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ABSTRACT
The West African sub-region has continued to experience a pattern of aridity since the late 1960s
that have become more persistent in the northern
latitude locations. Recurring early season dry spells
have caused appreciable decrease in agricultural
productivity and the loss of high quality seeds of
cotton. Cotton cultivars that can endure and recover from drought are required for minimizing
yield loss in dryland areas and also to reduce the
water needs of irrigated production. Screen house
experiments were conducted using a simple box
screening method and pot trials for selecting for
shoot drought tolerance in twenty-two cotton cultivars at the seedling stage. These methods are
relatively fast, allowing for the elimination of the
effects of roots and permit non-destructive visual
identification of shoot dehydration tolerance.
Other assessments for drought tolerance in cotton
included the destructive sampling of seedlings for
monitoring growth rate and plant canopy temperature measurements of fully-grown potted plants.
Cotton cultivars exhibited significant (P<0.05) differences in their dehydration avoidance of water
stress. Significant canopy temperature differences
also occurred among cotton lines subjected to
water stress. The differences between the mean
canopy temperatures of the stressed and unstressed
cotton lines were significantly (P<0.01) different
and ranged from 1 oC to 9 oC. The lines with
warmer canopies also showed greater dehydration avoidance. Using these methods, we have
identified potential cultivars with appreciable shoot
drought tolerance of cotton to early season dry
spell. These include TAMCOT SP 21s, TAMCOTCAMD-E, RSA(79)4,TAMCOT Sphinx and
SAMCOT-6.

Introduction
The observed changes in rainfall pattern in Nigeria over the years have been the late start and early
cessation in the seasons, leading to early and late season droughts (Oladipo and Salahu, 1993; Nicholson
et al., 2000). Early season drought is more important
as it affects stand establishment, which eventually leads
to yield reduction. Cotton naturally does not compete
favorably with weeds especially during the earlier growth
phases (Jerry, 1984; Idem, 1999). This situation is further aggravated by early season dry spell in rainfed
production systems. Drought has been identified as
the most important environmental related factor limiting cotton production in the northern Guinea savanna
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zone of Nigeria (Idem, 1999). Drought tolerance however, is defined as the ability of plants to live, grow and
yield satisfactorily with limited soil water supply or under periodic water deficiencies (Ashley, 1993).
Identification of drought resistance in crop plants
requires the knowledge of relevant physiological
mechanisms for selecting for drought tolerance. Crop
plants have evolved mechanisms to cope with drought
stress patterns. Plants that cannot escape periods of
drought can adapt to them essentially by avoiding stress
or by tolerating drought (Gupta, 1995). Dehydration
tolerance, which depends on the ability of cells to maintain integrity of the cell membrane, is associated with
slow rate of growth and development (Morgan, 1984).
Although most genotypes with high dehydration tolerance may lack dehydration avoidance strategies, moderate dehydration tolerance coupled with stomatal adjustment has been reported to contribute greatly to
drought resistance of plants in the semi-arid areas
(Subbarao et al., 1995).
Studies on shoot growth as a basis for selecting
for drought tolerance in cotton is premising on the notion that drought inhibits shoot growth more than it does
root growth (Pace et al., 1999). Dehydration avoidance is due to morphological characteristics of a plant,
which is a consequence of physiological processes induced by drought, which allow the plant to maintain a
favorable water balance and turgidity when exposed
to drought (Gupta, 1995). The physiological basis for
drought tolerance selection is based therefore on the
domain that when stress is severe and a net loss of
carbon takes place, resistant genotypes survive and
subsequently recover better upon rehydration, compared with susceptible ones (Blum, 1988).
Canopy temperature have been related to crop
water stress of cotton and used to separate cotton
germplasm in relation to their water conservation abilities (Hatfield et al., 1987). The relationship between
canopy temperature and stress is also important in the
development of crop stress indices application to yield
estimation and irrigation management. Hatfield et al.
(1987) observed that factors that caused increased
canopy temperature also have positive effect on dry
matter accumulation. Germplasm with warmer canopy
temperature, given that all other conditions are equal,
will also have decreased evapotranspiration.
Screening for early season drought tolerance in
cotton lines therefore, would alleviate the problems
associated with crop establishment resulting from low
soil available water and thus increase cotton production in Nigeria. The objective of this study is to select
drought tolerant cotton cultivars that are suitable for
cultivation in the northern Guinea savanna of Nigeria,
where recurrent early season drought is prevalent.
Selected cotton genotypes with significant levels of tolerance can also be incorporated into breeding programs for improvement of drought tolerance in cotton.

