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Abstract

This experimental study was carried out using the 'Camarosa’ cultivar
strawberry plants grown in pots in greenhouse conditions. One control and
two drought levels were created by bringing the existing soil water content of
the pot to the field capacity (lio0-control) and using its 66% (les-mild drought
stress) and 33% (Iss-severe drought stress) in irrigation. The experimental
design of the randomized complete blocks design was applied in four
replicates with 10 pots per replicate amounting to a total of 120 pots. In order
to determine the plant response to the generated stress levels, stomatal
conductivity (Sc, mmol m? s1), total chlorophyll content (SPAD, umol m? s1),
chlorophyll concentration (CC, mg g?), leaf surface temperature (LST, °C),
photosynthetic quantum yield (Qy, %), photosynthetically active radiation
(PAR, W m), leaf water content (LWC, %), yield (g pot™), leaf area (LA, cm?),
leaf number (LN), and crop water use (ET) were measured in three plants per
each replicate. 1.89, 3.62, and 5.82 L pot* were applied to Iz3, les, and l100 as
irrigation water, while 2.59, 3.92, and 5.59 L pot* were crop water used from
them, respectively. Average strawberry yield varied between 80 and
400 g pot™. The increased drought stress decreased Sc, SPAD, CC, Qy, PAR,
LWC, LA, and LN but increased LST. All the measured variables had
significant relationships with irrigation water and crop water use. Yield had a
linear relationship with LST and LN and a polynomial relationship with Sc,
SPAD, CC, Qy, PAR, LWC, and LA. Water and light use efficiencies were
quantified and predicted through the best-fit (hon-) linear models.

1. Introduction

The irregularity and extremity of precipitation
regimes due to global climate change have caused
droughts in many regions of the world and
enhanced its severity in the semi-arid regions.
Drought is one of the most important environmental
stressors that limit plant growth and development.
Plants protect themselves against drought stress by
morphological, biochemical and physiological
mechanisms by increasing their water use
efficiency. The most important physiological
properties include stomatal conductivity, leaf

temperature (Jones, 1999), photosynthetic capacity
(Lawlor and Cornic, 2002), phenological periods
(Slafer et al., 2005; Richards, 2006), leaf area
(Walter and Shurr, 2005), and chlorophyll content
(Jackson et al., 1996).

The first physiological symptoms against
drought stress occur in stomatal conductivity. The
tendency of stomata in the leaves to close in the
case of water scarcity in the root region reduces the
gas exchange between the leaf intercellular void
and the atmosphere (Kerepesi and Galiba, 2000).
The reduction of CO2 use under a moderate drought
stress usually relates to stoma closure (Mansfield
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and Davies, 1981). If the drought time is prolonged,
the decrease in photosynthesis is not caused by
stomatal closure, but from the membrane damage
in mesophilic cells, the decreased chlorophyll
content, and the deterioration in the transport and
synthesis of assimilation products. The amount of
decrease in photosynthesis relates to the severity
and duration of drought stress, plant type,
development period and leaf age, the oxidation of
chloroplasts, and the structure of proteins and
pigments (Passioura et al., 1993). The drought-
resistant varieties accumulate more biomass (leaf
area, number of leaves, amount of stem, and stem
biomass) in their leaves than the drought-sensitive
ones (Kerepesi and Galiba, 2000). Drought
tolerance levels of plants are closely related to the
timing of the stress that they are exposed to. If its
severity and duration are not lethal, the
physiological factors may be restored back to
normal with the disappearance of the stress. For
example, the vine tree when exposed to drought
stress was found to have recovered by about 60%
after one night, and fully in four days, if watered in
terms of net CO2 assimilation rate (A), and stomatal
conductance (Sc) (Flexas et al.,, 2004). Some
studies indicated that photosynthesis recovered
within 24 h after irrigation (Flexas et al., 2004; Mittler
et al., 2001) depending on the stress severity, and
the crop varieties (Flexas et al., 2004). Strawberries
need to be irrigated for their optimum growth and
development in areas where the amount of
precipitation is not sufficient although their
genotypic differences may trigger different
responses to drought. Klamkowski and Treder
(2008) reported that although drought stress
reduced the leaf area in all the cultivars, the
weakening root development, and low yield were
observed only in the varieties of Elkat, Ghaderi, and
Siosemardeh. They stated that membrane stability
index, net CO:2 assimilation rate, stomatal
conductance, transpiration rate, and chlorophyll
content fell with the decreased soil water content.
When exposed to drought stress, strawberry
decreased its stomatal closure by rapidly increasing
abscisic acid synthesis (ABA) at the roots (Blanke
and Cooke, 2004). Thus, low transpiration rate may
render strawberry drought-tolerant (Grant et al.,
2010). The objective of this study was to determine
the changes in crop water use, stomatal
conductance (Sc), chlorophyll value (SPAD),
photosynthetic quantum yield (Qy),
photosynthetically  active  radiation  (PAR),
chlorophyll concentration, leaf surface temperature
(LST), leaf water content (LWC), leaf area (LA), leaf
number (LN), and yield in response to a changing
drought stress level.

