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 To investigate photosynthetic response of some pear (Pyrus spp.) 
species to drought stress, a pot experiment was conducted using as 
factorial experiment based on completely randomized design (CRD) 
with three replication under greenhouse condition. The factors 
included five pear species including: P. biossieriana, P. communis, P. 
glabra, P. salicifolia and P. syriaca and three levels of drought stress 
[(100%, 60% and 30% of field capacity (FC)]. According to the 
obtained results, different levels of drought stress significantly 
restricted morphological and physiological responses in all studied 
species. Increasing drought stress intensity reduced leaf relative 
water content (RWC), net photosynthetic rate, stomatal 
conductance, transpiration rate and intercellular carbon dioxide 
concentration when compared to their values in control plants. 
However, root/shoot dry weight ratio, specific leaf weight and 
stomatal density per unit of area were increased. In P. glabra 
exposed to severe stress (30% of FC), the values of root/shoot dry 
weigh ratio (0.85 g), specific leaf weight (23 mg cm-2), stomata 
density per unit of area, relative water content (73%) and net 
photosynthetic rate (3.9 µmol CO2 m-2 s-1) were significantly higher 
than the other species. P. syriaca, P. salicifolia, P. biossieriana and P. 
communis were placed in the next ranks, respectively based on their 
response to drought. In conclusion, P. glabra is reported as a more 
effective species in mitigating the adverse effects of drought by 
boosting its protective mechanisms than the other pear species. 
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Introduction1 
Pear (Pyrus spp.) belongs to the Rosaceae family 
with about 50 species it has been identified 
worldwide; however, only three species are 
widely cultivated (Li et al., 2016). It has a 
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cultivated area of 3 million m2 and an annual 
production of 2 million tons, after bananas, 
oranges, apples and grapes, is the fifth most 
important fruit in temperate regions (Food and 
Agriculture Organization of the United Nations, 
2011). Considering that the use of wild plant 
materials is a useful and practical method to 
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improve drought tolerance in breeding 
programs (Sisko et al., 2009; Ashraf, 2010), 
therefore, wild pear cultivars and genotypes in 
the Iranian plateau have long been the focus of 
attention due to their resistance to various 
biotic and abiotic stresses (Javadi et al., 2005). 
Water stress disrupts horticultural crop growth, 
development and finally results in low 
productivity particularly in arid and semi-arid 
parts of the world (Kumar et al., 2019). Under 
drought stress, some disorders generally occur 
in the vital physiological processes, such as in 
gas exchange responses (Hu et al., 2010; 
Hoshika et al., 2013), cell dehydration (Manes 
et al., 2006) and chlorophyll degradation (Liu 
et al., 2019). Plants use various resistance 
mechanisms such as escape, tolerance and 
avoidance to cope with stress. Some of the 
mechanisms are related to: reduction of water 
out flow from the plant by the reducing 
stomatal conductance (Romero and Botía, 2006; 
Brodribband McAdam, 2017), morphological 
modification and improving water uptake by 
developing efficient root systems (Kumar et al., 
2019), and leaf anatomical modifications 
(Yadollahi et al., 2011). The evaluation of 
drought tolerance in Pyrus betulaefolia showed 
that with increasing dehydration, net 
photosynthesis, transpiration rate and stomatal 
conductance decreased significantly while the 
rate of ion leakage increased (Li et al., 2016). 
Furthermore, Liu et al (2019) showed that in 
Pyrus betulaefolia dehydration stress by 
stimulating synthesis of abscisic acid (ABA) 
from the roots and accumulation in the leaves, 
reduces the stomatal conductance. Evaluation 
of the responses of three wild pyrus boisseriana 
populations to water scarcity stress showed that 
dehydration reduces the leaf RWC, net 
photosynthesis, stomatal conductance, carbon 

fixation, transpiration and xylem water 
potential.  

Plant populations belonging to semi-arid 
regions are more tolerant to drought stress 
than the populations originated from semi-
humid regions at higher altitudes (Zarafshar et 
al., 2014). Decreased photosynthesis and 
stomatal conductance under drought stress has 
been reported for many plant species, 
including pear (Rajametov, 2017; Li et al., 
2019), grape (Ghaderi et al., 2011) and apple 
(Sircelj et al., 2007). 

The aim of this study was to investigate the 
effect of drought stress on water relations and 
photosynthetic gas exchanges of five pear 
species with the aim of screening for drought 
tolerance. 

Materials and Methods 
Plant materials and growth condition 
A pot experiment was conducted as factorial 
based on completely randomized design (CRD) 
with three replications in two experimental 
units in research greenhouse of West 
Azarbaijan Agricultural and Natural Resources 
Research Center from April to September 
2019. Factors included three levels of drought 
stress: 100℅ of field capacity (FC) (control), 
60℅ of FC (moderate stress) and 30℅ of FC 
(severe stress), and five pear species including: 
P. biossieriana, P. communis, P. glabra, P. 
salicifolia and P. syriaca were used. The one-
years old pear seedlings were collected from 
different regions of Iran (Golestan, East and 
West Azarbaijan and Kurdestan provinces) and 
transferred to plastic pots (2325 cm) 
containing 10 kg of soil. Each replication was 
composed of one plant per pot, in total 90 
experimental parcels were used. The soil 
properties are presented in Table 1. 

Table 1. Soil physical and chemical characteristics 

Textural 
classification 

Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

Organic 
matter 
(g/kg) 

pH N 
(g/kg) 

P 
(mg/kg) 

K+ 
(mg/km) CaCl2 

Electrical 
conductivity 

(ds/m) 
Sandy loam 18.31 55.53 55.27 0.871 7.7 2.10 51.00 442.05 15.20 2.8 
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60 days after transplanting (acclimatization 
period), drought treatments (100, 60 and 30% 
of FC) were applied. The field capacity of each 
pot was estimated by the gravimetric method 
(Green et al., 2004). At first, a certain amount 
of soil was poured in to each pot based on 
weighting. Then 4 pots were randomly 
selected and saturated. Pot weights were re-
calculated after 48 hour of drainage and the 
soil was dried for 24 hour at 105˚C. According 

to equation [1], the soil moisture content at 
100% of FC was calculated as the difference 
between the soil weight after drainage (FCW) 
and soil weight after drying (DW). 
Maintenance of the water treatments was 
made by daily weighing of the pots replacing 
the water lost by transpiration. The duration of 
water stress was three months. The average 
temperature was 25±2 ˚C and relative air 
humidity was 50.0 ± 10 %.  

 soil weigth in field capacity  FCW  weight of dry soil (DW)  
Field capacity (FC) 100

weight of dry soil (DW)


    (1) 

Root/ shoot dry weight 
Roots were well washed using a micro-mesh 
sift and watered roots, shoots and main stem 
(without leaves) were oven-dried at 75 °C for 
48 h and dry weight determined for 3 
seedlings per treatment. 

Stomata density per unit area 
For microscopic observation of stomata density, 
the epidermis was stripped from the lower part 
of leaf and from a similar place from the leaves 
of the same size as the plant. The number of 
stomata per unit of area (mm2) was counted and 
recorded using a fluorescence illumination 
microscope (NICON ECLIPSE Ts2R, Japan), 
magnification 40X (Miskin et al., 1972).  

