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Abstract

Background: Plants respond to changes in vapour pressure deficit (VPD) between the leaf and the atmosphere
through changes in stomatal response, which can consequently affect transpiration, photosynthesis, and leaf-level
water use efficiencies. With projected warmer air temperatures, changes in rainfall distribution and altered VPD in
future climates, it is important to understand the potential effect of VPD on leaf-level physiology of field-grown
crops. The aim of this study was to assess the impact of altered VPD on leaf-level physiology of field-grown cotton

to improve the current understanding of the plant-by-environment interaction, thereby contributing to validation
and improvement of physiological and yield response models. Different VPD environments in the field were gener-
ated by planting cotton on three dates within the sowing window (early-season (S1) = 5th October 2011; mid-season
(S2) = 9th November 2011; and late-season (53) = 30th November 2011). VPD was also modified by altering crop
irrigations.

Results: VPD, accounted for the largest proportion of the explained variation in both stomatal conductance
(32%~39%) and photosynthetic (16%~29%) responses of cotton. Generally, smaller percentages of variation were
attributed to other main factors such as the individual plant (Plant), and accumulated temperature stress hours (ASH;
a measure of plant water status over time) and interactive factors, including leaf vapour pressure deficit (VPD,) x Plant
and Plant x ASH; however, a proportion of variation was unexplained. In addition, the A,/E (instantaneous transpira-
tion efficiency, ITE) model developed based on cotton grown in the glasshouse was applied to cotton grown in the
field. We found that the modelled A.,./E and field-measured A../E were very similar, suggesting that the mechanistic

basis for ITE was similar in both environments.

Conclusions: This study highlights the importance of accounting for VPD in climate change research, given that
stomata are highly responsive to changes in VPD. This experiment provides a basis for physiology and production
models, particularly in terms of cotton response to projected climatic environments.
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Introduction

With global warming, there are likely to be increases in
both daytime and night-time temperatures, with night-
time temperatures warming more quickly than daytime
temperatures (Cox et al. 2020; IPCC 2014, 2021). If the
diurnal temperature range remains constant, global
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warming will lead to an increase in vapour pressure defi-
cit (VPD) because the saturated vapour pressure curve
is steeper at higher temperatures than that at lower tem-
peratures (Kirschbaum 2004). However, there is likely to
be a shift in climatic zones, with projections for wetter
conditions throughout India and northern tropical Africa
and drier conditions over nearly all other land regions
(Sherwood and Fu 2014). With potentially warmer tem-
peratures, changes in rainfall distribution and altered
VPD in future climates, it is important to understand the
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potential impact of VPD on leaf-level physiology of field-
grown crops, which will lead to a broader understanding
of crop responses to projected future climates.

In cotton growing regions, atmospheric VPD is gener-
ally lower in the early growing season, when air tempera-
tures are cooler; and higher in the later growing season,
when air temperatures are warmer and relative humid-
ity is lower. In addition to seasonal variation, VPD often
changes throughout the day with rising temperature gen-
erating higher VPD (Pettigrew et al. 1990). Plant water
availability during critical growth periods may affect
physiological processes and productivity. The average
annual rainfall across Australian cotton production areas
ranges from 350 to 700 mm (Tennakoon and Milroy
2003). Most cotton in Australian is irrigated, so the plant-
ing area depends on the availability of irrigation water,
which is essential to achieve high yield in Eastern Aus-
tralia because in-season precipitation is frequently insuf-
ficient to meet the water demand of crops (Tennakoon
and Hulugalle 2006). Greater transpiration rates at high
VPD will lead to increased water consumption by plants
during the season, and thus it is necessary to understand
the impacts of VPD on the physiology of field-grown cot-
ton, in conjunction with developing genotypes that use
less water in high VPD environments (Devi and Reddy
2018; Shekoofa et al. 2021).

