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vironments in near future. In the present

ABSTRACT: Rice cultivation will be subjected to much warmer en
TKM 9) of Tamil Nadu were exposed to

study four popular rice cultivars (ADT 46, CO (R) 50, CORH 4 and :
elevated temperature i.e., ambient + 5°C in a Climate Control Chamber from transplanting. to harvesting, to
quantify its effect on pollen dispersal, viability, pollen tube growth, seed set and seed yield. Exposme c.>f
plants to high temperature resulted in early flowering in all the cultivars which were test'ed. ’MICTOSCOPIC
analysis revealed that all the pollen related parameters like pollen viability, pollen germmahsm and also
pollen tube growth were adversely affected to an extent of 22-47 %, 4-13 % and 4-12 % resp'ectlvely by the
heat stress. Scanning Electron Microscopic analysis revealed the shrivelling of pollen grains under heat
stress. In addition to viability, tube growth was also very much affected, as a result the tube could not flble to
reach the egg cell to fertilize it, causing spikelet sterility (24-72 %). Total number of spikelets per pamcllo? -
17 %) and number of filled seed per panicle (21-68 %) were reduced under high temperature conditions
which resulted in reduced seed yield/plant (29-63 %) and also harvest index (13-33 %). High temperature
negatively influenced root and shoot lengths. Among the four cultivars TKM 9 was found to be more tolerant

to heat stress compared to other three cultivars.

Key words:  Rice, High temperature (ambient + 5°C), Flowering, Pollen viability, Pollen
germination, Pollen tube growth, Seed set, Seed yield

INTRODUCTION

Rice is the staple food for most of the Indians
and plays a major role in Indian economy. Nearly
half of the world’s population also depends on
rice for their staple diet and an increase in rice
production by 0.6-0.9 % annually until 2050 is
needed to meet the demand [1]. Since there is
not much scope to increase the area of rice
cultivation there is a need to increase the
productivity of rice. Even though rice originated
from tropics it cannot tolerate temperature more
than 35°C. Rice seed production has to go
through a number of well differentiated stages
like uniform germination and plant stand, with
high level of productive plants, timely flowering,
complete development of flower primordia, pollen
and egg fertility, pollination followed by double
fertilization, embryo formation and endosperm
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development, proper transportation of nutrients
from source to sink, seed maturation, timely
harvest and post harvest handling operations.
Every stage of this long chain is susceptible to
abiotic stress, especially to temperature [2-4].
Mean surface air temperature has increased
globally by about 0.5°C in the 20™ century and
is projected to increase by 1.4 to 5.8°C in this
century [5]. Any further increase in mean
temperatures (i.e, more than 35°C) or of short
episodes of high temperatures during sensitive
stages, may be supra optimal and will reduce

rice yield [6].

A number of plant developmental and
physiological processes are negatively affected by
heat stress. When the stress occurs at key
developmental stages such as reproduction, this
becomes one of the major constraints of plant
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adaptation to a changing environment [71.
Phenological stages differ in their response to
high temperature. Heal stress at vegetative stage
reduces the number of tillers, total biomass and
photosynthetic rate [8-9]. Moderate stress of heat
often accelerates flowering which results in the
occurrence of reproductive phase prior to the
sufficient accumulation of resources in the
vegetative stage [10]. Male reproductive organs
are the most affected ones, right from the pollen
production, anther dehiscence, pollen viability,
germination of pollen grains and tube growth are
affected [11-12]. The main reason for reduced
pollen viability under heat stress is poor
carbohydrate accumulation in pollen grains which
in turn results in spikelet sterility and low seed
yield [13]. Normal seed development is disrupted
when high temperatures coincides with seed
filling, which increases the proportion of seeds
that are shrivelled, abnormal and are of lower
quality [14]. The goal of present experiment was
to evaluate the yield and yield components of
four popular rice cultivars (ADT 46, CO (R) 50,
CORH 4 and TKM 9) of Tamil Nadu under heat
stress conditions.

MATERIALS AND METHODS

Crop husbandry and chamber conditions
Four rice cultivars namely ADT 46, CO (R) 50,

Research

CORH 4 and TKM 9 were subjected to elevated
temperature and changes in crop phenology and
reproductive  parameters  were  observed.
Experiments were carried out in Climate Control
Chamber (CCC), established at Agro Climate
Research Centre, Tamil Nadu Agricultural
University, which is situated at 11"N latitude,
77°E longitude and at an elevation of 427 m
above the mean sea level. Temperature of CCC
was controlled using heater, fogger and a mist
fan. Temperature was continuously recorded by
the sensor which is connected to a data logger,
at fixed intervals. The temperature maintained
inside the chamber was ambient + 5°C (Fig. 1).
The plants of the varieties raised outside the
chamber served as control. Seeds of selected
varieties were sown in trays and after 21 days,
the seedlings were transplanted in iron tubs (2
m x Im) which were filled with clay loam soil
obtained from rice growing area.

