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ABSTRACT 

 
Ten rice genotypes were evaluated for yield and yield components under low 
water application conditions at Arid Zone Research Institute, Dera Ismail Khan, 
Pakistan during the year 2011. The genetic materials comprised 8 exotic lines 
alongwith two well adopted local cultivars. Layout system was randomized 
complete block design with three replications. The discrepancy among the 
genotypes was found to be significant and highly significant for all traits 
studied. The mean values for days to heading ranged from 107.67 to 130.33, 
plant height from 86.67 to 114.67 cm, panicle length from 21.67 to 27.33 cm, 
total tillers per plant from 8 to 14.67, productive tillers per plant from 7.67 to 
12.67, maturity from 137.33 to 148.33 days, 1000-seed weight from 16.26 to 
28.13 g and grain yield from 1.64 to 3.43 tons per hectare. The cultivar KSK-133 
and line HHZ-11-Y-11-Y3-DT1 showed the highest tolerance against drought 
stress producing higher grain yield (3.43 and 3.24 t/ha) and number of tillers as 
well (11.67 and 11.33/plant). The results further revealed that genotypes with 
medium plant height and maturity produced the highest number of tillers and 
ultimately gave maximum yield. The outcome of these investigations  suggests 
that cultivar KSK-133 may be planted under low water application conditions 
and line HHZ-11-Y-11-Y3-DT1 may be utilized for breeding drought tolerant rice. 
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INTRODUCTION 

 

Rice (Oryza sativa L.)  is second major exporting commodity of Pakistan after 
cotton. It covers an area of about 65 million acres with annual production of 
6883 thousand tons (2). Efforts are, therefore, needed to improve its yield 
through introduction and development of high yielding varieties. Besides 
other factors, drought is the most important factor causing reduction in rice 
yield. It becomes more severe during the period of water shortage. Oak et al. 
(12) reported that grain yield decreases under drought stress conditions from 
12 to 46 percent. So improvement of paddy yield and development of 
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disease/drought tolerant varieties are the main concern of breeders. In 
Pakistan, rice is traditionally cultivated in flooded irrigation system. Any 
shortfall in irrigation directly affects the crop yield. The rice varieties released 
so far in the country are adaptable to frequent irrigation conditions. On the 
other hand, water paucity is becoming a serious threat to the researchers as 
well as the farmers. In present scenario, it is essential to manage water 
dearth strategically to overcome the problem. Different strategies have been 
evolved to mitigate the drought effect through different approaches. Besides 
other solutions, development of drought resistant lines is the most 
economical and an enduring approach to reduce the drought effect. 
Pantuwan et al. (13) suggested that high yielding donor lines with drought 
tolerance can be identified through selection of drought response index (DRI) 
under drought stress conditions. The genetic variability is the basic tool to 
develop desirable varieties. The studies already conducted have also 
described greater variability in various rice genotypes. Significant variation in 
various yield components have been noted by Julfiquar et al. (7), Counce et 
al. (3), Zheng-jin  et al. (20) and Xiao et al. (18). Similarly, the reports of 
some others (1, 11, 13, 19, 21) also revealed higher genotypic variation in 
different plant traits of rice planted under irrigated and rainfed conditions. 
 

