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Abstract

The present investigation entitled “Impact of osmolytes in pollen viability and yield attributes of
chickpea (Cicer arietinum L.) under drought and heat environment” was conducted at Research Farm &
laboratory of Department of Plant Physiology (Division of Basic Science), Indian Institute of Pulses
Research (IIPR), Kalyanpur, Kanpur, Uttar Pradesh. During the Rabi season 2015-16. The chickpea
(Cicer arietinum L.) various physiological traits which are essential for its adaptation to drought or water
limiting environments. Among those, osmotic adjustment is considered to be one of the important traits
conferring tolerance to terminal drought. The present study is aimed to investigate the role of osmotic
adjustment in improving the water relation characteristics and maintaining photosynthesis under severe
water stress. The 10 advanced breeding lines (ABLs) [C-7, C-8, C-9(M-51), C-11(M-86), C-16(M-55),
C-19(M-93), C-20(M-39), C-21, C-214, C-235] derived from high and low osmotic adjustment (OA)
were used for the experiments. For the purpose we measured reproductive stage (pollen viability) and
yield attribute parameters (total biomass, pod numbers, seed yield and harvest index) which were used to
determine drought and high temperature effects on chickpea. The pollen viability was tested by using 1%
TTC solution. The results indicated that, a genetic difference exists in pollen viability at higher
temperature in chickpea. At extreme high temperature 45 °C, only few lines such as C7, C8 and Tyson
showed viable pollens. These genotypes were also identified as drought tolerant based upon osmolytes
accumulation. The significant variation in yield attributing traits was observed among ABLs depending
upon their ability of drought tolerance by means of osmolyte accumulation. The known drought tolerant
genotypes Tyson and some of its derived ABLs showed improved yield in terms of total biomass, pod
numbers, seed yield and harvest index as compared to drought sensitive lines DCP 92-3 and Kaniva.
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1. Introduction

Chickpea (Cicer arietinum L.) is an important protein-rich cool-season food legume crop.
Because it is cultivated predominantly in rainfed environments, it usually faces terminal
drought during pod and seed filling, leading to significant reductions in grain yield (Siddique
et al., 2000) 1. Previous work has shown that earliness and phenological plasticity are
important traits that result in high yields under the water-limited environments in which
chickpea is grown (Berger et al., 2004, 2006) [0 41, However, additional drought-avoidance
and drought tolerance traits have been suggested as benefiting yield in water-limited
environments (Turner, 1997) 2. Among the various traits, osmotic adjustment (OA) is
considered an important physiological trait for adaptation to drought (Turner & Jones, 1980)
[39, The capacity for OA is relatively high in chickpea and has been reported to range from 0 to
1.3 MPa among chickpea cultivars (Morgan et al., 1991; Lecoeur et al., 1992, Leport et al.,
1999; Moinuddin & Khanna-Chopra, 2004) [5 18.19.281 QA in plant cells maintains cell turgor,
which in turn maintains physiological processes such as stomatal opening, photosynthesis,
expansion growth (Turner & Jones, 1980; Ludlow & Muchow, 1990; Blum, 1996) [0 201,
delays senescence and death (Flower and Ludlow, 1986) [, reduces flower abortion (Morgan
& King, 1984) and improves root growth and ater extraction from the soil as water deficits
develop (Morgan & Condon, 1986) 7],
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In pigeonpea (Cajanus cajan), high OA led to improved leaf
area duration, increased radiation use efficiency, higher
growth rates and improved dry matter production under
drought (Subbarao et al., 2000) [¥71,