Plants respond to changes in VPD between the leaf
and the atmosphere through changes in stomatal
response (Devi and Reddy 2018; Grantz 1990; Shekoofa
et al. 2021). Increasing VPD has been shown to linearly
increase transpiration (E) at the leaf-level (Rawson et al.
1977; Yong et al. 1997), despite a decrease in stomatal
conductance (g;), which has been observed in leaves of
glasshouse grown cotton (Duursma et al. 2013; Slatyer
and Bierhuizen 1964). By mitigating high E that would
otherwise be caused by increasing VPD, stomatal clo-
sure avoids the corresponding decline in plant water
potential (Oren et al. 1999). Studies have also shown that
g, decreases with increasing VPD, although the precise
mechanism is not clear (Conaty et al. 2014; Yong et al.
1997); in most cases, g, decreases exponentially with
increasing VPD, although there may be differences in
physiological response between cotton cultivars (Devi
and Reddy 2018).

There is also evidence that increasing VPD can cause
inhibition of photosynthesis unrelated to stomatal clo-
sure (Morison and Gifford 1983; Pettigrew et al. 1990).
However, Duursma et al. (2013) found that in cotton,
photosynthesis was relatively insensitive to VPD as it
decreased 13% (on average) from the maximum photo-
synthetic rate over a wide range of VPD (1 kPa~4 kPa).
Rawson et al. (1977) compared the VPD response of
a number of C; species, including wheat, soybean,
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sunflower and sorghum, to step changes in VPD (range
0.8~ kPa2.7 kPa) and found little or no response to VPD
in these species, which were grown under the conditions
of sufficient light and water, and maintained at a mean
temperature of 26 °C. Franks and Farquhar (1999) found
that wheat and broad bean were relatively insensitive to
changes in VPD, suggesting that crop plants may have
indirectly been selected for high g, in the interest of max-
imising productivity. However, it should be noted that
high g, may contribute to very high rates of transpiration
under natural conditions (Franks and Farquhar 1999).

Using the model of Medlyn et al. (2011), Duursma
et al. (2013) showed that cotton was sensitive to VPD
when grown in a glasshouse under variable [CO,] and
temperature conditions; however, these models have not
been tested on field-grown cotton. Although there have
been some studies testing the response of cotton to var-
ied VPD in either glasshouses or growth chambers (Devi
and Reddy 2018), VPD experiments on field-grown Aus-
tralian cotton are limited. The objective of this research
was to assess the impact of altered VPD on leaf-level
physiology of cotton grown in Australian field conditions
and examine the environmental variables that influence
changes in stomatal and photosynthetic responses. In
this study, we tested the hypotheses that (1) increased
VPD will reduce stomatal conductance in the field; (2)
variation in stomatal conductance and photosynthetic
rates can be explained by changes in growth conditions
and consequently variables that describe the environ-
mental factors; and (3) the instantaneous transpiration
efficiency (ITE; equivalent to Ag,/E) model developed
using cotton grown in glasshouse conditions (Duursma
et al. 2013) can be used to estimate A,/E of field-grown
cotton.

sat

Materials and methods

Experimental design and plot management

Cotton (Gossypium hirsutum, cv. 71BRF [Bollgard I1I®
Roundup Ready Flex®], CSIRO Australia) was grown at
the Australian Cotton Research Institute (ACRI), Nar-
rabri, NSW during the 2011/12 growing season. Cot-
ton was planted at a row spacing of 1 m with a sowing
density of 14 plant- m~2 on three dates within the sow-
ing window: early-season (S1)=5th October 2011;
mid-season (S2)=9th November 2011; late-season
(S3)=30th November 2011. The three sowing times
exposed developing cotton to different minimum and
maximum temperatures and relative humidity, conse-
quently resulting in different atmospheric VPD within
the same cotton developmental state, and then the physi-
ological responses to VPD was measured. Experiments
were managed according to current Australian practices,
except for imposed irrigation treatments as outlined.
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Daily weather conditions, including minimum and maxi-
mum air temperatures and rainfall events were obtained
from the Myall Vale weather station (Fig. 1). The authors
acknowledge that data for this study was from 2011.
Weather conditions are usually highly variable between
years, however, a separate study of climate change across
Australian cotton regions shows that there has been no
significant change in minimum temperature, tempera-
tures above 40 °C, or rainfall distribution in Narrabri
from 1997 to 2018 (Broughton et al., in press). Therefore,
we are comfortable using data from 2011 for this study,
which focuses more on the physiological response of cot-
ton to differing environmental conditions rather than
specific climates.