OBSERVATIONS

Vegetative phase

The height of plants in each hill was measured
from the crown region to the tip of the main
stem at flowering stage and the mean was
expressed in cm. Total number of tillers per plant
was counted and recorded at maximum tillering
stage. The number of ear bearing tillers per hill
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at maturity and the number of days the plants
took to flower from sowing were counted and
recorded.

Leaf arca : From each hill, five random leaves
were selected and length and width of those
leaves were measured and the leaf area was
calculated by the following formula [15].

Leaf area (cm%) = L x B x K (0.75) x n

L = Length; B = Breadth; K = Extinction
coefficient (0.75 for rice)

n = Number of leaves/plant

Stomata number : Stomata counts were recorded
on the middle portion of the five random
terminal leaves by nail polish on abaxial and
adaxial surfaces and expressed as number per
mm®.

Chlorophyll index : It was observed at maximum
tillering stage using chlorophyll meter (Model
CCM 200 plus).

Microscopic observations

Anther length and width : Randomly selected three
florets (18 anthers) in each cultivar were used
for measurement of anther length and width by
using a micrometer under binocular microscope
and expressed in mm.

Pollen morphology : Pollen grains of each cultivar
were selected randomly and the morphology was
observed under scanning electron microscope at
a magnification of 3000x, 1000x and 400x.

Pollen viability : The pollen grains from anthers
of randomly selected spikelets were collected and
taken on cavity slides and stained with lodine-
potassium iodide solution (0.44 g Iodine + 20.08
g potassium iodide in 500 ml of 70 % alcohol).
Observations on the staining were done using a
microscope. The pollen which stained dark blue
immediately were counted as viable and the
pollen which remained light yellow were counted
as non-viable. The viability percentage was
calculated from the mean of three microscopic
field counts for each variety [16]. Images were
taken with a Leica camera attached to the stereo
binocular microscope.

Pollen germination : The spikelets were collected
after pollination, at the stage of closed lemma
and palea and immediately fixed in one part of
glacial acetic acid and three parts of absolute
alcohol (1:3 glacial acetic acid: absolute alcohol)
and allowed to remain as such for overnight. The
fixed spikelets were dissected to isolate the pistils.
The pistils were transferred to 8N NaOH for four
hours and subsequently washed in distilled water
and then placed overnight in 0.1% aniline blue
in 50 mol m?® NaH,PO, (pH 8.2). Later, the
stained pistils were mounted on microscope slide
in a drop of 50% glycerine and observed for
pollen germination on the stained pistils[17]. After
the germination of pollen grains, pollen tube
length was measured with a micrometer and
expressed in pm.

Seed yield and yield parameters

The total number of spikelets and number of
filled seeds in the panicle of main tillers was
counted.

Seed set % : The filled seeds in the main tiller of
10 randomly selected plants were counted and
seed set per cent was calculated using the
following formula

1000 seed weight : Thousand seeds were counted
in eight replicates and the weight was recorded
using an electronic weighing balance and
expressed in g.

Seed yield[plant : Seeds were threshed from each
plant separately, dried to 12 per cent moisture
content, processed, weighed and expressed in g
per plant.

Harvest index (HI) : HI was recorded as the ratio
of grain weight to total plant weight.

Germination test was conducted on the
resultant seed as outlined by ISTA (2004) except
on CORH 4 (hybrid) as the seed becomes F2 and
it segregates. Shoot and root lengths of the
seedlings were also recorded.

