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Stomatal behaviour and endogenous phytohormones promotes intrinsic water use

efficiency differently in cotton under drought
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The coordination between phytohormones regulation, stomatal behaviour (stomatal index and opening/closing) and gas
exchange are potent determinants of plant survival under drought stress. However, we found a knowledge gap in the
mechanism regulating the fine-tuning of these features during drought. In order to address this we evaluated gas exchange,
stomatal behaviour and endogenous phytohormones content in two cotton varieties (LRA-5166 and NBRI-67) differing in
drought sensitivity during water deficit conditions. Variety specific differences were recorded in net photosynthesis rate (4),
transpiration rate (E£) and stomatal conductance (g;) with significantly less decrease in drought tolerant LRA-5166 than
drought sensitive NBRI-67. The abscisic acid (ABA) accumulation was significantly increased in LRA-5166 while reduced
in NBRI-67 under water deficit, which was accompanied by relatively less reduced 6-benzylaminopurine (6-BAP) level in
LRA-5166 than NBRI-67.Thus, improved ABA/6-BAP ratio was observed in both the varieties of cotton. Critically, LRA-
5166 has reduced stomatal index, aperture size and significantly higher 4 and intrinsic water use efficiency (WUE;), thus
higher drought tolerance than NBRI-67. Furthermore, we found that endogenous ABA predominantly maintains the stomatal
behaviour and regulates its physiology either by antagonizing 6-BAP or alone to coordinate with water deficit signals.
Overall, our findings describe a new insight as to how drought modulates endogenous ABA and 6-BAP homeostasis in
cotton leaf and the mechanism of stomatal regulation by ABA and 6-BAP in cotton.
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Water scarcity is a major constraint that adversely
affects plant development and growth performance in
crops across the globe'. Drought stress conditions
negatively alter leaf gas exchange attributes including
decline in rate of photosynthesis, transpiration and
stomatal conductance’>. To combat environmental
stress plants improve the conservation of water by
regulating their stomatal behaviour. The mutual
interaction between the stomatal number and aperture
is crucial for the prevention of transpirational water
loss and enhanced CO, uptake capacity, which
improves plants ability to balance water use®®.

Plants reduce water loss by modulating their
stomata as a survival mechanism in drought’. Various
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study suggests that the regulation of ABA and
cytokinin (CK) is required by plants to cope up with
drought stress'®'?. In response to drought stimuli,
ABA optimizes stomatal aperture movement and
development that contributes to the balance between
CO, influx and transpiration in plants'>'. Several
studies have exhibited that ABA negatively regulates
stomatal opening and development®”. Although,
cytokinin promotes stomatal development and rate of
water loss'®. Together, these studies suggested that the
relationship between endogenous ABA and CK
strongly regulates stomatal behaviour to increase the
plants survival in response to drought stress however,
the mechanism is still not well established'""”.

The analysis of carbon isotope discrimination
(CID) provides an accurate, reliable, sensitive method
for assessing water use capacity, as it reduces the
artefact of fluctuating environmental conditions and is
negatively correlated with water use efficiency
(WUE)'®". The CID method has been based on the
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ability of C; plants to discriminate "“C (carbon
isotope) against '“C either by CO, assimilating
enzymes or stomatal physical responses during
photosynthesis. ~ Although, the exact working

mechanism of stomata remains unclear so far'*>!.

Cotton is one of the natural cellulose fibre and
oilseed crop and its growth and yield is severely
affected by water deprived condition”**. Drought
tolerant cotton plants have better ability to adjust to
several physiological features including gas exchange
parameters, as well as WUE™ and biosynthesis of
ABA than drought sensitive plants under low water
availability conditions™.

In the present study, we investigated the impacts
of drought on the endogenous level of ABA and
6-BAP, a cytokinin, stomatal behaviour, leaf gas
exchange and the CID in two cotton varieties
(Gossypium hirsutum), the drought tolerant variety
(LRA-5166) largely grown in different states of
India* and the drought susceptible variety
(NBRI-67).