Specific leaf weight (SLW) 
Specific leaf weight was calculated in four 
fully expanded young leaves from plants of 
each species under different drought stress 
treatments. Leaf area was  determined  with 
leaf  area meter  (AM- 200  model)  and  then, 
the  dry  weight  of  these  leaves  were 
determined after oven drying for 24 h at 70 ºC. 
Specific leaf weight was calculated as the ratio 
of leaf dry weight to leaf area. 

Relative water content (RWC) 
The relative water content (RWC) of leaves 
was measured according to Turner (1981). 
Immediately after sampling, fresh leaves were 
weighted (FW) and then immersed in distilled 
water for 4 h at room temperature. The turgid 

leaves were then blotted dry and weighed 
(TW) and then leaves were oven dried drying 
at 80 °C for 48 h and dry weight (DW) was 
measured. The leaf relative content was 
calculated using the following formula:  

RWC (%) = [(FW –DW)/ (TW – DW)]100 

Net photosynthetic rate (Pn), stomatal 
conductance (gs), transpiration rate (E) 
and intercellular carbon dioxide 
concentration 
At the end of the experiment and in all 
treatments, upper fully expanded leaves were 
selected for assay. Net photosynthetic rate, 
transpiration rate, stomatal conductance and 
intercellular carbon dioxide concentration 
were carried out according to Jiang et al. 
(2020) and using a portable photosynthesis 
system HCM-1000 (WALZ, Germany) equipped 
with a leaf chamber fluorimeters with an 8 cm 
cuvette area. The standard conditions for leaf 
stabilization in the cuvette were: air flow rate 
of 800 ml min-1, reference CO2 concentration 
was 350 ppm, chamber temperature was 20 °C 
and the light intensity was 1200 to 1400 μmol 
m-2 s-1. Measurements were taken in the 
morning from 10:00 to 11:00. 

Data analysis 
The data were analyzed by analysis of variance 
(ANOVA) with statistical analysis system (SAS) 
(Version 9.01, SAS Institute, Cary, NC, USA). 
Significant differences among values of all 
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parameters were determined at P<0.01 
according to Duncan’S Multiple Range Test. All 
experimental data were expressed as the means 
of least three independent biological repeat and 
the correlation curve between the parameters 
was drawn by Microsoft Excel software. 

Results 

Analysis of variance revealed that the effects of 

drought treatments, species and their interaction 
on some morphological traits, including 
root/shoot dry weight, specific leaf weight, 
stomata density per unit of area, relative water 
content, net photosynthetic rate, stomata 
conductance, transpiration rate and intercellular 
carbon dioxide concentration of pear species 
were significant (p<0.01) (Table 2). 

Table 2. Analysis of variance for the effects of various level of drought, species and interaction of drought 
treatment and species on some morphological and physiological parameters in five pear species (Pyrus spp.) 

Mean of square (MS) 

Intercellular 
carbon dioxide 
concentration 

Transpiration 

rate 

Stomatal 

conductance 

Net 

photosynthetic 

rate 

Relative 

water 

content 

Stomatal 

density per 

area unit 

Specific 

leaf 

weight 

Root/ Shoot 

dry weight 

 

df Source of 
variation 

14.520ns 1.303ns 0.837ns 33.888ns 0.497ns 15.555ns 0.484ns 0.001ns 2 Replication 
2783.800** 134.198** 7856.171** 6157.222** 1544.447** 13.128** 50.265** 0.304** 2 Drought 
1869.319** 10.851** 131.236** 1444.244** 56.307** 936.66** 9.580** 0.057** 4 Species 

191.863** 1.636** 36.062** 44.527** 99.651** 473.33** 2.428** 0.019** 8 Drought ×  
Species 

44.847 0.105 2.688 8.793 21.302 94.126 0.346 0.004 28 Experimental 
error 

5.766 5.877 4.181 6.725 6.361 6.747 4.461 13.395 - Cv (%) 
Under each parameter, means of main effects followed by different letters in columns indicate significant 
differences at P≤0.05 (Duncan’s test). Main effects are pooled means for observations under each variable. For 
the analysis of variance, ns, * and ** indicate non-significant (P>0.05) and significant at P≤0.05 and P≤0.01, 
by F-test, respectively 

Root/shoot dry weight 
The analysis of variance showed significant 
differences (p<0.01) in root/shoot dry weight 
among the drought stress treatments, species, 
and their interaction (Table 2). Based on the 
results of comparing means, in control 
treatment (100% of FC), the highest 
root/shoot dry weight was related to P. 
syriaca, while P. biossieriana had the lowest 
root/shoot dry weight. Also, there was no 
significant difference in root/shoot dry weight 
between P. glabra and P. communis species. 
Drought stress caused a significant increase in 
root/shoot dry weight among studied species. 
In moderate stress (60% of FC), P. glabra and 
P. Syriaca with 0.114 g and 0.243 g increase 
compared to control (100% of FC) had the 
highest root/shoot dry weight and after that, 
P. salicifolia, P. biossieriana and P. communis 
were in the next orders, respectively. Under 

severe stress (30% of FC), highest root/shoot 
dry weight was observed in P. glabra with 0.66 
g increase compared to the control treatment 
(100% of FC) and 0.334 g increase compared 
to the moderate stress (60% of FC) and after 
that, P. syriaca, P. salicifolia, P. biossieriana and 
P. communis were placed in the next ranks 
(Fig. 1). 

Specific leaf weight (SLW)  
Based on the analysis of variance in Table 2, 
the effects of drought stress treatments, species 
and their interaction on SLW were significant 
(P < 0.01). The results of mean comparison 
revealed that with increasing levels of drought 
stress, the SLW were increased significantly. In 
control treatment (100% of FC) there was no 
significant difference in SLW of studied pear 
species. Both levels of drought stress led to a 
considerable increase in SLW of studied pear 
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seedlings. Under moderate stress (60% of FC), 
P. syriaca and P. salicifolia with 15.351 and 
11.98 mg cm-2 had more and less SLW, 
respectively. Nevertheless, there was no 
significant difference in SLW of P. glabra and 
P. biossieriana species. In severe stress (30% of 
FC), P. glabra and P. syriaca with 8.303 and 

6.423 mg cm-2 increase compare to moderate 
stress (60% of FC) and 13.848 and 13.657 mg 
cm-2 increase compare to control stress (100% 
of FC) showed the highest SLW and after that, 
P. salicifolia, P. biossieriana and P. communis 
were placed in the next ranks, respectively 
(Fig. 2). 

 
Fig. 1. Interaction of various levels of drought stress [% of field capacity (FC)] and pear species on root/ shoot dry weight. 

Similar letter/s shows not significant differences (P<0.01). Error bars show mean± SE (n=15). 

 
Fig. 2. Interaction of various levels of drought stress [% of field capacity (FC)] and species on specific leaf 

weight. Similar letter/s shows not significant differences (P<0.01). Error bars show mean± SE (n=15). 

