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Abstract | Environmental stresses and changing climate scenarios are the foremost intimidation to sustainable 
crop production. Among abiotic stresses, heat and drought stresses instigate substantial rice yield reductions. 
A pot trial was laid out to observe the efficacy of foliar spray of proline on rice in the alleviation of both 
heat and drought effects in rice. Pot experiment was laid out in Kharif season 2018 inside the glasshouse of 
University of Agriculture Faisalabad. Treatments viz., control (no stress imposition) and stress treatments 
viz., drought; heat and combination of drought + heat stress effects were imposed at anthesis. Three different 
levels of foliar-applied proline included water spray, 10, 20 and 30-mM concentrations. Combined heat 
and drought stress increased unfertile tillers, unfilled grains and abortive, chalky and opaque kernels, along 
with declines in chlorophyll and relative leaf water contents (14% over control) the most than individual 
stress imposition. A 29.76% increment in yield was observed as comparison to to (control) by the use of 
exogenous proline and its quality attribute due to improved chlorophyll and relative leaf water contents 
(10% increase) alongside reductions in undesired quality parameters like chalkiness, opaqueness and abortive 
kernels. Concurrent heat and drought stress were the most hazardous as comparison with individual stress 
and 30 mM proline utilization gave more amelioration against stress.
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Introduction

Rice is most important cereal crops of more than 
50% of the world’s population (Muthayya et 

al., 2014). Global rice production must rise by 1.0-
1.2% yearly to provide food constantly increasing 
population (Ricepedia, 2020).

Temperature of the ambient atmosphere is increasing 
day by day and adversely affecting crop growth, 
development and yield. Elevation in temperature 
enhances the process of development that ultimately 
shortening the life cycle of plant. Plants with short 
life cycle have lower economic yields due to short 
stature and short reproductive cycle ( Jerry and 
Prueger, 2015). Rice is successfully grown on 27-32°C 
temperature (Aghamolki et al., 2014). Tenorio et al. 
(2013) stated, by 1oC increase in temperature from 
optimum range will cause 10% reduction in yield of 
rice crop. Rice sensitivity toward preeminent heat 
stress depends upon the stage of growth, phenotype 
and rise in daily day and night variation in temperature 
(Das et al., 2014). Any increase in temperature from 
optimal 32oC, a week before flowering to during 
anthesis, decrease the pollen viability and discontinue 
the process of pollination causing abortion of embryo 
and development of sterile spikelet that ultimately 
lowers yield of rice (Reynolds et al., 2016). 

Anthesis is considered most sensitive stage toward 
heat stress factors as it affects the fertilization process 
and thus causing huge reduction in yield worldwide 
(Ishimaru et al., 2010). Heat stress not only influence 
the grain yield and quality but also declines 
other sensitive traits (Miyahara et al., 2017), that 
ultimately leads to a dwindling in overall consumer 
acceptance. Diminution in chlorophyll contents, 
fragmentation of grana, and escalation in amylolytic 
activity and interruption in the movement of 
assimilates happened when plant is imperiled to high 
temperature stress for extended period (Kozłowska 
et al., 2007). Higher temperatures along with severe 
moist deficit in soil abridged the operational efficacy 
of PSII, enhance protein catabolism, limited nitrogen 
anabolism and enhanced lipid peroxidation (Iqbal et 
al., 2020). Relative leave water contents (RLWC) was 
reduced by the imposition of a-biotic stress factors 
(Hasanuzzaman et al., 2012). Respiration and water 
loss from leaves were promoted by heat stress (Duan 
et al., 2017).