Materials and Methods
Plant growth condition and drought treatment

All experiments were conducted on two contrasting
varieties of cotton (Gossypium hirsutum L.) viz., a
drought tolerant variety (LRA-5166) and a drought
sensitive variety (NBRI-67). Seeds were sown in 5L
plastic pots filled with 5/1(v/v) of loamy soil (pH
approx. 7.7) and black manure (vermicompost),
respectively. 20 cotton plants were grown in a
polyhouse under ambient conditions with, CO,
approximately 400 ppm, with  maximum
photosynthetic photon flux density of approximately
1200 umol m™ s™' during the day hours; RH varied
between 37-55% and temperatures ranged between
28-42 °C. The plants were grown in pots (5L
capacity) for each variety under well-watered
condition (WW) treated with 500 mL water daily*?°.
About 51 days after sowing (DAS), all the plants were
split into two groups, one group was used as well-
watered control samples and treated with 500 mL
water daily and another group was subjected to water
deficit (WD) for 15 days and watered with 100 mL of
water on alternate days. During the water deficit
period, all the pots were covered with aluminium foil
to curtail water loss from soil>. The potted plants
position was rotated inside the polyhouse every
5 days to reduce the effect of position on the plants
if any”’.

Measurement of relative water content (RWC) and stem
elongation pattern

The changes in water loss during water treatments
were measured by assessing the relative water
content. Fourth fully expanded leaf from the top was
excised and immediately fresh weight (FW) was
recorded on day 0, 5, 10 and 15 of drought, along
with leaves from the well watered plants. The turgid
weight (TW) was recorded after 8h of imbibing the
leaf with distilled water; later the leaves were dried at
70 °C for 72h and the dry weight (DW) was recorded.

RWC was calculated as™: RWC (%) = [(FW-
DW)/ (TW-DW)] x100

For plant growth analysis, the height of cotton
plants (stem elongation) was measured using
measuring tape at the initiation of drought; day 0 and
at the end of 15 days of drought, respectively.

Measurement of physiological variables

The stomatal conductance (g;), net CO,
assimilation rate (4) and transpiration rate (£) were
measured on the fourth fully expanded leaf from the
top of the plant, that had emerged and developed
during well-watered and water deficit condition after
15 days of water treatment. For each water treatment,
measurements were made in four plants per variety.
Measurements  were  made  using  portable
photosynthesis system (Li-6800, LI-COR, Lincoln,
NE, Nebraska, and USA). The photosynthetic photon
flux density was maintained at 1000 pmol m™s™, level
of CO; inside the leaf cuvette was maintained at 400
umol CO, mol™, vapour pressure deficit level was
less than 3 KPa and the leaf temperature was at 30 °C.
All the gas exchange measurements were measured
between 8:00 and 11:00 h to avoid midday
depression””.  Both intrinsic  (WUE;  and
instantaneous (WUE,) water use efficiency were
assessed, where former was calculated as the ratio of
Al/g and later as the ratio of A/E, respectively.

Measurement of leaf growth

Leaf area and petiole length were measured in fully
matured leaf, developed during post-water treatments
(both well-watered and water deficit) in each variety
of cotton. The leaf area was calculated by tracing the
leaf on paper. While the petiole length was measured
in cm using a ruler.

Measurement of stomatal aperture and index

For the analysis of stomatal aperture, after 15 days
of each treatment, the fourth fully expanded leaf of
cotton was sampled from each variety i.e. three plants
per water treatment group. Excised leaves were
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placed in a stomata opening solution containing 10
mM MES-KOH buffer, pH 6.15". The samples were
incubated at 25 °C for 4h, under 300 pmol m™s™ light
and 50% RH, and then epidermal peels were removed
for microscopic studies. The stomatal opening was
analysed using a bright field microscope (LEICA
DM2500, Germany) attached to a computer system.
To calculate the stomatal aperture index as the degree
of stomatal openness (aperture size), at least 150
stomatal aperture lengths and width were measured in
leaves from three individual plants for each treatment
of each variety using a digital ruler. Stomatal aperture
index (SAI) was calculated as the ratio of aperture
width/aperture length.