2. Material and Method

2.1. Soil, plant and cultivation characteristics

The research was carried out in an unheated
plastic greenhouse with a dimension of 10.5 x 22 x
4 m, with a side ventilation, in 2016.

Camarosa (Fragaria x ananassa Duch.)
strawberry cultivar was used as a tube seedling of
four-weeks old with a minimum body thickness of
10 mm. Pots used in growing had a diameter of
42 cm, a length of 31 cm, and a volume of 22 L.
Heavy potted soil brought from Amik Plain as a
growing medium was first mixed with the sand
brought from the stream bed and filled in pots with
a total weight of 10 kg. In order to enable drainage,
seven holes in an equal diameter under the pots
were drilled. Drainage water was collected in a
container placed under a pot. Irrigation water of
Ci1S: class was used. Soil salinity was determined
as 0.19 dS m™. And the blend ratio of soil to sand
was 2/1.

2.2. Experimental design and applications

The experiment was carried out in a total of 120
pots, with four repetitions, 10 pots in each repetition
and one plant in each pot in response to three
irrigation levels (IL) according to the experimental
design of randomized complete blocks design. The
three irrigation treatments were created by applying
all the water required by a plant to reach the field
capacity level (lioo-control), and 66% (lss-moderate
drought) and 33% (lss-severe drought) of the
irrigation water required by the plant. The irrigation
water amount to be given to the plants was
determined by measuring the irrigation water
amount required to bring them to the field capacity
before weekly watering three pots next to the
experimental pots. In determining the irrigation
water amount before each irrigation, three pots
were determined where irrigation water was applied
with a specific beaker at certain intervals until water
began to leak from underneath the pots. As soon as
leakage was seen from underneath the pot, water
application was stopped to determine the volume of
water (in L). This amount determined corresponded
to the full irrigation (li00), while 66% (les) and 33%
(I33) of this amount were applied to the other pots by
creating the two soil water contents, and thus, the
two drought stress levels.

2.3. Physiological measurements

In order to determine the plant physiological
responses to the water stress levels created, the
physiological parameters (Sc, SPAD, LST, Qy,
PAR) were measured before each irrigation prior to
harvest so long as the leaf sizes were measurable:
SPAD, Qy, PAR, Sc, LST, and PAR measurements
were begun on the 26" of February and repeated
nine times during the experiments. LWC, LA, and
LN measurements were made at the final harvest.

2.3.1. Stomatal conductivity (Sc, mmol m? s?)
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Stomatal conductivity was measured one day
before irrigation between 11:00 and 14:00 under
clear sky. A leaf porometer with a portable desiccant
(DECAGON SC-1) was used. Its calibration was
realized with standard calibration papers before
each measurement. The measurements were made
on the 4%, 5% and 6" pots in the middle of the
repetitions marked for each replication.