Stomata density per unit of leaf area  
Based on the analysis of variance, the drought 
stress, species and their interaction showed 
significant effect on stomata density per unit of 

leaf area (P < 0.01). With increasing drought 
stress levels, the stomata density per unit of leaf 
area was increased significantly. In control 
treatment (100% of FC), P. communis, P. 
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biossieriana, P. glabra, P. salicifolia and P. syriaca 
showed the highest stomatal density per unit of 
leaf area, respectively. In moderate stress (60% 
of FC), P. glabra and P. salicifolia with 147 and 
140 stomata had more and less stomatal density 
per unit of leaf area, respectively. Nevertheless, 
there was no significant difference in stomatal 
density per unit of leaf area of P. biossieriana and 

P. syriaca species. Under severe stress treatment 
(30% of FC), the highest stomatal density per 
unit of leaf area was related to P. glabra with 54 
and 84 stomata compared to moderate stress 
(60% of FC) and control (100% of FC), 
respectively. After that, P. syriaca, P. salicifolia, P. 
communis and P. biossieriana were in the next 
ranks, respectively (Fig. 3). 

 
Fig. 3. Interaction of various levels of drought stress [% of field capacity (FC)] and species on stomatal density 

per area unit. Similar letter/s shows not significant differences (P<0.01). Error bars show mean± SE (n=15). 

Relative water content (RWC)  
Based on the results of variance analysis in 
table 2, the effects of studied factors on leaf 
relative water content were significant 
(p<0.01). The results of comparing averages 
revealed drought stress significantly decreased 
the relative water content. In control 
treatment (100% of FC) there was no 
significant difference between the leaf relative 
water content of pear species. Drought stress 
caused effective changes in relative water 
content and with increasing drought stress 
level, leaf relative water content was 
significantly decreased in all pear species. 
Under moderate stress (60% of FC), P. glabra 
and P. communis with 9 and 21 % decrease 

compared to control treatment (100% of FC) 
had the highest and lowest relative water 
content, respectively. Also, there was no 
significant difference in relative water content 
of P. biossieriana and P. salicifolia species. In 
severe stress (30% of FC), the leaf relative 
water content was significantly variable 
among species. P. glabra with a 18 % decrease 
compared to control treatment (100% of FC) 
had the highest leaf relative water content and 
after that, P. syriaca, P. salicifolia, P. 
biossieriana and P. communis with 18, 23, 24 
and 31 % decrease in leaf relative water 
content compared to control treatment (100% 
of FC) were in the following ranks, 
respectively (Fig. 4). 
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Fig. 4. Interaction of various levels of drought stress [% of field capacity (FC)] and species on relative water 

content. Similar letter/s shows not significant differences (P<0.01). Error bars show mean± SE (n=15). 

Net photosynthetic rate, stomatal 
conductance, transpiration rate and 
intercellular carbon dioxide concentration 
The analysis of variance showed significant 
differences (p<0.01) in net photosynthetic 
rate, stomatal conductance and transpiration 
rate among the drought stress treatments, 
species, and their interactions (Table 2). The 
results of mean comparison related to the 
interaction of drought and species on net 
photosynthesis showed that with increasing 
drought stress levels, the values of net 
photosynthetic rate, stomatal conductance and 
transpiration rate in all studied species 

decreased significantly compared to the 
control treatment (100% of FC). In control 
treatment, the highest net photosynthetic rate 
was recorded in P. glabra and P. syriaca, P. 
biossieriana and after that in P. communis and 
P. salicifolia species, respectively. In moderate 
stress (60% of FC), the highest net 
photosynthetic rate was found in P. communis 
and the lowest net photosynthetic rate was 
observed in P. glabra and P. syriaca. Under 
severe stress (30% of FC), P. glabra had the 
highest net photosynthetic rate and P. syriaca, 
P.biossieriana, P. salicifolia and P. communis 
were in the next ranks, respectively (Fig. 5). 

 
Fig. 5. Interaction of various levels of drought stress [% of field capacity (FC)] and species on net photosynthetic 

rate. Similar letter/s shows not significant differences (P<0.01). Error bars show mean± SE (n=15). 
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Also, in control treatment, P. communis had 
the highest stomatal conductance and later, P. 
biossieriana, P. syriaca, P. salicifoliaand P. 
glabrawere were in the next ranks. In moderate 
stress (60% of FC), the highest stomatal 
conductance was observed in P. salicifolia and 
the lowest stomatal conductance was observed in 
P. glabra and P. syriaca. Nevertheless, there was 
no significant difference in stomatal conductance 
of p. glabra and P. syriaca species. In severe stress 
(30% of FC), P. communis and P. biossieriana had 
the maximum stomatal conductance and after 
them P. salicifolia, P. syriaca and P. glabra were in 
the next ranks, respectively (Fig. 6). 

With increasing drought stress levels, the 
transpiration rate decreased significantly. In 
control treatment (100% of FC), P. biossieriana, 
P. communis and P. syriaca showed the highest 
leaf transpiration rate, while P. salicifolia had 
the lowest transpiration rate. Under moderate 
stress treatment (60% of FC), P. biossieriana 
and P. syriaca had more and P. salicifolia had 
less transpiration rate. Under severe stress 
(30% of FC), the maximum transpiration rate 
was in p. communis and minimum transpiration 
rate was belonged to P. glabra and P. salicifolia 
(Fig. 7). 

 
Fig. 6. Interaction of various levels of drought stress [% of field capacity (FC)] and species on stomatal 

conductance. Similar letter/s shows not significant differences (P<0.01). Error bars show mean± SE (n=15). 

 
Fig. 7. Interaction of various levels of drought stress [% of field capacity (FC)] and species on transpiration rate. 

Similar letter/s shows not significant differences (P<0.01). Error bars show mean± SE (n=15). 
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The results of mean comparison related to 
the interaction of drought and species on the 
concentration of intracellular carbon dioxide 
showed that with increasing the intensity of 
drought stress, the concentration of 
intracellular carbon dioxide decreased in all 
studied pear species. In control treatment 
(100% of FC), the highest concentration of 
intracellular carbon dioxide was found in P. 
communis and after that P. salicifolia, P. 
biossieriana, P. glabra and P. syriaca were in the 
next ranks, respectively. In addition, under 

moderate stress treatment (60% of FC), the 
highest concentration of intercellular carbon 
dioxide concentration was observed in P. 
salicifolia and the lowest intercellular carbon 
dioxide concentration was observed in P. 
syriaca. There was no significant difference in 
intercellular carbon dioxide concentration of 
P. biossieriana and P. glabra species. In severe 
stress (30% of field capacity), P. communis, P. 
biossieriana and P. salicifolia had the highest 
and P. glabra had the lowest concentration of 
intracellular carbon dioxide (Fig. 8). 

 
Fig. 8. Interaction of various levels of drought stress [% of field capacity (FC)] and species on intercellular carbon 

dioxide concentration. Similar letter/s shows not significant differences (P<0.01). Error bars show mean± SE (n=15). 