World Cotton Research Conference-3 2003
Cape Town - South Africa

Experimental procedure
Screen house experiments were conducted at the
Institute of Agricultural Research (IAR), Ahmadu Bello
University, Samaru-Zaria (110 11’ N; 070 38’ E; 695m
asl.), Nigeria in phases (23rd November 2001 to 4th
June 2002) to screen for drought tolerance among local and exotic cotton cultivars/lines (Table 1). The period of these experiments coincided with droughty conditions imposed by temperature extremes and vapor
pressure deficit in northern Guinea savanna zone of
Nigeria. The box and pot screening methods were used.
Monthly summary of weather conditions during the
period of these trials is shown in Table 2. Daily potential evaporation values for Samaru-Zaria served as the
basis for plant water requirement application in these
trials.

Box screening experiments
Wooden boxes with inner length of 100 cm, 50
cm width and 7 cm depth made of 2.5 cm thick planks
were constructed and placed on slabs in a rain protected screen house (Singh, 2000). The boxes were
filled with sieved (2 mm) river sand; to ensure the minimum possible water retention required for droughty
conditions, and watered to saturation. A box contained
rows of each of the 20 cultivars/lines of 20 stands (40
plants) per row spaced at 5 cm x 2.5 cm distance. There
were four replications (boxes) of each of the trials established on 25th November 2001, and 12th March and
10th April 2002. The boxes were watered daily using
watering can until the onset of germination (5-7 days
after sowing (DAS)), when the emergence was observed.
Water stress conditions were imposed at different times
after germination count was taken for periods ranging
from 1 to 5 days. Daily counts of permanently wilted
plants for each variety was made along with the collection of two to five plants samples from the thinned plants
after each stress treatment. These plant samples were
weighed fresh and oven dried at 60 oC for 48 h to
obtain dry weights. The water content of the dried
sample is indicative of its water conservative ability (dehydration tolerance) and the drought tolerant ability of
the genotype. Number of wilted plant was expressed
as a percentage of the pre-stressed number of plants
after every stress period. Watering was resumed after
every stress period to ascertain regeneration percentages of each cotton line. Plant samples after the initial
thinning were kept at 20 plants (1 plant per stand) per
row to ensure even stress treatment and assessed for
wilting and regeneration (recovery) after re-watering,
which were also expressed in percentages.

Pot screening experiment
Four replicates of 19 cotton genotypes were assessed from 2nd May 2002 in 76 pots of dimension 20
cm diameter by 20 cm height filled with loamy sand
made of a mixture of sieved (2 mm) river sand and top
soil in a ratio of 1:1. NPK fertilizer type 28-10-10 was
mixed with soil prior to pot filling to meet the require-

