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Hirsutisation of diploid cultivated cotton

ABSTRACT
Genetic erosion has been evident in cotton ecosystem of Asian countries where in diploid
Gossypium arboreum and G. herbaceum were replaced by tetraploid cultivated cotton. The reason
for such replacement was poor fiber qualities of
diploid cultivated cotton. The diploids possessed
shorter fiber length (18-23 mm), coarse fiber
(higher micronaire than 5.0) and weaker fiber
strength (below 20 g/tex at 3.2 mm gauge). Apart
from above, diploid Asiatic cotton have smaller boll
size, lesser seed index (below 7.0 g) etc., when
compared to tetraploid cotton. Further, the productivity has been low especially in G. herbaceum
and took almost 200 days for maturity. But G.
arboreum possesses high production potential and
earliness. Both diploids have been considered as
tolerant to Biotic and abiotic stresses. Hence, It
was thought to introgress G. hirsutum genes to G.
arboreum. Tetraploid cotton, G. hirsutum var.
Poornima was selected to improve G. arboreum
species (var. PA 140). Tetraplodisation of diploid
G. arboreum using colchicine and further crossing
that with Poornima was undertaken. The resultant
sterile F1 was backcrossed to G. arboreum by utilizing 27% pollen fertility. In the present investigation, BC1F1, BC1F2, BC1F3 and BC1F7 progenies
were evaluated for various growth, yield and fiber
properties. The quantum of genetic gain observed
from multilocation evaluation of F7 was unimaginable. Transgressive segregants for traits like ginning out turn (GOT), fiber strength, micronaire,
elongation percentage, seed index was noticed in
BC1F2 and that transgressiveness was found fixed
in BC1F7 as indicated by multilocation trial. Some
genetic stocks like >30 mm G. arboreum genotypes were isolated apart from isolating lines for
higher seed index up to 10.5 g. The genotypes
possessing strength more than 25.5 g/tex at 3.2
mm gauge (ICC mode) were noticed. The genotypes possessing bigger boll size with >50% four
loculed bolls were noticed. There was delayed recombination and segregation for some of the traits,
which were appeared in BC1F7 but not in BC1F2.
The study supported the fact that the genes responsible for fine fiber properties present on D genome of the AD tetraploid. Presently, one cultivar
developed from such introgression is under going
farmer’s field trials. Initial trials have shown indication of no gap between yield and quality potentiality of improved diploid genotypes and tetrap-
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loid cotton including Bt cotton. Hence, this research
has lead to the confirmation of concept of
“hirsutisation of diploid cultivated cotton”. This
process has strong corollary to the noblisation of
sugarcane in India. These introgressed G.
arboreum genotypes are being thought of best
candidates to substitute G. hirsutum genotypes and
genetic transformation, with Bt gene because these
are resistant to sucking pests. Simultaneously G.
herbaceum improvement using the derivatives of
introgression has resulted into long fiber and early
genotypes. Hence, this is the first efficient approach of hirsutisation of diploid cultivated species to elevate them to G. hirsutum status. These
new genetic resources will prevent further genetic
erosion of diploid cotton from Asian cotton ecosystem and hence bring sustainability.