Discussion 

Root/shoot dry weight 
During drought stress, roots as one of the main 
organs of the plant, is strongly influenced by 
moisture deficit (Sangakkara et al., 2010). 
When water availability is limited, the 
synthesis of ABA is increased by the roots. This 
hormone has growth inhibitory properties for 
the shoots, while promotes the growth of roots 
and increases the length of the roots (Xu et al., 
2000). The effects of drought stress on shoot 
growth are generally greater than root growth. 
It seems this low root sensitivity is due to the 
ability of roots to rapidly modulate osmosis in 
response to reduced soil water potential. This 

condition allows continued water uptake and 
is also due to the increased flexibility of the 
root cell wall (Sharp et al., 2004). In this 
regard, we showed that with increasing 
drought stress intensity, root and branch dry 
weight increased in all species. Under severe 
stress (30% of FC), the highest and lowest 
root/ shoot dry weight were observed in P. 
glabra and P. communis, respectively (Fig. 1). 
These results are consistent with reports on 
opuntia (Snyman, 2004), pepper (Kulkarni and 
Phalke, 2009), oleander (Niu et al., 2008), 
Catharanthus roseus (Jaleel et al., 2008), rose 
(Niu and Rodriguez, 2009), almond (Yadollahi 
et al., 2011) and grape (abbaspour and 
babaee, 2017). 
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Specific leaf weight (SLW) 
In this study, the trend of changes in SLW 
under different drought stress levels was 
similar in all species and with increasing 
drought stress intensity, SLW increased 
significantly. Under severe (30% of FC) stress, 
P. syriaca and P. glabra showed the highest 
SLW and P. communis had a minimum SLW 
(Fig. 2). SLW is one of the important traits in 
plants and is used as a reliable morpho-
physiological marker to study drought stress 
tolerance in many plants (Ali et al., 2011). 
Many studies have shown that with increasing 
severity of dehydration stress, the amount of 
SLW increased (Rieger et al., 2003; Bacelar et 
al., 2006; Martinez et al., 2010). This trait 
depends on the leaf thickness, dry matter of 
leaves per unit of leaf area and the density of 
the leaf tissue (Xu and Zhou, 2005). The 
higher SLW of drought tolerant cultivars may 
be related to their higher carbon uptake 
potential (Ghaderi et al., 2014). Furthermore, 
Xu and Zhou (2005) stated that changes in 
SLW under water stress might be due to 
changes in the amount of carbohydrates, 
including starch. Also, the leaf relative water 
content is important in determining specific 
leaf weight and since under deficit stress, the 
number of hairs and the length of the pores 
decreases while the thickness of the cuticle, 
epidermis, hypodermis and the number of 
pores increases (Hameed et al., 2002), Thus 
cultivars that have a thicker cuticle wax layer, 
under dehydration conditions, retain more 
relative water content in their leaves, have a 
higher leaf specific gravity and are more 
tolerant of drought. 

Stomata density per unit of leaf area  
One of the first defense mechanisms of the plant 
against dehydration stress is the limitation of 
leaf area. With increasing drought stress, leaf 
area decreases sharply as a result of hormonal 
imbalance due to increased ABA and decreased 
levels of indole acetic acid (IAA) in stressed 
plants, reduced cell division and cell elongation 

(Blum, 2005) and as leaf area decreases, 
stomata density and number of stomata per unit 
of leaf area increases (Sing and Usha., 2003; 
Najafian et al., 2009). Under water stress, the 
fluffs on the epidermal layer of leaves grow less. 
The spongy tissue in the middle of the leaf 
develops less and stronger mechanical tissues 
emerge. Morphological changes caused by 
drought are called Xeromorphs, which includes 
increasing the thickness of cuticle and cell 
membrane, reducing cell growth and leaf area 
and increasing the stomatal density per unit of 
leaf area (Jalili Marandi et al., 2011; 
Aliniaeifard et al., 2014; Aliniaeifard and van 
Meeteren, 2013, 2014, 2016; van Meeteren and 
Aliniaeifard, 2016). Drought stress disrupts 
mitotic divisions, cell elongation and expansion 
led to reduced growth and production traits 
(Heckenberger et al., 1998). Leaf surface 
development depends on ambient temperature, 
photosynthesis and the amount of nutrients 
availability. Decreased leaf area stimulated by 
drought is attributed to the stomatal close and 
inhibited photosynthesis (Rucker et al., 1995). 
As shown in Fig. 3, the stomata density per unit 
of leaf area in studied species subjected to 
drought stress treatment was significantly more 
than in the leaves of the well-watered plants, 
indicating that pear plants respond to drought 
by reducing cell division and elongation, 
reducing leaf area and thus increasing the 
number of stomata per unit of leaf area. Under 
severe stress treatment (30% of FC), the highest 
stomata density was related to P. glabra with 2 
and 1.4- fold increase compared to control 
treatment (100% of FC) and moderate stress 
(60% of FC) and after that, P. syriaca, P. 
salicifolia, P. communis and P. biossieriana were 
in the following ranks, respectively. There are 
many reports that showed that by reducing the 
number of stomata per unit of leaf area and by 
reducing the length of the stomata, the plant's 
tolerance to dehydration increases  (Seif et al., 
2021), which is consistent with our results in 
this research. 
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Relative water content (RWC) 
In this regard, the studied species of P. glabra 
with 18 % and 9 % decrease compared to 
control treatment (100% of FC) and moderate 
stress (60% of FC), respectively had better 
water status than other studied pear species. 
This is very important for physiological 
performance and survival under water stress 
(Fig. 4). Leaf RWC, leaf water potential, 
stomatal resistance, transpiration ratio, leaf 
temperature and plant canopy temperature are 
the most important characteristics effecting 
plant water relations. The leaf relative water 
content is an indicator to reflect the balance 
between leaf tissue water supply and 
transpiration rate (Lugojan and Ciulca, 2011) 
and assessing the water status of the plant and 
the metabolic activities of the tissues and is a 
suitable tool in the diagnosis of drought 
resistance. The relative content of leaf water in 
the early stages of growth and in young leaves 
is higher than mature and developed leaves. 
Cuticle thickness is one of the important 
factors in preserving the relative water of the 
leaf and Many different studies have shown 
that under drought conditions, tolerant 
cultivars have more leaf cuticle thickness and 
able to retain more water content in their cells 
(Siddique et al., 2001; Yadollahi et al., 2011; 
Ghaderi et al., 2011; Tani et al., 2019). 

Net photosynthetic rate, stomatal 
conductance, transpiration rate and 
intercellular carbon dioxide concentration 
With increasing drought stress levels, in all 
studied species, net photosynthetic rate, 
stomatal conductance, transpiration rate and 
intercellular carbon dioxide concentration 
decreased significantly. Under severe stress 
(30% of FC) conditions, P. glabra and P. 
communis had the highest and lowest amount of 
net photosynthetic rate, respectively (Fig. 5). 
However, P. communis and P. biossieriana had 
the maximum stomatal conductance and after 
that P. salicifolia, P. syriaca and P. glabra were in 
the next ranks, respectively (Fig. 6). Lack of 

