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Abstract

Germplasm evaluation of crop plants as a
repository of useful genes to cope with biological
and abiotic stresses has always been the focus
of plant breeders. The fungus causing Ascochyta
blight is one of the most important biological
factors limiting chickpea cultivation and production
in most parts of the world, including Iran. The
present study was conducted to identify the genetic
sources of resistance of 20 chickpea genotypes
in seedling, flowering, and podding stages in
greenhouse conditions. Damages caused by the
disease was recorded using a 9-degree scale after
observing complete death in the sensitive control
genotypes. Analysis of variance of the studied
traits of chickpea genotypes was conducted via
factorial experiment in a completely randomized
design at two levels for factor A (disease-free and
disease-contaminated conditions) and 18 levels
(genotypes) for factor B (genotypes 13 and 15
were lost due to high susceptibility to the disease
in the first stage of growth, samples were taken
from 18 genotypes). The results showed that
the resistant and susceptible genotypes were
more accurately distinguished from each other
in the podding stage. At this stage, 9 genotypes
with a degree of damage 1, 2, and 3 (less than
five) showed high resistance to the causative
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agent of Ascochyta blight. Physiological and
biochemical traits involved in disease resistance
were measured. The results showed that all
traits except chlorophyll a, chlorophyll b and
polyphenol oxidase had significant differences
at 1% probability level in terms of disease
stress. Chlorophyll a, chlorophyll b contents and
polyphenol oxidase activity were significantly
different at 5% probability level. In interaction of
diseasexgenotype, only catalase was significantly
different among all studied traits. The amount
of peroxidase and polyphenol oxidase were
affected by the disease and their rates increased.
A positive relationship was observed between
the level of polyphenol oxidase enzyme and
pathogen resistance. Generally speaking, crops’
reactions to harsh environmental conditions
seems impossible to predict without the analysis
of the relevant mechanisms.

Key words: Ascochyta blight, Biochemical trait,
Chickpea (Cicer Arietinum), Disease damage,
Resistance.

INTRODUCTION

Chickpea (Cicer arietinum L.) is one of the main
sources for human nutrition. The cultivated area of
this crop in Iran is 550,000 ha, with an average yield
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of 536 kg/ha, its total production is 295.000 kg in the
country. Worldwide, chickpea with cultivated area
of over 12 million and the average yield of 930 kg/
ha is the third most important crop of the legume
group (FAO, 2017). Chickpea is cultivated mainly in
arid and semi-arid areas of more than 50 countries
across Asia, Africa, Europe, Australia, North America
and South America (Chandora et al., 2020). It is the
primary source of high quality protein, carbohydrates
and minerals in human food throughout the chickpea
growing regions around the globe (Sohrabi et al.,
2019). Due to its low production cost, high climatic
adaptation, use of crop rotation and the ability to
stabilize atmospheric nitrogen, it is served as the most
important legume plants in sustainable farming system
(Anonymous, 2000). Chickpea (Cicer arietinum L.) is
the 3rd most imperative cool-season grain legume crop
after the common bean (Phaseolus vulgaris L.) and
field pea (Pisum sativum L.), and is the second most
grown crop by poor farmers, primarily in the arid and
semi-arid regions of Pakistan (Jan et al., 2020; Rafiq et
al., 2020). It is commonly classified into two different
market classes; the desi type (small seed size, dark in
color) and the kabuli type (larger seed size, light color)
and covers about 85% and 15% of the global chickpea
production area, respectively (Ugandhar et al., 2018).
Chickpea is an excellent drought-tolerant grain legume
(Merga and Haji, 2019). It plays a vital role in fulfilling
the nitrogen requirement through symbiotic N, fixation
and increasing soil fertility (Girma et al., 2017).

Since chickpea is often cultivated in marginal
and low-input soils, its grain yield is generally low,
unstable, and less than potential. However, the yield
potential of chickpea has been reported to be more
than 6 t/ha (Toker, 2005). Chickpea breeding goals
are to obtain high-yielding genotypes that are resistant
to disease and can tolerate non-biological stresses
well (Rao et al., 2007). Understanding the factors
and processes that improve its yield in the face of
environmental stresses seems necessary. However,
production is seriously constrained by the fungal
disease Ascochyta blight (AB), which is the most
frequent and devastating disease of chickpea crops
worldwide (Sagi et al., 2017). The fungus Ascochyta
rabiei (syn. Phoma rabiei), can infect all parts of the
plant above ground, and at any growth stage (Sharma
and Ghosh, 2016). Comparison between different
genotypes of this plant and how a genotype has higher
tolerance and consequently higher yield stability than
other genotypes lead us to understand the mechanisms
and factors affecting chickpea tolerance to stress and
to adopt more effective methods to improve tolerance.

Pathogenic microorganisms are biological stressors
that attack plants. Among the pathogens, viruses,
viroids, bacteria, and fungi are the most affecting
stresses on plant physiology. Phytopathogens or plant
pathogens interact with the host plant depending on the
degree of susceptibility of the host and environmental
abnormal factors such as light and temperature,
and can enter any part of the plant. Plant pathogens
enter a plant after contact with it through abnormal
mechanisms such as scarring on the branches and
leaves or through natural pores such as stomata and
lentils (Miri, 2009).

Different stresses reduce yield in chickpea. These
stresses can be divided into two groups: biotic and
abiotic stresses. Biotic and abiotic stresses result in
a severe decline in agricultural yields worldwide.
Meanwhile, the role of non-biotic stresses is estimated
at about 70% and the effect of biotic stresses is about
30%. Annually, about 6.4 million tons of global
production of chickpeas is reduced due to abiotic
stresses and about 4.8 million tons of the production
is reduced due to bio-stresses (Singh and Saxena,
1993). In the case of bio-stresses reducing the yield
of this product, the role of AB and Fusarium has been
reported to be more important than others (Aslam
et al., 2018). Among the biotic stresses affecting
chickpea, AB is the most destructive chickpea
disease in the world (Pandey et al., 2017) caused by
Ascochyta rabiei (pass.) Lab. The disease was first
detected at the beginning of the 20th century by the
identification of the pathogen according to Butler’s
report (1918) in Northwestern India, now part of
Pakistan, but later reported from most countries in the
world. This disease is the first in terms of damage to
chickpeas and was reported for the first time in Iran
in 1953 from Qazvin farms. Then it has been reported
in Azerbaijan, Fars, Khuzestan, Kerman, Khorasan,
Gorgan, Mazandaran and Zanjan provinces (Parsa
and Bagheri, 2008).