Introduction
Genetic erosion has been evident in cotton ecosystem of Asian countries where in diploid G. arboreum
and G. herbaceum were replaced by tetraploid cultivated cotton belonging to G. hirsutum race latifolium.
The world cotton area at present hovers around 33
m.ha in which approximately 2.6 m.ha (ICAC, 2001)
of land is cultivated by diploid cultivars (8% of total).
The cultivation of these Asiatic cottons was in toto restricted to only Asian subcontinent.
Earlier, five decades back, India alone was cultivating diploid cotton in 97 percent of cotton area but
today it is only 25% of total cotton area. But, the area
of cotton occupied by diploid species has been traditional and that part of area has been totally untouched
by tetraploid cotton since decades. This indicates persistence of G. arboreum and G. herbaceum cotton area
in India. Nevertheless, substantial area of diploid cotton has been encroached by tetraploid G. hirsutum cotton especially in irrigated and assured rainfall tracts
and this has been termed as diploid cotton erosion
(Kulkarni, 2002). The causes for this erosion were short
and coarse fiber of diploid cultivated cotton. The available and used genetic diversity of diploid cotton cultivars in India possess fiber length between 18-23mm
micronaire above 5.5 and fiber strength below 20 g/
tex (Kulkarni et al., 2001 and Singh et al., 2001). Apart
from above, diploid Asiatic cotton are characterized by
smaller boll size (2.0 g), low seed Index (below 7.0 g)
etc. when compared to tetraploid cotton. Further, the
productivity has been low especially in G. herbaceum
and took almost 200 days for maturity (Narula et al.,
1999). But the productive potential of G. arboreum
race bengalense is more than 4000 kg/ha under irrigated conditions of North India (Venugopal et al.,
1998). Further, this diploid cultivated cotton is known
genetic resource for resistance to biotic and abiotic
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stresses. G. arboreum has been found to withstand
moisture stress and respond positively to moisture availability and other agronomic manipulations (Ansingkar
and Pawar, 1992). These diploid cottons are also known
for resistance to sucking pests (Paras-Nath et al., 2000;
Kulkarni, 2002).
Considering the profitable physiogramy of diploid cotton, it is emphasized that if their boll, seed and
fiber properties are improved, they can be economically feasible alternatives to the present day tetraploid
cotton in both rainfed and irrigated cotton ecology of
Asia (Kulkarni and Khadi, 1998).
The races of G. arboreum or G. herbaceum as
genetic resources to improve diploid cultivated cotton
lack good boll features. Though race cernum poses
bigger boll size unto 6.0 g of boll weight, the fiber of
that race is short, coarse and weak. Hence, G. hirsutum
was chosen as donor source for genetic amelioration
of G. arboreum for boll seed and fiber traits. Hence,
present investigation aimed at “hirsutisation of diploid
cotton”. The distant hybridization was carried out upon
raising the ploidy level of G. arboreum from 2n to 4n
using colchicine. The backcross material generated
from this cross was evaluated in research station and
up to farmers field to prove the concept of “hirsutisation
of diploid cotton”.

Experimental procedure
Genetic stocks
The genetic material for present investigation was
derived from distant hybridization between G. arboreum
and G. hirsutum (Figure 1). A total of 62 progenies
were evaluated along with parents and checks at
Dharwad (150N, 740E), Parbhani (190N, 770E) and Delhi
(290N, 770E) representing, South, Central and Northern Cotton growing zones of India. Segregating generations belonging to BC1F1 and BC1F2 were evaluated
at Parbhani and Dharwad. Further, DLSA 17, a superior introgressed derivative was evaluated in farmers
field for productivity and fiber properties with G. hirsutum
controls. All the recommended package of practices
was followed to raise the crop. Though observations
were recorded on several (31 traits), but only important characters like % 4 loculed bolls, boll weight (g),
seed cotton yield (kg/ha), 2.5% Span length (mm), tenacity (g/tex at 3.2mm gauge) and fiber micronaire
were considered for present investigation.

Statistical analysis
The analysis of variance (ANOVA) for individual
characters was carried out using the mean values of
each plot following method given by Panse and
Sukhatme (1964). Stability of individual character expression was analyzed using Eberhart and Russell
(1966). Genetic divergence created due to introgression was estimated by utilizing Mahalnobis D2 statistic
(Mahalanobis, 1936). The D2 values were used to clus-

ter different genotypes into different groups as suggested
by Tocher (Rao, 1952).

Molecular diversity
The DNA polymorphism using Random Amplified Polymorphic DNA (RAPD) technique was considered as molecular basis for genetic diversity noticed in
the introgressed derivatives. A total of 19 representative introgressed derivatives along with parents and representation of A and D genomes were randomly chosen and subjected for RAPD. DNA from adult plants
was extracted using protocol suggested by Paterson et
al. (1993).

