05-07, 2012, Antalya, Turkey

POSTER PRESENTATION

Calibrating the Micromat Instrument Using High Volume Instrument (HVI)
Output Data

A.S. ARAFA* and H. M. ARAFA

Cotton Research Institute, Agricultural Research Center, Giza, Egypt.
*Corresponding author, e-mail: sameh_owf(@yahoo.com

Abstract

There is a n eed for an accurate and rapid m ethod for measuring cotton fiber
fineness and maturity characters. The main aim of the prese nt investigation was to
demonstrated the validity of the Microm at instrument calibration by HVI instrument
using the standards described by the two  values called PL and Ph. 64 specim ens
were tested at the Cotton Arbitration and Testing General Organization, (Alexandria,
and the lab oratories of Cotton Research in stitute, Agricultural Research Center,
Giza, Egypt, in 2011 and 2012 seasons .Results subjected to statistical analysis. The
results of T-test, correlation and regression signified that the two instru ments were
producing statistically sim ilar m icronaire data. Hence, they showed sim ilar PL
results the dif ferences in m aturity ratio and Ph data were within the accep table
range, the congruency of th e Microm at and HVI fineness inm  ost the sam ples
indicated the validity of our calibration.

Keywords: Cotton, Micromat, HVI.

Introduction

Cotton fiber maturity is a very important fiber characters because it controls
dye uptake and nep for mation. Also, fineness is im portant because it controls yarn
count and strength.

Because of the im portance of both charac ters scien tists developed a lot of
instruments to measure them. The most fa mous one is micronaire instrument which
depends on the air perm eability. Through the cotton fiber w ere tested fineness and
maturity get it in one reading (Thibodeaux & Evans 1996), (Thibodeaux &
Rajasekaran1999), and (Heap 2000) but the co mbination of both characters in one
reading is confused, in fact m  icronaire instrument reading express the sam  ple
specific surface area according to (Abd El Salam 1999) and (Montalvo 2005) who
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explain that low reading express fine or immature fibers and Vice-versa. So, it was a
need to incorporate fineness and maturity tests to high volume instrument (Montalvo
1999) as well as, developi  ng the SDL Microm at test er which is a double
compression air flow that m easure fine ness and m aturity separately. Daily
calibration is required to have accurate results .As this calibration involves the use of
a limited stock of standards cotton, the standards described by two values called PL
and Ph (Montalvo, et al., 2002) and (Gawrysiak 2007).  So, it’s an easy way to
calculate PL and Ph back using the micronaire and maturity ratio readings from HVI
instrument to use them in the calibration when the standard one is not available.

Materials and Methods

The main purpose of this investigation wa s to verify the validity of using the
HVI output data to m ake a calibration sam ple for Microm at instrument. Calibrated
HVI and M icromat instrum ents we re used in this investigation. Sixteen different
genotypes were used each genotype repres entative by four hom ogenized specimens
which chosen carefully from 2011 and 2012 seasons, also upland cotton calibrations
delivered to our laboratories (C n), as well as B remen round test sam ples (B n) to
cover wide range of m icronaire and m aturity readings, as possible as, we can to be
tested for micronaire and maturity by HVI instrument. The same specimens were
subjected to be test on Micromat to get the output printed sheet containing
micronaire (mic), maturity ratio (MR) readings, fineness in millitex (Fin) and Ph and
PL readings. Sampling and testing were done according to ASTM D: 3818, D: 4605-
1986) and ITMF User Guide, 2001. The resu  Its of HVI m icronaire and maturity
were averaged and used to calculate the PL and Ph values from Lord’s FMT models.
All tests were perform  ed att he Cotton Arbitration and Testing General
Organization, (CATGO), Alexandria, Egypt and the laboratories of Cotton Res.
Institute, Agricu ltural Res. Center, Gi  za, Eg ypt under constan t co nditions of
temperature (70 + 2 °F) and (65% = 2%) of relative humidity.