The disease starts from distal plant portion which
may result in wilting with eventual death of the infected
plant (Mahmood et al, 2019). It can be effectively
managed through chemical practices such as seed and
foliar applications of synthetic fungicides (Namriboi
et al., 2018). However, due to ill effects of fungicides
on environment, use of natural plant-based products
against this pathogen is being explored (Shuping and
Eloff, 2017). Many of the plants are rich in secondary
metabolites that have inhibitory effects against the
fungal pathogens (Akhtar et al., 2020; Javaid et al.,
2020).
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AB can be effectively controlled via intensive
fungicide application, implementation of crop rotation
strategies and seed treatment; however, using varieties
with improved resistance remains one of the most cost-
effective ways to manage AB in chickpea. The first
Australian cultivar with improved resistance to AB
compared to current varieties at the time, was Howzat
released in 2001, followed by, Flipper, Yorker, and
the most significant improvement with Genesis090
in 2005. As a result of selective breeding for AB
resistance in chickpea, current varieties that make
up the majority of annual chickpea production in
Australia are rated as moderately resistant or resistant
although loss of resistance was observed in a number
of cultivars in 2016 (SA Sowing Guide, 2017). The
genetic basis of AB resistance in chickpea has been
previously investigated and QTL explaining resistance
identified in bi-parental mapping populations have
been reported (Li et al., 2015).

AB has been reported in almost all chickpea
cultivating regions across the world and is deemed
to be the most devastating biotic factor resulting in
significant loss of yield and degradation of seed
quality (Khan et al, 2018). The AB disease has
become a major limiting factor for yield enhancement
in chickpea in all chickpea growing areas. Ascochyta
rabiei is the causal organism for the blight, which
is known to be a highly variable fungus (Baite and
Dubey, 2018). Attempts to identify genetic sources of
resistance to pathogens are one of the most important
steps in the implementation of chickpea breeding
programs. Improving the resistance of genetic stocks
in plants is a suitable way to deal with plant diseases.
In reaction to the pathogen attack, plants activate
complex defense mechanisms that cause the plants
to be resistant to the pathogen. These mechanisms
are hypersensitivity reactions, local accumulation
of phytoalexins, cell wall thickening of cellulose,
pectin, lignin, and activation of the phenyl-propanoid
pathway (Kavousi et al., 2009). Improvement for
resistance to this disease has not been improved due
to the lack of high resistance in the primary gene pool
and the pathogenic diversity of the causative fungus
(Dey and Singh, 1993). However, breeders have made
numerous varieties with moderate levels of resistance
using the relative strengths available in genetic stock
collections (Malhotra et al., 2003; Warkentin et al.,
2005). In many of these cultivars, resistance has been
broken by the emergence of new pathotypes or by
increasing the invasion power of existing pathotypes.
Therefore, to diversify the genetic basis of resistance
to AB and to promote resistance durability by gene
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pyramidization in breeding programs more sources
of resistance in chickpea genetic stocks are required.
Although resistant varieties have been used to fight
the disease since the early 1960s, lack of complete
information on the genetic diversity of fungal isolates
has always hampered breeding programs so that the
resistance of breeding varieties has been broken after
sometimes (Jayakumar et al., 2005). Studies have
shown that biotic stresses, such as fungi and bacteria,
affect plant growth and development. Plant responses
are associated with many changes in complex gene
networks, and therefore, it is necessary to study the
expression pattern of genes involved in adaptation or
tolerance to these stresses. Given the focus of disease
management on employing resistant cultivars as an
effective and practical method for controlling the
disease, achieving resistant lines to AB is an important
step in this regard because identifying sources of
disease resistance can be used in breeding programs
for establishing sustainable resistance in high yielding
but susceptible cultivars. The clear understanding of
chickpea defense mechanism against 4. rabiei is very
important for breeding of resistant cultivars and better
management of this fungal disease. Induced resistance
to pathogen is one of the ways which plants use against
biotic stresses. The objective of this research was to
study the effect of AB disease on antioxidant enzymes
activities, proline and carbohydrate contents in some
chickpea genotypes.

MATERIALS AND METHODS

Plant material

For the purpose of the study, 20 chickpea genotypes
were investigated for screening resistance to the fungal
disease (Table 1). Seeds were obtained from Gachsaran
Agricultural Research Center. The experiment was
conducted as a factorial experiment in a completely
randomized design with 3 replications. Disease damage
was recorded using a 9-degree scale after observing
complete death in the sensitive control genotype.
Analysis of variance of the studied traits of chickpea
genotypes was conducted via factorial experiment in a
completely randomized design at two levels for factor
A (disease-free and disease-contaminated conditions)
and 18 levels (genotypes) for factor B (genotypes 13
and 15 were lost due to high susceptibility to disease
in the first stage of growth, samples were taken from
18 genotypes). To ensure contamination, Kc-217854
genotype (native Bionij cultivar), which is susceptible
to AB (ICARDA, 2000), was used as the standard
cultivar.
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Table 1. Average degree of disease damage and reactions of advanced Cicer arietinum lines to Ascochyta blight.

Average degree of disease damage

Genotype code Genotypes Origin Reaction
Podding Flowering Seedling
G1 FLIP 03-71C ICARDA 1 2 3 R
G2 FLIP 03-64C ICARDA 1 1 2 R
G3 FLIP 98-106C ICARDA 1 2 3 R
G4 FLIP 00-40C ICARDA 1 1 1 R
G5 FLIP 99-66C ICARDA 1 3 5 M
G6 FLIP 00-21C ICARDA 1 1 2 R
G7 FLIP 99-34C ICARDA 1 1 1 R
G8 FLIP 01-32C ICARDA 6 7 8 S
G9 FLIP 01-50C ICARDA 1 1 2 R
G10 FLIP 01-52C ICARDA 1 3 5 M
G11 FLIP 97-120C ICARDA 3 5 6 S
G12 FLIP 03-71C ICARDA 5 6 7 S
G13 FLIP 03-135C ICARDA 8 8 9 S
G14 FLIP 03-152C ICARDA 1 1 2 R
G15 FLIP 04-18C ICARDA 7 8 9 S
G16 FLIP 82-150C ICARDA 2 4 6 S
G17 FLIP 88-85C ICARDA 4 5 7 S
G18 FLIP 93-93C ICARDA 1 1 2 R
G19 ARMAN IRAN 1 5 6 S
G20 AZAD IRAN 2 4 5 M

R: Resistant, M: Moderately Resistant, S: Susceptible.