DNA amplification
DNA amplification through single primer, polymerase chain reaction (PCR) was performed using random decamer primers with following sequences as summarized in 1 (Operon Technologies Inc. Almeda). The
PCR was carried out using template DNA of introgressed
derivatives, parents, F1 and G. raimondii (D genome
donor of tetraploid cotton) and Jayadhar (A, genome).
The reaction mixture consisted of 1x Taq Assay Buffer,
0.1 mM each of dATP, dCTP, dGTP, dTTP, 30mg of genomic template DNA and 1U of Taq DNA Polymerase
(All PCR chemical from Bangalore Geinie Pvt. Ltd.). Amplification was performed in Primus Thermo Cycler
(MWG Company) with the following thermoprofile: Initial denaturation at 94 0C for 8 min and 40 cycles at
94 0C for one min, Annealing at 37 0C for 1 min and
Chain elongation at 72 0C for 2 min. This 40 cycle
loop was followed by primer extension step at 72 0C
for 4 min. Amplified products were finally held at 4 0C.
These amplified products were electrophoresed on 1.2
percent agarose gel (consisting of 2 ml of 0.5 ìg/ml of
ethidium bromide) at 60v in 1x TAB buffer. The electrophoresed gel was visualized and photographed under UV light in Gel Documentation system (Herolab).
The sizes of the amplicons were determined by 500 bp
Ladder. RAPD bands were scored as present (1) or absent (0) each of which was treated as an independent
character regardless of its intensity. Data were used
for similarity based analysis using the program of
NTSYS-PC (Version 2.0) developed by Rolf (1998). The
SIMQUAL program was used to calculate DICE co-efficient. Similarity co-efficients were used to construct
UPGMA (Unweighted Pair Group Method with Arithmetic Average) dendrogram (Rolf, 1998).

Results and Discussion
Evaluation of early backcross
generation
A total of 7 BC1F1 plants and 173 BC1F2 plants
obtained through selfing BC1F1 plants were evaluated.
The data on boll, seed and fiber properties (not presented) revealed following observations. There were
(nearing 1%) very few transgressive segregants observed
with respect to boll weight, percentage of four loculed
boll and seed index. The values of parents for boll
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weight were 2.1(PA 140) and 4.1(Poornima); seed index 6.3 (PA 140) and 9.6 (Poornima), percent four loculed boll 20.5 (PA 140) and 79.2 (Poornima). On the
contrary, desirable segregants in BC1F2 were high (unto
5 to 50 percent) for boll, seed and fiber properties when
assessed based on the values of G. arboreum (AK 235)
and G. hirsutum (Abadhita) controls. BC1F2 plants, to
an extent of 50 percent exhibited 2.5% span length
more than that of G. hirsutum control, Abadhita (25.5
mm). Similar observation was also noticed with fiber
micronaire, wherein 45.4 percentage of desirable segregants obtained. The desirable segregants for fiber
tenacity were 27.7 percent when compared to the fiber
tenacity of Abadhita (18.2 g/tex) at 3.2 mm gauge.
The BC1F2 plants exhibited occurrence of recombination between G. arboreum and G. hirsutum with respect to economic characters. There was ample scope
for selection for characters like, boll weight, ginning
out turn, seed index and all fiber properties as these
characters exhibited 8 to 66 percentage of co-efficient
of variance in the F2 population. The recombination of
characters was supported by quadrivalents observed
in F1 plants [2n=4x=52 AAAD] (Deshpande et al.,
1991). The occurrence of quadrivalents in F1 indicated
occurrence of recombination between A and D genome.

Evaluation of BC 1F 7 progenies in
cotton growing zones of India
A total of 68 introgressed derivatives belonging
to BC1F7 generation, along with two parents and two
controls, (one each G. arboreum and G. hirsutum) were
evaluated in rainfed conditions of South (Dharwad),
Central India (Parbhani) and Irrigated conditions of
North India (Delhi). The data set obtained from three
locations was subjected for stability analysis (Eberhart
and Russell, 1966). The summary of the entire data of
few economic characters has been presented in Table
2. The data presented in Table 2 for each character is
mean of three locations. The genotypes typed with bold
letters are stable across environment with bi value equal
to one and with non significant mean square deviation, for characters namely, percentage four loculed
boll, boll weight, seed cotton yield (kg/ha) and seed
index (g). Absolute stability (bi=0 and non-significant
mean square deviation) was considered for fiber properties like 2.5% span length, fiber tenacity and fiber
micronaire. Variances due to G x E interaction for boll
and seed features were significant indicating differential performance of genotypes under different environments. On the contrary, variances due to G x E interaction for fiber length and fiber tenacity were non-significant depicting consistent performance across environment. However, variance due to G x E for fiber
micronaire was significant, indicating existence of environmental influence on this trait.