2.3.2. Total chlorophyll content (SPAD, ymol m"
251y and chlorophyll concentration (CC, mg g?)

Total chlorophyll content is one of the best plant
physiological signals under the stress conditions
and was measured using a SPAD instrument
(Minolta SPAD 502) based on the color change in
the leaf. Measurements were taken as the average
of four readings in three pots in each replication
before each irrigation treatment and repeated nine
times during the experiments. Chlorophyll
concentration was determined analyzing total
chlorophyll of young leaves that completed their
development sampled near the harvest period,
according to Arnon (1949). In the analysis, 0.1 mL
of the leaf samples in porcelain mortar were
homogenized by adding 1-2 mL of 80% acetone.
The samples were filtered from a coarse filter paper
into 10 mL glass tubes and completed with 80%
acetone up to 10 mL. The absorbance values
obtained from the wavelength of 652 nm using a
spectrophotometer (SP-3000 Plus
Spectrophotometer) were substituted into Eq. (1)
where the total chlorophyll concentration was
determined (Lichtenhaler and Welburn, 1983).

(A652%27.8)X10
Sample weightx1000

TCC =

@
2.3.3. Leaf surface temperature (LST, °C)

An infrared thermometer instrument (Spectrum
Tech. Inc., IR Crop temperature meter) was used to
measure LST as the average of four readings in the
plants of three pots marked each time.
Measurements were made one day before irrigation
between 11:00-14:00 under the clear sky and
repeated nine times during the experiments.

2.3.4. Photosynthetic quantum yield (Qy, %) and
photosynthetically active radiation (PAR, W m)

Photosynthetic quantum yield and PAR were
measured in the plants of three pots one day before
irrigation between 11:00 and 14:00 under the clear
sky using a portable FlourPen FP100 and repeated
nine times during the experiments.

2.4. Vegetative and generative measurements

During the harvest period, the leaves of the
plants in each replication at the end of the harvest

season were counted after which the leaf areas
were measured using a Li-3100C area meter. Once
the leaves were counted, wet/fresh weight matter
(FM) of the entire plant in the pot and after 24 h in
pure water at 4°C, its saturated total weight (TM),
and the leaf water contents were determined and
converted to dry weight matter (DM) at 65°C for 72 h
using Eq. (2) (Bacelar et al., 2006). The remaining
biomass parts of the plant other than the leaves
were weighed after drying for 24 h in a drying oven
at 70°C (Onal, 1991).

__ (FM-DM)

LWC = x 100

(TM—-DM) @

where LWC: leaf water holding capacity (leaf water
content, %), FM: fresh leaf biomass (g), DM: dry leaf
biomass (g), TM: turgid leaf biomass (g).

2.5. Harvest period operations

Fruits that reached harvest maturity were
harvested in three periods (at about one-week
interval: 24 March, 31 March, and 7 April). During
the harvest, fruits in each replication were both
counted and weighted. The data obtained were
subjected to analysis of variance (ANOVA) and
Duncan comparison tests at a significance level
(p<0.05) using SPSS 18.0 (Bek and Efe, 1988).

2.6. Crop water use

Plant water consumption was determined
weighing the pots in the period between two
irrigations from three pots in each application.
Before the irrigation treatment, the three control
pots were weighed and irrigated at the intervals until
water came from underneath the pot.

The volume of water given in each application
was measured with the help of a specific beaker.
After about a week, the same pots were weighed
again to determine the amount of water consumed
and crop water use in a week. To offset plant
weights in the computation of irrigation
requirements, the additional three pots were
disintegrated in every 15 days for their
measurements in each treatment.

2.7. Statistical analysis

Pearson’s correlation matrix was performed to
detect the strength and direction of linear
relationships between the measured variables. The
best-fit simple linear regression and non-linear
models were chosen using the Bayesian
Information Criterion (BIC).