Preparation of spore suspension

Assessing the reaction of genotypes to the AB was done
using Pathotype III isolate 13 (Udupa et al., 1998).
Ascochyta rabiei (chickpea AB fungus) was cultured in
Chickpea Dextrose Agar (CDA) and stored at 18 °C for
14 h. After 7 to 10 days, 0.5 cm? of the fungus sample
was transferred to a vial containing Chickpea Dextrose
Broth (CDB) to produce spores. After a few days, the
spores were proliferated and the suspension culture
was passed through the two-dimensional membrane
and the number of spores in the transient solution was
measured using a hemocytometer (Santra et al., 2000).

Inoculation of chickpea plants

In this experiment, the seeds of 20 chickpea genotypes
were transferred to a Petri dish for germination and
washed at 25 °C for 48 hours after washing and
surface disinfection with sodium hypochlorite, five
seeds of each genotype were sown in pots containing a
mixture of sterile soil, sand and peat at 2: 1: 1 ratio in
2.5 cm depth. Spore suspension (2x10° spores/ml) was
sprayed uniformly on 14-day-old chickpea seedlings.
The spraying process continued until the first drop
from the leaf surface. The pots were kept under plastic
for five days in order to maintain 90% moisture content
and sprayed three times daily under plastic and then the
plastic cover was removed. The greenhouse moisture
content was adjusted to 70%. After one week, specific

symptoms of the disease became apparent, and two
weeks after inoculation, the plants of the completely
susceptible control cultivar died. After observing the
condition of the cultivars, the reaction of the genotypes
to the disease was recorded. Symptoms of the disease
and the extent of damage were determined at three
stages including seedling, flowering and podding
stages on a scale ranging from 1 to 9 (Singh and Reddy,
1993):

. No observation of scars

. Small and finely scattered spots on the leaves

. Limited and elliptical scars on the stem

. Elongated and inscribed scars around the stem
. Fragmentation of the stem at the scar site

. Fracture of the stem at the scar site

. The top-down spread of scars towards the stem
. Relative plant death

. Complete plant death

O 00 1 O\ L K~ W —

Based on the degree of damage in the podding stage,
the genotypes were divided into resistant (damage
degree from 1 to 4), tolerant (damage degree 5), and
susceptible (damage degree from 6 to 9) groups (Udupa
and Weigand, 1997).

Measurement of physiological and biochemical
traits
Two weeks after inoculation, in order to evaluate the
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physiological and biochemical traits, leaf samples of
control and diseased plants were taken and immediately
frozen in liquid nitrogen and transferred into -80 °C
freezer.

Measurement of photosynthetic pigments

Fresh leaves were used to measure photosynthetic
pigments, including chlorophyll aandb and carotenoids.
For this purpose, 0.1 g of fresh plant tissue was purged
inside a porcelain mortar with 10 ml of 80% acetone
and the resulting solution was completely transferred
to centrifuge tubes. The tubes were centrifuged for 10
minutes at 6,000 rpm and the amount of chlorophyll
in the supernatant was determined according to the
method reported by Lichtenthaler (1987), using a
spectrophotometer at at 470, 645 and 663 nm. The
amount of chlorophyll a and b was calculated based on
the following equations.

(1) Chlorophyll a=(19.3*A663-0.86*A645) V/100W
(2)  Chlorophyll b=(19.3*A645-3.6*A663) V/100W
(3)  ChIT=Chla+Chlb

(4)  Car=(1000 A470-3.27[Chla]-104 [ChIb])/227

The A663, A645, and A470 are the absorbance reads
at 663, 645, and 470 nm wavelengths, respectively.

Proline

Proline was extracted from the youngest leaves and
roots using the method of Bates et al. (1973). About 0.1
g of leaf and root tissues were washed in 10 ml 3.3%
sulfosalicylic acid and the homogenate was filtered off
and centrifuged at 4000 rpm at 4°C for 10 min. In a
separate tube, 2 ml of the extract was added to 2 ml
of ninhydrin reagent and 2 ml of pure glacial acetic
acid. The tubes were placed in a bain-marie for 1 h
and then vortexed for 15 to 20 seconds after adding 4
ml of toluene to each tube. After forming two separate
phases, the upper colored phase was carefully separated
and measured in a spectrophotometer at 520 nm.

Soluble sugars

The method reported by Iriguen et al. (1992) was
used to measure soluble sugars. About 0.2 g of green
plant tissue was placed in the test tubes with 10 ml of
95% ethanol and heated in a binarium bath at 80 °C
for 1 hour. After cooling, 1 ml of the samples were
combined with 1 ml of phenol 0.5% and 5 ml of 98%
sulfuric acid. Finally, absorbance was measured using
UV-160 spectrophotometer at 483 nm and the soluble
sugars content of the samples was calculated based on
mg/g leaf fresh weight.

Protein content
Total protein was extracted from the youngest leaves
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using the method of Bradford (1976). About 0.1 g of
leaf sample was pelleted with 1 ml phosphate buffer in
a porcelain mortar and was centrifuged at 12000 rpm
for 15 minutes at 4 °C after transfer to a microtube.
100 pL of transparent supernatant was taken and added
to test tubes that had been poured into each of 5 ml
of Bradford reagent. Five min after the soluble dye
fixation, the measurements were made at 595 nm and
room temperature using a spectrophotometer.

Catalase enzyme assay

The kinetic activity of the catalase enzyme was
measured using the method of Chance and Mahley
(1955) with modifications. For this purpose, 2.5
ml Tris buffer with 3.0 ml oxygenated water were
mixed with 60 ml enzymatic extract in ice bath. The
absorbance changes were measured at 240 nm using a
spectrophotometer.

Peroxidase enzyme assay

To measure the quantitative peroxidase activity, the
method of Kar and Mishra (1976), albeit with some
modifications, was employed. For this purpose, 1 M
Tris buffer solution, 50 mM oxygenated water, and
100 mM pyrogallol were prepared. Then, 10 ml of
each solution was taken and the resulting solution
was brought to 100 ml. Finally, 2.5 M of the above
solution was mixed with 50 pl of the enzyme extract.
The absorbance was measured at 425 nm using a
spectrophotometer.

Polyphenol oxidase assay

Theactivity of polyphenol oxidase was evaluated by Kar
and Mishra method (1976), with some modifications.
For this purpose, 1.5 ml Tris buffer was mixed with 0.4
ml pyrogalel and 0.1 ml Good enzymatic extract and
incubated at 25 °C for 5 minutes. The absorbance was
measured at 420 nm with a spectrophotometer.