Statistical analysis

Simple correlation co  efficient, re gression equation and T-test were
performed using SPSS 11.0 software. T-test was performed to test the “equal means”
of cotton fiber fineness and maturity parameters obtained from Micromat instrument
vs. and HVI instrum ents. The null hypothesis was that the m ean values of a certain
fiber parameter from two treatments were equal. All tests w ere conducted under the
significant level of 99%. T-test was done according the following formulas:
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where x = mean of sample 1

2 = mean of sample 2
n, = number of subjects in sample 1
n, = number of subjects in sample 2
Tz, - 1)
nl
T(x, - x2)?
i)
Sample 1 and sample 2 refers to Micromat and HVI, respectively.

g, = wantance of sample 1 =

5,° = variance of sample 2 =

Results and Discussion

During the routin e wor k in cotton f iber Res. Departm ent in cotton res.
Institute we keen to calibrate th e Micromat instrument every day to attain accurate
results. But during the last few year s the instrum ent becam e age and needs
calibration at the every gr oup of sam ples (the group contains 12 sam plesas a
maximum). The calibration sam ple is very expensive and not available under our
needs. So, we thought to have fast and dependable calibration sam  ple to be used
between groups. It’s well known that Microm at instrum ent software based on the
Lord’s equation to estimate micronaire, fineness and maturity as follows:

Mic= (850/PL+40) +0.6...cueuererecrncrnersscssesans 1
MR=0.247*PL"'® (PL/Ph) *...ccovvereerrreeeernnnnnn 2
Fin= (60000/ PL)*( Ph/PL) "™ ......cevvrrrn.n. 3

We used th e m icronaire and m aturity ratio readings produced from HVI
instrument to calculate back the PL and Ph values which used mainly to calibrate the
Micromat instrument as follows:

PL =(1)/(mic-0.6)*(850/1)-(40).......0vvvvrrennnnnn 4
Ph=SQRT (0.247*PL""*/MR)......cceeevrrrrrrnnnnn. 5
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Means of m icronire values obtained by Microm at and HVI of different
genotypes are shown in Table 1, its clear th  at the T-test v alues did not reach the
significant level in both seasons. This is logic and reasonable becaus e the m ean
values of micromaire readings of both Mi cromat and HVI instru ments are typically
equal. This also, are indicated by the excellent correlation r = 0.9907 aforementioned
in Figure 1.

Table 2, ind icated that the m aturity readings of Microm at instrum ent were
slightly higher than that of HVI instrument across 10 genotypes. W hile, the other 6
genotypes the m aturity reading were th e same in 2011 season. But in 2012 season
the m aturity reading of HVI instru ment was higher than the m aturity reading of
Micromat by 0.01 in most the genotypes. Th is is reasonable b ecause the m aturity
test principles of both the instrum ents are different. Nevertheless the correlation and
the determining factor betw een them are high r = 0.8309, R *=0.9115 as shown in
Figure 2. Also the difference between the two means is within the acceptable range.

Table 1. # Comparison between m  icronaire # Table 2. Co mparison between m aturity ratio

readings o  btained fromM icromat readings o  btained fromM  icromat
instrument and HVI instrument instrument and HVI instrument
mic (MICR. mic (HVI MR (MICR. MR (HVI

Sample 2011(2012 ) 2011 ( 20)12 # Sample 2011 (2012 ) 2011 ( 2032
Cl 2.6 - 2.6 - Cl 0.86 - 0.86 -
Cc2 2.8 - 2.8 - Cc2 0.88 - 0.87 -
G 77xP 3.1 32 3.1 32 G 77xP 0.95 0.98 0.94 0.97
G 87 33 - 33 - G 87 0.94 - 0.94 -
G 92 3.7 3.8 3.7 3.8 G92 0.96 0.98 0.94 0.98
G 88 3.8 3.8 3.8 3.8 G 88 0.96 0.96 0.95 0.96
B1 3.9 - 3.9 - B1 0.88 - 0.86 -
G770 4.0 4.1 4.0 4.1 G170 0.93 0.94 0.93 0.93
10229xG86 4.2 3.9 4.2 4.0 10229xG86 0.98 0.95 0.98 0.94
G 90 43 4.1 43 4.1 G 90 0.95 0.93 0.94 0.92
G89xG86 4.4 4.5 4.6 4.5 G89xG86 0.99 0.97 0.98 0.96
G 86 4.5 4.3 4.5 4.4 G 86 1.1 0.98 0.99 0.97
B2 4.6 - 4.7 - B2 0.87 - 0.87 -
C3 4.7 - 4.7 - C3 0.88 - 0.87 -
90xAus. 5.0 4.5 5.0 4.6 90x%Aus. 0.96 0.90 0.96 0.89
C4 5.3 - 5.3 - C4 0.95 - 0.94 -