Bayesian Information Criterion aims to balance
the trade-off between the goodness-of-fit and
parsimony by penalizing model complexity in the
selection of the best model from among a set of
alternative models.
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3. Results and Discussion
3.1. Irrigation and crop water use

Water use increased with the increasing
irrigation water amount. The highest and lowest
seasonal water consumption belonged to Ilioo
(5.82L) and ls3 (1.89L), respectively (Figure 1).
Compared to lio, water consumption dropped by
54% with I3 and 31% with les. During the irrigation
treatments, the water amount used ranged from
0.23 to 1.20 L. Strawberry has a shallow root
system and a large leaf area with a high water
requirement (Treder et al., 2009). Islam et al. (2016)
determined the irrigation water requirement in three
strawberry varieties as 85.25, 49.22 and 49 mm
under the zero evaporation conditions and 351.45,
324.42 and 338 mm in field conditions when FAQO's
crop coefficients (Kc, the ratio of crop-specific and
reference crop ET) were used. The water
requirement of strawberry varied between 300 and
787 mm under a wide range of climatic conditions
(Serrano et al., 1992; Trout and Gartung, 2004;
Hanson and Bendixen, 2004; Strand, 2008).

During the growing period, the crop water use
value initially increased and then decreased. Daily
maximum water consumption was measured as
1.09L for lioo at the beginning of the flowering
period. Daily minimum water consumption was
measured as 0.12 L for Iss near the harvest period.
Crop water use decreased significantly due to the
drought stress. Water consumption was previously
reported to vary according to soil, climate, and
cultivars. For example, crop water use varied
between 430 and 453 mm with Sabrina cultivar and
was estimated at 352 mm with Antilla cultivar based
on lysimeters (Lozano et al., 2016). Maximum water
consumption was found as 368 mm under-
0.04 MPa (yield: 28.2tha?) by Giovanardi and
Testolin (1984) and as 566 mm under -0.01 MPa by

Serrano et al. (1992). They found that as the soil
water content decreased, the water lost by
transpiration  decreased, while the water
consumption amount at -0.03, -0.05 and -0.07 MPa
was 424, 299 and 313 mm, respectively.

The drought stress reduced the amount of fruits,
and the fruit weight (p < 0.01). According to the
three harvests made, the fruit weight and number
were higher in the second harvest, while yields were
determined as 80, 229 and 400 g pot?! with Iz3, les
and lioo, respectively. The total fruit weights ranged
from 63 to 95 g pot* with ls3, 195 to 261 g pot* with
les, and 329 to 538 g pot! with lio0. The drought
stress also caused similar effects on the number of
fruits. The average, (lowest and highest) fruit
weights were 30.25 (25-38), 36.50 (34-42) and
41.25 (38-44) with ls3, lss and lico, respectively.
Drought stress decreased fruit yield due to the lower
fruit number and size (El-Farhan and Pritts, 1997;
Grant et al., 2010; Serrano et al., 1992). The fruit
yield was reported to decline by about 80%, while
the number of fruits decreased by more than 30%
(El-Farhan and Pritts, 1997). In our study, the
decreases by 43% with les and by 80% with Is3 were
observed. Similarly, the number of fruits declined by
12% with les, and by 19% with Izs.

Relative to lioo, the FM value decreased by 47%
and 18%, while the DM value decreased 44% and
14% with Is3 and lss. The lack of moisture in the root
zone significantly reduced LWC for each sampling
during the harvest period. When the soil water
content in the root area was insufficient, water loss
through transpiration reduced the water amount in
the tissues (Klamkowski and Treder, 2008). This
response was also observed in many other plant
species (Blanke and Cooke, 2004; Lawlor and
Cornic, 2002). In our study, LWC was 60, 44.87 and
17.22% in the stress-free, moderate and severe
drought stress levels, respectively. Ghaderi and
Siosemardeh (2011) stated that the irrigation done

1.89

2.59

Irrigation water

ol33 Bl66

Treatments

Crop water use

&1100

Figure 1. Amount of applied irrigation water and measured crop water use in the study (L pot?)
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with 50% (I1) and 25% (l2) of the available water
capacity decreased LWC by 7% in I1 and 31.5% in
I compared to the full irrigation, and one day after
the plants were irrigated in full, LWC was recovered
by 97% and 88% in two varieties due to the intra-
specific differences in leaf moisture content, and
interactions between genotype and irrigation
applications.