Soil water availability was manipulated using three
irrigation treatments: (a) fully watered—non-stressed
(NS); (b) limited water—early stress (ES); and (c) lim-
ited water—late stress (LS). Similar to the sowing time,
the purpose of the irrigation treatments was to generate
different VPD environments within each cotton devel-
opmental stage rather than assessing the effect of water
stress on cotton physiology. The first irrigation event was
skipped for the ES. One irrigation event was skipped dur-
ing the early boll-fill stage for the LS. Plastic was used
to cover the ground during the water stress treatments
to reduce the risk of rainfall prematurely alleviating the
stress. However, heavy rainfall and flooding during the
season led to the exclusion of measurements in some of
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the treatments (i.e., the first sowing and late season water
stress). Furrow irrigation and rainfall events resulted in
lower VPD environments and skipped irrigation treat-
ments resulted in higher VPD environments during peri-
ods of measurement.

Each plot consisted of two rows of furrow-irrigated
cotton with an additional two-row buffer around (a total
of four rows per plot). Plants were irrigated down the
centre three rows to minimise the lateral movement of
water from the fully irrigated to the water-stressed plots.
Each row was 66 m long, except for the three control irri-
gation treatments, which were each 22 m long. The field
replication is not orthogonal in design due to logistical
difficulties in applying irrigation treatments and laying
the plastic, however, the purpose was to generate differ-
ences in VPD. Plant response to the variable environment
was determined through measuring gas exchange of 2~3
different plants per day in each sampling period.

Leaf gas exchange

Net photosynthesis (A,,) and stomatal conduct-
ance (g, ) under saturating light were measured on
recently fully expanded leaves using a portable open
gas exchange system (LI-6400XT, LI-COR, Lincoln,
USA). Leaf gas exchange measurements were taken at
saturating light (photosynthetic photon flux density of
2 000 pmol-m~%s71), 400 pL-L~! [CO,], and block tem-
perature was set to the anticipated mid-day temperature.
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Fig. 1 Daily minimum (°C, blue) and maximum (°C, red) air temperature and rainfall (mm, grey) at ACRI, Narrabri from 5th October 2011 to 23rd May
2012, respectively. Sowing dates (triangles) were 5th October 2011 (S1), 9th November 2011 (52) and 30th November 2011 (S3)
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VPD response curves were achieved by controlling VPD
(temperature x relative humidity) at the leaf surface
within the infrared gas analyzer (IRGA) chamber. Meas-
urements began on full-bypass of air, representing natu-
ral ambient humidity conditions in the field; these initial
measurements were referred to as the ‘field VPD’ dataset.
Subsequently, water from the incoming air was slowly
absorbed using the desiccant Drierite (W. A. Hammond
Drierite Co., USA), but block temperature remained the
same, thereby increasing leaf vapour pressure deficit
(VPD,) by approximately 0.5 kPa for each gas exchange
measurement. All gas exchange measurements, includ-
ing these VPD response curves, were referred to as the
‘variable VPD' dataset. The number of measurements
captured for each response curve varied because of dif-
ferences in the range of VPD generated by the IRGA at
each time and day.

Measurements were made between the hours of 10 am
to 3:30 pm (Australian Eastern Daylight Time, AEDT),
over 3 or 4 consecutive days at different times during the
soil water stress treatment. Measurements during the
same period of consecutive days were made on the same
recently mature leaf (3rd leaf from the top of the plant on
the first day of measurement), which had been tagged.
Each leaf was allowed approximately 2 min, or until
parameters stabilised, to equilibrate before the reading
was recorded. Leaf gas exchange measurements of the
equivalent control (i.e., non water-stressed treatment)
plants were taken on the same day as the water-stressed
plants. Two or three plants from each plot were meas-
ured per day.