RESULTS

Plants grown under high temperature exhibited
lean and lanky appearance and recorded an
increased plant height (Fig. 2), which was very
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significant in the cultivar TKM 9 (86.74 to 92.28
cm). However, no significant difference was
observed in other vegetative growth parameters
like total number of tillers per hill, number of
productive tillers per hill, leaf area and
chlorophyll index compared to the counterparts
grown under ambient conditions. Stomata number
on adaxial surface of the leaves was reduced
under elevated temperature in all the cultivars
except in CO(R) 50. Interaction effect revealed
that all the varieties used in the experiment took
significantly lesser number of days to flower
under high temperature conditions compared to
ambient temperature. Under ambient conditions,
CO(R) 50 and ADT 46 took 90 days to flower
where as under elevated temperature CO(R) 50
required only 84 days and ADT 46 took 87 days
to initiate flowering. Elevated temperature
reduced the duration of vegetative growth in all
the four varieties, as compared to ambient
temperature. Significant influence of high
temperature was observed on anther development
in the cultivar ADT 46, wherein reduction in
anther width was observed (4.5 % i.e., from 0.45
mm to 0.43 mm). In the cultivars CORH 4 and
TKM 9 elevated temperature did not show any
affect on anther size (0.46 mm and 0.49 mm
respectively under both the temperature
conditions).

Seed Research

SEM analysis

Elevated temperature had significant effect on
pollen morphology. Higher number of shrivelled
pollen was observed in plants grown under high
temperature (Fig. 3). Under high temperature, the
swelling of the pollen grains was inhibited, which
lead to indehiscence of the theca and lesser
number of pollen grains on stigma. Good number
of pollen grains on stigma was recorded by ADT
46 and TKM 9, both under control (44, 43) and
elevated temperatures (42, 40).

Pollen viability

When the anthesis time coincided with elevated
temperature, it significantly affected the fertility
of pollen grains. Maximum per cent of pollen
viability reduction (46.89 %) was observed in case
of CORH 4. Hybrid vigour did not help CORH
4 in overcoming the adverse effects of high
temperature on pollen viability % as observed in
the low level of pollen viability (48.24 %) (Fig.
4). Among the varieties, pollen grains of TKM 9
recorded the lowest level of reduction in pollen
viability (22 per cent i.e., from 89 to 70 %) when
exposed to elevated temperature which was less
compared to the other three cultivars under study.

Elevated temperature impact on pollen germination

Under elevated temperature, increase in number
of sterile pollen could have resulted in less
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ig. 2 : Effect of elevated temperature on plant height (cm)

Scanned with ACE Scanner




Influence ot High 'll‘mlwr.\luw on Seed Yield of P'opular Tamil Nado Rice Cultivars 51

Ambient number  of  germinated pollen on stigma
Maximum number of germinated pollen was
observed in case of TKM 9 (Fig. 5. A negative
correlation was recorded between  elevated
temperature and pollen  germination.  No
significant interaction was found among the
varieties and temperature for pollen germination
%. The highest reduction in tube length was
observed in the cultivar, ADT 46 (12.4 %) while
lowest reduction was observed in case of TKM 9
4 %) (Fig. 6).

Shrivelled pollen

Seed yield and related parameters

Number of filled seed per panicle was found to
be significantly lower under elevated temperature
(Fig. 7). Interaction effect revealed that the
reduction was higher in case of ADT 46 (68 %)
and CORH 4 hybrid (68 %) and lower in TKM 9
(21 %). The number of filled seed per panicle
positively correlated with pollen viability %
(r=+0.85). The interactional effect for seed set

revealed that the highest reduction was observed
the elevated temperature. A-400X : . o ; .
magnification B-3000 x magnification C-1000X m case' of ADT 46 (51.8 % reduction) and lowest
magnification reduction was observed with TKM 9 (4.17 %
S — 3 : ,: reduction) (Fig. 8). Thousand seed weight

Fig. 3: Morphology of the rice varieties as affected by

100 -

e oL determined from the filled seed revealed that only
g in case of ADT 46 it was reduced significantly (4
1L I | % reduction) while in other cultivars not much
?: “ e — effect of elevated temperature was found on
S . ‘ thousand seed weight. Seed yield/ plant was

ADT46  COR)S0  CORH4  TKM9 found to be reduced significantly under HT (Fig.
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Fig. 9 : Effect of elevated temperature on seed yield per plant (g)

hybrid (23.65 g to 10.03 g) and ADT 46 (20.03 g
to 7.35 g) and lower in case of TKM 9 (21.55 g
to 15.28 g). Among the cultivars CORH 4
recorded high harvest index values under ambient
temperature conditions but when exposed to the
elevated temperature the same cultivar recorded
highest reduction in the harvest index value
(39.13 % reduction). The reduction in HI was very
low in the variety TKM 9 (8 % reduction).
However, high temperature did not affect the
germination percentage significantly (Table 1).
Significant reduction in shoot and root lengths
were observed. ADT 46 recorded highest
reduction in root length from 19.22 cm to 16.45
cm (14.41 %) where as shoot length was highly
reduced in CO (R) 50 (14. 37 %).