Leaf area was on average 379, 582 and 894 cm?
(Figure 2), while the number of leaves was 18, 23
and 31 with lss, les and lioo (Figure 3), respectively.
According to lioo, the decrease was by 35% and
58% in leaf area, and by 26% and 42% in the
number of leaves with les and lss, respectively. The
drought stress level adversely affected the number
of leaves rather than the leaf area. This suggests
that the increased stress did not prevent the plant
from growing its existing leaves, but its new leaf
formation. The numbers of runners, crowns and
leaves were previously observed to decrease in
long and frequent droughts (El-Farhan and Pritts,
1997). Both leaf area and leaf number had the same
relationship with the vyield according to the

1000

regression models in this study. One cm? increase
in the leaf area and one unit increase in the number
of leaves caused 23 and 0.6 g increases in the yield,
respectively.

Osmotic regulation, low transpiration rate, and
small leaf area are also the important parameters in
the selection of drought tolerant strawberry varieties
(Grant et al., 2010). In the strawberry plant exposed
to water stress, the leaf expansion rate decreased,
while the leaf area of the fully watered plants during
the season doubled compared to the plants
exposed to stress. Leaf expansion started one hour
before sunset, and leaf expansion rate peaked for
the next five hours. The leaves of the strawberry
plant exposed to the mild drought stress (75% of the
required water) for four months had less than half
the leaf area of the fully watered plant. Part of this
difference in the leaf area resulted from stress
conditions accelerating the aging and death of all
leaves, in particular, old leaves. Under the moderate
water stress, young leaves had a relatively higher
water content, which reduced the death of young
leaves (El-Farhan and Pritts, 1997).

900
800
700
600
500
400
300
200
100

o133

894

B1100

Treatments

Figure 2. Changes in stomatal conductivity (Sc, mmol m? s), photosynthetically active radiation (PAR, W m2) and leaf

area (LA, cm?) of strawberry leaf in the study

70

60

50

40

30

n|66 2[100

Treatments

Figure 3. Changes in leaf surface temperature (LST, °C), total chlorophyll content (SPAD, ymol m=2 s'1), leaf water content
(LCW, %), leaf number (LN) and fruit numbers (FN) of strawberry plant in the study
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Figure 4. Changes in photosynthetic quantum yield (Qy, %) and chlorophyll concentration (CC, mg g™) of strawberry leaf

in the study

The protection of LWC under the drought stress
is an important factor in ensuring the drought
tolerance of the plants. In preventing the reduction
of LWC, the increased osmotic regulation, and the
decreased transpiration may increase the drought
resistance. Therefore, the stomatal responses of
plants can be considered a primary driver to the
drought. The stomata are responsible for the gas
exchange between the leaf's intercellular space and
the atmosphere and sensitive to drought stress
(Kerepesi and Galiba, 2000). Stomatal closure
protects plants from excessive water loss but also
limits the entry of CO: into the tissue where
photosynthesis takes place (Chaves et al., 2003). In
our study, Sc decreased linearly as the drought
stress severity increased. Sc was estimated at 248
and 507 mmol m? s' under the severe drought
stress and stress-free conditions, respectively
(Figure 2). A significant linear increase was found
between Sc and vyield. According to the
development period of the plant, the Sc rate
decreased in the aging leaves as it approached the
harvest time. The highest time-dependent Sc was
measured prior to the fruit formation.