Soil water status

A neutron probe was used to monitor soil water content
at 0.2 m intervals to a depth of 1.2 m. These measure-
ments were taken every 10 days throughout the season,
and each week during water stress treatments. Volumet-
ric soil water content (VSWC, %) was calculated using
a formula, which was calibrated for soils in an adjacent
field, with the same soil classification at ACRI (Ward
et al. 1999). VSWC(% )=0.000 6x + 24.225; where x is the
count measurement at each depth (Warren Conaty, pers
comm.). VSWC(%) was averaged across all depths (i.e.,
0~120 cm).

Canopy temperature

Wireless, battery-operated SmartCrop infrared thermom-
eters (Smartfield Inc., Lubbock, TX, USA) were used to
monitor canopy temperature in each plot. Sensors were
periodically repositioned to maintain them at 20~30 cm
above the canopy pointing south at an angle of 45° to the
horizontal during the measurement. Where possible,
two sensors were placed towards the centre of each plot;
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however, some plots only had one sensor due to a limited
number of sensors. Stress hours were recorded by the
SmartCrop sensors as hours that the canopy temperature
was above 28 °C, which is considered the optimal thermal
temperature for cotton (Conaty 2011), while regardless of
actual canopy temperature. These data were used to calcu-
late accumulated temperature stress hours (ASH) between
irrigation events, similar to the calculation of heat units by
Mahan et al. (2014).

Statistical analysis

Testing treatment effects

Summary statistics were used to explore the variation gen-
erated by the sowing dates and water treatment effects
across the variable VPD dataset.

Testing environmental effects

Generalised linear models were used to link the responses
of field-grown cotton to the treatment effects with the
overall responses of the plants to the biological and envi-
ronmental responses. To test model effects, data were ana-
lysed using Genstat version 16 (VSN International, Hemel
Hempstead, UK) by forward stepwise regression. Vari-
ables were sequentially added to the model using a signifi-
cance level of 0.05 to determine if the variable remained in
the model. This method was used both for the field VPD
dataset and the variable VPD dataset for both stomatal
conductance and photosynthesis. A number of variables
were tested, but the best maximal model for both sto-
matal conductance and photosynthesis was found to be:
VPD; x Plant x ASH, where: VPD, is leaf-level vapour
pressure deficit, Plant is the individual plant, and ASH
is accumulated temperature stress hours. Stomatal con-
ductance data were transformed logarithmically, which
improved R over a linear regression (from 0.387 to 0.428).
Note that while the individual plant was a random effect
rather than an environmental variable, variation attributed
to the plant needed to be taken into account as part of the
regression analysis.

Testing the Asat/E (ITE) model

Duursma et al. (2013) showed that for cotton grown in
a controlled environment glasshouse (in ambient and
elevated CO, and temperature treatments), the follow-
ing equation gave satisfactory fits to measured ITE when
VPD was varied independently of temperature and other
environmental drivers:

A C.P,

ITE = —

E~ @ Dsk + Ds D

where ITE is the ratio of photosynthesis to transpira-
tion (umol-mmol™ ), C, is atmospheric [CO,] (%), P, is