Temperature of the earth is increasing along with 
water scarcity due to low precipitation. Worldwide 
rise in temperature and CO2 level is causing a pressure 
on the availability of water along with increasing 
population growth and change in land use with 
other problems (Gray et al., 2016). Drought stress 
is as lethal as temperature stress for sustainable rice 
production. It decreases quality and stability of rice 
when applied at critical growth stages ( Jagadish et al., 
2012). Anthesis in paddy crop is critical development 
stage toward heat, drought also affects initiation of 
flowering mostly by causing panicle sterility which 
ultimately reduces production of rice ( Jagadish et 
al., 2011). Shortage of water in rice injuriously affect 
growth, yield and quality ( Jagadish et al., 2012)

Whenever there is temperature stress on plant it 
mostly coincides with drought stress as well, if these 
two stresses at heading or early flowering stage 
prolong for almost 14 days, it will result in deceased 
grain weight (Reynolds et al., 2016). Incidence of 
drought + heat in mishmash are very brutal (~70%) to 
the production of crops as their individual occurrence 
(Prasad et al., 2011). Soil temperature increases when 
there is heat stress and this period may prolong 
when plant is facing low water content in soil as well 
(Sekhon et al., 2010). Combined effect of both stress 
factors, high temperature and low moisture contents at 
critical growth stages is detrimental for physiological 
processes of rice leading towards significant lowering 
of productivity (Kadam et al., 2014). 

Attention is being paid on plant growth regulators in 
the mitigation of plant stresses. High concentration 
of proline content helps in osmotic adjustment of 
different organisms and higher plants (Hayat et 
al., 2012). Most of the solutes which are produced 
in plants during various stress conditions proline is 
common one and unique (Nahar et al., 2016). Foliar 
spray of proline reduced heat stress in chickpea by 
minimizing cell injury and increasing the enzymatic 
activity related to carbon and oxidative metabolism 
(Kaushal et al., 2011). Hayat et al. (2012) found that 
by proline application helps to stabilize the subcellular 
structure of cell, i.e., cellular membranes and 
important proteins by scavenging the produced free 
radicles and normalizing the various processes of cell 
whenever plant faced stressful environment. Growth 
of Zea mays sown under water limiting conditions was 
found to be increased when proline was foliar applied 
at seedling or vegetative stage (Ardabili et al., 2013). 
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Studies has revealed that high proline content reduces 
the impact of other combined stresses like drought 
and heat by osmotic adjustment and by increasing the 
activity of enzyme that ultimately increase the protein 
metabolism in rice. From the above fact a study was 
planned to investigate the impact of proline on rice 
plants under heat and drought stresses, by observing 
chlorophyll and relative water contents along with 
quality and yield related attributes.

Materials and Methods

Location
An greenhouse experiment, was laid out in the 
field area of Faculty of Agriculture, University of 
Agriculture Faisalabad having sandy loam soil and 
semi-arid climate during summer 2018.

Plant material and fertilizer
Seed of medium stress tolerant basmati rice cultivar 
were taken from Rice Research Institute Kala-Shah 
Kaku. Rice nursery was sown on June 25, 2018 and 
shifted for transplantation after one month aged into 
14 inches high and 12 inches diameter pots having 20 
kg sieved soil. Rate of application of fertilizer was 120 
kg N, 95 kg P and 75 kg K per hectare. One third 1/3 
part of nitrogen along with recommended amount 
of phosphorous and potassium were give as a basal 
dose. Left amount of N was applied at 30 and 45 days 
after sowing in two equal splits. Sources of fertilizer 
used were ammonium sulphate as source of urea, di 
ammonium phosphate and sulphate of potassium. 
Weed free condition was maintained inside the pots 
by eliminating the weed manually by hands up 45 days 
of transplanting. A suitable insecticide i.e., lambda 
cyhalothrin @ 1000ha-1 was sprayed to control the 
insects.

Experimental design and stress imposition
The current experiment was carried out under 
CRD with split plot array along with 3 reps. Stress 
treatments were applied as main factor viz. no stress, 
heat stress, drought stress and combined effect of heat 
+ drought stress and three levels of exogenous proline 
viz. P0 = water spray (control), 10 mM, 20 mM and 
30 mM were applied as second factor. Saturated 
condition was maintained in soil till anthesis. Pots 
were placed in glass house for heat stress imposition 
for twelve days. For heat stress imposition pots were 
kept in glass house for twelve days. Morning, noon 
and evening temperature and humidity were measured 

with the help of digital thermometer and humidifier 
probe as shown in Figure 2. Inside and outside 
glasshouse temperature was measured continuously, 
average inside temperature was 36±2°C whereas 
outside was 30±2°C in Figure 3. Drought condition 
was maintained by cutout irrigation and field capacity 
was recorded and stabilized 35±5% for twelve days. 