The activity of each enzyme was calculated in terms
of unit changes of absorbance per minute for mg of
protein.

Data analysis

Analysis of variance of experimental data was
conducted via factorial analysis in a completely
randomized design. Prior to analysis of variance,
the normality test was performed for all traits. All
physiological traits had normal distribution. Mean
comparisons were made by Duncan’s new multiple
range test (MRT) at the 5% level of probability using
Excel software. SPSS v.19 and SAS were employed
for statistical calculations.
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RESULTS AND DISCUSSION

Evaluation of genotypes reaction to Ascochyta
blight

One week after inoculation, the early signs of the disease
were well-visible on the sensitive genotype (Bionij
cultivar) at the end of the leaves. Small dark spots on
the leaves and stems showed that the inoculation was
well done. Two weeks after inoculation, the disease
developed in the petiole and stems of susceptible
genotypes, leading to their complete death. At this time,
in order to evaluate physiological and biochemical
traits, leaf samples were taken from control and
diseased plants.

The process of disease development

Examination of the disease symptoms showed that
the damage in leaves and petioles, stems, terminal
buds, axillary buds and crowns differed in different
genotypes. In a few genotypes, disease damage
was only visible at the tip of the leaves. However,
other organs, including stems and terminal buds
were resistant to the disease. In a limited number of
genotypes, although all shoots were damaged, the
crowns were healthy and axillary stems were grown
from the crown site and even entered the flowering
and podding stage. The reaction of different organs
is very important for identifying the effective factors
in the expression of resistance genes. These factors
can be identified via studying the protein content of
these tissues under stress conditions (Dickinson and
Beynon, 2000). Of the 20 genotypes evaluated in this
study, 9 genotypes with a degree of damage less than
4 were highly resistant to the pathogen. In addition, 3
genotypes with the degree of damage 5 showed limited
symptoms. Most of the resistant, tolerant and a limited
number of disease susceptible genotypes entered the
podding stage and were collected at the end of the
seeding period. Although genotypes 5, 11, 19 showed
good resistance in early stages of growth, but they
were susceptible to the disease in the flowering and
podding stages.

In the seedling stage, disease damage levels may rise
from 1 to 4, a month after the first inoculation (Table
1). At this stage, most genotypes with damage levels of
1 and 2 are resistant to the disease, and disease damage
occurred in susceptible control cultivar with ulcer,
fracture and eventually complete death. Although
susceptible genotypes were recognizable at the seedling
stage, the symptoms were not sufficient to distinguish
other levels of resistance. Genotypes identified at the
end of the season as susceptible to the isease were not
significantly different from resistant genotypes at the

seedling stage. Most plants entered the flowering stage
about one month after inoculation of the pathogen,
about two months after planting. At this stage, the
majority of the samples showed high resistance to
disease with a degree of damage smaller than 4. At the
podding stage, disease damage significantly increased
and the number of genotypes with degree of damage
smaller than 4 decreased. The average damage was
about one degree higher than the previous stages. This
increase may have been influenced by factors such as
the time course and the provision of sufficient time for
disease development and plant susceptibility at this
stage. This result indicates that the initial resistance of
genotypes at early stages is not very reliable. Thus, it
is necessary to investigate the disease symptoms after
the podding stage.

Comparison of the mean of the three study stages
showed that only the podding stage had a significant
difference in damage to the specimens compared to
the first and second stages. Therefore, it seems that the
difference between genotypes at seedling or flowering
stage is not reliable, and it is better to compare the
resistance or susceptibility of the samples at the
podding stage.

The podding stage is a very suitable for differentiating
the resistance levels of genotypes. In many reports, the
podding stage has been mentioned as the most sensitive
(Singh and Reddy, 1993), but other factors appear to
include the elapsed time for disease development and
the cumulative effect of infection on the maximum rate
of disease damage at this stage. The resistant cultivars
identified in this study are native to Iran. It seems that
due to the particularity of genotypes in the population
of Ascochyta rabiei in Iran, native cultivars have
developed higher resistance to the disease. The sources
of resistance identified among native populations
can be used as suitable sources of resistance for this
pathogen population in Iran for designing breeding
projects.

Analysis of variance and comparison of average
physiological traits

The results of analysis of variance showed that
all traits except chlorophyll a, chlorophyll b and
polyphenol oxidase had significant differences at 1%
probability level in terms of disease stress. Chlorophyll
a, chlorophyll b and polyphenol oxidase traits
were significantly different at 5% probability level.
Genotypes were significantly different in terms of
chlorophyll a and total chlorophyll traits. In interaction
of diseasexgenotype, only catalase was significantly
different among all studied traits (Tables 2,3).
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The highest coefficient of variation for peroxidase
was 66.2 and the lowest was 16.5 for the soluble
sugars. The significant interaction of genotype by stress
showed that the trends of genotypes for traits under
normal and stress conditions were not the same and
superior genotypes under normal conditions were not
necessarily recommended for disease stress conditions.

The results of mean comparison of the interaction
effect analyzed with the Duncan multi-domain test
method at 5% confidence level are given in Tables 4,5.
Catalase activity increased with the application of stress.
The increase in catalase enzyme in disease conditions
is due to the fact that catalase is an antioxidant that
removes and deactivates reactive oxygen species by
converting hydrogen peroxide into water and oxygen,
although this increase was not significant. Genotype
number 16 in our study had the highest rate of catalase
activity in the control and stress conditions. Genotype
9 had the lowest rate of catalase activity in the control,
but its catalase activity increased in stress conditions
compared to other genotypes, indicating resistance
to the disease. Magbanua et al. (2007) measured the
activity of catalase enzyme in corn under the influence
of the disease caused by 4spergillus flavus and showed
that increasing the activity of this enzyme is affected by
the disease. The increase in the activity of antioxidant
enzymes under stress conditions can be considered as
an indicator for increasing the production of oxygen
free radicals. Since catalase helps maintain active
oxygen homeostasis during stress, its activity in the
plant during stress is increased (Magbanua et al.,
2007) and its synthesis is a kind of adaptive response
to oxidative stress.