At least 12 images from 4 plants per water
treatment group for each variety (3 images per leaf
from 4 plants) were analysed. Canada balsam was
used to develop the leaf impression and then
impression was peeled out using transparent tape. The
impression peel was placed on a clean and transparent
glass slide. Stomatal and epidermal cell numbers were
counted on a surface area of 0.072 mm”. The stomatal
index was calculated as’®: (SI; %) = stomatal
number/(stomatal number + epidermal cell number)
x100.

Carbon isotope discrimination analysis

Whole plant carbon isotope discrimination analysis
was performed in both the varieties of cotton at the
end of water stress treatment experiments. Five plants
were pooled per water treatment group for each
variety. Leaf, stem and root samples from each
variety of cotton were dried for 72 h at 70 °C in an
oven and grounded to powder in a mortar and pestle,
the fine powder was obtained by using a sieve. The
samples were weighed (90 to 150 pug) and placed in
tin capsules and combusted in an Isotope ratio mass
spectrometer (IRMS, Thermo Electron Corporation,
Waltham, Massachusetts, USA) and the ratio of BC to
"2C (carbon isotope; 5"°C) was measured. The 8"°C of
plant organs (root, stem, and leaf; 8"°C) values were
used for calculation of carbon isotope discrimination
by using the formula as given by Farquhar &
Richards'® and Franks et al.’':

A (%o) - (8°Ca-8"Cp) / (1+8"Cp/1000)
Where, Cp is the "°C of dry plant organs and Cy

is the 8"°C of ambient air CO, (—8%o).

Quantification of Plant hormones

Concentrations of endogenous abscisic acid (ABA)
and 6-BAP (a member of Cytokinin family) were
determined in the fully developed leaf. At the end of

15 days of water treatments, fourth fully expanded
leaf from the apex of the stem was sampled from two
plants per treatment group for each variety of cotton.
The leaf sample was frozen in liquid nitrogen
immediately on excision for the extraction of
endogenous plant hormones. About 500 mg of fresh
tissues of the fourth leaf that developed in both water
treatments were used. The different endogenous plant
hormones were extracted according to the method
proposed by Pan et al** with minor modifications,
and chromatographic detection and quantification of
the different hormones using high-performance liquid
chromatography system (HPLC Model: Prominence,
Shimadzu, Kyoto, Japan) equipped with dual
Shimadzu LC-10 ATVP reciprocating pumps, SPD-
M20 PDA detector, and SIL 20 AC HT auto sampler,
with minor modifications according to Kelen et al.*>.

Statistical analysis

All graphs were prepared using Graph Pad Prism 5.
One-way analysis of variance (ANOVA) and Pearson
correlation were determined using SPSS16.0
software, and #-test was conducted using Microsoft
office excel software.

Results
Changes in leaf water status and plant growth

After 15 days of water deficit, the two varieties of
cotton showed a significant reduction in plant relative
water content (RWC), this decrement was significantly
lower in LRA-5166 than in the variety NBRI-67 (Fig.
1A). Similarly both the tolerant and the sensitive
varieties showed significantly reduced plant height
after 15 days of drought as compared to the well
watered plants. However, the decrease was
significantly more in the sensitive variety, NBRI-67 in
comparison to LRA-5166, the tolerant variety (Fig.
1B). Similarly, the leaf area too showed a significant
decrease in both the varieties in comparison to the
well-watered plants (Fig. 1C). Coupled with this the
petiole also showed a reduction in their length in both
the varieties under water deficit condition as compared
to their respective well watered plants, and this
reduction was more affected in NBRI-67 (Fig. 1D).