Figure 1: Regression analysis for effects of chlorophyll a (A); 
chlorophyll b (B); and relative leaf water contents on grain yield of 
rice under drought and heat stress (C).

Figure 2: Weather data during crop growth season.

Yield contributing traits
Three plants were taken at random from each pot 
and measuring tape was used for recording final 
plant height. Fertile and unfertile tillers of each pot 
were counted, and averaged per plant. Length of 
panicle was measured with measuring tape of five 
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indiscriminately selected tillers and spikelets of five 
randomly selected tillers per pot were counted; their 
mean was computed thereafter. Total, filled and 
unfilled kernels per panicle of randomly selected five 
tillers per pot were tallied and average was calculated. 
Weight of 100-normal grains was noted by using 
electronic balance and for estimation of yield per pot, 
total kernels in each pot were separated and weighed.

Figure 3: Varying temperature during stress imposition.

Quality attributes
On working board twenty grains were placed in 
front of light (Tungsten filament) and kernels were 
separated as per specific character and expressed in 
percentage. Those kernels that did not attain full size 
due to incomplete fertilization were abortive kernels. 
When kernels were positioned in front of light bulb 
and they did not allow light to pass were considered 
as opaque kernels. Kernels parted on the base of 
existence of chalkiness on kernels are called chalky 
kernels. Translucent kernels that attained full size and 
had compact starch to allow light to pass were regarded 
as normal kernels. Micro-Kjeldhal apparatus was 
used for digestion of rice grains followed by ammonia 
distillation and titration to determine nitrogen 
concentration. This concentration of nitrogen then 
multiplied with 5.83 to obtain protein content of 
grains.

Whereas DF indicte dilution factor if there is any.

Whereas; 5.83 is constant for rice (Bremner and 
Mulvaney, 1982; Buresh et al., 1982; FAO, 2003).

Chlorophyll contents
After proline application fully extended leaves 

were collected randomly from each replication for 
chlorophyll content measurement by using method 
described by Arnon (1949) and formula is given 
below:

Chl a (mg per gram FW) = [12.70 (A 663) – 2.690 (A 
645)] × V/1000 × W

Chl b (mg per gram FW) = [22.90 (A 645) – 4.680 (A 
663)] × V/1000 × W

Where; A is absorbance, W is leaf sample weight, V is 
sample volume.

Relative leaf relative water contents (RLWC %)
Weatherley (1950) method with some modifications 
was used to measure leaf water contents. For RWC, 
0.5 g leaf sample (FW) was taken from each treatment 
48 hours after proline application. The leaves were 
dipped into distilled water overnight to get turgid 
leaf weight (TW). Then oven dried the same leaves 
at 80°C to get the dry weight (DW); using following 
equation RWC was calculated:

RLWC (%) = [(FW-DW) / (TW-DW)] × 100

Where; DW, Dry weight; FW, Fresh weight; TW, 
Turgid weight.

Statistical analysis
Fisher’s analysis of variance technique (Steel et 
al., 1997) was employed to determine significance 
(F-test) of heat + drought stress and exogenous 
proline. While means of treatments were compared 
using Tukey’s HSD test. 

Results and Discussion

Yield components and kernels yield
Yield contributing traits of rice is affected due to 
sole imposition of abiotic stress factors including 
heat and drought stress and their combination. Plant 
height (9.06%), fertile tillers (65.88%), panicle length 
(33.50%), number of spikelet’s per panicle (53.47%), 
filled grains per kernel (27.23%), 100-kernal weight 
(30.64%) and yield (61.41%) were significantly 
decreased by heat and drought stress in concurrent 
and individual as compared to control shown in Table 
1. However, number of unfertile tillers and unfilled 
grains per panicle was drastically increased where stress 
was imposed. At individual level, heat stress was more 
severe than drought stress and deleteriously affected 
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the yield and contributing components. Exogenous 
application of proline at each level improved plant 
height (4.73%), fertile tillers (20.95%), panicle length 
(15.89%), number of spikelets per panicle (28.08%), 
filled grains per kernel (17.01%), 100-grain weight 
(4.38%) and yield per plant (29.76%) and lessened 
the number of unfertile tillers (52.80%) and unfilled 
grains per panicle (64.18%). Proline at 30 mM rate 
had significantly better results as compared to other 
levels.