Closing stomata in the drought stress decreased
the net CO: assimilation rate (A) and ET but
increased LST. The LST value of the strawberry
leaves was 31, 29 and 27°C under the severe and
moderate drought stress and stress-free conditions,
respectively (Figure 3). Odemis et al. (2017) pointed
out that the increased Sc cooled down the leaf
surface as the drought stress decreased and found
that each 1°C increase in the cotton Ileaf
temperature decreased its yield by 88.7 kg da! in
the first year and by 61.2 kg da! in the second year.
In this study, each 1°C increase caused a decrease
by about 75 g.

SPAD and chlorophyll concentrations decreased
with the increased drought stress. SPAD values
were 37.22, 39.93 and 39.74 ymol m2 s (Figure
3), while chlorophyll concentration was 0.82, 0.88
and 0.89 mg g* (Figure 4) under the severe and
moderate drought stress and stress-free conditions,

respectively. No significant difference was found in
chlorophyll concentration between the severe and
moderate drought levels. As the drought stress
increased  for  strawberry  (Ghaderi  and
Siosemardeh, 2011), apple (Sircelj et al., 2007) and
cotton (Odemis et al., 2017), the chlorophyll content
decreased. Ghaderi and Siosemardeh (2011) found
differences in the chlorophyll content and
chlorophyll degradation of two strawberry varieties
with prolonged drought stress as well as no
recovery with their irrigation.

Photosynthetic quantum vyield is a measure of
photosynthetic activity expressed as moles of
photons absorbed per mole of oxygen released or
per mole of COz taken (Long et al., 1993). In this
study, as drought stress increased, Qy increased
linearly. Qy was 0.61, 1.23 and 1.50 under the
severe and moderate drought stress and stress-free
conditions, respectively (Figure 4). Odemis et al.
(2017) pointed out that Qy in cotton initially
increased and then decreased due to the increased
irrigation water amount. El-Farhan and Pritts (1997)
estimated the photosynthetic rates as 35 mg
CO2dm=2h' and 16 mg CO2 dm=2 h' in stress-free
and stressful conditions, respectively.

The decreased leaf area and number as a result
of the increased drought stress severity reduced
PAR that strawberry plants could absorb in
photosynthesis. PAR was 586 W m-2 with Iz and
669 W m-2 with l100 (Figure 2). Many studies showed
that yield had a positive relationship with light use
efficiency (Whitfield and Smith, 1989; Chen et al.,
2003; Li et al., 2008). Our results were consistent
with the study by Plénet et al. (2000) that the ratio
of PAR absorbed by the canopy depended on leaf
area index (LAI), and canopy geometry.

3.2. Relationships of water use efficiency and
light use efficiency with other variables

Linear or quadratic relationships were obtained
between irrigation water, crop water use, and yield
(Table 1). The increased irrigation water amount
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and crop water use linearly increased yield, fruit
number, leaf area, and leaf number. The FM and
DM weights and LWC had polynomial relationships
with the irrigation water amount and crop water use.
The irrigation water and crop water use affected Sc,
SPAD, and Qy but chlorophyll concentration. LST
decreased with the increased irrigation water and
crop water use. PAR did not respond significantly to
the increased irrigation water and crop water use
(Table 1). The linear relationship between LST and
leaf number was found, while the second-order
relationships between all the other variables were
obtained.

Pearson’s correlation matrix analysis showed
that water use efficiency (WUE = fruit weight/ crop
water use) were positively correlated with Qy and
PAR at p < 0.001 and Sc and LWC at p < 0.05
(Figure 5). Light use efficiency (LUE fruit
weight/PAR) was linearly associated with crop
water use and irrigation level (IL, I33 -> les -> l100) at
p < 0.05 (Figure 6). Not only did multicollinearity
exist among Sc, Qy, PAR, and LWC but also
between crop water use and IL. Hence, the non-
linear models were best fit to WUE and LUE as a
function of the individual predictors according to the
smallest BIC values (Table 2).