Several field crop varieties have been released possessing resistance 
against drought stress conditions. Salekdeh et al. (16) has introduced 
drought stress response mechanism in rice. It indicated the yield 
enhancement in rice under drought stress by optimizing physiological 
process and mechanisms for avoiding water stress in plants. Fukai and 
Cooper (5) classified the important mechanisms of rice function into three 
groups considering drought stress and its predictability i.e. yield potential, 
phenology (drought escape) and drought tolerance. Zhou et al. (21) have 
reported that drought resistant genotypes can be determined by measuring 
some characteristics such as yield potential, delayed flowering, reduced plant 
height or drought response index (DRI) under both normal and drought stress 
conditions. In cereals especially rice, reproduction stages, including 
pollination and fertilization, are water critical and water deficit stress 
decreases yield and yield components significantly as reported by Lafitte et 
al. (9). They also observed that plant selection based on time of flowering, 
with water deficit period, would be very effective method for drought 
tolerance improvement. Jongdee et al. (6) have reported that, under severe 
drought stress conditions, early flowering feature was a very important 
mechanism to escape drought stress. They further suggested that 
differences in flowering time among genotypes under these conditions can be 
used as stress tolerance index. Richards (14) expressed that phenological 
traits are the most important characteristics in connection with improved 
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drought resistance. Fukai and Cooper (4) suggested that selection of 
cultivars based on yield under full stress conditions was not appropriate as 
grain yield is a quantitative trait. Yield stability and high yield of rice grown 
under drought stress could prevent from flowering synchrony and maturation 
with late drought stress. Manickavelu et al. (10) concluded that traits like leaf 
rolling, leaf drying, harvest index, biomass and grain yield offered high scope 
for improvement against drought tolerance. Different rice cultivars have 
different responses to drought stress and there is wide genetic diversity 
among rice genotypes regarding sensitivity and tolerance to drought. 
 
The present study was designed to evaluate performance of various rice 
genotypes against drought stress in field conditions. 

 
MATERIALS AND METHODS 

 
This study was conducted at Arid Zone Research Institute, Dera Ismail Khan, 
Pakistan during the year 2011. The trial comprised 8 exotic rice inbred lines 
(coarse type) received from International Rice Research Institute, Philippine, 
alongwith two high yielding cultivars (KS-133 and IR-6). Crop was directly 
seeded by dibbling during first week of June, 2011 in RCBD with three 
replications. Three seeds per hill on a well prepared soil were sown. Plant to 
row spacing was kept at 20 cm. Each plot comprised six rows measuring 5 
meter long. All recommended agronomic practices were properly adopted 
during the crop season. The crop was kept under well watered conditions for 
a period of 30 days to establish good stand. After one month, the crop was 
maintained under alternate wetting and drying conditions. The crop received 
only 3.76 mm rain during the entire growing season. The weather data during 
crop growth period were recorded (Table 1). 
 
Table 1. Agro-meteorological observations recorded at Arid Zone Research Institute, 

D.I.Khan during crop season-2011. 

 
Month Total 

rainfall 
(mm) 

Average 
maximum 

temperature 
(°C) 

Average 
minimum 

temperature 
(°C) 

Relative 
humidity 

(%) 
 

Pan-
evapora-
tion (%) 

Wind 
speed 

(km/day) 

June 0.23 42 26 77 8.24 93 
July 1.17 38 26 82 6.07 82 
August 1.67 37 26 83 5.44 7.2 
September 0.56 36 24 84 1.83 51 
October 0.13 33 17 78 4.7 37 
November -- 28 12 79 1.78 34 
December -- 21 03 70 1.72 44 
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The crop was kept weeds free and also protected from insect pests.  
Observations were recorded on various plant traits i.e. days to 50 percent 
heading and maturity, plant height, panicle length, total number of tillers per 
plant, number of productive tillers per plant, 1000-seed weight and grain 
yield. 
 
The data were analyzed through computer’s software STATISTIX 8.1 for 
analysis of variance. The means of all the variables were further compared 
through LSD at 0.05 level of probability according to Steel et al. (17).  
 

RESULTS AND DISCUSSION 
 
The analysis of variance (Table 2) revealed that various rice genotypes had 
shown significant and highly significant differences for all traits studied under 
rainfed conditions.  
 
Days to 50 percent heading 
 
The data (Table 3) showed highly significant differences in days to 50 
percent heading among various genotypes ranging from 107.67 to 130.33 
days. The lines HHZ5-Y3-SAL3-DT1 and Weed Tolerant were observed as 
the earliest with 107.67 and 109 days, respectively. The cultivar IR-6 
completed 50 percent heading in 130 days and was significantly late among 
all genotypes. The cultivar KS-133 took 115.67 days exhibiting medium range 
like other lines (HHZ-11-Y-11-Y3-DT1, HHZ5-SAL10-DT2-DT1, JH-15-1-1-1, 
SACG 4 and HUA 564). Earlier studies also revealed that medium maturing 
lines produced better yield as compared to late genotypes under drought 
conditions. On the other hand, Jongdee et al. (6) have reported that in severe 
drought stress conditions, early flowering feature was a very important 
mechanism to escape drought stress. They further suggested that 
differences in flowering time among genotypes under these conditions can be 
used as stress tolerance index. Lafitte et al. (9) also expressed that plant 
selection based on flowering time with water deficit period, will be very 
effective method for drought tolerance improvement. 
 
