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Assessing Performance of Some Aerobic Rice Genotypes for Grain
Yield and Yield Components under Water Deficit Conditions in the
north of Khuzestan
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Table 1- Drought tolerance, origin and cross characteristics of genotypes used in the study

e S 4 oo

555
.. Drought
Genotype Cross Origin Tolerance
Vi VANDANA C 22/KALAKERI INDIA 1
V2 IR 78908-193-B-3-B VANDANA/IR 65 IRRI 1
V3 IR 81429-B-31 IR 78908-44/IR 78908-86 IRRI 1
V4 IR 78875-176-B-1-B PSB RC 9/IR 64 IRRI 3
V5 IR 79971-B-202-2-4  VANDANA/WAYRAREM IRRI 5
V6 IR 80508-B-194-4-B PSB RC 9/AUS 257 IRRI 7
V7 IR 80508-B-194-3-B PSB RC 9/AUS 257 IRRI 5
V8 IR 79907-B-493-3-1 IR 55419-04/1R 64 IRRI 5
V9 IR 81025-B-347-3  NSIC RC 140/IR 74371-3-1-1  IRRI 5
V10 IR 81025-B-327-3  NSIC RC 140/IR 74371-3-1-1  IRRI 3
Vil NADA SANG TARAM/AMOL3 IRAN 3
V12 TARUM IRAN 9
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Table 2. Average of minimum and maximum temperature of months (sowing to harvesting) at Shavoor
Agricultural Research Station for two years (2014 and 2015)

ey 2014) \war (2015)
Month L Sl s ol ol dem s 55 e Syl ae s Pl Ol ae s ST
Min. (°C) Max. (°C) Min. (°C) Max. (°C)

Jun. sl 5 26 44 26.6 46.2
Jul. 5 27.8 46.7 27.8 45.7
Aug. sl 0 27.8 46.5 29.1 475
Sep. S8 A 25.2 44.5 27.4 44.6
Oct. 4 21 38 222 39.5
Nov. oLT 12.7 29 15.8 27.8
Average oSils 23.4 41.4 24.8 41.9
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Table 3. Measured indices associated with drought stress in rice genotypes

e (sladls Aoy . 2 gladils Ao ys  lasls s als 518 059 &l 558 039 o sl

. Gl sy A BLA L e Sledle e sy s ety Ol a5 L s skl ECEN g dhnis Sis

s Half-full grains Half-full mﬂ&:m :ﬂ&g S Fully filled grain F __,_\.s._ww_mk ’ . Nt et 1000-grain weight 1000-grain weight _U,MM Wwﬂkv

Genotypes  under favorable ~ Water deficit conditions under favorable uiy iec grain DDI under favorable under water deficit Lo

conditions (%) DT conditions under water &Mmo: conditions conditions 1000-grain weight
%) %) conditions (%) ) @

Vi 5895¢ 41.05 fg 75.93 be 54.86 ¢ 37.22f 0.25cd 20.99 a-c 20.06 ab 4.37 ab
V2 66.63 be 87.35a 131.22a 62.54 de 83.37a -0.33 ¢ 19.27d 20.08 ab -443 ¢
V3 72.67b 82.16b 132.30a 67.98 c¢d 75.98 b -0.30e 19.09d 19.82 be -3.84 ¢
V4 91.46a 76.72 ¢ 83.88b 84.36 ab 67.53 ¢ 0.19d 20.69 be 18.95d 8.31 ab
A% 73.62b 2446 h 33.24¢ 69.64 cd 2029 g 0.71a 21.50 ab 20.57 a 422b
Vo6 62.75 be 36.11¢g 57.30 c-e 58.30¢ 3094 f 0.47 a-c 21.14 ab 19.17d 9.13 ab
V7 68.70 be 36.56 fg 53.18 c-¢ 63.95 de 32.08 f 0.49 a-c 21.52 ab 20.52 a 4.59 ab
V8 46.12d 23.44h 50.86 c-¢ 4226 f 20.35¢ 0.51 a-c 21.14 ab 19.22 cd 9.32 ab
Vo 5997 c 50.99¢ 85.26b 56.01¢ 46.75 ¢ 0.16d 16.99¢ 16.03 £ 5.49 ab
V10 87.21a 41.77f 47.87 de 77.20 be 32.26f 0.58 ab 20.51 be 1941 cd 5.34 ab
V1l 96.57 a 70.28d 75.85b-d 9091 a 55.20 ¢ 0.39b-d 21.78 a 20.49 a 5.80 ab
V12 95.38 a 50.98 ¢ 53.43 c-e 88.78 a 32.27f 0.63 ab 19.97 ¢d 18.06 ¢ 9.52a