ment of 60 kg N, 30 kg P2O5 and 30 kg K2O for cotton
cultivation in the Nigerian Guinea Savanna. A space
of 5 cm was left at the top of the pot for watering. Pots
were watered with equal volume of water and allowed
to equilibrate before the sowing of 10 seeds per pot.
Pots were watered daily until germination (5-7 DAS),
when germination count was taken. Data collection
included plant water conservation after stress treatment
on thinned plants, wilting and regeneration percentages, leaf rolling and senescence scores after stress
application at various stages of growth between 25 and
45 DAS. Leaf rolling and senescence scores were on a
scale of 1 to 5, where 1 is for unrolled turgid leaves on
a plant and 5, for leaves rolled like onion. As regards
senescence score, 1 is for fully green leaves with less
than 10% dead area while 5 represent leaves with 80%
or more dead area. Two plants per pot were eventually left to grow until maximum canopy formation when
flowering was observed at about 52 DAS. Four days
water stress was applied to three replicates of the cotton genotypes while the remaining replicate was fully
watered (non-stressed crops). Canopy temperatures
were measured above the canopies of the stressed and
non-stressed cotton lines between 13.30 to 14.30 hours
with a hand held infrared thermometer (OS51, SE
OMEGA, Stamford, CT, USA). On each cultivar, five
measurements of canopy temperature were made at a
0o to 45o angles, 10 cm above a fully grown potted
cotton plant at the flower initiation stage (~ 56 DAS).
This period allowed an unbiased measure of canopy
temperature of fully developed foliage without interference from the soil and pot background. Hatfield et al.
(1983), Singh and Kanemasu (1983) and Hatfield et
al. (1987) have discussed the theoretical basis for the
use of infrared thermometer as a tool in crop water
stress screening. Selection for drought stress resistance
is based on the relative differences obtained in canopy
temperatures between genotypes that have been well
stressed at the same time (Blum et al., 1982). The
cotton genotypes with higher temperatures were given
preference, i.e. transpiration rate is controlled, rather
being maximized. The essence being the preservation
of water for later stages of crop growth, which are very
sensitive to water stress.
Leaf rolling scores were taken after five days stress
from 57 DAS on the scale of 1 (unrolled turgid leaves)
to 5 (leaf totally rolled up). Leaf rolling and senescence scores were transformed (arc sine transformation) and subjected to statistical analysis. All data collected from the box and pot experiments were subjected
to the analysis of variance and means were separated
using the 1% and 5% probability level.

Results
Box screening experiments
The application of 5 days water stress in the first
box trial revealed a significant (P<0.05) difference in
percent of wilted plants among the cotton genotypes
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(Table 3). TAMCOT-CAMD-E and RSA(79)4 showed
least wilting of 7.7 and 14% respectively after imposing five days of water stress, while the most susceptible
lines were TAMCOT-S 37H, TAMCOT-HQ 95, TAMCOT
SP 21S and Cotton fiber mutant. Upon rehydration
after two days watering and further two days stress application, a highly significant (P<0.01) difference was
observed in the number of wilted plants. The trend of
water storage in plants after three days of stress was
TAMCOT SP 21S (49%) > RSA(79)4 (47%) >Tx CDP37HH-1-83 (45%) > TAMCOT-S 37H (40%), while the least
was from TAMCOT SP 37 (22%). TAMCOT-CAMD-E,
which was outstanding earlier, also stored moderate
amount of water (33%) while RSA(79)4 remained outstanding all through. Although stand counts were affected in the second and third box experiments, number of surviving plants after a day water stress was significant (P<0.05) with TAMCOT-HQ 95 (54%) showing
the least number of surviving plants which was in agreement with the observation in the first box experiment.
Similar trends were shown in two subsequent box trials
with slight variations involving cotton fiber mutant,
SAMCOT-9 and SAMCOT-8 with contrasting results from
these trials (Table 4).