Plant height (cm) 
 
The plant height significantly differed in rice genotypes. A wide range of plant 
height with medium and  tall  plants  ranging  from  86.67  to  114.67 cm was 
observed. Maximum height was noted in genotype HUA564 (114.67 cm) 
which was statistically at par with  lines  HHZ5-SAL10-DT2-DT1 (105.67) and 
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HHZ-11-Y-11-Y3-DT1 (109.67 cm). The genotypes HHZ5-Y3-SAL3-DT1, IR-
6 and Weed Tolerant showed short stature with 86.67, 91.0 and 94.67 cm 
plant height, respectively.  Remaining four lines showed medium plant height. 
Sabouri et al. (15) recommended plant height as an important trait for 
selection of high yielding rice plants. Significant variation in plant height has 
also been reported by some other scientists (1, 3, 7, 13).  
 
Panicle length 
 
The panicle length also differed significantly in different genotypes with a 
range of 21.67-27.33 cm. Maximum panicle length (27.33 cm) was noted in 
line HUA564 followed by lines HHZ-11-Y-11-Y3-DT1, HHZ5-SAL10-DT2-
DT1, JH-15-1-1-1 and IR-6 (23.67 cm each). It was interestingly observed 
that genotypes showing tall plant had also shown long panicles and vice 
versa. This might be ascribed due to positive association between plant 
height and panicle length. Sabouri et al. (15) also noted reduced panicle 
length of rice genotypes under moisture stress conditions.  These results are 
in conformity with the findings of Pantuwan et al. (13) and Zheng-jin et al. 
(20) where reduced panicle was noted in rice crop planted under moisture 
stress conditions.  
 
Total number of tillers per plant 
 

Significant variation in total number of tillers ranging from 8 to 14.67 per plant 
was observed among the genotypes. Higher number of tillers (14.67/plant) 
was produced by line HHZ9DT7-SAL2-DT1 with short stature plants having 
medium panicle length followed by line HHZ5-Y3-SAL3-DT1 (13.67). Both 
lines were statistically at par with cultivar KS-133 (11.67) and line HHZ-11-Y-
11-Y3-DT1 (11.33). The lowest number of tillers were produced by lines HUA 
564 (8), Weed Tolerant (9.33), HHZ5-SAL10-DT2-DT1 (9.33) and IR-6 
(9.67). Similar results have also been reported by Counce et al. (3), Akram et 
al. (1) and Sabouri et al. (15).  
 

Number of productive tillers 
 

The number of productive tillers also significantly differed among the 
genotypes which ranged from 7.67 to 12.67 per plant. The lines with more 
number of total tillers excelled in number of productive tillers per plant. 
Maximum productive tillers were produced by lines HHZ9DT7-SAL2-DT1 and 
HHZ5-Y3-SAL3-DT1 (12.67/plant each). Cultivar KS-133, line HHZ-11-Y-11-
Y3-DT1 HHZ9DT7-SAL2-DT1 and HHZ5-Y3-SAL3-DT1 remained statistically 
at par with one another. These results confirm the investigations of Julfiquar 
et al. (7), Counce et al. (3), Akram et al. (1) and Sabouri et al. (15). 
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Days to maturity 
 

Days to maturity showed same trend as was observed in case of days to 
heading. The early heading lines matured early and late heading lines 
matured late. The maturity period ranged from 137.33 to 148.33 days. 
Genotypes HHZ5-Y3-SAL3-DT1 and Weed Tolerant remained earlier in 
maturity (137.33 and 138.33 days) followed by JH-15-1-1-1 and HHZ9DT7-
SAL2-DT1 (139.33 days each). Variety IR-6 took 148.33 days to maturity and 
was late as compared to all other genotypes. KS-133, HHZ-11-Y-11-Y3-DT1, 
HHZ5-SAL10-DT2-DT1 and HUA 564 proved as medium with 143.33, 
141.67, 141.67 and 141.33 days to maturity, respectively. Variation in days to 
maturity in different genotypes have also been reported by Jongdee et al. (6), 
Lafitte et al. (9) and Sabouri et al. (15). 
 