10 (6l gme gl 10 prlam Sl (glaals dior 0 g03T ell  cdiad 65 e O3 S5 il (lls 687 e Kole O g 2 o
Means in each column followed by at least one similar letter(s) are not significantly different at 5% probability level using Duncan's Multiple Range Test.
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Table 3. Continued

pllan Lol 5 €l 3,Shas LA Il s s Shas S 4 Jans el ol sl o
b S Grain yield under favorable Grain yield under water S35 Sas S Oyl et , cnv Joov sl (S A 4 Jaod el A w\bﬁ .l .
Genotypes conditions deficit conditions DTI DDI o TOL SDTI Extent 03:%5 reduction
(ke/h) (ke/h) %) sst o0

V1 3531.7 g 3922.3b 117.93a -0.17 ¢ -0.52¢ -390.7d 0.52 de -17.93 ¢

V2 4479.8 ef 4065.7 ab 9541b 0.04b 0.13b 4142d 0.69 b-d 459D

V3 5361.2 cd 4811.8a 91.14b 0.08b 0.25b 549.3d 0.99a 8.86b

V4 5113.3 de 3325.7 b-d 65.50c 0.34a 1.00a 1787.7 ¢ 0.66 c-¢ 3450 a

V5 41455 {g 3639.2 be 90.31b 0.09b 0.25b 506.3d 0.59 c-e 9.69b

Vo6 4128.0 fg 1869.5 ¢ 49.30c 0.50a 1.48a  22585a-c 0.28 f 50.70 a

V7 5398.8 cd 2939.0 cd 54.26¢ 045a 1.33a 24598 ac 0.62 c-e 45.74 a

V8 5530.3 cd 3660.7 be 66.17 c 0.33a 0.98a 1869.7 be 0.78 a-c 3383 a

V9 6362.6 ab 3167.3 b-d 50.37c¢ 049 a 1.45a 31952a 0.77 be 49.63 a
V10 6555.0a 3497.7 b-d 5347c¢ 046a 1.36a 3057.3 ab 0.88 ab 46.53 a
V11 4501.5 ef 2711.8d 62.81c 0.37a 1.08 a 1789.7 ¢ 0.46 fe 37.19a
V12 6024.0 a-c 2607.5 de 42.93 ¢ 0.57a 1.66 a 3416.5a 0.61 c-e 57.07a

I (51 ae gl 10 o SSGls (glaials i 0305 plol  cdizied &5 e O3 o 5 Bl (6115 457 o la o Sobe O i
Means in each column followed by at least one similar letter(s) are not significantly different at 5% probability level using Duncan's Multiple Range Test.
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Introduction: Rice is one of the important crops that is grown in large areas of
the globe and is the staple food for half of the world's population (Park et al.,
2014). Khuzestan province of Iran with having 53611 hectares of land under rice
cultivation produces about 240503 tons of rice annually. The prevalent irrigation
method for rice production in Khuzestan is conventional water-flooding, which is
considered to be inefficacious and wastes huge quantities of irrigation water (Sed-
aghat et al., 2015). Drought stress poses a major threat to the successful produc-
tion of the crops worldwide. Therefore, one of the main challenges encountered by
the agricultural sector is the production of more food with less water (Tuyen and
Prasad, 2008). Rice is particularly affected by water stress. The severe decrease
in the available water under alternating watering regimes (at a few day’s irriga-
tion interval) can exceed the plant tolerance, particularly at seedling establishment
stage, which can have negative impacts on vital plant developmental processes,
resulting in inhibited vegetative growth. (Salehifar et al., 2014). Since the climate
of Khuzestan is extremely hot, this region is prone to the frequent occurrence of
drought stress. Wetting and drying of soil surface at the farm through alternating
irrigation methods can facilitate the exchange of gases between the soil and its sur-
rounding atmosphere and provide the plant root with adequate oxygen. Adopting
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alternating irrigation management strategy can meet crop water demands under
critical water conditions (Shanmugasundaram, 2015). An important benefit of em-
ploying alternating watering methods for rice production is saving water. Thus it is
important to determine how agronomic and physiological traits of different aerobic
rice genotypes are impacted by the limited availability of water resulting from the
use of alternating irrigation methods.