mean 4.01 4.01 4.03 4.06 mean 0.94 0.95 0.93 0.95
t :not significant t :not significant
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No significant difference was observe d between the m eans of PL in both
seasons as shown in Table 3, all the genotypes had the sam e value expect for the
genotype G89 x G86 a nd B2 sample in 2011 season. This result explained the very
high correlation r = 0.9953, and the ex cellent determ ining factor R ?=0.9907
mentioned in Figure 3, this is because of ~ that m icronaire readin gs are calculated
from the PL readings using the Microm  at instrum ent, Since the two m icronaire
means of both instrum ents give the sam e value, Consequently, the actual PL of the
Micromat instrument and the calculated back form the HVI instrument should be the
same (formulas no. 1, 4)

Table 3 . C omparison bet ween PL rea dings # Table 4. Comparison bet ween Phrea dings

obtained from M icromat i nstrument and obtained from Micromat instrument and Ph

PL readi ng c alculated back usi ng HVI reading calc ulated back using HVI

instrument instrument

Sample PL (MICR.) PL (HVI) # Sample Ph (MICR.) Ph (HVI)
2011 2012 2011 2012 2011 2012 2011 2012

Cl1 385.0 - 385.0 - Cl1 299.3 - 299.3 -
C2 346.4 - 346.4 - C2 264.5 - 266.0 -
G77xP 300.0 286.9300.0 286.9 G77xP 218.5 205.2219.6 206.2
G87274.8 - 274.8 - G87 200.1 - 200.1 -
G92 2342 225.6234.2 225.6 G92 167.1 158.9168.8 158.9
G88 225.6 225.6225.6 225.6 G88 160.6 160.6161.4 160.8
B 1 217.6 - 217.6 - B 1 161.4 - 163.2 -
G70 210.0 202.9210.0 202.9 G70 151.2  145.0151.2 145.7
10229xG86  196.1  217.6196.1  210.0 10229xG68 1369 15531369 150.4
G90 189.7 202.9189.7 202.9 G990 1343 145.7135.0 146.5
G89xG86 183.7 17791725 1779 G89xG86 127.1  1242120.7 124.8
G86 177.9 189.7177.9 183.7 G 86 116.6 1322 1229 1284
B2 172.5 - 167.3 - B2 126.1 - 122.8 -
C3 167.3 - 167.3 - C3 122.1 - 122.8 -
G90x Aus. 1532 17791532 1725 G90xAus. 106.4 12891064 1254
Cc4 140.9 - 140.9 - C4 97.8 - 98.9 -

mean 2234 216.1222.4 210.0 mean 161.9 150.7169.6 149.7

t ot significant t :not significant
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Table 5 . C omparison bet ween fi neness r eadings

obtained fr om micromat andfi neness Figure 1. The relationship between FMT
readings ¢ alculated bac kusi ngH VI micronaire and HVI micronaire
instruments readings
Fin (MICR.) Fin (HVI)
Sample 2011 2012 2011 2012 i W
C1 1003 - 1003 - £ 5] R2 = 0.5807
Cc2 109.1 - 109.1 - T 1=0.9353
G77xP 115.9 1163 1159 1173 T 454
G 87 1265 - 1253 - -
G92 1445 1440 1445 1440 5
G 88 148.0 146.7 148.0 146.7 :_E 35 4
B1 166. 8 - 166. 8 - =
G 70 1535 1642  160.7 165.8 o
10229xG86 164.7 1529 1632 159.2 25
G 90 1743  165.8 1743 167.3
G89xGR6 176.1 179.5 1829 181.2 2 T T T Y T T 1
G 86 160.8  168.1 1764 1745 2 25 3 35 4 45 3 53
B2 203.0 - 208.6 - FMT micronaire readings
C3 208.6 - 208.6 -
90xAus. 2129 191.7  207.1 199.0
C4 225.2 - 229.4 -
mean 161. 9 1588 163.8 161.7