However, not all observations of OA have shown positive
physiological benefits. For example, while Jones & Rawson
(1979) [l reported that OA maintained higher rates of
photosynthesis at low turgor in sorghum (Sorghum bicolor),
Leport et al. (1999) 7 observed that photosynthesis was not
maintained at high rates as leaf water potential (WP)
decreased in chickpea. Moreover, in chickpea, OA was
reversed during seed filling (Leport et al., 1999) [
presumably as assimilates were preferentially mobilized to the
seed, and recycling of respired carbon within the pod has been
suggested as a means of maintaining seed filling when leaf
photosynthesis is low (Turner, 2003; Furbank et al., 2004;
Turner et al., 2005) 28 13 291 Fyrthermore, chickpea often
experiences terminal heat during reproductive face due to
climate change. Drought and heat are the most important
constraints to chickpea production globally. It is estimated
that drought and heat stresses together account for about 50%
of the yield losses caused by abiotic stresses. The economic
value of these losses is estimated at US$ 1.28 billion.
Chickpea is a dry and cool season crop, largely grown rainfed
on residual soil moisture after the rainy season. The
progressively receding soil moisture conditions often lead to
moisture stress towards end of the crop season (terminal
drought) causing heavy yield losses. Development of cultivars
that can escape (early maturity) or tolerate (greater extraction
of water from the soil, and enhanced water use efficiency)
terminal drought is a major objective in chickpea breeding
program (Gaur et al., 2012; Varshney et al., 2011) 1 39,
Exposure to heat stress (> 35 °C) at flowering and podding in
chickpea is known to result in drastic reductions in seed yields
(Summerfield et al., 1984; Devasirvatham et al., 2012) [38 101,
In comparison to drought and other abiotic stresses, heat
stress has received relatively less attention in chickpea
breeding programs in the past. However, it has received
considerable attention during the recent years. It is now well
recognized that heat stress at the reproductive stage is
increasingly becoming a serious constraint to chickpea
productivity. This is because of: (i) large shift in chickpea
area from cooler long-season environments to warmer short-
season environments, (ii) increasing chickpea area under late
sown conditions due to increasing cropping intensity, and (iii)
expected overall increase in temperatures due to climate
change (Gaur et al. 2012) 4. In India, the chickpea area
reduced by 4.3 million ha (from 5.1 million ha to 0.8 million
ha) in northern and north-western India (Punjab, Haryana,
Uttar Pradesh, Punjab), which has cooler long-season
environments, and increased by 4.3 million ha (from 2.0
million ha to 6.3 million ha) in central and southern India
(Madhya Pradesh, Maharashtra, Andhra Pradesh, Karnataka),
which has relatively warmer and short-season environments.
Thus, there has been a considerable increase in chickpea
cultivation in areas which are prone to heat stress during
reproductive development.

2. Materials and Methods

The present investigations were conducted using 9 advanced
breeding lines namely C-7, C-8, C-9 (M-51), C-11 (M-86), C-
16 (M-55), C-19 (M-93), C-20 (M-39), C-21, C-23 (M-10),
derived from crosses chickpea (Cicer arietinum L.) genotypes
Tyson x Kaniva along with 5 checks including known drought
tolerant (Tyson), drought sensitive (Kaniva) and heat tolerant
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(JG 14) and sensitive (DCP 92-3), C-214, and C-235 chickpea
genotypes. Experimental material 2-way crosses were made
using chickpea genotypes with low OA (Kaniva) while
another set having medium OA (Tyson) crossed with low OA
(Kaniva). The populations were advanced to F6 stage and 10
advance breeding chickpea lines at F6 stage are to be
evaluated under rainfed for osmotic adjustment and other
physiological traits along with high yielding varieties DCP
92-3 (heat sensitive) and JG 14 (heat tolerant) as checks both
of which are lacking osmotic adjustment. The trial was
conducted under rainfed with progressive receding soil
moisture conditions. The drought under field conditions as
well as under laboratory situation was simulated either by
withholding irrigation or by using polyethylene glycol 6000.

2.1 Experimental site and Location
The experiment was conducted at Research Farm &
laboratory of Department of Plant Physiology (Division of
Basic Science), Indian Institute of Pulses Research (IIPR),
Kalyanpur, Kanpur and Uttar Pradesh.

2.2 Pollen viability test

In-vitro pollen fertility at high temperature in relation to
osmotic adjustment was evaluated when crops exposed to heat
stress. In- vitro pollen fertility was assessed by 2, 3, 5-
triphenyl Tetrazolium chloride (TTC) tests (Hauser and
Morrison, 1964) 131,

Plant Materials and Heat treatment

1. Unopened flower buds, Microscope. Incubator.
2. Micro pipette, Slide, cover slip & forceps.
3. 2, 3, 5-triphenyl tetrazolium chloride.

Evaluation of In-vitro pollen fertility at high temperature for
Excised unopened flower bud of different genotypes were
carried out by putting flower in Petri dishes with two layers of
moistened filter papers. The Petri dishes were put in
incubators at 30 °C, 35 °C, 40 °C and 45 °C temperature for 2
hours.