BROUGHTON et al. Journal of Cotton Research (2021) 4:30 Page 5 of 10
a b
20
40
15 : .
_ . . H H
'n ‘o
o WaterTrt ‘TE WaterTrt
'_E B es K] B3 &s
g . ° =N E =)
< 0 . B3 ns = E3 Ns
L 3 . H
S . < 1 .
H
20
0.5 .
10
0.0
S1 S2 S3 S$1 S2 S3
Sowing Sowing
350 § .
o
! 37
325
o
8
[&) WaterTrt §
ESR B e s 3
5 & s ER
I B ns @
w
i | o
8 -
275
8.
]
o
250
T T T T T T 1
s1 S2 S3 0 1 2 3 4 5 6
Sowing VPD, /kPa
Fig. 2 Variation in a stomatal conductance (g,), b photosynthesis (A, and c air temperature (T,;,) for sowing time and water treatments; and d the
frequency of gas exchange measurements in different VPD, environments. Sowing dates were 5th October 2011 (S1), 9th November 2011 (S2) and
30th November 2011 (S3), respectively. Water treatments were early limited water (ES, green), late limited water (LS, purple) and non-stressed (NS,
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the atmospheric pressure (kPa), g; is the ‘slope param-
eter’ which is related to the marginal cost of water (see
Medlyn et al. 2011 for details), D is the leaf-to-air vapour
pressure deficit (kPa), and k is an empirical parameter.
Based on the assumption that stomata respond optimally
to changes in VPD, k would equal to 0.5.

To test whether this model, and the parameters esti-
mated by Duursma et al. (2013) are suitable to estimate
A, /E in field conditions, Eq. (1) was fitted to a “well-
watered” subset of the VPD measurements of field grown
cotton using R (version 3.1.0). R was the preferred soft-
ware for this analysis because of easier application of the
model. The “well-watered” subset based on VPD data
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Table 1 Percentage variation in stomatal conductance (g,
and photosynthesis (A,,), explained by the addition of each of
the variables assessed for the field VPD and Variable VPD datasets

Field VPD, variation Variable VPD,
account /% variation
account /%

9s-sat Agat 9s-sat Asar
VPD, 39.5 289 323 16.8
Plant 48 0 43 0
ASH 0 17.1 1.6 6.7
VPD, x Plant 0 0 25 29
VPD, x ASH 0 0 0 0
Plant x ASH 0 0 3.1 0
VPD, x plant x ASH 0 0 0 0
Total variation 443 46.0 438 264

VPDL refers to vapour pressure deficit of the leaf, plant refers to the individual
plant measured, and ASH refers to accumulated stress hours

within the first five days of gas exchange measurements
for each treatment was used because it is known that
the model is not appropriate for water-stressed condi-
tions (Remko Duursma, pers. comm). Predicted (mod-
elled) A, /E was compared with measured A, /E using
parameters estimated from (a) the fit to field data and
(b) glasshouse prediction data. The root mean square
error (RMSE) was used to indicate the goodness-of-fit
for model predictions of the measured A, /E values. The
mean absolute difference (MAD) was used as a measure
of the difference between modelled estimates and meas-
ured values.

Results

Treatment effects on cotton physiology

Using the variable VPD data set, g, and A, declined
in response to rising VPD; Summary statistics demon-
strated that sowing time and water treatments gener-
ated variation in VPD and temperature, which enable a
broad range of environmental conditions under which
gas exchange responses of cotton were measured. Dur-
ing the experimental period, VPD; ranged from 0.5 kPa
to 5.1 kPa and T, ranged from 25 to 35 °C. These envi-
ronmental conditions resulted in g ., ranging from
0.08 to 2.19 mol-m~2s~' and A, ranging from 6.6 to
44.5 pmol-m~%s™!, Variation generated across each sow-
ing time and water treatment is shown in Fig. 2.

Comparison of environmental effects on stomatal
conductance and photosynthesis of field-grown cotton
using generalised linear models

Generalised linear models used to assess the environ-
mental effects on g, ., of the field VPD measurements
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indicated that VPD; accounted for 39.5% of the varia-
tion (Table 1). The addition of the variable Plant (+ 4.8%)
accounted for a total of 44.3% of the variation. Therefore,
the best fitting regression analysis for g, . in field VPD
conditions was VPD, + Plant.