Chlorophyll a and b showed a significant decrease
under disease conditions. Chlorophyll a is the
predominant photosynthetic pigment, while chlorophyll
b is a minor pigment and accounts for about one third
of the total chlorophyll content of the leaf (Lefsrud
et al., 2006). Rosaibarr and Maiti (1995) found that
the decrease in chlorophyll content in stress is due to
changes in nitrogen metabolism and the production of
compounds such as proline that play a role in osmotic
regulation. In fact, the decrease in leaf chlorophyll
content and quantum efficiency of photosystem II
in susceptible cultivars is due to the damage to the
chloroplast membrane during stress (Yang et al., 2003).
Chlorophyll b was more abundant at plant maturity.
Chlorophyll depletion in some genotypes may be due
to the increased production of reactive oxygen species
in the presence of light in stress conditions because
reactive oxygen species attack chlorophyll pigments
and cause them to decompose. In addition, due to
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Table 3. Comparison of mean effect of disease stress on physiological traits measured in chickpea genotypes using Duncan

method at 5% probability level.

Content
Stress PP.O. PO.X . soluble = Carbohydrate Proline Carotenoid Chlorophyll b
activity  activity protein
Disease-free 1.0887° 4.8742> 96.32° 15.1265° 3.9850° 0.50772 0.61922
Disease-contaminated 1.21442 5.66952 11.26° 21.8107° 4.62112 0.4249° 0.5496°

Table 4. Comparison of mean genotype interaction effect
in stress for catalase trait measured in chickpea genotypes
using Duncan method at 5% probability level.

Table 5. Comparison of the mean of chickpea genotypes for
physiological traits measured in chickpea genotypes using
Duncan method at 5% probability level.

Catalase Genotypes Chlorophyll a Chlorophyll total

Genotypes

Disease-free  Disease-contaminated G1 1.4271bc 2.0211Ped

G2 1.4756Pc 2.07Q7bcd

G1 1.4188cdef 1.1029¢f G3 1.4537bed 2 0269bed
G2 1.74123bcdef 1.7253abcdef G4 1.4877bcd 2.0660bcd
G3 1.433(Q0def 1.47 14cdef G5 1.4274¢d 1.9986bcd
G4 0.8342f 1.834 1abodef G6 1.3189¢d 1.83603abc
G5 0.8339f 1.7827abcdef G7 1.8779abc 2.5188abc
G6 1.589 1 cdef 1.6513bodef G8 1.5775b¢ 2.2052abc
G7 0.8080f 1.981(3bcde G9 1.7977abc 2.3989abc
G8 2.29313bcd 1.51560def G10 1.4631bcd 2.0219bed
G9 0.7702f 2.76632 G11 1.91012b 2.5721ab
G10 1.4851 cdef 1.0813¢f G12 0.9720¢ 1.47924
G11 1.4519cdef 1.77 36abodef G14 1.3180¢d 1.8361¢cd
G12 1.5769cdef 1.2839def G16 2.07862 275432
G14 1.0072¢f 1.8357abcdef G17 1.5277bc 2.0379bed
G16 2.0578abcde 2.24458bcd G18 1.4314bed 1.9825bcd
G17 1.47Q7cdef 1.45720def G19 1.5664abc 2.1594abcd
G18 1.0117¢f 2.6578% G20 1.6035abc 2.2479abc
G19 2.0850abcde 2.2055@bcd
G20 1.2807¢ef 2.3739abe

the disease, the intensity of sucrose loading from
cytosol to the phloem is reduced and assembled.
Sucrose accumulation results in the termination of the
Calvin cycle. As a result of this action, the Cab gene
(responsible for encoding a and b proteins) suppressed
(Cakmac and Kirkby, 2008). This decreasing trend
can be due to reduced cell division and the slowing
down the plant growth due to stress, which increases
the amount of chlorophyll per unit area. Therefore,
when the chlorophyll content does not decrease under
stress conditions it may indicate the plant’s tolerance
to the damage caused to chloroplasts by light (Yang
et al., 2006). The comparing means of cultivars
for chlorophyll a and total chlorophyll showed that
cultivars 11 and 16 had the highest chlorophyll a
contents among the studied cultivars, which had
a significant difference with other genotypes, and
genotype 12 showed the lowest chlorophyll a and total
chlorophyll contents.

Carotenoid content was also affected by stress
conditions and showed a decrease. Carotenoids
can protect the photosynthetic apparatus from the
scavenging of radical oxygen molecules. They
can also be switched on or off directly with single
oxygen or oxidized with single oxygen. Therefore,
carotenoids indirectly reduce the production of oxygen
species. Carotenoids also induce NADPH and protect
chlorophyll from photosynthesis through a mechanism
called the xanthophyll cycle (koyro, 2006).

The amount of proline increased under stress
conditions. Proline destroys oxygen free radicals,
protects enzymes from degradation, osmotic regulation
of the cell, and maintains the normal state of the
membrane. In most plants, free proline accumulation
occurs in response to biological and abiotic stresses.
In some plants under prolonged stress conditions
up to 100 times the normal proline concentration is
increased (Matysik, 2002). Therefore, the increase in
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proline may have been caused by the disease, since
it has a protective property on proteins and enzymes.
Proline is an amino acid that due to its hydrophilic and
hydrophobic components, can affect the solubility of
different proteins. This feature of proline is because
there is an interaction between proline and hydrophobic
proteins which increases their stability as a result of
the increase in the total level of hydrophilic proteins. It
should be noted that the process of proline oxidation is
low in healthy plants therefore in stress conditions, high
levels of proline cannot be justified. Thus, the increase
in proline concentration under stress conditions in
plants is often due to its spontaneous synthesis (Staden
et al., 1999).

Another major change to increase stress resistance
is the increase in soluble sugars. It is believed that
soluble sugars in the cytoplasm protect the membrane
structure during stress. Increased carbohydrates act
as a metabolic signal under stress conditions and
increase expression of defense genes and decreasing
photosynthesis. Moreover, sugars play other ecological
roles in protecting the plant against wounds, infections
and detoxification of external compounds (Smekens,
2000). In many plants stress tolerance is associated
with the accumulation of soluble sugars, especially
sucrose in the cytosol.

The disease led to a decrease in total protein. The
increase in the rate of protein degradation may be the
result of stresse (Bolen and Baskakov, 2001). Changes
in the expression, accumulation, and synthesis of
proteins in response to environmental stresses are
considered important mechanisms in plants to protect
cell metabolism and induce nourishment. It seems
that the process of adaptation of plants to adverse
conditions, achieved through different biochemical
and physiological mechanisms, minimizes the damage
caused by stress. Proteins are metabolites that are
expressed differently in response to stress. Proteins are
involved in processes such as signaling transcription,
RNA-related processes, translation, photosynthesis,
optical respiration, carbon metabolism, nitrogen,
sulfur and energy (Heidarvand and Maali amiri, 2010).
The highest amount of soluble protein was obtained in
genotype 2 with no significant difference with genotype
3, which was significantly higher than other genotypes.