Among abiotic stresses, the most common ones 
are high temperature and low moisture contents 
(drought) under field condition that limits the 
yield of crops. Drought and heat stress may affect 
the different various growth stages of crop plants, 
but the reproductive stages of plants are adversely 
affected by these stresses (Fahad et al., 2017). The 
difference in plant height was primarily due to 
reduction in panicle length due to stress imposition 
at anthesis stage of rice. This decrease in panicle 
length may be due to hampered photosynthetic rate 
during panicle initiation and anthesis stage resulting 
in less accumulation of photosynthetic assimilates 
into panicles. Reduced panicle length was observed 
due to declined photosynthates, proline and sugars 
buildup in sheath and leaf blades of rice (Mostajeran 
and Rahimi-Eichi, 2009). Photosynthetic processes 
are dependent upon stomatal conductance and 
metabolism of mesophyll cell (Athar and Ashraf, 
2005). Exogenous application of proline increased 
stomatal conductance by maintaining the turgor 
of cell appropriately (Kamran et al., 2009) which 

ultimately enhanced the CO2 assimilation at higher 
rates. This improved photosynthetic efficiency might 
have led to increased panicle length and increased 
overall plant height at maturity. Productivity of 
tillers and indirectly number of filled grains depends 
upon fertility of panicles that they bear, and fertility 
of panicles is affected by germination of pollens on 
stigma and viability and number of pollens ( Jagadish 
et al., 2010). Improvement in number of fertile tillers 
by exogenous application of proline may be due to 
increasing amount of proline in pollens, avoiding 
denaturation of protein and preservation of cellular 
structures by compatible osmolyte (Chiang and 
Dandekar, 1995).

Improvement in water balance, enzymatic activities 
and auxin metabolism due to proline application 
attributed to improved panicle length and number 
of spikelets per panicle. Stress application on rice 
resulted in declined grain yield of rice. The decrease 
in yield may be due to dwindled weight of individual 
grain. Result of our experiment was same as that 
of Virk et al. (2006) who documented that under 
stress seed weight was declined due to reduction in 
photosynthates and translocation of materials to 
economic portion. Regression analysis also indicated 
strong positive relationships of chlorophyll a and 
chlorophyll b with grain yield (R2= 0.8754 and 0.9475, 
respectively of rice in Figure 1A and B). Proline 
application improved grain yield of rice as reported 
by Sadak et al. (2015) who documented that under 
stress proline and other amino acids application in 
plants resulted in better seed weight.

Table 1: Effect of proline foliar application on yield and yield contributing traits of rice under heat and drought stress.
Factors Plant 

height 
(cm)

Fertile 
tillers

Unfertile 
tillers

Panicle 
length 
(cm)

Number 
of spike-
lets

Fertile 
grains

Un-
fertile 
grains

100-grain 
weight (g)

Yield per 
plant (g)

Stress 
imposi-
tion

No stress 81.8 a 11.33 a 1.58 c 23.12 a 9.93 a 49.33 a 8.02 c 1.62 a 17.40 a
Drought 78.2 ab 8.75 b 3.33 b 19.71 a 7.88 b 41.44 b 18.16 b 1.36 b 13.93 b
Heat 76.8 b 8.17 b 3.75 b 19.4 b 7.60 b 40.17 c 18.3 b 1.35 b 12.88 b
Heat+Drought 75.0 b 6.83 c 4.92 a 17.31c 6.47 c 38.77 d 24.45 a 1.24 c 10.78 c
Tukey’s HSD at p ≤ 0.05 3.634 0.887 0.697 1.946 0.801 0.710 1.142 0.020 1.564