t :not significant

It's understandable from Table 4, that th ere wasn’t any significant difference
between the Ph means of both the two instruments, nevertheless, there is a relatively
difference between the genotypes readings. Th is results were also, indicated by the
correlation and regression resu lts shown in Figure 4, this ascribed to that the Ph
calculated back using HVI data depended  on the PL (form ula no. 5) data which
calculated from the micronaire data (100 % ri ght) in addition to m aturity data. So,
the difference in Ph readings was slightly narrow.

Data presented in Table and Figure 5, indicated the re  liability of our
calibration, science the fineness is calculated using PL and Ph values (formula no. 3)
and there was not any significant between the mean values of the Micromat fineness
and the calculated ones using HVI instru ment adding to that the excellen  t
correlation between them. Then the PL a nd Ph produced by HVI is successful to
calibrate the Micromat instrument.
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Figure 2. T herel ationship bet ween F MT 4 Figure 3. The rel ationship between FM T PL

maturity and HVI maturity readings and HVI PL readings
# EEL]
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Figure 4. The relationship between FMT Ph # Figure 5.T herel ationshipb etween F MT

and HVI Ph readings fineness and HVT fineness readings
o R =0.9818 f
i r=0.981¢
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£
E 0 .
ﬂ_l: 5]
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Conclusion

Comparison of micronaire and maturity data of the two calib rated Micromat
and HVI instrum ents proven that the two in struments were provi ding statistically
similar micronaire data. Consequently, they must have similar PL data. The different

273



of the principle of m easuring the maturity ratio did not affect the Ph value in a wide
range becau se the formula of calcu lated the Ph depends on both of the PL and
maturity ratio readings .The congruency of true fineness a nd calculated fineness
using HVI Instrument in most the samples indicated the validity of our calibration.
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Abstract

The properties of compact, ring and rotor spun yarns produced in constant
count from two Egyptian cotton varieties “Giza 86 and Giza80” were investigated.
Yarn samples were conve rtedt o wove n fabri cs to dete rmine the physical
performances of the yarns in woven form.

The results revealed that com pact s pun yarns have higher strength, lower
hairiness and unevenness and better p  illing resistance over ringa nd open-end
rotor spun yarns. The improvement in yarn strength is greater for compact spun than
for ring and open-end rotor yarns. The fiber of the com pact yarns was much better
aligned with the yarn axis than those of the ring yarn, while open-end yarns recorded
the last one.

Furthermore, the spun Giza 86 yarn showed high strength, elongation,
evenness, lower neps and  hairiness va lues than th e equivalent Giza 80 yarn
irrespective of yarn form ation, which is due to the higher fiber quality of Giza 86.
However, the fabrics consisting of com  pact yarns exhibited much bette r pillin g
performance com pared to the fabrics produced by conventional ring and open-end
spun yarns. Compact yarns are reported to have higher abrasion resistance than ring
and open-end yarns in terms of weight loss.

Keywords: Woven, yarn, fiber properties.
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Introduction

The three currently m ajor yarn production system s are com pact, ring and
open end spinning. The productivity of yarn formation has increased 8-10 tim es by
open-end spinning as compared to ring spinning system. The qualitative properties of
open-end yarn are m uch better than carded short staple cotton with the e xception of
lower mean strength. As far as econom ics is concerned, open-end spinning does not
need the ro ving and w inding m achine. Becau se of better uniform ity, num ber of
drawing operations is also lowered and it produced equally good yarn from lower
grade cotton. The profit m argin is higher as compared to rin g spinning s ystem with
other bonus advantages of less space and labor requirements, (Bacler 2003).