water is sensed by the roots and causes 
physiological and morphological changes in the 
plant by sending signals to branches through 
xylem. ABA synthesis, as one of the first root 
responses to water stress, stimulates the 
expression of genes that respond to drought 
stress (Carolina et al., 2015), Increases flow of 
K+ ions from the guard cells and loss of turgor 
pressure and closing of the pores perturbation 
(Guerrero and Mullet, 1986), reduce water loss 
and transpiration, and ultimately limit cell 
growth (Carolina et al., 2015). Environmental 
stresses, especially drought stress, have direct 
effects on the photosynthetic process and cause 
the destruction of key photosynthetic 
compounds, including electron transfer from 
the thylakoids, carbon reduction cycle and 
stomatal control of carbon dioxide entry and 
finally carbohydrate deposition, lipid 
peroxidation and disrupts the plant's water 
balance (Allen and Ort, 2001). Overall, the 
reasons limiting photosynthesis in water stress 
conditions are divided into two types of 
stomatal or non-stomatal limiting factors that 
they are due to the direct effect of water 
deficiency on plant biochemical processes. The 
stomata are highly sensitive to dehydration and 
closure of the stomata is one of the plant's first 
reactions to drought stress, which leads to a 
reduction in photosynthesis. Stomatal 
restriction reduces mesophilic access to carbon 
dioxide and reduces photosynthetic carbon 
assimilation during the light-breathing process. 
On the other hand, non-stomatal mechanisms 
include reduced synthesis of chlorophyll 
pigments, reduced yield and degradation of 
chloroplast structure, and damage to the 
processes of accumulation, transport, and 
distribution of photosynthetic products 
(Samarah et al., 2009). The stomata are a 
collection of stoma, guard cells and subsidiary 
cells (Berry et al., 2010). The abundance of 
stomata is mostly in the lower surface of the 
leaf (Pirasteh‐Anosheh et al., 2016). Stomata 
generation occurs continuously and parallel to 
the leaf growth (Zhao et al., 2015). Stomata 
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morphological characteristics such as size, 
density and distribution significantly affect gas 
exchanges and their relationships with 
environmental factors such as soil water status 
(Anjum et al., 2011). The stomata are much 
more sensitive to soil water scarcity than any 
perceive drought stress signals from the leaves 
such as reduction in leaf mesophyll turgor 
pressure (Hoshika et al., 2013). The earliest leaf 
defense against desiccation is stomatal closure 
to avoid excessive dehydration (Lehmann and 
Or, 2015; van Meeteren and Aliniaeifard, 
2016), since it is much faster than changes in 
the leaf area, root system and chloroplast. 
During this process, ABA reaches the leaves 
through the transpiration stream for drought-
induced root-to-leaf signaling, which induces 
the stomatal closure (Sikder et al., 2016). 
Stomata also control transpiration, which can 
decrease leaf temperature by conducting 
transpiration (Ishida et al., 2014). During 
dehydration, the amount of CO2 uptake 
gradually decreases due to the closure of the 
stomata, which in turn reduces the content and 
activity of enzymes involved in the 
photosynthetic carbon reduction cycle, 
including its major enzyme, ribulose- 1, 5- 
phosphate carboxylase/oxygenase (RuBisCO) 

(Heldt, 1997). To maintain the carboxylation 
function of RuBisCO, photorespiration is 
increased and the end result of using additional 
reducing equations in chloroplasts is to increase 
the production of oxygen free radicals that 
leads to oxidative stress in chloroplasts, 
degradation of photosynthetic pigments (Lisar 
et al., 2012), protein degradation, lipid 
peroxidation, DNA disorder and ultimately cell 
death (Farooq et al., 2009). Due to the fact that 
the content of ABA is closely related to the rate 
of pore opening, plants can strongly regulate 
the concentration of ABA in stress conditions 
such as drought, cold and salt (Hu and Xiong, 
2014). 9-cis epoxicarotenoid dioxygenase 
(NCED) is the main enzyme in ABA synthesis 
under drought stress. The ABA signaling 
pathway is triggered by drought stress, leading 
to enhance synthesis of NCED, which in turn 
promotes ABA, ascorbic acid (AsA) and 
peroxidase synthesis and ROS scavenging, 
allowing the drought-associated damage to be 
alleviated by ROS homeostasis and stomatal 
aperture adjustment (Xian et al., 2014). Overall, 
two mechanisms are involved in closing the 
stomata under drought stress: Hydropassive and 
hydroactive (Fig. 9). 

 
Fig. 9. Two mechanisms of stomatal closure; hydroactive (right) and hydropassive (left) pathways (adapted from 

Arve et al., 2011). 
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In hydropassive mechanism, the 
synthesized ABA from roots and leaves is 
transported to the guard cells through ATP-
binding cassette (ABC) transporters located in 
plasma membranes and activates the signaling 
pathways of closing the stomata (Mutava et 
al., 2015). ABA stimulates the production of 
ROS, which act as a potent stimulus for the 
production of nitric oxide (NO) (van Meeteren 
et al., 2020), the influx of Ca2 + through 
vacuole and plasma membranes, and the 
inhibition of membrane proton pumps. On the 
other hand, H+-ATP ases activity, which 
strongly polarizes the plasma membrane, is 
inhibited to induce stomata closure. As Ca2 + 

levels increase, anion channels are activated, 
causing generating an anion efflux from cells 
that depolarizes the membrane and causes K+ 
efflux through K+ out channels across both 
plasma and vacuole membranes. At the same 
time, Ca2 + inhibits K + ions in the channels 
(Arve et al., 2013). While the removal of K+ 
and Cl- is well described in the literature, the 
role of sucrose and malate during stomatal 
closure is unclear. Sucrose can be cleaved by 
cytosolic invertase (cINV), and the resulting 
hexoses can be imported into the chloroplast 
in the form of Glc-6-P (Glc6P). Glc6P is used 
subsequently for starch biosynthesis. Malate 
can be removed from the cell via 
decarboxylation to pyruvate by malic enzyme 

(ME) and the subsequent complete oxidation 
in the cycle of mitochondrial tricarboxylic acid 
(CAC). Alternatively, malate can be converted 
to Phosphoenolpyruvate (PEP) via PEP 
carboxykinase and nicotinamide adenine 
dinucleotide- dependent malate 
dehydrogenase. Nevertherless, the plasma 
membrane is depolarized, the turgor pressure 
and cell volume decreased and the stomatal 
closure occurs (Santelia and Lowson, 2016). 
Hydroactive mechanism of stomatal closure 
increased ABA content in the leaves induce 
and regulate stomatal closure, at the same 
level in the roots, it increases the hydraulic 
conductivity and facilitates water absorption 

and transpiration (Arve et al., 2013). In this 
regard, under moderate stress treatment (60% 
of FC), P. biossieriana and P. syriaca had more 
and P. salicifolia had less transpiration rate. 
Under severe stress (30% of FC), the maximum 
transpiration rate was in p. communis and 
minimum transpiration rate was belonged to P. 
glabra and P. salicifolia (Fig. 7). There are 
many studies showing that with increasing 
intensity and duration of drought stress, net 
photosynthesis, stomatal conductance, 
transpiration rate and intracellular carbon 
dioxide concentration decreases (Ghaderi et 
al., 2011; Flexas  et al. 2014; Cotrozzi  et  al.,  
2016; Ghanbary et al., 2017), which are in 
consistence with our results in this study. Also, 
the results of research on Pyrus betulaefolia L. 
seedlings under drought stress showed that the 
net photosynthesis and transpiration rate 
decreased significantly while stomatal 
resistance increased (Li et al, 2016). Overall, 
the results showed that under drought stress, 
the rate of net photosynthetic reactions in the 
studied pear species decreased and the P. 
glabra species had a higher tolerance than 
others, which is consistent with research on 
grapes (De Lorenzi and Rana, 2001); almond 
(García-Tejero et al., 2011; Zokaee-
Khosroshahi et al., 2014), onion (Pejic et al., 
2014), thyme (Ashrafi et al., 2018), rosemary 
(Delphin et al., 2005), and medicago (Tani et 
al., 2019). 