Proline 
levels

Control 76.1 b 9.58 a 4.08 a 18.43 c 7.05 c 38.8 d 21.18 a 1.37 d 11.96 d
10 Mm 77.9 ab 8.92 b 3.50 b 19.47 b 7.68 b 38.3 c 18.17 b 1.38 c 13.30 c
20 mM 78.0 ab 8.67 b 3.33 b 20.35 b 8.12 b 43.5 b 16.75 c 1.40 b 14.21b
30 mM 79.7 a 7.92 c 2.67 c 21.36 a 9.03 a 45.4 a 12.90 d 1.43 a 15.52 a
Tukey’s HSD at p ≤ 0.05 2.976 0.601 0.450 0.984 0.514 0.849 0.766 0.011 0.491
p = 0.05 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Significant difference occurs where any two means not sharing a common letter at p ≤ 0.05; Mm= Millimolar.
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Table 2: Effect of proline foliar application on quality attributes, chlorophyll (a and b) contents and relative leaf water 
contents of rice under heat and drought stress.
Factors Normal 

kernels 
%

Abortive 
kernels %

Opaque 
kernels 
%

Chalky 
kernels 
%

Grain 
protein 
%

Chlorophyll 
a (mg g-1 FW)

Chlorophyll 
b (mg g-1 

FW)

Relative 
water con-
tent %

Stress 
imposi-
tion

No stress 77.08 a 2.38 c 4.88 c 4.90 c 9.37 a 1.63 a 0.46 a 77.13 a
Drought 66.83 b 4.34 b 9.875 b 13.78 b 7.73 b 1.02 b 0.31 b 69.48 b
Heat 66.61 b 4.95 b 10.06 b 14.30 b 7.36 c 1.01 b 0.30 b 68.83 b
Heat + Drought 58.33 c 6.14 a 13.69 a 16.66 a 6.46 d 0.80 c 0.23 b 66.08 c
Tukey’s HSD at p ≤ 0.05 0.4574 0.9249 0.3503 0.5560 0.2825 0.0438 0.0291 2.0057

Proline 
levels

Control 65.75 d 5.46 a 10.81 a 13.51 a 6.90 d 1.02 d 0.29 d 66.92 d
10 mM 66.68 c 4.83 b 10.03 b 12.76 b 7.36 c 1.06 c 0.31 c 69.17 c
20 mM 67.79 b 4.18 c 9.32 c 12.06 c 8.10 b 1.14 b 0.33 b 71.36 b
30 mM 68.63 a 3.34 d 8.36 d 11.32 d 8.55 a 1.22 a 0.37 a 74.08 a
Tukey’s HSD at p ≤ 0. 0.5435 0.4064 0.4544 0.4691 0.3496 0.0359 0.0113 2.0658
p = 0.05 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Significant difference occurs where any two means not sharing a common letter at p ≤ 0.05; Mm = Millimolar.

Quality attributes
Rice grains quality was gravely affected by stress 
imposition as compared to no stress condition. 
Normal kernel percentage (32.14%) and grain protein 
contents (45.04%) were significantly diminished 
whereas percentage of abortive (157.98%), opaque 
(180.53%) and chalky kernels (240%) was augmented 
under combined effect of heat and drought stress 
along with their individually applied stress compared 
to control are given in Table 2. Increment in normal 
kernel percentage (4.38%) and decrement in abortive 
(63.17%), opaque (29.31%) and chalky kernels 
(19.34%) with application of proline was recorded 
as compared to no proline application or water spray 
only. Application of 30 mM proline had differential 
effects in improving rice kernels quality.

Rice quality was critically affected by stress imposition 
that might be due to fraught physiological processes 
such as photosynthesis and transpiration that led to 
disturbed grain filling. 