Table 1. Relationships of measured variables with irrigation water and evapotranspiration (n = 3)

Response Irrigation water r2 Evapotranspiration r2

Yield (g) 81.124x - 69.888 0.99" 104.12x-185.54 0.99™
Fruit number 2.7098x + 23.349 0.98" 3.4755x+ 19.496 0.97"
Leaf area (cm?) 131.43x + 122.04 1 168.78x - 65.69 1
Leaf number 3.38x + 11.39 0.99" 4.34x + 6.55 0.99"
Dry weight () -0.13x? + 1.50x + 0.31 1 -0.21x? + 2.45x - 2.19 1
Fresh weight (g) -0.12x? + 1.62x + 0.39 1 -0.21x? + 2.58x - 2.29 1
Leaf water content (%) -4.31x% + 39.75x - 42.49 1" -7.19%x% + 67.63x - 109.68 1
Stomatal conductance (mmol m? s2) -46.36x%+405.42x-352.96 1™ -77.14x?+697.27x-1040.8 1
Total chlorophyll content (umol m2 s1) -0.26x% + 1.34x + 38.34 1 -0.43x%+2.65x+35.95 1
Chlorophyll concentration (mg g*) 0.0053x +0.84 0.07 ns 0.0069x + 0.83 0.07 ns
Leaf surface temperature (°C) -1.05x + 32.78 0.97" -1.35x + 34.28  0.96"
Photosynthetic quantum yield (%) -0.059x2 + 0.68x - 0.47 1 -0.099x%+1.11x-1.60 1
Photosynthetically active radiation (W m-) 8.045x + 602.26 0.14 ns 10.49x + 590.12 0.14 ns

ns and **, not significant and significant p < 0.01, respectively
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Figure 6. Pearson’s correlation matrix of LUE and LN, LA, LWC, CC, SPAD, Sc, ET measured in the drought treatments
(LUE: Light use efficiency, LN: Leaf number, LA: Leaf area, LWC: Leaf water content, CC: Chlorophyll concentration, SPAD: Total
chlorophyll content, Sc: Stomatal conductance, ET: Crop water use, IL: Irrigation level)

Table 2. The best-fit non-linear models of water use efficiency (WUE = fruit weight/ET) and light use efficiency (LUE = fruit
weight/PAR) as a function of the best individual predictors based on the Pearson’s correlation matrix analysis (r° = 1)

Response Predictor Parameter Estimate  Prediction model BIC
a = growth rate 0.0459
c
b = inflection point 31.0096 -
LWC P (1 + exp(—a* (LWC — b))) 162.1
¢ = asymptote 89.4496
a = asymptote 89.3603 c
PAR b = inflection point 639.0374 4« (1—exp <_ <<PA;R> ))) -179.1
¢ = growth rate 9.7769 b
WUE a =areaunder curve  -141.8424 b
Qy b = elimination rate -0.4379 <w> * (exp(—b * Qy) — exp(—c * Qy)) -152.6
¢ = absorption rate 0.9214 ¢
a = asymptote -64.2371
Sc b = scale 1.0630 =« (1— b *exp(—c*Sc)) -141.6
¢ = growth rate -0.0013
a = intercept -0.3755
ET b = slope 0.2197 a+b+ET +c*ET? -179.3
¢ = quadratic -0.0084
LUE —
a = growth rate 0.8507 c
b = inflecti int .5092 -
IL inflection poin 3.509 (1 N exp(—a L (L — b))) 206.6
¢ = asymptote 0.6811

WUE: Water use efficiency, LUE: Light use efficiency, LWC: Leaf water content, PAR: Photosynthetically active radiation,
Qy: Photosynthetic quantum yield, Sc: Stomatal conductance, ET: Crop water use, IL: Irrigation level
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4. Conclusion

Our results showed that the cultivar of
'‘Camarosa’ was drought sensitive related to
literature in terms of both physiological and yield
parameters. Farmers in semi-arid regions should
adopt drought-tolerant varieties, varieties with the
highest WUE, an appropriate irrigation schedule, or
the best management practices that enhance WUE,
based on our results.
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