Conclusion 
Results of evaluation of morphological 
responses to drought stress of five pear species 
showed that P. glabra was more effective in 
mitigating the destructive effects of drought 
stress. This was occurred by reduction in 
reducing intercellular carbon dioxide 
concentration and gas exchange of their 
leaves. Relative leaf water content was 
reduced by drought exposure and P. syriaca, P. 
salicifolia, P. biossieriana and P. communis were 
in the next rank of keeping higher RWC, 
respectively. It can be suggested that the 
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studied species would be tested outdoors and 
other physiological and biochemical 
parameters such as leaf water potential, leaf 
parenchyma thickness (fence and sponge 
mesophyll), etc. would be further examined. 

Conflict of interest 
The authors indicate no conflict of interest for 
this work 

References 
Abbaspour N, Babaee L. 2017. Effect of salicylic 
acid application on oxidative damage and 
antioxidant activity of grape (Vitis vinifera L.) under 
drought stress condition. International Journal of 
Horticultural Science and Technology 4 (1), 29-50. 
Ali M.A, Jabran K, Awan S.I, Abbas A, Zulkiffal E.M, 
Acet T, Farooq J,Rehman A. 2011.  
Morphophysiological diversity and its implications 
for improving drought tolerance in grain sorghum 
at different growth stages. Australian Journal of 
Crop Science 5, 311-320. 
Aliniaeifard S, van Meeteren U. 2013. Can 
prolonged exposure to low VPD disturb the ABA 
signalling in stomatal guard cells?  Journal of 
Experimental Botany 64, 3551-3566. 
Aliniaeifard S, Malcolm Matamoros P, van Meeteren 
U. 2014. Stomatal malfunctioning under low Vapor 
Pressure Deficit (VPD) conditions: Induced by 
alterations in stomatal morphology and leaf anatomy 
or in the ABA signaling.  Physiologia Plantarum 152, 
688-699. 
Aliniaeifard, S., van Meeteren, U., 2014. Natural 
variation in stomatal response to closing stimuli 
among Arabidopsis thaliana accessions after 
exposure to low VPD as a tool to recognize the 
mechanism of disturbed stomatal functioning. 
Journal of Experimental Botany 65, 6529-6542. 
Aliniaeifard S, van Meeteren U. 2016. Stomatal 
characteristics and desiccation response of leaves of 
cut chrysanthemum (Chrysanthemum morifolium) 
flowers grown at high air humidity. Scientia 
Horticulturae 205, 84-89. 
Allen D.J,Ort D.R. 2001. Impact of chilling 
temperatures on photosynthesis in warm climate 
plants. Plant Science 6, 36-42. 
Anjum S.A, Xie X.Y, Wang L.C, Saleem M.F, Man C, Lei 
W .2011. Morphological, physiological and 
biochemical responses of plants to drought stress. 
African journal of agricultural research 6, 2026–2032. 

Arve L.E, Terfa M.T, Gislerod H.R, Olsen J.E, Torre 
S ,2013. High relative air humidity and continuous 
light reduce stomata functionality by affecting the 
ABA regulation in rose leaves. Plant, Cell and 
Environment 36: 382–392. 
Ashraf M, Foolad M.R. 2007. Roles of 
glycinebetaine and proline in improving plant 
abiotic stress resistance. Enviromental and 
Experimental Botany 59, 206-216. 
Ashrafi M, Azimi Moqadam M, Moradi P, Shekari F, 
MohseniFard E. 2018. Identification of Drought 
Tolerant and Sensitive Species of Thyme through 
Some Physiological Criteria. International Journal 
of Horticultural Science and Technology 5(1), 53-
63.  
Bacelar E.A, Santos D.L, Jose M.M.P, Goncalves B.C, 
Ferreira H.F, Correia C.M. 2006. Immediate 
responses and adaptative strategies of three olive 
cultivars under contrasting water availability 
regimes: changes on structure and chemical 
composition of foliage and oxidative damage. Plant 
Science 170, 596–605. 
Berry J.A, Beerling D.J, Franks P.J .2010. Stomata: 
key players in the earth system, past and present. 
Current Opinion in Plant Biology 13, 233–240. 
Blum A. 2005. Droght resistance, water-use 
efficiency and yield potential are they compatible, 
dissonant, or mutually exclusive. Australian Journal 
of Agricultural Research 56, 1159-1168. 
Brodribb T.J, McAdam S.A. 2017. Evolution of the 
stomatal regulation of plant water content. Plant 
Physiol. 174 (2), 639–649. 
Carolina S, Cristian H, Maria T.P. 2015. Plant water 
stress: Associations between ethylene and abscisic 
acid response. Chilean Journal of Agricultural 
Research 75 (1), 1–14. 
Cotrozzi  L,  Remorini  D,  Pellegrini  E,  Landi  M, 
Massai  R,  Nali  C,  Guidi  L,  Lorenzini  G. 2016. 
Variations  in  physiological  and  biochemical traits  
of  oak  seedlings  grown  under  drought and  
ozone  stress.  PhysiologiaPlantarum157, 69-84. 
De Lorenzi F, Rana G. 2001. Sap flow transpiration 
measurements in a table grape vineyard growing in 
southern Italy. III International symposium on 
irrigation of horticultural crops. Acta horticulturae 
537, 171-175. 
Delphin S, Loreto F, Pinelli P, Jognetti R, Alvino A. 
2005. Isopernoids content and photosynthetic 
limitation in rosemary and spearmint plants under 
water stress. Agriculture, Ecosystems and 
Environment 106, 243-252. 