Pot screening
To further verify the results from the box screening for early season drought tolerance of cotton, the
same genotypes were also investigated in pot experiments under similar stress conditions. Leaf rolling and
senescence scores were significantly (P< 0.05) different among the cotton strains at two and five days water
stress applications. SAMCOT-6, TAMCOT Sphinx OP
and TAMCOT-SP21 were the most outstanding genotypes, when leaf senescence was considered whereas
for the leaf rolling scores, the outstanding genotypes
for leaf senescence only revealed moderate leaf rolling attributes (Table 5). The wilting scores of genotypes after five days of water stress was also significantly (P<0.05) different with TAMCOT Sphinx,
TAMCOT-SP21S, RSA(79)4 and TAMCOT-CAMD-E
showing less stress compared to other genotypes (Table
5). Additional stress application of five days following
two days of re-watering also indicated a significant
(P<0.01) difference among the genotypes in leaf senescence. TAMCOT Sphinx and cotton fiber mutant
showed outstanding drought tolerance ability. The
physiological basis for drought tolerance in these genotypes might be related to plant turgidity maintenance
under water stress conditions, which could be due to
the accumulation of ions, sugar and organic acids in
the cell sap that could reduce water loss through transpiration and increase osmotic, flow in the plants
(Ashley, 1999).
Under conditions of severe stress at full canopy
formation (on 24 June 2002), mean genotype canopy
temperatures for the tested cotton strains ranged from
38 oC to 42.3 oC. The differences between genotypes
were highly significant (P<0.01), with a standard error
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of means (S.E.) of 0.75 oC. The canopy temperatures
of the unstressed cotton genotypes ranged from 33 oC
to 38 oC, while the mean air temperature within the
screen house taken before and after plant canopies
temperature was 36 oC. The genotypes with higher
canopy temperatures were SAMCOT-6, TAMCOTCAMD-E, cotton fiber mutant and TAMCOT-SP–21-S,
while those with relatively lower canopy temperatures
include SAMCOT-9, TxCD-37-HH-1-83 and ASA(78)17.
The cultivars with high canopy temperatures were also
observed to show dehydration tolerance in earlier assessments. The lower temperature above the canopies
of some unstressed cotton genotypes, which was lower
than air temperature, suggest high leaf water potential, which also confers drought tolerance attributes on
them. The differences between the mean canopy temperatures of the stressed and unstressed cotton genotypes ranged from 1 oC to 9 oC and were significantly
different at less than 1% level with a S.E. of 0.75 oC.
The differences observed gave a better resolution of
genetic differences in canopy temperatures (Figure 1).
The genotypes that were outstanding include
ACSA(78)34B, cotton fiber mutant, TAMCOT-CAMD-E
and RSA(79)4, some of which had earlier shown greater
dehydration tolerance at seedling stage in the box
screening trial while the least drought tolerant from the
lower canopy temperature differentials are SAMCOT9, Ex-Benin, TAMCOT-SP-21 and ASA(78)17. SAMCOT6, SAMCOT-8, TAMCOT-SP-21S and TAMCOT Sphinx
were moderate in their drought tolerance levels.

Discussion and Conclusion
The analysis of variance (data not presented) and
mean responses of the genotypes to the drought parameters measured showed significant differences
(Tables 3 to 5; Figure 1). These differences indicate the
presence of genetic variability among the genotypes
for these drought parameters. The box and pot screening methods using a combination of shoot dehydration tolerance and dehydration avoidance; leaf rolling
and senescence scores along with canopy temperature
measurements were complimentary in selecting for early
and full season drought tolerance in cotton. Although
the best performing cotton genotypes under box screening experiments were not necessarily the best all the
times under box screening experiment, they still showed
considerable level of tolerance to drought. The cotton
genotypes identified for their drought tolerant attributes
include TAMCOT-CAMD-E, RSA(79)4, TAMCOT-SP21S
and SAMCOT-6. TAMCOT-CAMD-E and TAMCOTSP21S are materials from the USA that are early maturing and resistant to bacterial blight, while SAMCOT6 is an obsolete commercial cultivar in Nigeria, which
has been replaced with SAMCOT-9. SAMCOT-9 in this
trial however, did not show appreciable drought tolerance attributes. RSA(79)4 is however from the advanced
breeding lines of the Institute of Agricultural Research,
Ahmadu Bello University, Zaria, Nigeria.
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The results of the box screening indicate that genotypic differences of cotton plant response to early
season drought can be assessed efficiently at the seedling stage using the box screening method, which is
simple, fast, cheap and flexible. Genotypic variation
for drought tolerance has also been reported for other
crops like groundnut (Izge et al., 1999), cowpea (Singh,
2000) and millet (Ashley, 1999). A field screening of
these genotypes and some medium drought tolerant
ones would aid in the selection of genotypes that could
be incorporated into breeding programs and used for
improving those genotypes with desirable qualities.
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Table 1. Cotton cultivars and their origin.

Table 2. Mean monthly weather data outside the screen house during experimental period at
Samaru, Zaria, Nigeria.
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Table 3. Relative seedling drought tolerance of selected cotton genotypes in box screening experiment in 2002 (Trial 1).
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Table 4. Relative seedling drought tolerance of selected cotton genotypes in box screening experiment in 2002 (Trials 2 and 3).
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Table 5. Relative seedling drought tolerance of selected cotton genotypes in pot screening experiment in 2002.
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Figure 1.
Cotton canopy
temperatures and
temperature
differentials
between stressed
and non-stressed
cotton cultivars in
response to water
stress at full
canopy development. Bars with
common letters are
not significantly
different at 1%
level using DMRT
for comparison.
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