The compact spinning system is a modi fied ring-spinning process, developed
initially for spinning cotton yarn, w hich belongs to the short st aple fiber subgroup .
In the compact spinning system, in contrast to the classical ring-spinning system, the
fibers are compacted aerodynamically just after the drafting. The fibers become more
closely aligned and increasingly parallel w ithin this com pacting zone prior to yar n
formation. This enables yarn production  with a reduced leve 1 of hairiness and
increased yarn strength (Krifa et al. 2002). Rotor yarns are less irregular than the ring
spun yarn because of multiple doubling or back doubling of fibers in the rotor groove
and ultimate thickness of rotor spun yarn is made up of m any thin layers of fibers.
Moreover, rotor spun yarns, being made from sliver and with opening roller drafting,
are not as affected by roller drafting wave as ring yarns,( Ghosh 2006).

Celik and Kadoglu (2004), Jackowski et al. (2004) and El-Sayed and Souzan,
Sanad (2007) have all conducted and issued several studies comparing the
properties of com pact spun yarns versus  classic ring-spun yarn s. T hese studies
revealed the consistent results of reduced yarn hairiness, the ability to produce yarns
of enhanced strength and elongation propertie s even with a lesser am ount of twist,
which enables increased production speeds to be reached in favor of the com  pact
spinning system.

Ozdil et al. (2005), report ed that compact yarns-ba sed knitted fabrics versus
ring yarn- based knitted fabrics have diverg ent visual properties; nam ely, they are
more brilliant , glossier, had finera nd sm oother handling quality, better bursting
strength values, better pilling but the ab  rasion resis tance test s did not reveal any
significant difference between the sam ples. Cankut et al. (2007) Stated that the
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pilling properties of the fabrics produced with com pact-spun yarns and the tensile
strength of the fabrics produced with fi ner compact-spun yarns are better. Tyagi et.
al. (2010) indicate that Fabrics woven fr om compact-spun yarns are less extensible
and possess consider ably higher ben ding and shear rig idities and higher f ormability
than equivalent fabrics made from conventional ring-spun yarns.

The aim of the study presented herein ~ was to com pare the properties of
fabrics produced with open-end, conventional ring- and compact- spun yarns.

Materials and Methods

Two Egypti an cotton varieties were us  ed. The properties of cotton fiber

measured on Uster HVI spectrum  and Microm at testing instrum ents are given in
Table 1.

100% carded cotton yarn spinning pro cesses were followed. Second passage
slivers were converted into roving bef ore spinning into compact and ring s pun yarns,
while open-end rotor yarns were spun directly from second passage slivers. Compac t
and Ring yarns in constant count, Ne 30/1 were spun on a Mazoli RST1 compact and
ring frame. Open-end rotor yarns were spun in the same yarn count of “Ne 30/1” on
a Schlathorst Autocoro 288 rotor spinning in cluded a 31 mm diameter rotor (cotton
type) running at 100.000 rpm.

Tablel. Fiber quality properties of Egyptian cotton varieties Giza 86, and Giza 80

Fiber Properties Giza 86 Giza 80
Upper Half Mean mm. 32.8 30.1
Uniformity Index (%) 86.5 85.6
Strength cN/Tex) 443 38.4
Elongation (%) 6.4 7.4
Micronaire value 4.3 4.2
Maturity (%) 88 85
Fineness 155 167
Reflectance Rd% 65.0 63.7
Yellowness +b 8.5 12.6
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Weaving

Yarn sam ples were sep arately used to produce plain woven fabrics on a
Texmaco shuttle loom by Cairo Secondary School for spinning and weaving.

The construction of the sets of fabrics was kept constant at 24 ends and 22
picks per centim eters (i.e. 60 endsx56 pick s per i nch) for singl e 30Ne yarns. In t he
all fabrics, the warp and weft yarns we re of the same com  bination (com pact
/Compact; Ring/Ring and Open-end/ Open-end).