Lavin Babaei et al. Int. J. Hort. Sci. Technol. 2021 8(4): 353-369 

367 

Farooq M, Wahid A, Kobayashi N, Fujita D, Basra 
S.M.A. 2009. Plant drought stress: effects, 
mechanisms and management. Agronomy for 
Sustainable Development 29, 185-212.  
Flexas J, Diaz-Espejo A, Gago J, Gallé A, Galmés J, 
Gulías J, Medrano H. 2014. Photosynthetic 
limitations in Mediterranean plants: a review. 
Environmental and Experimental  Botany  103, 12-
23.  
Food and Agriculture Organization (FAO) of the 
United Nations. 2011. 
http://www.fao.org/home/en/. 
García-Tejero  I.F,  Durán-Zuazo V.H,  Vélez L.M,  
Hernández A,Salguero A, Muriel-Fernández J.L. 
2011. Improving almond productivity  under  
deficit irrigation in semiarid zones. The Open 
AgricultureJournal 5, 56–62. 
Ghanbary  E,  TabariKouchaksaraei  M,  Mirabolfathy  
M, ModarresSanavi  S.A.M,  Rahaei M, 2017. Growth 
and physiological responses of Quercus brantii 
seedlings inoculated with Biscogniauxiamediterrane 
andObolarinapersica under drought stress. Forest 
Pathology 47 (5), e12353 
Green  C.H,  Foster  C,  Cardon  G.E,  Butters  G.L,  
Brick  M , Ogg  B. 2004. Water release from cross-
linked polyacrylamide.Colorado State University, Ft. 
Collins, CO 7,252-260. 
Guerrero F, Mullet J.E. 1986. Increased  abscisic  
acid  biosynthesis during  plant  dehydration  
requires  transcription.Journal ofPlant 
Physiology80, 588-591. 
Hameed M, Mansoor U, Muhammad A, Rao A.R. 
2002. Variation in leaf anatomy in wheat 
germplasm from varying drought-hit habitats. 
International Journal of Agriculture and Biology 
4(1), 12–16. 
Hassanzadeh M, Ebadi A, Panahyan-e-Kivi M.G, 
Eshghi A, Jamaati-e-Somarin S, Saeidi, M, Zabihi-e-
Mahmoodabad R. 2009. Evaluation of drought 
stress on relative water content and chlorophyll 
content of sesame (Sesamum indicum L.) genotypes 
at early flowering stage. Research Journal of 
EnvironmentalSciences3, 345–350. 
Heckenberger, U., Roggatz, U. and Schurr, U., 1998. 
Effect of drought stress on the cytological status in 
Ricinus communis. Journal of Experimental 
Botany, 49(319), pp.181-189. 
Heldt, H.W., 1997. Plant biochemistry and 
molecular biology. Oxford University Press. 
Hoshika Y, Omasa K, Paoletti E. 2013. Both ozone 
exposure and soil water stress are able to induce 

stomatal sluggishness. Environmental and 
Experimental Botany 88, 19-23.   
Hu H.H, Xiong L.Z. 2014. Genetic engineering and 
breeding of drought resistant crops. The Annual 
Review of Plant Biology 65, 715–741. 
Hu L, Wang Z, Huang B. 2010. Diffusion limitations 
and metabolic factors associated with inhibition and 
recovery of photosynthesis from drought stress in a 
C3 perennial grass species. PhysiologiaPlantarum 
139, 93-106. 
Hussain M, Malik M.A, Farooq M, Ashraf M.Y, 
Cheema M.A. 2008. Improving drought tolerance by 
exogenous application of glycinebetaine and 
salicylic acid in sunflower. Journal of Agronomy 
and Crop Science 194, 193-199. 
Ishida A, Yamazaki J. Y, Harayama H, Yazaki K, 
Ladpala P, Nakano T, Adachi M, Yoshimura K, 
Panuthai S, Staporn D. 2014. Photoprotection of 
evergreen and drought-deciduous tree leaves to 
overcome the dry season in monsoonal tropical dry 
forests in Thailand. Tree Physiology 34, 15–28.  
Jaleel C.A, Gopi R, Sankar B, Gomathinayagam M, 
Panneerselvam R. 2008. Differential responses in 
water use efficiency in two varieties of Catharanthus 
roseus L. under drought stress. 
ComptesRendusBiologies331, 42-47. 
Jalili Marandi R, Hasani A, DovlatiBaneh H, Azizi 
H, Haji Taghiloo R. 2011. Effect of Different Levels 
of Soil Moisture on the Morphological and 
Physiological Characteristics of Three Grape 
Cultivars (Vitis vinifera L.). Iranian Journal of 
Horticaltural Sciences 42 (1): 40-31.  
Javadi T, Arzani K, EbrahimZadeh H. 2005. Evaluation 
of soluble carbohydrates and proline in nine Asian 
pear cultivars (Pyrus seratonia L.) undr drought stress. 
Iranian Journal of Biology 17(4), 12-24. 
Jiang y, Jiayan Y, Rasulov B, Niinemets U. 2020. 
Role of Stomatal Conductance in Modifying the 
Dose Response of Stress-Volatile Emissions in 
Methyl Jasmonate Treated Leaves of Cucumber 
(Cucumis Sativa L.). International Journal of 
Molecular Sciences 21, 1-20. 
Kulkarni M, Phalke S. 2009. Evaluating variability 
of root size system and its constitutive traits in hot 
pepper (Capsicum annuum L.) under water stress. 
Scientia Horticulturae 120, 159–166. 
Kumar R, Berwal M.K, Saroj P.L. 2019. 
Morphological, physiological, biochemical and 
molecular facet of drought stress in horticultural 
crops. International Journal of Bio-resource and 
Stress Management 10 (5), 545-560. 

http://www.fao.org/home/en/


Lavin Babaei et al. Int. J. Hort. Sci. Technol. 2021 8(4): 353-369 

368 

Lehmann P, Or D. 2015. Effects of stomata 
clustering on leaf gas exchange. New Phytologist 
207, 1015– 1025.  
Li K.Q, Xu X.Y, Huang X.S. 2016. Identification of 
Differentially Expressed Genes Related to 
Dehydration Resistance in a Highly Drought-
Tolerant Pear, Pyrus betulaefolia L., as through RNA-
Seq. PLOS ONE 11(2), e0149352. 
Lisar S.Y.S, Motafakkerazad R, Hossain M.M, 
Rahman I.M.M. 2012. Water stress in plants: causes, 
effects and responses, Tech Publication 1–14. 
Liu Y, Yang T, Lin Z, Gu B, Xing C, Zhao L, Dong H, 
Gao J, Xie Z, Zhang S, Huang X. 2019. A WRKY 
transcription factor PbrWRKY53 from Pyrus 
betulaefoliais L. involved in drought tolerance and 
Ascorbic Acid accumulation. Plant  Biotechnology 
Journal 1- 18. 
Lugojan C, Ciulca S. Evaluation of relative water 
content in winter wheat. 2011. Journal of 
HorticulturalScience15, 173–177. 
Manes F, Vitale M, Donato E, Giannini M, Puppi G. 
2006. Different ability of three Mediterranean oak 
species to tolerate progressive water stress. 
Photosynthetica 44, 387-393. 
Martinez X D. 2010.Effects of irrigation and 
nitrogen application on vegetative growth, yield 
and fruit quality in peaches (Prunuspersica L. Batsch 
cv. Andross) for processing. PhD thesis, Lleida 
University. 
Miskin K.E, Rasmusson D.C, Moss D.N. 
1972.Inheritance and physiological effects of 
stomatal frequency in barley. Crop Science 12, 780-
783. 
Mutava R.N, Prince S.J.K, Syed N.H, Song L, 
Valliyodan B, Chen W, Nguyen H.T .2015. 
Understanding abiotic stress tolerance mechanisms 
in soybean: A comparative evaluation of soybean 
response to drought and flooding stress. Plant 
Physiology and Biochemistry 86, 109–120. 
NajafianSh, Khoshkhui M, Tavallali V, Saharkhiz 
M.J. 2009. Effect of Salicylic Acid and salinity in 
Thyme (Thymus Vulgaris L.): Investigation on 
changes in gas exchange, water relations, and 
membrane stabilization and biomass accumulation. 
Journal of Basic and Applied Scientific Research 
(JBASR) 3(3), 2620- 2626. 
Niu G, Rodriguez D.S. 2009. Growth and 
physiological responses of four rose rootstocks to 
drought stress. Journal of the American Society for 
Horticultural Science 134, 202–209. 