Experimental Method

After 2 hours, after acclimation and high temperature
treatment, the pollen viability tests were tested individually
for each plant type. TTC (2.3.5-triphenyl tetrazolium
chloride) stain tests used for this purpose. A few drops of 1%
TTC (0.2%g. TTC and 12g; sucrose were dissolved in 20 ml
water) were dropped by Pasteur pipettes on microscope slide
and pollen were shacked with a slim brush (each brush used
only one plant type) covered with a cover slip. 3 different
areas of each cover slip of used four microscope slides with
three replication were counted within a 2 hours for TTC tests.
Viable pollens were dyed in red and light red; dead pollens
were not dyed in TTC.

2.3 Assessment of yield attributing traits

Total biomass per plant (g)

The completely matured five plants were uprooted carefully
along with roots and were dried completely. The weight of
dried plant along with pods was recorded as biological yield
in grams.

Number of pods per plant

Total number of seed bearing pods on each plant was counted
on five randomly selected plants at maturity and the average
was recorded.
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Number of seeds per plant
The number of seeds per plant was counted from taken all
pods on five randomly selected plants at maturity.

Seed yield per plant (g)
The seed weight in grams from five randomly selected plants
was recorded.

100 seed weight (g)
Hundred seeds were counted randomly from each genotype
and the test weight was recorded in grams.

Harvest index:

The harvest index is expressed as the percent ratio between
the economic yield and total biological yield and was
suggested by Nichiporovich (1951).

Economic yield

HI x 100

Total biological yield

3. Results and Discussion

3.1 Pollen viability

The pollen viability was tested by using 1% TTC solution.
The viable pollens were identified microscopically with deep
purple colour stained bodies while faint or diffuse stain
indicated the sterile pollens. The viability decreased in
chickpea genotypes with increased period of DAE to high
temperature (> 30 °C, 35 °C, 40 °C, 45 °C) as indicated by
loss of purple stain. (Fig 3.1-3.5).

The pollen viability decreased significantly as temperature
increased. At high temperature above 35 °C loss of purple
stain indicated decrease in pollen viability usually occurred in
sensitive genotypes of chickpea. Less than 50% pollen
viability was observed at temperature 40 °C in all the heat
sensitive lines of chickpea while 50-60% pollen viability
noticed in tolerant ones. All the test lines showed partial or
complete pollen viability upto temperature 40°C. Reduced or
lack of pollen viability were the characteristic effects of high
temperatures. Generally, pollen treated at high temperature
did not take stain either in acetocarmine solution or 1% TTC
solution indicated the pollen sterility induced by high
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temperature. At higher temperature (45 °C), only few pollen
remained viable and often completely sterile in heat sensitive
(HS) lines. The results indicated that, a genetic difference
exists in pollen viability at higher temperature in chickpea. At
extreme high temperature 45 °C, only few lines such as C7,
C8 and Tyson showed viable pollens. These genotypes were
also identified as drought tolerant based upon osmolytes
accumulation. A typical example of non-viable and viable
pollens of variety C214 has been shown in Fig 3.4 and 3.5.
All plant processes are irreversibly damaged by heat if plants
are subjected to sufficiently hot temperatures for sufficient
long durations. Several studies demonstrated that crop species
are sensitive to heat during reproductive development.
Because the fruit or the seed often are the economic product,
these heat stress effects can substantially influence
productivity. Different stages of reproductive development
can be damaged by hot weather, including floral bud
development, seed and fruit set, and embryo, seed, and fruit
development. Pollen development and/or transfer are
particularly sensitive to heat stress. In most cases, high night
temperature was more damaging than high day temperature,
and most sensitive development stage occurred just after
meiosis and at the release of the microspores from the tetrad.
Apparently, pollen development represents a weak link in the
ability of plants to withstand to high temperatures. Ahmed et
al. (1992) B4 reported that tapetal cells (meiosis II) did not
become binucleate and the locular cavity was less developed
in anthers under high temperatures (33 °C day/ 30 °C night)
resulting in premature pollen development. Such information
is lacking in chickpea at meiosis stage.