Physical an d m echanical tests were ca rried out in weft an d warp d irection
after conditioning of the fabrics for 24 hours under the standard atm  ospheric
conditions. The following tests were carried out according to standard textile testin g
methods “Table 2™

Table 2. Testing carried out according to standard textile testing methods

Test Instru ment Standard

Single yarn strength &  Statimat ME ISO: 2062:1993
elongation
Yarn evenness USTER Tester 3 1SO:16549:1993
Air Permeability Air permeability tester -test ASTM D737

Spray test method 1S04920:1981
Fabric Strength and Asano Kikai Seisaku ASTM D1682
elongation BS EN ISO13938-2:1999
Pilling Resistance ICI Pill box tester BS EN ISO 12945-1:2000
K/S Data color spectrophotometer ISO 9001:2000

SF-600
Thickness losses after  (Asano Kikai Seisaku BS EN ISO12947-1:1998
abrasion
Thickness mm Thickness gauge ASTM D 1777

ISO 5084:1996

The test res ults related to fabric properties were analyzed for significan ce in
differences, using ANOVA and Tukey and Dunne tt T3 post hoc tests at the 95%
level of confidence in SPSS 15.0.
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Results and Discussion

Yarn properties

Yarn samples were co mpared on the basi s of yarn tensile strength, evenness
“CVm%” a nd ha iriness. The di fferences i n me an va lues of each  group were
determined by evaluating the level of significance obtained to ANOVA. The results
of ANOVA test results i.e., significance level values (p values) are shown in Table 3.

Tensile properties

Tensile p roperties of yarn sam ples were illu strated in Fig ure 1. The test
results show that com pact spun yarns had th e highest tenacity values from Ne 30/1
cotton yarn, while open-end rotor yarns were the weakest. This resu It is consis tent
with previous findings, which reported that the twisted ¢ ore of the com pact spun
yarns creates a stronger bond be tween the fibers and result s in higher tenacity for
compact spun yarns. Moreover, the lack of fiber parallelization in the open-end rotor
yarn structure is thought to lead to low tensile values, (soe et. al. 2004).

Table 3. Physical properties of yarn s pun on compact, ring a nd open-end spinning

systems
Cotton  Spinning Tenacity Elongation CVm% Hairiness No. of
varieties  system (cN\tex) % (H) Neps/Km
Open-end 14.60 6.62 14.42 4.50 210
Giza 80 Ring 17.63 5.89 15.78 4.81 293
Compact 19.38 5.38 14.83 3.99 260
Open-end 15.87 6.49 14.18 4.34 190
Giza 86 Ring 18.15 5.40 15.96 4.89 246
Compact 19.83 5.28 15.66 3.94 216
P value 0.947 0.670 1.014 0.146 14.822

The improvement in yarn strength is greater for com pact spun than for ring
and open-end rotor yarns. The reason for this can be better understanding by
referring to the scanning m icrographs of the 30/1 Ne compact, ring and open-end
yarn as shown in Figure 2. The fiber of the compact yarns was m uch better aligned
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with the yarn axis than those of the ring yarn, while open-end yarns recorded the last
one. If fibers of a yarn were perfectly a ligned with the yarn axis, the proper am ount
of twist would alm ost tota lly trans late f iber strength to yarn strength. If fiber
alignment is poor, translation of fiber stre ngth to yarn strengt h will also poor. It
could be summarized that in Open-end yarn, the nature of the twist introduced is
quite different from that introduced in compact and ring yarns. In open-end yarns, the
twist is not uniformity distributed, the central portion of the yarn being more highly
twisted than outer sheath, (Lord and Nichols 1974).

Yarn evenness and neppiness

Yarn evenness “CVm%” and neps results are shown in Table 3 and illustrated
in Figure 1. In general, C V,,% values express mass variation over a 1 ength of about 1
cm with respect to the mean value. The best evenness and neps results were obtained
with the open-end spinning sy stem, while ring spun yarns showed the slightly high
unevenness and neps results. Open-end rotor sp un yarns are stated to be more even
and of less neps than ring spun yarns because of opener action and back doubling of
fibers in the rotor groove. Quality parameters in terms of evenness and neps value s
indicated that com pact spun yarns appear to fall between ring and open-end rotor
spun yarns.