DISCUSSION

A number of experiments were conducted on
effect of heat stress on paddy seed production
but the current study focused at the tolerance of
popular cultivars of Tamil Nadu to heat stress
and whether the hybrid vigour helps to tolerate
the elevated temperature or not. High
temperature stress during vegetative phase altered
only plant height which was significantly
increased by high temperature. These results are
similar to the reports of earlier researchers that
plant height increases due to high daily
temperature [18]. Plant height is the sum of the
lengths of each of the internode. Environmental
or genetic factors influence internode length. The
effect of elevated temperature on internodal
length is due to increased cell elongation than
an increase in cell number. Lack of response of

tiller number to the elevated temperature is
mainly because the temperature of climate
chamber during initial vegetative phase was 36°C.
1°C increase in temperature than optimum (35°C)
during vegetative phase did not affect the
vegetative growth parameters like tiller number,
leaf area and chlorophyll index.

Irreversible effect of elevated temperature was
observed on reproductive growth. Flowering is
controlled by the developmental age of the plant
and environmental signals. High temperature
resulted in accelerated flowering in all the four
cultivars (ADT 46, CO(R) 50, CORH 4 and TKM
9) tested with the maximum acceleration in CO(R)
50. As suggested by earlier researchers that
cultivars with large anthers are tolerant to high
temperature at the flowering stage [19] in the
present experiment the variety TKM 9 with larger
anther size was found to be tolerant to high
temperature compared to the other cultivars. In
one of the cultivar (ADT 46) even after proper
anther dehiscence the pollen germination and
seed set % was found to be lower. This can be
attributed to the reduced pollen viability and tube
growth under elevated temperatures [17, 20-21].
In the present experiment when the plants were
exposed to 40°C at flowering stage there was a
significant reduction in all the pollen related
parameters. Decreased longevity of pollen at high
temperature could be a result of disruption of
carbohydrate accumulation in pollen grains and/
or change in the ultra structure of pollen grain
at high temperature [22]. In addition, the quick
loss of moisture from pollen due to high
temperature and high vapour pressure defcit
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Table 1: Seed qualit

v characters of cultivars under normal and elevated temperatures

Variety (V) I —

Germination (%)

Ambient Elevated Mean

Root length (cm) Shoot lengfh (cm)

Ambient Elevated Mean

t\ﬂ\l’l(;l;t Elevated Mean _Meat d Mean

:I;f—;:u‘ 94(75.82)  91(72.54) 93(74.66) 19.22 16.45 17.84 11.88 11.01  11.45
CO(R) 50 97(80.03)  93(74.66) 95(77.08) 19.70 18.35  19.03 12.11 10.37  11.24
TKM 9 93(74.66)  92(73.57) 93(74.66) 16.30 15.38  15.84 6.73 6.67 6.70
Mean 95(77.08)  92(73.57) 93(74.66) 18.41 16.73 17.57 10.24 9.35 9.80

\ T VT \ T VT \Y% T VT
SEd 0.59 0.48 0.83 0.23 0.19 0.33 0.13 0.27 0.37
CD (P = 0.05) NS 1.011 NS 0.49 0.40 0.67 0.25 0.58 0.79

results in quick loss of viability [23-24]. Further
the pollen tube growth was very much affected
under elevated temperature.

The significant interaction effect between the
cultivars and temperature was observed for the
parameters like pollen tube length, number of
filled seed per panicle, seed set %, seed yield
and harvest index. Among the cultivars seed yield
of ADT 46 and CORH 4 was very much affected
when the temperature was elevated by 5°C.
Assimilates were divided among the less number
of kernels which resulted in no significant
difference in 1000 seed weight. Since there is no
significant difference in weight of the kernel no
significant effect on germination was observed
but the vigour of the seedlings was reduced
which was evident from shoot and root lengths
under high temperature.

CONCLUSION

The present study has provided critical
information regarding the sensitivity of paddy
reproductive phase to the elevated temperature.
During vegetative phase a temperature of 36°C
exhibited no significant affect on the total tiller
number and number of productive tillers. During
reproductive phase the temperature above 35°C
drastically reduced the seed yields by
dehydrating of pollen (shrivelling of pollen), by
impairing the viability and germination. Even the
germinated pollen grains recorded, impaired tube

growth which reduced the chance of fertilization
and ultimately yield. These parameters may be
critically ~evaluated while screening the
germplasm for heat tolerance.
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