Percentage of four loculed bolls
The number of locules in cotton boll has positive
relationship with boll weight, which is mediated by seed
weight. The cultivated G. hirsutum genotypes are char-
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acterized by three to five locules. However, G. arboreum
genotypes possessed more three loculed and less four
loculed boll as observed with PA 140 (16.7 percentage) and local G. arboreum check (15.2 percentage).
There was cent percent improvement in introgressed
derivatives with respect to number of locules in bolls as
there were seven genotypes exhibiting more than 32%
four loculed boll. Nevertheless, those genotypes recorded significantly lower percentage boll than G.
hirsutum. The genotypes AH 61 (38.5 %), AH 37 (37.7%)
and DLSA 17 (34.2%) were found to be stable across
environment. The improvement in number of locules
noticed in introgressed derivatives was due to introgression of genes from G. hirsutum into G. arboreum.

Boll weight
This character is commercially important because
in country like India cost of hand picking is more, which
involves more labor resource. Bigger boll size will help
in reducing the cost of harvest. The G. arboreum genotypes belonging either to races indicum or bangalense
are characterized by smaller boll size. The distant hybridization in present investigation has helped significantly in increasing boll weight from 2.4 g of G.
arboreum parent PA 140. There were six stable
introgressed derivatives exhibiting more than 3.0 g of
boll weight (Table 2). Though none of the introgressed
BC1F7 genotypes exhibited boll weight either on par or
equal to G. hirsutum genotypes (more than 3.7g) in the
experiment, all six introgressed derivatives were found
to possess significantly higher boll weight over G.
arboreum genotypes. Hence introgression, not only
helped in increasing locule number but also boll weight.

Seed cotton yield
The introgression of genes between G . arboreum
and G. hirsutum has also helped in improving the productivity of G. arboreum genotypes. There were six
introgressed derivatives exhibiting significantly higher
seed cotton yield when compared to controls and parents (Table 2). These six genotypes were considered as
transgressive progenies for seed cotton yield. However, these possessed unfavorable stability parameters
with either significant bi value or significant mean square
deviation. This observation is suggestive of their adaptability to location specific condition. The mean seed
cotton yield of introgressed derivative AH 58 was highest (1766 kg/ha), followed by AH 14 (1695 kg/ha) and
AH 17 (1693 kg/ha). The recombination of traits between A and AD genome has generated new genotypes, which have high agronomic potential. G.
hirsutum, as a donor source, has proved to be beneficial in attaining better agronomic performance across
environment in G. arboreum genotypes. This introgression between G. arboreum and G. hirsutum has been
found to be devoid of genetic load.

Seed index
The cultivated G. arboreum species is basically
small seed type the highest 100 seed weight observed
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in germplasm pool is 8.6 g (Singh et al., 2001). It is
very difficult to obtain significant gains in such traits
while breeding with primary genetic pool. But, the genetic gain noticed for seed index was more than expected, AH 29 (9.4 g) was the only transgressive progeny found in the introgressed derivatives. There were
several genotypes exhibiting higher mean seed weight
than G. arboreum parent PA 140 (6.2 g) and local G.
arboreum control (6.2 g). AH 56, AH 55 and AH 7(all
more than 8 g) exhibited stable performance for seed
index across environment with bi=1 and with non-significant mean square deviation. The donor parent
Poornima exhibited 9.2g seed index. These observations suggested introgression of G. hirsutum genes into
G. arboreum genotypes for seed properties.