Yarn Hairiness

Figure 1 show the test results of yarn hairiness, as th e Uster hairiness index
(H). Yarn hair iness e xpressed in the form of “H” gives an av erage value
corresponding to the total length of protruding fibers within the measurement field of
1 ¢ m length of the ya rn. The ring spinni ng system appeared to demonstrate the
highest H v alues for all yarn sam ples, whereas according to ANOVA results, the
differences between Uster hairiness (H) va lues of com pact and open-end rotor spun
yarns were not significant.

The spun Giza 86 yarn show high strength, elongation, evenness and lower
neps and hairiness values than the equi  valent Giza 80 yarn ir respective of yarn
formation, which is due to the higher fiber quality of Giza 86.
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D- Giza 86 Compact yarn

B- Giza 80 Ring yarn

C-Giza 80 Open-End yarn F-Giza 86 Open-End yarn

Figure 2. Scanning micrographs of the 30/1 compact, ring and open-end yarns with the 4.0 twist multiplier
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Figure 1. Yarn quality properties of open end, ring and compact spinning

Fabric Properties

e Air permeability

In m any fl at textile products, appropr iate air-perm eability is the most
important feature. This feature especially refers to fabrics comfort. Air-permeability
test results of dyed f abric samples are s hown in Table 4. The tests results indicate
that the air-perm eability of the fabrics produced from compact spun yarns were
generally higher com pared to the other tw o systems. Lower air-p ermeability values
of open-end rotor spun yarns, other than the corresponding ring and compact spun
yarns, resulted in bulky yarns of open-end yarns as shown in figure 3.

e Tensile properties

The test results indicate that the strength and elongatio n of the fabrics
produced from com pact yarns is generally higher than con ventional yarns in both
warp and weft direction, as m ight be well expected since compact yarns have higher
strength (T able 4). The spun Giza 86 woven fabrics show high strength and
elongation values than the equivalent Giza 80 fabric irrespective of yarn for mation,
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which is due to the higher fiber tenacity and breaking extension of Giza 86. This
result indicates that the streng th of fabrics is m ainly affected by yarn strength, and
the cotton variety is also an important factor.

Table 4. Air permeability, breaking strength and elongation

Air Breaking

2% de Fabric mad
arn made  tabric made Permeability force KgF

Elongation %

from from cm3/cm2.sec  Warp Weftw arp weft
Open-end 84.33 60.2 57.5 7.8 8.3
Giza 80 Ring 76.33 65.5 64.3 8.6 8.9
Compact 68.33 66.5 64.6 8.0 8.5
Open-end 86.33 61.4 59.5 8.7 9.0
Giza 86 Ring 81.33 66.3 64.5 9.3 9.6
Compact 77.00 68.4 65.5 9.1 93

P value 6.963 1.48 1.93 0.492  0.328

Figure 2: Air perm eability, breaking force in warp, weft and elongation in warp and
weft from the fabric made of ropen end, ring and compact yarns
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e Pilling resistance

The extent of pilling is assessed visually by ¢ omparison with the arb itrary
standards. T he pilling test results are shown in Table 5 and figure 4. The results
indicate that pilling behavior of all fabric types worsen as the loop lengths of the
fabrics are increased, as expected. However, the fabrics consisting of com pact yarns
exhibit m uch better pilling perform ance compared to th e fabrics p roduced by
conventional ring and open-end spun yarns. A similar performance in terms of pilling
was also reported by a com pact yarn spi nning machine manufacturer, as indicated
below.