1000-grain weight (g) 
 

Like other traits, 1000-grain weight also differed significantly in different rice 
lines which ranged from 16.26 to 28.13g. Maximum seed weight was 
recorded in line HUA564 (28.13g)  followed by line HHZ-11-Y-11-Y3-DT1 
(27.73g). Both lines were significantly better than rest of the genotypes. Line 
HHZ5-Y3-SAL3-DT1 showed less grain weight (16.26g) among all the 
genotypes.  Sabouri et al. (15) suggested that selection for grain weight, 
number of panicles per plant and panicle length, plant height by using their 
phenotypic and/or genotypic direct effects as economic traits may serve as 
an effective selection criterion for using either optimum or base index. 
Significant differences in 1000-grain weight in rice genotypes have been 
reported by earlier workers (1, 7, 11, 18, 19, 20) 
 

Paddy yield (t/ha) 
 

All genotypes produced variable grain yield ranging from 1.64 to 3.43 tons 
per hectare. Higher paddy yield (3.43 t/ha) was harvested from cultivar KS-
133 closely followed by lines HHZ-11-Y-11-Y3-DT1 (3.24 t/ha). It was 
interestingly noted that the highest as well as lowest paddy yields were 
produced by well adopted cultivars KS-133 and IR-6, respectively. Earlier 
scientists (3, 7, 8, 11, 15, 18, 19, 21) also reported significant variation in 
yield and other traits of rice genotypes grown under irrigated and rainfed 
conditions. 
 

CONCLUSION 
 

The study concludes that different genotypes performed differently under 
rainfed conditions for various plant traits. The lines with early flowering were 
found early in maturity thereby showing positive association between these 
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two traits. Similarly, the tallest plants produced long panicles while medium 
plant produced medium size panicle. It was further observed that genotypes 
with maximum total tillers produced maximum productive tillers and vice 
versa.  The grain yield was better in medium maturing lines coupled with 
medium panicle length and plant height. Similarly, none of the heavier and/or 
small seeded lines was found desirable for higher yield. The cultivars KS-133 
and line HHZ-11-Y-11-Y3-DT1 excelled in total as well as productive tillers, 
medium grain size, normal maturity period and ultimately produced higher 
grain yield. Both these genotypes performed well under drought stress 
conditions. The line HHZ-11-Y-11-Y3-DT1 may be further tested and utilized 
in rice hybridization programme for developing drought tolerant varieties.      

 
REFERENCES 

 
1. Akram, M., A. Rehman, M. Ahmad

 
and A. A. Cheema. 2007. Evaluation 

of rice hybrids for yield and yield components in three different 
environments. J. Anim. Pl. Sci. 17(3-4): 70-75. 

2. Anon. 2010. Agricultural Statistics of Pakistan, Ministry of Food, Agric. 
& Livestock (MINFAL), Govt. of Pakistan, Islamabad. 

3. Counce, P.A., T. J. Siebenmorgen, M. A. Poag, G.E. Holloway, M. 
F. Kocher and R. Lu. 1996. Panicle emergence of tiller types and grain 
yield of tillers order of direct-seeded rice cultivar. Field Crops Res. 47(2-
3): 235-242. 

4. Fukai, S. and M. Cooper. 1995. Development of drought resistant 
cultivars using physio-morphological traits in rice. Field Crops Res. 40 
:67-86.  

5. Fukai, S. and M. Cooper. 2001. Field screening for adaptability in 
drought prone rainfed low land rice. ACIAR experience in Thailand and 
Laos. Proc. Int. Workshop. Field Screening for Drought Tolerance in 
Crop Plants with Emphasis on Rice. 11-14 Dec, 2000. ICRISAT, 
Patancheru India: p. 82-91. 