The amount of peroxidase and polyphenol oxidase
have been affected by the disease and their rates
increased. These enzymes are the most important
antioxidants that break down H,O, into water and
oxygen molecules (Janda, 2005; Yong, 2008). When
the plant is attacked by pathogens, it uses defense
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mechanisms to counteract it. It is regulated through
complex, interconnected networks of signaling paths.
Signal transduction pathways lead to the strengthening
and wooding of cell walls, the production of
antimicrobial metabolites, and reactive oxygen species
and reactive nitrogen species. One of the proteins
induced during the defense of the host plant against the
pathogen is the production of peroxidases. Peroxidases
belong to a large family of multigens and interfere with
a wide range of physiological processes such as lignin
and sobrin formation, phytolexins synthesis, and ROS
metabolism. Peroxidases have also been implicated
in plant hypersensitivity (HR) response and host
programmed cell death (PCD), at the site of infection,
in relation to pathogen development (Almagro et al.,
2009). Stress is oxidative and peroxidase isoenzymes
play a key role in stress tolerance (Tale Ahmad and
Haddad, 2010). Omranzadeh et al. (2011) investigated
the induction of some defense compounds such as
peroxidase and polyphenol oxidase enzymes against
root nodule producing nematode Meloidogyne javanica
in cucumber, showing that as a result of the disease, the
activity of polyphenol oxidase enzyme significantly
increased compared to the control and healthy plants.
The polyphenol oxidase enzymes play an important role
in chloroplast so that it may be involved in Mahler’s
cycle reactions and lead to the detoxification of reactive
oxygen species (Sherman et al., 1995). Plants use a
number of alternative defense mechanisms, including
the Mabhler’s cycle, to counter the negative effects of
the reduction of Calvin’s cycle activity (Risky et al.,
2003). Potassium deficiency appears to be a factor in
the plant’s resistance to disease, which may be due to
its key role in activating various enzymes (Marshner,
1995). A positive relationship between polyphenol
oxidase level and pathogen resistance was observed in
the plants. There is ample evidence on the importance
of polyphenol oxidase induction in plants, especially
under stress and pathogen attack (Meyer, 2006). The
amount of damage that stress inflicts on crops leads to
further efforts to understand the effects of disease on
different plant mechanisms and requires understanding
of appropriate adaptive responses to this environmental
factor. The chickpea breeding program has utilized
the results of this study for resistance screening
and breeding for AB resistance. Disease resistance
screening has been simplified based on the results of
this project as only one aggressive isolate is now used
to determine resistance levels in indoor studies. The
identification of genes involved in tolerance to these
stresses and their required timing of expression shall
greatly aid development of elite chickpea cultivars
through molecular breeding or genetic manipulation.



Hasanian et al.

ACKNOWLEDGMENTS

The authors would like to thank the Gachsaran
Agricultural Research Center for providing Seeds
studied in this research. Also thank the University of
Mohaghegh Ardabili and Department of Agronomy
and Plant Breeding for supporting this research.

REFERENCES
Akhtar R., Javaid A., and Qureshi M. Z. (2020).

Efficacy of shoot extracts of Sisymbrium irio against
Fusarium oxysporum f. sp. cepae. Planta Daninha, 38:
€020200961.

Almagro L., Gémez Ros L.V., Belchi-Navarro S., Bru
R., Ros Barcelo A., and Pedrenio M. A. (2009). Class
IIT peroxidases in plant defence reactions. Journal of
Experimental Botany, 60: 377-390.

Anonymous. (2000). Germplasm program. Annual Report
for 1999, ICARDA, Aleppo, Syria.

Aslam M., Jiang C., Zafar U., Usama M., and Haroon H.
(2018). Functional genomics prospective of Chickpea
breeding: Constraints and future directions. Modified
Conceptual Development Agronomy, 3(4): 327-332.

Baite M. S., and Dubey S. C. (2018). Pathogenic variability
of Ascochyta rabiei causing blight of chickpea in India.
Physiological and Molecular Plant Pathology, 102:
122-127.

Basandrai A. K., Basandrai D., Pande S., Sharma M.,
Thakur S. K., and Thakur H. L. (2007). Development
of Ascochyta blight (Ascochyta rabiei) in chickpea as
affected by host resistance and plant age. European
Journal of Plant Pathology, 119: 77-86.

Bates L., Waldren R., and Teare I. (1973). Rapid
determination of free proline for water-stress studies.
Plant and Soil, 39(1): 205-207.

Balakina M. A., Smolyakova O. B., and Tokman M. D.
(2003). Numerical simulations of tangential microwave
launching for EC heating in a tokamak. In: Litvak, A. G.
Ed., Strong Microwaves in Plasmas, Nizhny Novgorod,
1: pp. 417.

Bolen D. W., and Baskakov I. V. (2001). The osmophobic
effect: Natural selection of a thermodynamic force in
protein folding. Journal of Molecular Biology, 310(5):
955-963.

Bradford M. (1976). A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Annual of
Biochemistry, 72: 248-254.

Butler E. J. (1918). Fungi and Disease in Plants. Thaker,
Sprink and Co., Calcutta, India.

Cakmac I., and Kirikby E. (2008). Role of mabnesium in
carbon partitioning and alleviating photooxidative
damage. Physiologia Plantarum, 133: 692—704.

Chance B., and Maehly A. C. (1955). Assay of catalases and
peroxidases. Methods in Enzymology, 11: 764—755.

Chandora R., Gayacharan C., Shekhawat N., and Malhotra

N. (2020). Chickpea genetic resources: collection,
conservation, characterization, and maintenance. In
Chickpea: Crop Wild Relatives for Enhancing Genetic
Gains; Academic Press, 37-61.

Chongo G., and Gossen B. D. (2001). Effect of plant age
on resistance to Ascochyta rabiei in chickpea. Canadian
Journal of Plant Pathology, 23: 358-363.

Dey S. K., and Singh G. (1993). Resistance to Ascochyta
blight in chickpea- Genetic basis. Euphytica, 68: 147—
153.

Dickinson M., and Beynon J. (2000). Molecular Plant
Pathology. John Wiley and Sons Ltd, Annual Plant
Reviews, 4: pp. 306.