Water deficit abates gas exchange and enhances water use
efficiency

When leaf gas exchange was analyzed under water
deficit, a significant reduction in photosynthesis rate (4),
transpiration rate (£), and stomatal conductance (g;) was
observed in both the varieties of cotton plants than well-
watered condition (Fig. 2 A-C). Net photosynthesis was



DUBEY et al.: PHYTOHORMONES REGULATE STOMATA IN COTTON UNDER DROUGHT

ab

be

B LRA-5166 3 NBRI67

K

g

0d-WW
a ISEWW
0d4-WD
Jsdwp

RWC (%)

Plant height (cm)
s

3
T

115

g

lLealarca (ﬂn”
Petiole length (cm)

y Al e i 1

®

0 5 1] 15
Time (Days of drought)

LRA-S166

NBRI-67

LRA-S166 NBRI-67

LRA-S166

NBRI-67

Fig. 1 — Water deficit changes relative water content (RWC) and growth in cotton varieties, LRA-5166 and NBRI-67. (A) RWC on day
0, 5, 10, and 15 of drought. Values are means + standard deviations (n= 3); (B) Stem elongation in developing plants from initiation of
drought; day 0 to end of 15 days of drought; (C) Leaf area and (D) Petiole length on day 15 of water deficit (WD) and well-watered
(WW) treatments. [One-way ANOVA was conducted, the letters above the bars indicate significant variation between the two varieties
under two water treatments at P <0.05 level. Values are means + SD (n=4)]
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Fig. 2 — Water deficit changes photosynthesis, transpiration and stomatal conductance as well as water use efficiency (WUE) in cotton
varieties, LRA-5166 and NBRI-67. Variation in leaf (A) Photosynthesis rate (4); (B) Transpiration rate (E£); (C) Stomatal conductance
(g,); and (D) WUE; (A/g,) at 15 days of water deficit (WD) and well-watered (WW) treatments. [One-way ANOVA was conducted, the
letters above the bars show significant variation between two varieties under two water treatments at P <0.05 level. Values are

means = SD (n=4)]

less reduced in LRA-5166 than in NBRI-67 in water
deficit conditions (Fig. 2A). Under water deficit the
value of E was significantly more decreased in NBRI-67
than in LRA-5166 (Fig. 2B). Similar reduction pattern
was observed in g; in both the varieties during water
deficit treatment (Fig. 2C). By contrast, both WUE; (Fig.
2D) and WUE;,, (Suppl. Fig. S1. All supplementary data
are available only online along with the respective
paper at NOPR repository at http://nopr.res.in) were
significantly increased in each variety of cotton with a
higher value in LRA-5166 than NBRI-67 during water
deficit condition as compared to their respective well-
watered plants.

Drought decreases carbon isotope discrimination in different
plant organs

To validate the impacts of drought on WUE;, carbon
isotope discrimination (CID; A"C) of various plant
organs were analysed. In water deficit, the CID of leaf
was significantly reduced by 5% and 3% of well-
watered plants for LRA-5166 and NBRI-67,
respectively, (Fig. 3). In stem, the CID of LRA-5166
and NBRI-67 was significantly decreased by 6% and
5% of well-watered plants, respectively, (Suppl. Fig.
S2A). Water stress significantly reduced CID of root
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Fig. 3 — Water deficit (WD) changes leaf carbon isotope
discrimination (CID; A"C) in cotton varieties, LRA-5166 and
NBRI-67, against the well-watered (WW) treatment. [Leaf CID
(ABC), values are means + SD (n=2 from pool sample of
5 different plants). Significant variation at *P <0.05, **P <0.01
level was according to -test]

by 8% and 3% in LRA-5166 and NBRI-67 compared
to well-watered plants, respectively, (Suppl. Fig. S2B).
Water deficit results in an altered stomatal index and opening