6. Jongdee, B., G. Pantuwan, S. Fukai and K. Fischer. 2006. Improving 
drought tolerance in rainfed low land rice: an example from Thailand. 
Agril. Water Management, 80: 225-240. 

7. Julfiquar, A. W., S.S.Virmani and A.L.Carpina. 1985. Genetic 
divergence among some maintainer and restorer lines in relations to 
hybrids breeding in rice (Oryza sativa L.). Theoretical and Applied 
Genetics. 70 (6): 671-678.   

8. Lafarge, T. and C.S. Bueno. 2009. Higher crop performance of rice 
hybrids than elite inbreds in the tropics: 2. Does sink regulation, rather 
than sink size, play a major role? Field Crops Res. 10 (3):245-254. 



Genetic variability in rice  

J. Agric. Res., 2012, 50(3) 

319

9. Lafitte, H. R., A.H. Price and B. Courtois. 2004. Yield response to water 
deficit in an upland rice mapping population: association among trait 
and markers. Theor. Appl. Genet. 109: 1237-1246. 

10. Manickavelu, A., N. Nadarajan, S.K. Ganesh, R.P. Gnanamalar and R. 
C. Babu 2006. Drought tolerance in rice: morphological and molecular 
genetic Consideration. Pl. Growth Reg. 50:121-138. 

11. Miyagawa, S. and T. Kuroda. 1988. Variability of yield and yield 
components of rice in rain-fed paddy fields of northeast Thailand.  
Japan J. Crop Sci. 57 (3): 527-534. 

12. Oak, M. B., J. Tsubo, M. Fukai, S. Fisher, K.S Cooper and M.Nesbitt 
2006. Use of drought response index for identification of drought 
tolerant genotypes in rainfed lowland rice. Crop Sci. Res. 99(1):48-58. 

13. Pantuwan, G., S. Fukai, M Cooper, S. Rajatasereekul and J.C .O.Toole. 
2002. Yield response of rice (Oryza sativa L.) genotypes to different 
types of drought under rainfed lowlands: Part 1. Grain yield and yield 
components. Field Crops Res. 73(2-3):153-168. 

14. Richards, R.A. 1996. Defining selection criterion to improve yield under 
drought. Pl. Growth Reg. 20: 157-166.  

15. Sabouri, H., B. Rabiei and  M. Fazalalipour. 2008. Use of selection 
indices based on multivariate analysis for improving grain yield in rice. 
Rice Sci. 15 (4): 303-310. 

16. Salekdeh, G.H., J. Siopongco, L. J. Wade, B. Gareyazie and J. 
Bennett. 2002. Proteomics analysis of rice leaves during drought stress 
and recovery. J.Proeomics. 2(9):1131-1145. 

17. Steel, R.G.D., J.H. Torrie and D.A. Dickey. 1997. Principles and 
Procedures of Statistics. A Biometrical Approach. 3rd Ed. McGraw Hill 
Book Co., Inc., New York, USA. 

18. Xiao, J., J. Li, L. Yuan, S. R. McCouch and S. D. Tanksley. 1996. 
Genetic diversity and its relationship to hybrid performance and 
heterosis in rice as revealed by PCR-based markers. TAG. 92 (6): 637-
643. 

19. Zhang, Y., Q. Tang, Y. Zou, D. Li, J. Qin, S. Yang, L. Chen, B. Xia and 
S. Peng. 2009. Yield potential and radiation use efficiency of “Super” 
hybrid rice grown under subtropical conditions. Field Crops Res. 114(1): 
91-98. 

20. Zheng-jin. X.U., W. Chen, Z. Shun, S. Zhand, L. Liu and S. Zhpu. 2006. 
Distribution of rice grains on panicle axis and its relationship with seed-
setting ability in Liaoning, China. Agricultural Sciences in China. 5(3): 
202-208. 

21. Zhou, G.S., D.M. Jin and F.Z. Mei. 2007. Effect of drought on rice grain 
indices at booting stage. J. Huazhong Agric. Univ. 3: 219-222. 



M. Yaqoob et al.  

J. Agric. Res., 2012, 50(3) 

320

 
 



Genetic variability in rice  

J. Agric. Res., 2012, 50(3) 

165

 