FAO, (2017). FAOSTAT database results from FAO website.
Rome: Food and Agriculture Organization of the United
Nations.

GanY. T., Siddique K. H. M., MacLeod W. J., and Jayakumar
P. (2006). Management options for minimizing the
damage by Ascochyta blight (Ascochyta rabiei) in
chickpea (Cicer arietinum L.). Field Crops Research,
97:121-134.

Garcia-Limones C., Hervas A., Navas-Cortés A. J., Jiménez-
Diaz M. R.,, and Tena M. (2002). Induction of an
antioxidant enzyme system and other oxidative stress
markers associated with compatible and incompatible
interactions between chickpea (Cicer arietinum L.) and
Fusarium oxysporum f. sp. Ciceris. Physiological and
Molecular Plant Pathology, 61: 325-337.

Girma N., Mekibib F., Fikre A., Keneni G., Nvpr G.
R., Gaur P, and Ojiewo C. O. (2017) Heterosis for
nitrogen fixation and seed yield and yield components in
chickpea (Cicer arietinum L.). International Journal of
Sustainable Agricultural Research, 4: 50-57.

Heidarvand L., and Maali amiri R. (2010). What happens
in Plant molecular responses to cold stress? Acta
Physiologiae Plantarum, 32: 419—-431.

ICARDA (2000). Gene-pyramiding to control Ascochyta
blight of chickpea. In: ICARDA Annual Report, Aleppo,
Syria, 45—47.

Irigoyen J. J., Emerich D. W., and Sanchez-Diaz M. (1992).
Water stress induced changes in concentrations of proline
and total soluble sugars in alfalfa (Medicago sativa L.)
Plants. Plant Physiology, 84: 55-60.

Jan M., Haq T., Sattar H., Butt M., Khaliq A., Arif M., and
Rauf A. (2020). Evaluation and screening of promising
drought tolerant chickpea (Cicer arietinum L.) genotypes
based on physiological and biochemical attributes under
drought conditions. Pakistan Journal of Agricultural
Research, 33: 662—672.

JandaT.,KosaE. L., Szalai G., and Paldi E. (2005). Investion
of antioxidant activity of maizeduring low temperature
stress. Journal of Plant Physiology, 49:53-54.

Javaid A., Afzal R., and Shoaib A. (2020). Biological
management of southern blight of chili by Penicillium
oxalicum and leaves of FEucalyptus citriodora.
International Journal of Agriculture and Biology, 23:
93-102.

Jayakumar P., Gossen B. D., Gan Y. T., Warkentin T. D.,

44



IRANIAN JOURNAL of GENETICS and PLANT BREEDING, Vol. 9, No. 2, Oct 2020

and Banniza S. (2005). Ascochyta blight of chickpea:
infection and host resistance mechanisms. Canadian
Journal of Plant Pathology, 27: 499-509.

Kar M., and Mishra D. (1976). Catalase, peroxidase and
polyphenoloxidase activities during rice leaf senescence.
Plant Physiology, 57: 315-319.

Kavousi H. R., Marashi H., Mozafari J., and Bagheri A. R.
(2009). Expression of phenylpropanoid pathway genes
in chickpea defense against race 3 of Ascochyta rabiei.
Plant Pathology Journal, 8: 127-132.

Khan M. 1., Arshad W., Zeeshan M., Ali S., Nawaz A., and
Fayyaz M. (2018). Screening of chickpea kabuli (Cicer
arietinum L.) germplasm against Ascochyta blight
(Ascochyta rabiei). Journal Biology and Environmental
Sciences, 12(2): 128-132.

Koyro H. W. (2006). Effect of salinity on growth,
photosynthesis, water relations and solute composition
of the potential cash crop halophyte Plantago coronopus
(L.). Environmental and Experimental Botany, 56: 136—
146.

Lefsrud M. G., Kopsell D. A., Kopsell D. E., and Curran-
Celentano J. (2006). Irradiance levels affect growth
parameters and carotenoid pigments in kale and spinach
grown in a controlled environment. Physiologia
Plantarum, 127(4): 624—631.

Li H., Rodda M., Gnanasambandam A., Aftab M., Redden
R., Hobson K., Rosewarne G., Materne M., Kaur S., and
Slater A. T. (2015). Breeding for biotic stress resistance
in chickpea: progress and prospects. Euphytica, 204:
257-288.

Lichtenthaler H. K. (1987). Chlorophylls and carotenoids:
pigments of photosynthetic biomembranes. In Methods
in enzymology, Elsevier, 148: 350-382.

Magbanua Z. V., Moraes C. M. D., Brooks T. D., Williams W.
P.,and Luthe D. S. (2007). Is Catalase Activity One of the
Factors Associated with Maize Resistance to Aspergillus
flavus?. Molecular Plant-Microbe Interactions, 20(6):
697-706.

Mahmood M. T., Ahmad M., and Ali 1. (2019) Chickpea
blight: former efforts on pathogenicity, resistant
germplasm and disease management. Gomal University
Journal of Research, 35: 1-10.

Malhotra R. S., Baum M., Udupa S. M., Bayaa B., Kabbabe
S., and Khalaf G. (2003). Ascochyta blight resistance in
chickpea: Present status and future prospects. Proceeding
of International Chickpea Congress: Chickpea Research
for Millenium, Raipur, India, 131-137.

Marschner H. (1995). Mineral nutrition of higher plants.
Academic Press, London, 549-561.

Matysik J., Bhalu A.B., and Mohnty P. (2002). Molecular
mechanisms of quenching of reactive oxygen species
by proline under stress in plants. Current Science, 82:
525-532.

Mayer A. M. (2006). Polyphenol oxidases in plants and
fungi: going places? A review. Phytochemistry, 67:
2318-2331.

Merga B., and Haji J. (2019) Economic importance of
chickpea: production, value, and world trade. Cogent

45

Food and Agriculture, 5:1615718.

Miri H. R. (2009). Physiology of plant stresses. Islamic
Azad University of Kermanshah Branch, pp. 472.

Namriboi B. K., Devi R. T., Majumder D., Thakur N. A.,
and Hemochandra L. (2018) Efficacy of plant extracts
and chemicals against Ascochyta phaseolorum, causal
agent of Ascochyta blight of Vigna anguiculata (L.)
Walp. International Journal of Current Microbiology
and Applied Sciences, 7: 403—412.