In comparison, the same generalised linear mod-
els used to assess the environmental effects on g
st Of the variable VPD response curves indicated
that VPD; alone accounted for 32.3% of the vari-
ation (Table 1). The cumulative addition of Plant
(+4.3%), ASH (+1.6%), VPD; x Plant (+2.5%),
Plant x ASH (4 3.1%) increased accountable variation
to a total of 43.8%. Therefore, the best fitting regres-
sion analysis for g, .. in the variable VPD dataset was
VPD, + Plant+ ASH+ VPD, x Plant+ Plant x ASH.

Generalised linear models used to assess the environ-
mental effects on photosynthesis of field VPD meas-
urements indicated that VPD; accounted for 28.9% of
the variation (Table 1). The addition of ASH (4 17.1%)
improved the model by accounting for a total of 46.0% of
the variation. Therefore, the best fitting regression analy-
sis for photosynthesis at field VPD was VPD; + ASH.

In comparison, the same generalised linear mod-
els were used to assess the environmental effects on
photosynthesis of the variable VPD dataset. VPD
accounted for 16.8% of the variation, and the cumu-
lative addition of ASH (+6.7%), and VPD; x Plant
(+2.9%) increased accountable variation to a total of
26.4% (Table 1). Therefore, the best fitting regression for
the photosynthesis with the variable VPD dataset was
VPD; + ASH+VPD, x Plant.

Estimating ITE (A,,,/E) for field conditions using

the Duursma et al. (2013) model

A, /E showed a strong response to VPD in the field
(Fig. 3) and was very similar to the glasshouse. The com-
parison of modelled and measured A /E using esti-
mated g; and k parameters is shown in Fig. 4. Estimated
parameter values of field-grown cotton were g;=4.35
(95% confidence interval (CI): 4.24~4.47) and k=0.59
(95% CI: 0.53~0.64). In addition, for the comparison of
modelled and measured A,/E, we calculated MAD to be
0.546 for field data, whereas the MAD was calculated to
be 0.551 by using the prediction data from glasshouse,
which are similar.

Discussion

Environmental conditions in a field can greatly influence
crop physiology and vyield (Pettigrew et al. 1990). There-
fore, it is important to assess the impact of the environ-
ment on physiology of field-grown cotton as warmer
temperatures, changes in rainfall distribution, and
altered VPD are projected as future climate regimes for
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Fig. 3 A,,/E response to VPD of “well-watered” field-grown cotton. Black solid line represents model fit using g, and k estimates from field data. Blue
dashed line represents g, and k model prediction based on cotton grown in the glasshouse

VPD/kPa

Australian cotton regions. In this study, we found that
(1) increased VPD; reduced stomatal conductance in
field-grown cotton; (2) variation in stomatal conductance
and photosynthetic rates in the field can be explained by
environmental factors, such as VPD and ASH; and (3)
the A, /E (ITE) model developed using cotton grown in
glasshouse conditions can be used to estimate A /E of
well-watered field-grown cotton.

In this study, a large proportion of variation in g, .,
was accounted for by the VPD environment. We found
that VPD; alone accounted for 32.3% and 39.5% of the
variation in g ¢, for the variable VPD and field VPD gas
exchange measurements, respectively. Similar to numer-
ous other studies (Duursma et al. 2013; Oren et al. 1999),
our data showed a general decline in g, ., with rising
VPD. Our study highlights that although VPD, accounts
for a large proportion of the cumulative variation in

&s.cav there were still a number of other variables that
influenced variation in stomatal response, including the
plant (4.3%), ASH (1.6%) and VPD x Plant (2.5%) and
Plant x ASH (3.1%) interactions in the variable VPD
dataset. ASH also contributed a percentage of the vari-
ation, highlighting the direct and indirect effects of air
temperature on cotton physiology and as a component
of VPD. A proportion of variation was also attributed to
the individual plant. Although we could account for ca.
44% of variation in g ., 56% of the variation was due to
unknown factors, which may include nutrient status of an
individual leaf and leaf angle affecting light-interception.
Therefore, the success in being able to account for 44% of
the variation in g,_, is relatively high given the nature of
season-long field measurements.