Stomatal index of LRA-5166 was significantly
reduced between the two varieties during water
deficit, while SI of NBRI-67 showed less significant
change (Fig. 4A). The epidermal cell density was less
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Fig. 4 — Effects of water deficit on stomatal behaviour (stomatal index and aperture) in leaves of cotton varieties, LRA-5166 and
NBRI-67. Changes in, (A) Stomatal index (SI); (B) Epidermal cell density (ECD); (C) Aperture width; and (D) Stomatal aperture index
(SAI). [Values for (A-B) are means £ SD (n=12 leaf impression images from four different leaves). One-way ANOVA was conducted.
The letters above the bars determine significant variation between two varieties under two water treatments, well-watered (WW) and
water deficit (WD), at P <0.05 level. Values for (C-D) are means = SD (n=150 stomata from three different leaf for each treatment; one
leaf/plant)]
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Fig. 5 — Effects of water deficit (WD) on endogenous phytohormones content (ng g FW) in leaves of cotton varieties, LRA-5166 and
NBRI-67 in comparison to well-watered (WW) plants. Variation in (A) Abscisic acid (ABA); (B) 6-Benzylaminopurine (6-BAP); and (C)
ABA and 6-BAP ratio (ABA:6-BAP). [Values are means + SD of two replicates tested for significance using Student’s #-test at *P <0.05;

**P <0.01, ***P <0.001 level]

significantly reduced in LRA-5166, whereas it was
significantly increased in NBRI-67 during water
deficit (Fig. 4B). Besides, the apparent images of leaf
peel showed that epidermal cell size was similar in
LRA-5166, whereas it was decreased in NBRI-67 in
water deficit condition as compared to well watered
treatment (Suppl. Fig. S 3A-D). A significant
reduction in stomatal aperture width was observed in
both cotton varieties during water deficit than well
watered leaf sample with a significant decrease in
LRA-5166 than NBRI-67 (Fig. 4C and Suppl. Fig.
S4A-D). Similarly reduction pattern was observed in
the stomatal aperture index in the two varieties, LRA-
5166 and NBRI-67 during water deficit (Fig. 4D).

Drought alters the accumulation of ABA and 6-BAP

The above described results showed variation in
WUEi and stomatal behaviour in the two varieties
during water deficit than well-watered conditions.
These studies prompted us to speculate whether there
was fine-adjustment of ABA and 6-BAP linked with
variation in stomatal behaviour and water
conservation. To analyse the roles of endogenous
hormones in the regulation of stomata and its gas
exchange. We quantified ABA and 6-BAP in the two

cotton varieties subjected to two treatments, water
deficit and well-watered. Water stress significantly
increased the amount of ABA in LRA-5166 by 20%,
while it was significantly decreased in NBRI-67 by
48% under water deficit conditions (Fig. 5A).
However, under water deficit conditions, 6-BAP
content was significantly decreased by 58% and 87%
in LRA-5166 and NBRI-67 than its well-watered
plants, respectively (Fig. 5B). As a result of reduction
in 6-BAP content and increased ABA accumulation,
ratio of ABA to 6-BAP (ABA/6-BAP) was calculated
to be significantly higher in LRA-5166 during water
deficit than well watered samples (Fig. 5C). On the
other hand, under water deficit conditions, a more
decrease in 6-BAP and comparatively less decrease in
ABA content attributed to significantly increased
ABA/6-BAP ratio in NBRI-67 as compared to well
watered plants (Fig. 5C).