Fiber properties
The distant hybridization of present investigation
has been mainly intended to improve the fiber properties and this interspecific cross was successful enough
to impart G. hirsutum genes into G. arboreum genotypes.
The introgressed derivatives with long, fine and
strong fiber were obtained in the present investigation.
Though none of the interspecific derivatives were transgressive in nature when compared to Poornima (29
mm), there were 14 genotypes producing more than
26 mm fiber length. Among them AH 45, DLSA 17(both
>27 mm), AH 54 and AH 50 (>26 mm) were found to
be stable across environments with bi=0 and with nonsignificant mean square deviation (Table 2). Getting
introgressed derivative more than 27 mm has been an
achievement of attaining longer fiber length in G.
arboreum genotypes (Singh et al., 2001). The study
also supports prevalence of genes for fiber length on D
genome of the AD tetraploid.
The developments in spinning technology demand stronger fiber in cotton genotypes. The introgression has resulted in substantial number of genotypes (26), which can be considered as transgressive
progenies. The fiber strength of top six introgressed
derivatives has been presented in Table 2. Highest
genetic gain of 5.2 g/tex in comparison with Poornima
(20 g/tex) was noticed due to introgression in the form
of genotype AH 58 (25.2 g/tex). Apart from this, few
progenies namely AH 58, AH 59, AH 53 and AH57
were found to be stable across environments.
Similar kind of genetic improvement was noticed
with respect to fiber micronaire. The fiber micronaire
less than five in G. arboreum is very difficult to get in
the cultivated germplasm. The lowest micronaire noticed in G. arboreum germplasm 4.5 (Singh et al.,
2001). However, introgression has resulted a unique
kind of germplasm less than 4.5 micronaire in genotypes like AH 35, DLSA 17, AH 67, AH 66, AH 54, AH
44 and AH 58, which were found to be stable over
environment.

This fact of attaining germplasm with long, fine
and strong fiber is first of its kind in the diploid cotton
breeding history. The reason for such fiber quality was
mainly due to introgression of D genome based genes
into G. arboreum genotypes. The study also provides a
clue that the genes for fiber quality rest with D genome
of AD tetraploid.

Genetic diversity studies
The genetic diversity studies in 72 introgressed
derivatives between G. arboreum and G. hirsutum across
three environment with respect to 17 traits were carried out to know the extent of genetic divergence in
BC1F7 derivatives. In the present manuscript only dendrogram showing different clusters have been presented
(Figure 2). The introgressed derivatives formed one
big cluster, which was distant than either of the parents
namely PA 140 and Poornima. There were few
introgressed derivatives forming unique clusters namely
AH 44, AH 65 AH 49 and DLSA 17. Following inferences could be drawn from the dendrogram:
• The distant hybridization between G. arboreum and
G. hirsutum created large amount of genetic diversity.
• Majority of the introgressed derivatives were distant from both the parents indicating their uniqueness in the genetic content.
• Few interspecific cross derivatives forming hermit
clusters were nearer to G. hirsutum than G.
arboreum genotypes.

Genetic diversity using RAPD
markers
A selected 19 introgressed derivatives along with
parents, controls G. raimondii (2n=2x=26 DD) and
Jayadhar (2n=2x=26 AA) were subjected to genetic
diversity studies at DNA level using 10 decamer primers. All the primers used were found to be polymorphic in distinguishing parents and progenies. Similar
results were also obtained in genetic diversity analysis
based on RAPD markers as that of genetic diversity studies based on morphological characters (Figure3). There
were strong corollaries between the two sets of studies.
The majority of the introgressed derivatives formed a
big cluster, which was different from both the parents
and D genome and A genome species. This fact at
molecular level suggested unique nature of germplasm
derived from distant hybridization. Some primers produced very specific DNA bands of different sizes one of
the example OPP 11 amplified distinct DNA fragments
of 1300 bp 550 bp (Figure 4). The molecular analysis
strongly supported the introgression of genes between
G. hirsutum and G. arboreum.

Farmer’s field trails
The commercial worth of the introgressed derivatives was assessed in the farmer’s field under rainfed
condition. The superior introgressed G. arboreum DLSA
17 was evaluated along with following genetic mate-
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rial.