For photosynthetic responses, VPD; accounted for
16.8% of the variation in the variable VPD dataset, and
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28.9% of the variation during field VPD gas exchange
measurements. ASH was also an important factor that
affected plant photosynthetic response. Adding the vari-
able ASH increased the accountable variation by 6.7%
in the variable VPD dataset and by 17.1% in the field
VPD dataset. The addition of VPD; x Plant was a sig-
nificant interaction for photosynthetic response in the
variable VPD dataset, but not for the field VPD dataset.
Other studies reported a lack of response of photosyn-
thesis to altered VPD (Rawson et al. 1977; Yong et al.
1997), although in those experiments temperatures
were generally held constant during the study. Similarly,
Duursma et al. (2013) found that photosynthesis was
relatively insensitive to VPD, however, higher photo-
synthetic rates of cotton grown at warmer air tempera-
tures resulting in a higher transpiration rate at a given
VPD, again highlighting the impact of temperature on
photosynthesis. Therefore, studies conducted in highly
controlled environments provide a good estimate of the
direct effects of VPD, but do not account for the variable
temperature conditons observed in the field. Given that
ASH accounted for 7-17% of the variation in photosyn-
thetic rates, this highlights the potential significance of
warmer temperatures on photosynthesis of cotton grown
in warmer climates in the future, regardless of the small
direct impact of VPD on photosynthesis.

The A, /E model and the g; and k parameters devel-
oped in the glasshouse (Duursma et al. 2013) were

successfully used to estimate A /E in the field, which
highlights that controlled environment glasshouse stud-
ies can be successfully utilised to further our understand-
ing of leaf-level physiological responses of cotton to
environmental conditions in the field. Scaling leaf-level
responses to the canopy-level and predicting the effect
of climate change on crop water use efficiency (Duursma
et al. 2013) from glasshouse studies is still difficult across
species (Jauregui et al. 2018). For example, although
plants were grown in the field, A,,/E was measured inside
the cuvette of the Licor 6400XT, where wind speeds, and
thus boundary layer conductance were high (Grantz and
Vaughn 1999). Boundary layer conductance can affect
leaf temperature, and transpiration rates at a given sto-
matal conductance, and therefore may not represent gas
exchange in field conditions. Therefore, the combination
of canopy and leaf-level measurements will be very use-
ful in describing the response of cotton to the environ-
ment. Despite these limitations, the success in using the
A,/E model in both glasshouse and field-grown cotton is
promising for the validation of other simulation models.
For example, the OZCOT cotton crop simulation model
currently does not account for physiological changes in
canopy photosynthesis or transpiration in response to
VPD;. Therefore, a better understanding of the physi-
ological responses of crops may improve our predictions
of their growth and water use, especially when the simu-
lating the future environments.



BROUGHTON et al. Journal of Cotton Research (2021) 4:30

Conclusions

VPD; accounted for a large proportion of the varia-
tion in g ., (32%~39%) and photosynthesis (16%~29%)
in the field. Approximately 44% of variation in g, ,, was
successfully accounted for by VPD;, Plant, ASH and
VPD; x Plant and Plant x ASH interactions. Simi-
larly, 26%~46% of variation in photosynthetic rate was
accounted for by VPD;, ASH, and VPD; x Plant inter-
actions. A /E models and associated parameters that
were developed in the glasshouse were successfully used
to estimate A /E of field-grown cotton in this study.
This could potentially be used to inform crop simulation
models, such as the OZCOT cotton model, to account
for possible effects of climate change on plant physiology
and ultimately on crop production. This study explored
physiological responses in a single cotton cultivar, and
thus there may be differences in physiological response to
VPD; between cultivars. In conjunction with information
on cotton canopy temperature response (Conaty et al.
2014), and utilising differences in cultivar traits through
targeted breeding (Devi and Reddy 2018), a better under-
standing of VPD impacts on the physiological responses
of field-grown cotton may be achieved, which will lead
to better mangement of cotton production in future
environments.
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