Relationship between ABA:6-BAP and stomatal morpho-
physiological features

The relationship between regulation of ABA and 6-
BAP (i.e. ABA/6-BAP ratio) and stomatal
conductance (g;) as well as WUE; and stomatal
behaviour is depicted in Table 1. A negative
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Table 1 — Pearson correlation between endogenous phytohormones
(ABA/6-BAP; ABBAP) in two contrasting varieties of cotton
during water deficit and well-watered treatments with stomatal
behaviour and its physiology

ABBAP g WUE; SI SAI
ABBAP 1 00.886  0.997** 00.83 00.694
8s 1 00.899 0.524 0.623
WUE; 1 00.789  00.742
SI 1 0.335
SAI 1

[SI, stomatal index; and SAI, stomatal aperture index; g, stomatal
conductance; and WUE, Intrinsic water use efficiency.
**significant correlation (P <0.01)]

correlation is observed between ABA:6-BAP,
stomatal conductance, SI, and SAI. While, a
significant positive relationship was observed
between ABA/6-BAP and WUE; (P <0.01) in both the
varieties of cotton leaf. Stomatal conductance was
negatively linked with WUE;, and was positively
associated with SI and SAIL. The WUE; was negatively
correlated with SI and SAI. Besides, the stomatal

index was positively associated with SAI (Table 1).

Discussion

Earlier studies showed that ABA acts
antagonistically to cytokinin, which modulates plant
growth and adaptation by regulating stomatal
responsiveness during drought stress'>***>. However,
the detail machinery of endogenous ABA and 6-BAP
interaction mediated regulation of stomatal behaviour
and their gas exchange features during water stress is
yet to be studied. Markedly, a small decrease in RWC
values and more increase in plant height was observed
in LRA-5166 than NBRI-67 after 15 days of water
deficit (Fig. 1 A & B). Besides, we observed that the
leaf area and petiole length was less reduced in LRA-
5166 during drought compared to the well watered
plants than in NBRI-67 (Fig. 1 C & D). It was
previously reported that the higher concentration of
ABA is attributed to the reduced stomatal formation
and cell expansion in leaf*®. More recently, Skalak et
al.’” showed that cytokinin exhibited principal role in
the regulation of leaf development. In consistence
with these reports, our studies demonstrate that the
up-regulation of ABA against 6-BAP predominantly
controls stomatal development, epidermal cell
division, and enlargement, which together regulates
leaf size in both the two contrasting cotton varieties
during drought. We found that both WUE; (A/gy) and
WUE;,s: (A/E) were strongly increased in LRA-5166
than NBRI-67 (Fig. 2D and Suppl. Fig. S1), which
was due to comparatively small decrease in 4 to

larger reductions in g, and E during water deficit
treatment (Fig. 2 A-C) as previously reported in
mutants of Arabidopsis and barley, respectively’'=®.
Furthermore, we observed a high 4 in LRA-5166 than
in NBRI-67 under water deficit (Fig. 2A). Thus,
LRA-5166 exhibited better drought tolerance
than NBRI-67 as it was previously reported by
Singh et al.’ and Abdelmoghny et al.*.

Several studies have suggested that the reduction in
CID values enabled the prediction of productivity and
selection of drought-tolerant crop varieties*"*.
Present study shows drought largely reduces leaf,
stem, and root CID values in both tolerant and
sensitive varieties, but the reduction in values being
more in drought tolerant, LRA-5166 than the
sensitive, NBRI-67 (Fig. 3 and Suppl. Fig. S2 A & B).
Therefore, CID analysis more clearly indicates that
LRA-5166 had higher water use efficiency than
NBRI-67. The CID values of the leaf were reduced
due to decreased CO, fixation by altering the
development of stomata and epidermal cells as well as
affecting stomatal opening in cotton in water deficit
treatments (Fig. 4 A-D). These data suggest that
drought induces carbon starvation in source tissues
(leaf) and also exerted similar impacts on sink tissues
(root and shoot) in cotton plants.