Each genotype was grown in a 48m2 plot size.
Following plant protection schedule was under taken
for different cultivated species. For diploid cotton no
insecticidal applications were taken for sucking pests
because they are inherently resistant to sucking. However two insecticidal applications were taken for bollworms at 50th and 90th days after sowing to protect the
crop from the infestation of bollworms. On the contrary, the seeds of tetraploid cotton were treated with
imidacloprid @ 10g per kg to protect them against the
sucking pests. Further, the tetraploid cotton genotypes
were sprayed with two extra insecticide applications for
sucking pests due to its high incidence. Again to protect against bollworms four insecticidal applications were
given. This differential plant protection was essential to
assess the differential cost of cultivation of both tetraploid and diploid cultivars.
The results of these experiments revealed some
interesting points (Table 3). Introgressed derivative DLSA
17 (963 kg/ha) was found to be statistically on par with
intrahirsutum hybrids DHH 11 (943 kg/ha) Bunny (1040
kg/ha) and Bt cotton genotype, MECH 162 Bt (1045
kg/ha). The field view for comparing DLSA 17 and
Sahana has been given in Figure 5. Significantly superior ginning out turn and acceptable fiber quality was
also noticed in DLSA 17 in comparison with
intrahirsutum hybrids.

Economic analysis of yield trails
The genotypes chosen for economic analysis included the high yielding genotypes in intrahirsutum
hybrid, G. hirsutum varieties, Bt cotton genotype along
with test entry DLSA 17 (Table 4). The profit and C: B
ratio was highest in DLSA 17 (1:2.74) because of lower
seed, cost reduced plant protection measures and
drought tolerance. The cultivars DLSA 17 has been
resistant to sucking pests hence, no plant protection
towards sucking pests were taken. Further, it is also
tolerant to bollworms hence, only two insecticidal applications were provided. The quality of DLSA 17 fiber
has been found to be superior to existing G. hirsutum
varieties and G. arboreum cultivars. The comparison
of halo length of Sahana and DLSA 17 has been presented in Figure 6. Hence, above experiments indicated
process of hirsutisation occurred due to distant hybridization.
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The concept of noblisation of sugar cane in India is the spirit behind the concept of hirsutisation of
diploid cotton. The term hirsutisation indicates transfer
of favorable genes from G. hirsutum to diploid cotton
like G. arboreum through distant hybridization and
stable expression of those genes in different environment. The experiments involving segregating generations revealed the transfer of AD genetic factors into A
genome, which were found fixed in BC1F7 genotypes.
The expression of the transferred genes into G.
arboreum was stable across environments. The distant
hybridization has been found to create unique genetic
diversity not observed in Gossypium, which has proved
both at morphological level and at molecular level.
Based on preliminary experiments in cultivators field,
the cultivars DLSA 17 was found to be suitable for commercial exploitation. Hence, we propose these experiments of transferring genes from G. hirsutum to diploid
cotton as the process of hirsutisation of diploid cotton.
These hirsutised G. arboreum genotypes, which
are inherently resistant to sucking pests and that have
good fiber quality have been found to be good candidates for Bt gene transfer for bollworm resistance. Improved G. arboreum lines with Bt gene are expected to
reduce cost of cultivation to a great extent. Such dream
genotypes definitely make cultivation of cotton more
remunerative.
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Table 1. Sequences of random decamer primers as used in PCR.
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Table 2. Summary of the data of those traits introgressed into G. arboreum from G. hirsutum as
evidenced through evaluation of BC1F7 lines in three locations of India (the data presented is
the mean of three locations; Among the 72 entries, only top six introgressed derivatives
have been presented along with parents and controls in each character).

Table 3. Evaluation of long staple, fine quality G. arboreum genotypes on farmer’s field trials for
yield and fiber properties.

Table 4. Economic analysis of yield trials conducted in farmer’s field trials under rainfed conditions.
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Figure 1.
Schematic
diagram
representing
distant hybridization between
G. arboreum x
G. hirsutum
and generation
of back cross
progenies
(Deshpande et
al., 1992).

Figure 2.
Dendrogram
representing
different
clusters depicting genetic
diversity across
three locations.
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Figure 3.
Molecular diversity observed in
introgressed G. arboreum
genotypes as obtained through
RAPD decamer primers.

Figure 4.
The DNA polymorphism as
evidenced by RAPD banding
pattern using OPP11 decamer
primer.

Figure 5.
Field view for comparison of
Sahana (G. hirsutum) and DLSA
17 (introgressed G. arboreum).

Figure 6.
Halo length comparison of
Sahana (G. hirsutum) and DLSA
17 (introgressed G. arboreum).
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