Reduction in size of rice kernel during unfavorable 
environment can be result of slower grain filling 
rate and lower weight of grains can be attributed to 
limited supply of carbohydrates (Yang and Zhang, 
2006). Smaller sized grains may be due to decreased 
photosynthesis and increased photorespiration under 
stress and reduction in carbohydrates availability for 
development of reproductive organ/seed (Laza et al., 
2015). Application of proline improved rice kernels 
quality because it is a source of nitrogen (Szabados and 

Savoure, 2010) and application of nitrogen upgraded 
kernel quality (Gravois and Helms, 1996). Exposure 
of rice crop to stressful environment increased opaque 
kernels which might be due to possible reduction in 
grain starch and amylose contents and depressed 
activity of starch synthase (Terra et al., 2010). Shi et al. 
(2016) documented that stress enhanced chalkiness, 
reduced head rice ratio and grain width of rice. 
Proline application decreased the kernel chalkiness 
that might be due to its usage as a source of nitrogen 
and carbon (Szabados and Savoure, 2010). Protein 
contents of rice grains were reduced during stress that 
might be due to denaturation of protein contents as 
a result of amalgam of ROS activities. Application of 
proline improved protein contents as it acts as solute 
and protects macromolecules from denaturation and 
minimizes acidity in cell (Kishor et al., 2005). Also, 
proline acts as nitrogen and carbon source (Szabados 
and Savoure, 2010) leading to improved protein 
contents of rice (Takami et al., 1990).

Chlorophyll contents
Both heat and drought significantly declined 
chlorophyll contents of rice. The maximum 
diminution in chlorophyll a (50.9%) and b (50.1%) 
contents in Table 2 was recorded in both stress 
conditions followed by individually imposed heat 
(Chl a 37.4% + Chl b 32.6%) and drought (Chl a 
38.0% + Chl b 34.7%) stress as compared with no 
stress. Differential augmentation in chl (a & b) was 
recorded with exogenous proline. Exogenous spray of 
30 mM proline improved chlorophyll contents (Chl a 
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16.4% + Chl b 21.6%) to its maximum compared with 
other levels (Table 2).

Chlorophyll pigments are considered the most 
susceptible substance to heat stress (Table 2, 
Berry and Bjorkman, 1980). High-temperature 
stimulates the degradation of chlorophyll (Zafar et 
al., 2017), subsequently diminishing the receiving 
of light quanta and prompting damage to plants 
(Havaux and Tardy, 1999). Chlorophyll contents 
in leaves is declined which ultimately hindered the 
photosynthetic efficacy and growth of plants due 
to drought (Oneto et al., 2016). Diminution in 
chlorophyll contents due to stressful environment 
may be due to impairment in aminolevulinic acid 
dehydratase and porphobilinogen deaminase activities 
under excessive ROS. Additionally, augmented 
conversion of protochlorophyllide to chlorophyllide 
because of increased activities of protochlorophyllide 
oxidoreductase under stressful conditions curtailed 
the chlorophyll contents (Hemantaranjan et al., 2014).

Relative leaf water contents (RLWC)
Stress imposition had substantial effect on RLWC 
of rice, either combined (14.3%) or individual 
(10.7%) (Table 2). Concurrent stresses indicated 
more destructive effect on RLWC followed by sole 
imposition of both stresses showed statistically 
similar effects. Proline is a secondary metabolite and 
involved in mitigation of stresses significantly (9.7%) 
when applied 30 mM as spray (Table 2).

Relative leaf water content is an indicator of water 
status of leaf. Reduction in relative leaf water content 
under stressed environment was most probably due 
to loss of turgor that resulted in inadequate water 
accessibility for cell extension processes (Katerji et 
al., 2011). As per findings of earlier researchers (El-
Samad et al., 2011), proline application enhanced 
relative leaf water contents. Yield of rice was strongly 
related (R²= 0.914) with improved relative leaf water 
contents as specified by regression analysis of yield 
and relative leaf water content in Figure 1c.

Conclusions and Recommendations

Simultaneous imposition of heat and drought stress at 
anthesis stage triggered more diminution in yield and 
yield components, quality traits along with chlorophyll 
and relative leaf water contents of rice as compared to 
their individual impact. Proline application at 30 mM 

concentration improved water relations, protein and 
chlorophyll contents that resulted in better quality 
kernels and enhanced rice yield.
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