Arbitrary standard
No. of Pills Standard (Grade)
0-45
5-104
10-20 3
20-40 2
40-60 1
60-above 0

e Comparison of color

The test results of color are given in Table 5. The data indicated that there is a
slightly significant color difference betw een the fabrics of com pact, conventional
ring and open-end spun yarns although they ~were woven and dyed under identical
conditions. The findings indica te that the fabrics of ope n end yarns have darke r
shades compared to the fabrics of compact spun yarns, wh ile fabrics of conventional
ring yarns were of lighter shade. This result reveal that much less dye can be used for
the fabrics of open end yarns, so their dyeing cost m ight be lower for the same depth
of shade, in comparison to the fabrics of conventional ring and compact yarns.

e Thickness losses after abrasion cycle

Thickness losses after 1000 abrasion cycle (%) of the fabrics were
investigated according to percent w eight losses. The weight loss values (%) of the
fabric samples after certain cycle numbers “1000 cycles” were calculated. The results
are given in Table 5. W hen the weight loss values (%) ob tained at th e fabrics after
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1000 cycles were considered, the fabrics woven from compact yarns were found to
have less abrasion between the ratio of  1.76% and 1.35% than the fabrics woven

from ring yarns (2.45% and 2.23%) and ope n-end yarn, (3.07% and 3.01%) for both
Giza 80 and 86 respectively, similar to the findings related with yarn tenacity values.

Table 5. Pilling resistance, K/s, thickness loss (%) and thickness (mm)
Thickness Loss

Yarn made Fabric made Pilling Res. i
from from Gride K\S after 1000 Thl::::ess
Abrasion cycle (%)
Open-end 43.64 3.07 0.53
Giza 80 Ring 4 3.02 2.450.44
Compact 5 3.15 1.76 0.39
Open-end 4 3.64 3.01 0.62
Giza 86 Ring 4 2.96 2.23 0.46
Compact 5 3.28 1.45 0.44
P value 0.122 0.01 0.201 0.11
r 3
| BPilling Res. Grade BK/S O Thickness Loss OThickness mm |

-
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Figure 3: Pilling resistance, color shade, thickness loss and thickness/mm from fabic

[
]
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made of open end, ring and compact yarns
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Compact yarns are reported to have hi gher abrasion resistance than ring and
open-end yarns in term s of weight loss. Th e bette r abra sion resi stance of fabrics
produced from Giza 86 yarns than those pr oduced from Giza 80 yarns in turns of
weight losses were parallel with the ones noted in fiber and yarn strength.

Thickness

From Table 5, it can be observed that the fabrics made from compact yarn
show relatively the s ame thickness as com pared with the equivalent f abrics made
from ring and open-end yarns irrespective of cotton variety. Fabric made from open-
end yarns shows higher thickness value than  all the other fabrics, and this can be
attributed to the bulkiness of open-end yarns.
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ORAL PRESENTATION

Bt cotton adoption and variety market development: The Chinese case

Naiyin XU'" and Michel FOK?

'Tiangsu Academy of agri. Sciences, Nanjing, China
2CIRAD, UR SCA, Montpellier, France
*Corresponding author, e-mail: michel.fok@cirad.fr

Abstract

In China, Bt-cotton varieties are widely adopted since 1997 to help control
attacks of Helicoverpa armigera, a m ajor pest on cotton crop. Most studies have
related this adoption only to the specific advantages of Bt-cotton, e.g. interm s of
reduction in pesticide use. This reason appe ars not to be s ufficient as this sp ecific
advantage h as been pu t into qu estion in m ore recent papers, which als o raised the
issue of seed prices.

By referring to da tasets seldom used in e arlier analys es, we argue th at Bt-
cotton use in China has benef itted a lot f rom the develop ment of the cotton va riety
market and it could suffer if this developm ent is not effectively regulated. Since m id-
1990s, a f avourable legal fram ework has b een set up and it resulted in the
development of a com petitive variety market. But free-wheel development led to the
current stiff competition which is res ponsible for quality uncertainty and possibly for
high seed pricing. The profitabi lity and continued use of Bt -cotton is under threat, as
well as the pursuit of the deve lopment of the variety m arket. Actions have been
conducted to regulate this market, but their effectiveness is debatable.

Keywords: Bt cotton, market development, China.
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