Materials and Methods: This study was conducted at the farm of Agricultural Re-
search Station of Shavoor which is affiliated with Agricultural Research Center and
Natural Resources of Khuzestan province for two growing seasons of 2013-2014
and 2014-2015. The study site is between latitude 31°50” and longitude 48°28” at
an altitude of 33m above sea level. The experiment was based on split plot design
using completely randomized block layout with three replications. The main plots
were allocated to two alternating watering regimes i.e. irrigation with 3 days inter-
val (considered to be the favorable condition) and irrigation with 7 days interval
(considered to be the stressful condition). The sub plots were assigned to12 rice
aerobic genotypes (Oryza Sativum L. namely Vandana, IR 78908-193-B-3-B, IR
81429-B-31, IR 78875-176-B-1-B, IR 79971-B-202-2-4, IR 80508-B-194-4-B, IR
80508-B-194-3-B, IR 79907-B-493-3-1, IR 81025-B-347-3, IR 81025-B-327-3,
Nada, Tarum). After the land preparation, the dry seeds of each genotype were
sown in rows spaced 20 cm apart using Hamadani seed drill. Watering regimes
were applied when the rice genotypes were at the middle of the tillering stage. Ir-
rigation water for plots was supplied and controlled by a pump. The height of wa-
ter in each plot was allowed to reach 5 cm, after which, the irrigation was ceased.
This watering pattern implemented and maintained for the all irrigation regimes
throughout the rice genotypes growing cycle. The plant responses were evaluated
on the basis of several growth and physiological parameters including grain yield,
1000-grain weight, percentage of half-filled and fully-filled grains under water
deficit and favorable conditions. Moreover, tolerance (TOL), drought tolerance
index (DTI), drought susceptibility index (DSI), drought damage index (DDI),
stress susceptibility index (SSI) and the extent of yield reduction were quantified.
Results & Discussion: The results revealed that there was a large variation amongst
the rice genotypes in terms of their response to alternating watering regimes. The
highest drought tolerance was observed with the genotypes IR 78908-193-B-3-B
and IR 81429-B-31 where their DRI was 32 % more under the stress condition (the
irrigation interval of 7 days) than under the favorable condition (the irrigation inter-
val of 3 days). The greatest drought damage occurred with genotype the IR 79971-
B-202-2-4. On the basis of the grain weight susceptibility index, the genotype
Tarum was found to be the most sensitive to stress. The estimation of these indices
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based on the grain yield demonstrated that Vandana not only outperformed other
genotypes under the stress conditions but its grain yield was 17.93 higher than the
other genotypes under the favorable condition. This indicates that the interaction
effect between Vandan genotype and water deficit on fertility rate and grain yield
was greater as compared to other genotypes. Since grain maturity period, which
is considered to be a dominant mechanism in genotypes for yield loss reduction,
did not decline in Vandana, it can be stated that the favorable watering condition
for this tolerant genotype is the irrigation interval of 7 days. The genotypes that
underwent yield decline as the result of the exposure to water-limited conditions
had increased energy-expenditure due to stress endurance. Since the lower values
of SSI are indicative of tolerant genotypes, Vandana with a lower SSI (- 0.522) was
identified as a tolerant genotype, while other genotypes (IR 78875-176-B-1-B, IR
80508-B-194-4-B, IR 80508-B-194-3-B, IR 79907-B-493-3-1, IR 81025-B-347-3,

IR 81025-B-327-3, Neda and Tarum with higher SSI (about 1 or more) were more

susceptible to the stress.

Conclusion: Our findings showed that the genotypes with the least tolerance to

water deficit were associated with the highest drought susceptibility index and

the lowest drought tolerance index, which ultimately contributed to their reduced
yield. However, the genotypes that exhibited the most tolerance to drought stress
were associated with the highest drought tolerance and consequently were able to
acclimate to the stressful condition which helped them maintain their grain yield.

In this regard, the Vandana aerobic genotype not only did not experience any de-

cline in its yield under the stress condition, but also showed a yield increase of

390.6 kg per hectare. This makes the Vandana genotype a suitable candidate for

growing under water-limited conditions. The superior indices observed in Vandana

can be used in long or short-term plant breeding programs to produce more adapt-
able cultivars. Amongst the indices used in this study, DTI was better able to detect
the drought-tolerant rice genotypes.

Key words: Drought stress, susceptibility, alternating irrigation, tolerance

References:

Park, G. H., Kim, J. H. and Kim, K. M. 2014. QTL analysis of yield components in
rice using a cheongcheong/nagdong doubled haploid genetic map, American
Journal of Plant Sciences, 5: 1174-1180.

Salehifar, M., Rabiei, B., Afshar Mohammadian, M. and Asghari, J. 2014. Effect
of IAA and Kinetin application on plant characteristics and chlorophyll fluo-
rescence parameters in rice seedlings under drought stress condition. /ranian
Journal of Crop Sciences, 16(4): 293-307. (In Persian with English Sum-

mary).

17



«Applied Field Crops Research» Vol 29, No. 4, 2016

Sedaghat, N., Pirdashti, H., Asadi, R. and Mousavi-Taghani, Y. 2015. Effect of
Different Irrigation Methods on Rice Water Productivity, Journal of Water
Research in Agriculture, 28 (1): 1-9.

Shanmugasundaram, B. 2015. Adoption of system of rice intensification under
farmer participatory action research programme (FPARP). Indian Research

Journal of Extension Education, 15 (1): 114-117.
Tuyen, D. D. and Prasad, D. T. 2008. Evaluating difference of yield trait among
rice genotypes (Oryza sativa L.) under low moisture condition using candi-

date gene markers, Omonrice, 16: 24-33.

18



	05-01
	05-02