Omranzadeh F., Sahebani N., and Aminian H. (2011).
Evaluation of peroxidase and polyphenol oxidase
enzymes activity in cucumber infected with root
nodule Meloidogyne javanica nematode and Fusarium
oxysporum f.sp. lycopersici tomato wilt causal fungus.
Iranian Journal of Plant Science, 2(42): 315-323.

Pandey P., Irulappan V., Bagavathiannan M., and Kumar M.
(2017). Impact of combined abiotic and biotic stresses
on plant growth and avenues for crop improvement by
exploiting physio-morphological traits. Frontiers in
Plant Science, 8: 537.

Rafig M., Mahmood M. T., Ahmad M., Ali L., Saleem M.,
Rasool I., and Ali Z. (2020). Differential response of elite
chickpea genotypes under moisture stress conditions.
Pakistan Journal of Agricultural Research, 33: 422-428.

Rao L. S., Ran U. P, Deshmukh P. S., Kumar P. A., and
Panguluri S. K. (2007). RAPD and ISSR fingerprinting
in cultivated chickpea (Cicer arietinum L.) and its
wild progenitor Cicer reticulatum Ladizinsky. Genetic
Resources and Crop Evolution, 54(6): 1235-1244.

Rizhsky L., Liang H., and Mittler R. (2003). The water-
water cycle is essential for chloroplastprotection in the
absence of stress. The Journal of Biological Chemistry,
27:38921-38925.

SA Sowing Guide (2017). Sowing Guide 2017 - South
Australia (low res) SA Crop Variety Sowing Guide.

Sagi M. S., Deokar A. A., and Tar’an B. (2017). Genetic
analysis of NBS-LRR gene family in chickpea and
their expression profiles in response to Ascochyta blight
infection. Frontiers in Plant Science, 8: 838.

Santra D. K., Tekeoglu M., Ratnaparkhe M., Kaiser W. J.,
and Muehlbauer F. J. (2000). Identification and mapping
of QTLs conferring resistance to Ascochyta blight in
chickpea. Crop Science, 40: 1606—1612.

Sharma M., Pande S., and Rathore A. (2010). Effect of
growth stages of chickpea on the genetic resistance of
Ascochyta blight. European Journal of Plant Pathology,
128: 325-331.

Sharma M., and Ghosh R. (2016). An update on genetic
resistance of chickpea to Ascochyta blight. Agronomy,
6: 18.

Sherman T. D., Gardeur T. L., and Lax A. R. (1995).
Implications of the phylogenetic distribution of
polyphenol oxidase in plants. In Enzymatic Browning
and Its Prevention, (Lee C. Y., and Whitaker J. R. Eds.),
American Chemical Society, Washington, DC, 103—119.

Shokohifar F., Bagheri A. R., and Fallahati Rastegar M.
(2006). Identification of resistant chickpea lines against
pathotypes causing Ascochyta blight disease in Iran.



Hasanian et al.

Iranian Journal of Biology, 19: 29-42.

Shuping D. S. S., and Eloff J. N. (2017) The use of plants
to protect plants and food against fungal pathogens: a
review. African Journal of Traditional, Complementary,
and Alternative Medicines, 14:120-127.

Singh K. B., and Saxena N. P. (1993). Breeding for
stress tolerance in cool-season food legumes. Wiley,
Chichester, UK, pp. 474.

Singh K. B., and Reddy M. V. (1993). Resistance to six races
of Ascochyta rabiei in the world germplasm collection of
chickpea. Crop Science, 33: 186—189.

Smeekens S. (2000). Sugar-induced signal transduction
in plants. Annual Review of Plant Physiology, Plant
Molecular Biology, 51: 49-81.

Sohrabi Y., Weisany W., Heidari G., Mohammadi K., and
Ghasemi Golezani K. (2019). Effects of mycorrhiza
fungi species application on growth and yield of chickpea
(Cicer arietinum L.) under drought stress. Environmental
Stresses in Crop Sciences, 12: 507-524.

Staden J., Hare P. D., and Cress W. A. (1999). Proline
synthesis and degradation: a model system for
elucidating stress-related signal transduction. Journal of
Experimental Botany, 50(333): 413—434.

Tale Ahmed S., and Haddad R. (2010). Effect of silicone
on antioxidant activity and content of osmotic regulators
in two bread wheat genotypes under drought stress
conditions. Seed and Plant Improvment Journal, 26(3):
207-225.

Toker C. (2005). Preliminary screening and selection for
cold tolerance in annual wild Cicer species. Genetic
Resources and Crop Evolution, 52: 1-5.

Trapero-Casas A., and Kaiser W. J. (1992). Influence of
temperature, wetness period, plant age and inoculum
concentration on infection and development of Ascochyta

blight. Phytopathology, 82: 589-596.

Udupa S. M., and Weigand F. (1997). Pathotyping of
Ascochyta rabiei isolates of Syria. In: Udupa S. M.,
Wigand F. (Ed.), DNA markers and breeding for
resistance to Ascochyta blight in chickpea, Proceedings
of the Symposium on Application of DNA Fingerprinting
for Crop Improvement: marker assisted selection of
chickpea for sustainable agriculture in the dry areas, 11-
12 April 1994, Aleppo, Syria, ICARDA, 39-48.

Udupa S. M., Weigand F., Saxena M. C., and Kahl G. (1998).
Genotyping with RAPD and microsatellite markers
resolves pathotype diversity in the Ascochyta blight
pathogen of chickpea. Theoretical and Applied Genetics,
97:299-307.

Ugandhar T., Prasad R., Venkateshwarlu M., Odelu G.,
Parvathi D. (2018). European journal of biomedical
and pharmaceutical sciences. European Journal of
Biomedical, 5: 506-511.

Warkentin T. D., Banniza S., and Vandenberg A. (2005).
CDC Frontier kabuli chickpea. Canadian Journal of
Plant Science, 85: 909-910.

Yang J., Zhang J., Wang Z., Liu L., and Zhu Q. (2003). Post
anthesis water deficits enhance grain fillling in tuo-line
hybrid rice. Crop Science, 43: 2099-2108.

Yang X., Chen X., Ge Q., Li Tong Y., Zhang A., Li Z,
Kuang T., and Lu C. (2006). Tolerance of photosynthesis
to photoinhibition, high temperature and drought
stress in flag leaves of wheat: a comparison between
a hybridization line and its parents grown under field
conditions. Plant Science, 171: 389-397.

Yong Z., Hao-Ru T., and Ya L. (2008). Variation in
antioxidant enzyme activites of two strawbreey cultivars
with short-term low temperature stress. Journal of
Agricultural Science, 4: 456—462.

46