There was more reduced stomatal index in LRA-
5166 than NBRI-67 during water deficit stress as
compared to well watered conditions (Fig. 4A). We
observed both epidermal cell density and size were
unaltered in LRA-5166, however, NBRI-67 had
increased epidermal cell density and decreased size
under water deficit (Fig. 4B and Suppl. Fig. S3 A-D).
Thus, our study suggest that the spacing between
stomata on leaf surface are regulated either through
epidermal cells specially larger size of epidermal cells
as observed in LRA-5166 or by increasing number of
epidermal cells as indicated in NBRI-67 (Fig. 4B and
Suppl. Fig. S3 A-D), which could inhibit the
malfunctioning of stomatal aperture during water
deficit stress. This observation was consistent with
previous study*. Furthermore, our study showed that
drought stress significantly reduces stomatal aperture
width and index in LRA-5166 as compared to NBRI-
67 (Fig. 4 C & D and Supplementary Fig. S4 A-D).
Additionally, our results show larger size of
epidermal cells can have beneficial impact on control
of stomatal water loss due to small reduction in RWC
in tolerant variety than sensitive variety (Fig. 1A)
during water deficit conditions. Our results



118 INDIAN J EXP BIOL, FEBRUARY 2022

demonstrate that the tolerant variety with lower
stomatal index and aperture size exhibits a
significantly high WUE; and WUE,,, than sensitive
variety.

Interestingly, a distinct trend in ABA and 6-BAP
accumulation was observed in the two contrasting
varieties of cotton under water deficit conditions (Fig.
5 A & B). We found that under water deficit
conditions, LRA-5166 had significantly increased
content of ABA, whereas it was strongly reduced in
the drought sensitive NBRI-67 (Fig. 5A). However,
both the two variety significantly reduced 6-BAP
during water deficit treatment (Fig. 5B). These
variable results are collectively attributed to an
increase in ABA/6-BAP ratio in both LRA-5166 and
in NBRI-67 (Fig. 5C). These results reveal that the
cotton plants regulate homeostasis between
endogenous ABA and 6-BAP level by controlling
ABA/6-BAP ratio to drought as reported by Yan et
al.*® in maize. This could also explain how alteration
in stomatal properties viz. reduced stomatal numbers
and openness modulates efficient stomatal CO,
assimilation and water use during drought stress by
ABA and 6-BAP (a cytokinin) crosstalk mediated
signalling in cotton plants, as previously described in
various reports'>***>**. Thus the level of drought
tolerance in LRA-5166 can be attributed to increased
ABA content? and WUE;, as well as reduced stomatal
index and aperture, accompanied with increased plant
height and reduced water loss to water deficit stress.
Furthermore, we also suggest that drought-induced
elevation in ABA concentration significantly alters
stomatal behaviour in cotton, as also previously
reported in Arabidopsis®">*.

Our results showed that endogenous ABA
accumulation to 6-BAP content ratio was negatively
linked with stomatal conductance and stomatal
behaviour (SI and SAI) and was positively associated
with WUE; in cotton under water deficit conditions
(Table 1). As hypothesized that regulation of stomatal
behaviour had positive impacts on WUE;, which is
required for coordination between drought signals and
endogenous phytohormones including ABA and 6-
BAP contents and their functions in cotton. Thus, our
study explains that the higher ABA accumulation and
relatively larger reductions in 6-BAP content
counteracts each other and strongly improves
physiological performance by reducing stomatal index
and aperture size in the drought tolerant variety LRA-

5166 than the drought sensitive NBRI-67 variety to
water deficit.

Conclusion

This study explores the beneficial effects of
endogenous phytohormones ABA and 6-BAP on
stomatal behaviour and their physiological
implications during drought in cotton plants. We
demonstrate dual regulatory mechanisms working
together to modulate stomatal responsiveness, which
efficiently regulates A and WUE;, and which enhances
drought tolerance in LRA-5166 in comparison to
NBRI-67. The existence of negative interaction
between ABA and 6-BAP regulates stomatal
behaviour, which helps to cope plant survival during
water deficit by significantly reducing stomatal index
and opening in cotton. These findings add strength for
the function of ABA and 6-BAP in stomatal
development and aperture responses to drought stress.
The mechanism that control stomatal behaviour in
drought is intricate and further study is required.
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