Most of the pollen studies in chickpea have focused on cold
tolerance (Srinivasan et al. 1999; Clarke et al. 2004) > ] and
the meiosis stage (9 days to 5-6 days before anthesis (DBA)
of chickpea was found to be sensitive to cold (< 3 °C).
(Siddhique 2004) ¥, Porch and Jahn (2001) “® studied that
high temperature effects on pre-anthesis are related to another
development, pollen sterility and pollen production. The study
of pollen may help to predict genetic variation among
genotypes for reproductive phase heat tolerance. Pollen
sterility is one of the key factors limiting legume yield under
high temperature.

nall .
e L)

1
C-20 039

Fig 3.1: Pollen viability of chickpea genotypes at 30°C
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Fig 3.5: C 214 (Fertile pollens/ at 35 °C

3.2 Yield and its attributes of genotypes

Data representing in Table 3.1. The known drought tolerant
genotypes Tyson and some of its derived ABLs showed
improved yield in terms of total biomass, pod numbers, seed
yield and harvest index as compared to drought sensitive lines
DCP 92-3 and Kaniva. The significant variation was observed
in yield attributing traits was observed among ABLs
depending upon their ability of drought tolerance by means of
osmolyte accumulation, sugar and proline accumulation,
photosynthetic efficiency and also partitioning efficiency. The
accumulation of low molecular weight compounds during
water stress such as sugars, amino acids, proline, organic
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acids etc facilitate the photosynthate transport as evidenced by
increase in the harvest index as well as these compounds also
impart tolerance to drought as they are osmo protectant
substances that prevent membrane disorganization and also
maintain leaf turgor. Among various trait, osmotic adjustment
(OA) is an important physiological trait for adaptation to
drought (Turner and Jones, 1980) 3%,

The capacity for OA is relatively high in chickpea and has
been reported to range from 0 to 1.3 MPa among chickpea
cultivars (Morgan et al 1991; Lecoeur et al., 1992; Leport et
al., 1999; Moinuddin and Khanna Chopra 2004) [25 18. 19, 26],
OA in plant cells maintains cell turgor, which turn maintains
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physiological processes such as stomatal opening,
photosynthesis, expansion growth and water extraction
(Ludlow and Muchow, 1990) 2°, reduces flower abortion
(Morgan and King, 1984) and improve root growth and water
extraction from soil as water deficit develops (Morgan and

https://www.mathsjournal.com

Condon, 1986) 7). In pigeon pea, high OA led to improved
leaf area duration, increase radiation use efficiency, higher
growth rates and increase dry matter production under
drought (Subbarao et al., 2000) 7],

Table 3.1: Yield attributes of the chickpea genotypes grown under rainfed condition

Genotype | Total Biomass | Number of total pod |No. of seed | Seed yield per plant (g) | Harvest index (%) | 100 seed wt
TYSON 58.3 190 238.7 35.3 60.733 13.3
DCP-92-3 64.2 201 250.3 28.8 42.067 15.6
KANIVA 66.7 104 103 20.3 22.467 36.1
C-7 68 102 110.7 38.4 56.433 36.8
C-8 73.8 110 152 39.3 48.833 36.1
C-9 (M-51) 40.9 137 138 314 43.867 24.6
C-11 (M-86) 38.2 78 114 16.6 41.933 21.1
C-16 (M-55) 444 172 206.3 27.2 61.433 144
C-19 (M-93) 45.6 132 136 26.8 60.9 15.6
C-20 (M-39) 48.9 154 159 315 65.433 184
Cc-21 46.7 143 146.7 22.9 47.133 174
C-23(M-10) 41.7 70 112.7 14.6 329 17.3
C-214 49.9 140 146.7 24.3 46.933 14.1
C-235 41.9 172 175.3 225 53.633 154
C.D. 2.7 4.539 4.054 3.5 4.286
SE(m) 0.9 1.553 1.387 1.2 1.466
SE(d) 13 2.196 1.961 1.7 2.074
C.V. 3.1 1.878 1.469 7.2 4.907

4. Conclusions

The trials were conducted under rainfed with progressive

receding soil moisture conditions. The drought under field

conditions as well as under laboratory situation was simulated
either by withholding irrigation or by using polyethylene

glycol 6000.

1. For the purpose we measured pollen viability & yield
attribute parameters which were used to determine
drought and high temperature effects on chickpea and
understand the role of OA. The results obtained are
pollen viability was tested by using 1% TTC solution.
The results indicated that, a genetic difference exists in
pollen viability at higher temperature in chickpea. At
extreme high temperature 40 °C, only few lines such as C
7, C8 and Tyson showed viable pollens. These genotypes
were also identified as drought tolerant based upon
osmolytes accumulation.

2. The significant variation in yield attributing traits was
observed among ABLs depending upon their ability of
drought tolerance by means of osmolyte accumulation.
The known drought tolerant genotypes Tyson and some
of its derived ABLs showed improved vyield in terms of
total biomass, pod numbers, seed yield and harvest index
as compared to drought sensitive lines DCP 92-3 and
Kaniva.
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