Niu, G, Rodriguez, D.S., Mackay, W. 2008. Growth 
and physiological responses to drought stress in four 
oleander clones.  Journal of the American Society 
for Horticultural Science 133, 188–196. 
PejicB,  Gajic  B,  Bosnjak  D.J,  Stricevic R,  Mackic  
K, Kresovic B. 2014. Effects of water stress on water 
use and yield of onion. Bulgarian Journal of 
Agricultural Science 20, 71-76. 
Rajametov Sh. 2017. Changes in chlorophyll 
content and stomatal parameters in wild pear 
species during summer. Genetics and Plant 
Physiology 7(1–2), 78–88. 
Rieger M, Lo Bianco R, Okie W R. 2003.Response of 
Prunus ferganensis L., Prunus persica L. and two inter 
specific hybrids to moderate drought stress. Tree 
Physiology 23, 51-58. 
Pirasteh‐Anosheh H, Saed‐Moucheshi A, Pakniyat H, 
Pessarakli M. 2016. Stomatal responses to drought 
stress. In: Water Stress and Crop Plants: A 
Sustainable Approach, John Wiley and Sons, 
chapter 3.  
Romero P, Botía P. 2006. Daily and seasonal 
patterns of leaf water relations. Invironmental and 
Experimental Botany 56 (2), 158-173. 
Rucker K.S, Kvien C.K, Holbrook C, Hook J E. 1995. 
Identification of peanut genotypes with improved 
drought avoidance traits. Peanut Science 24, 14–18. 
Samarah N.H, Alqudah A.M, Amayreh J.A, Mc-
Andrews G.M. 2009. The effect of late terminal 
drought stress on yield components of four barley 
cultivars. Journal of Agronomy and Crop Science 
195, 427-44. 
Sangakkara U.R, Amarasekera P, Stamp P. 2010. 
Irrigation regimes affect early root development; 
shoot growth and yields of maize (Zea mays L.) in 
tropical minor seasons. Plant Soil and Environment 
56, 228–234. 
Santelia D, Lawson T. 2016. Rethinking guard cell 
metabolism. Plant Physiology 172, 1371–1392. 
Seif, M., Aliniaeifard, S., Arab, M., Mehrjerdi, M.Z., 
Shomali, A., Fanourakis, D., Li, T. and Woltering, E., 
2021. Monochromatic red light during plant growth 
decreases the size and improves the functionality of 
stomata in chrysanthemum. Functional Plant 
Biology, 48(5), pp.515-528. 
Zokaee-Khosroshahi, M., Esna-Ashari, M., Ershadi, 
A., Imani, A. 2014. Morphological changes in 
response to drought stress in cultivated and wild 
almond species. International Journal of 
Horticultural Science and Technology 1(1), 79-92.  



Lavin Babaei et al. Int. J. Hort. Sci. Technol. 2021 8(4): 353-369 

369 

Sharp E, Poroyko V, Lindsey G, Hejlek G, William 
G, Spollen W, Gordon K, Springer G, Hans K, 
Bohnert Q, Henry H.B. 2004. Root growth 
maintenance during water deficits: physiology to 
functional genomics. Journal of Experimental 
Botany 55 (407), 2343-51. 
Siddique M.R.B, Hamid A, Islam M.S. 2001. 
Drought stress effects on water relations of wheat. 
Botanical Bulletin of Academia Sinica 41, 35-39. 
Sikder S, Qiao Y, Dong B, Shi C, Liu M. 2016. Effect of 
water stress on leaf level gas exchange capacity and 
water-use efficiency of wheat cultivars. Indian J. Plant 
Physiology  21, 300–305.  
Singh B, Usha K. 2003. Salicylic acid induced 
physiological and biochemical changes in weat 
seedlings under water stress. Plant Growth 
Regulation 39, 137-141. 
Sircelj H, Tausz M, Grill D, Batic F. 2007.Detecting 
different levels of drought stress in apple trees 
(Malus domesticaBorkh L.) with selected biochemical 
and physiological parameters. Scientia Horticulture 
113, 362-369. 
Sisko M, Javornik B, Siftar A, Ivancic A. 2009. 
Genetic relationships among Slovenian pears 
assessed by molecular markers. Journal of the 
American Society for Horticultural Science 134, 97-
108. 
Snyman H.A. 2004. Effects of various water 
application strategies on root development of 
Opuntia ficusindica and Opuntia robusta under 
greenhouse growth conditions. Journal of 
Professional Association for Cactus Development 6, 
35–61. 
Tani E, Chronopoulou E.G, Labrou N.E, Sarri E, 
Goufa M, Vaharidi X, Tornesaki A, Psychogiou M, 
Bebeli P, Abraham E.M. 2019. Growth, 
Physiological, Biochemical, and Transcriptional 
Responses to Drought Stress in Seedlings of 
Medicago sativa L., Medicago arborea L. and Their 
Hybrid (Alborea). Agronomy 9, 38. 
Turner N.C. 1981.Techniques and experimental 

approaches for the measurement of plant water 
status. Plant and Soil 58, 339-366. 
van Meeteren U, Aliniaeifard S, 2016. Stomata and 
postharvest physiology, Postharvest ripening 
physiology of crops. CRC Press, pp. 157-216. 
Van Meeteren, Uulke, Elias Kaiser, Priscila Malcolm 
Matamoros, Julian C. Verdonk, and Sasan 
Aliniaeifard. 2020. Is nitric oxide a critical key 
factor in ABA-induced stomatal closure?. Journal of 
Experimental Botany 71 (1), 399-410. 
Xian L.H, Sun P.P, Hu S.S, Wu J, Liu J.H. 2014. 
Molecular cloning and characterization of 
CrNCED1, a gene encoding 9-cis-epoxycarotenoid 
dioxygenase in Citrus reshni, with functions in 
tolerance to multiple abiotic stresses. Planta 239, 
61–77. 
Xu W.P, Chen K.S, Li I, Zhang S.L. 2000. Regulation 
of lipoxygenase on jasmonic acid biosynthesis in 
ripening kiwifruit. Acta Physiology science 26, 507-
514. 
Xu Z.Z, Zhou G.S. 2005. Effects of water stress and 
high nocturnal temperature on photosynthesis and 
nitrogen level of a perennial grass Leymus 
chinensis. Plant and Soil 269, 131 -139. 
Yadollahi A, Arzani K, Ebadi A, Wirthensohn M, 
Karimi S. 2011.The response of different almond 
genotypes to moderate and severe water stress in 
order to screen for drought tolerance. Scientia 
Horticulturae 129, 403-413. 
Zarafshar M, Akbarinia M, Askari H, Hosseini S.M, 
Rahaie M, Struve D, Striker G.G. 2014. 
Morphological, physiological and biochemical 
responses to soil water deficit in seedlings of three 
populations of wild pear tree (Pyrusboisseriana L.). 
Biotechnology, Agronomy, Society and Environment 
18(3), 353-36. 
Zhao W, Sun Y, Kjelgren R, Liu X .2015. Response 
of stomatal density and bound gas exchange in 
leaves of maize to soil water deficit. Acta 
Physiologiae Plantarum 37, 1–9. 
 

 


