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Abstract

Water stress is the most critical abiotic stress which under declines the rice yield in rainfed and drought
prone environment. Majority of rice cultivated area in south Asia is under rainfed, where moisture stress
at any of the critical growth stage such as tillering, panicle initiation, heading, grain filling etc. causes
sharp decline in yield. Based on water stress resistance indices such as Stress tolerance level (STL), mean
productivity (MP), geometric mean productivity (GMP), yield index (Y1), yield stability index (YSI),
Stress tolerant efficiency (STI), stress susceptibility index (SSI), and stress tolerance index (STE), were
calculated grain yield per plant. Based on the water stress to resistant trait and their contribution to yield
in diverse group of genotypes, SSI, STE, and YSI are the stress indices which can evaluate the stress
resistance characters with precisions in a genotypes. The three genotype show high stability in grain yield
under the stress i.e., N-22, Sharbati, and Kasturi respectively, appeared relatively more tolerance to water
stress, with high yield performance in both stress and non-stress conditions.

Keywords: Water stress, drought tolerant efficiency, mean productivity, geometric mean productivity,
stress tolerant index, and yield

Introduction

Rice is a major cereal crop grown under the well-irrigated cropping system of South and
South-east Asia, with humidity 70-80 per cent and maximum temperatures near to critical
threshold ranging between 33 °C and 35 °C (Nakagawa, et al., 2002) 1. Water is a necessary
for seed germination, seedling growth, vegetative period of crop, flowering at translocation of
minerals and nutrition incorporate throughout the plants, from root to leaf and vice versa in the
plants (Kijne, 2006) [7]. Water stress is a major limiting factor for crop production and
estimated the 50% of the global rice production is affected by water deficit conditions (Wang
et al., 2003) [, The unequal distribution of precipitation make rice grower to depend on
irrigation. Plants are exposed to different type of abiotic (water stress, low and high
temperature, salt concentration, etc.) biotic (virus, bacteria, fungi, insect etc.) and environmental
as well as edaphic stresses that affects growth and development of plants and lead to change in
the gene expression and metabolism. In Asian continent approximately 130 million ha of rice
growing field are annually affected by water stress, therefore limited rice production
worldwide (Rahimi, et al., 2013; Nahakpam, 2017) [?* 2, India is the world’s second largest
producer of rice, and the largest exporter of basmati and non-basmati rice worldwide. In India,
rice is cultivated on 43.79 million hectares with a production of 112.91 million tons of milled
rice and yield of 2578 kg/hectare during 2017-2018 (Puppala, et al., 2021) %8, It is grown in
almost all the state of the country, but major rice producing states fall in the regions of middle
and lower gangetic plains and the coastal peninsular lowland. Global climate change affects a
variety of factors associated with water stress and extreme drought land area is likely to
increase from 1-35% by the year 2100 (Miao, et al., 2015 and Puppala et al., 2021) (2% 281,
Selection of the different rice genotypes under the water stress conditions is one of key task of
plant breeders for exploiting genetic variability to enhance stress tolerance ability in cultivar
(Khan et al., 2014) 1, Therefore, a major challenge faced by conventional breeding for stress
tolerance is the identification of reliable screening methods and effective selection criteria to
facilitate the detection of water stress tolerant plants. Numerous screening methods and
selection criteria have been proposed by many researchers, but limited methods were reported
for screening of water stress tolerant genotypes in rice crop.
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Rosielle and Hamblin (1981) 2% defined stress tolerance
(TOL) as the differences in yield between the well irrigated
and water stress environments and mean productivity (MP) as
the average yield of these two environments. They reported a
positive correlation between mean productivity (MP) and
yield under stress environment (Ys), therefore selection based
on MP could improve average yield under both water stress
and irrigated environments. Several studies also showed a
high and positive correlation between MP and Ys (Sanjeri,
1998; Ghagar Sepanlo et al., 2000; Nouri et al., 2011) [32.9. 28],
Several screening methods and selection criteria have been
proposed by many researchers like stress susceptibility index
(SSI) (Fischer and Maurer, 1978) [, stress tolerance index
(STI) (Fernandez, 1992) ™, Geometric mean productivity
(GMP) (Ramirez and Kelly, 1998) B and yield index
(Gavuzzi, et al., 1997)  another index which is often used by
breeders interested in relative performance. For instance, SSl,
STI and GMP were establish to be the most efficient methods
for selecting water stress tolerant and high yielding genotypes
of rice (Adhikari et al., 2019; Garg et al 2017) [ €1 maize
(Khodarahmpour et al., 2011) ¢! and wheat (Khan et al.,
2014) 4. A positive and significant correlation of GMP and
grain yield under both controlled and water stress
environment, suggested that this index is more applicable and
efficient for selection of parent material in producing rice
hybrids tolerant to water stress & high temperatures and high
yielding under both environments. GMP in combination with
SSI was found a desirable criterion for selecting improved
drought resistant common bean genotype (Ramirez and Kelly,
1998) *11 in another study, Moghaddam and Hadizadeh (2000)
221 found STI more applicable than SSI for selection of
various genotypes tolerant to stress. Combination of different
stress indices was observed in different crops.

Therefore, to ease the selection or development of rice variety
for water stress conditions, a thorough understanding of the
different stress indices characters that govern the yield of rice,
is a prerequisite. In the present study, we tried to assess the
various morphological, physiological and biochemical
changes taking place in selected rice genotypes under water
stress and irrigated control conditions.

Materials and Methods

A total of 12 genotypes used under this study, consisting two
check variety Nagina-22 and IR-64 were tested under the both
well irrigated (control) and water stress (treatments)
environments with three replication in rainout shelters at
experimental field, Department of Agriculture Biotechnology,
College of Agriculture SVPUA&T, Modipurum, Meerut
(U.P.) during Kharif session 2020 and 2021. The field
experiment was conducted in Randomized Block Design
(RBD). There were two conditions, well irrigated and water
stress. The controlled experiment was measured to be a
favorable condition so that plots were watered at planting,
tillering, panicle initiation, anthesis and grain filling stages,
but water stress experiment were not irrigated at time of
panicle initiation. Grain yield (gm) per plant for each
genotypes at two environment were recorded (Yp non-stress-
irrigated and Ys water stress), and subjected to calculate
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drought selection indices. The water stress tolerance indices
were calculated using the following formulas:

1. Stress Tolerance Level

STL = Yp-Ys (Rosielle and Hamblin 1981) %3
2. Mean Productivity

MP = Yp + Ys/ 2 (Hossain et al., 1990) [

3. Geometric Mean Productivity

GMP = /Yp x Y's (Fernandez. 1992) [“]

4. Yield Index

Y1 =Ys/Ys (Gavuzzi et al.,. 1997) [®

5. Yield Stability Index

YSI = Ys/Yp (Bouslama and Schapaugh, 1984) (21
6. Stress Tolerance Index

STI=(Ys) (Yp)/ (Yp)? (Fernandez, 1992) 4

7. Stress Susceptibility Index

SSI = L-X5YP (Fischer and Maurer 1978) 1
1-Ys/Yp

Where,

Y is the yield of genotypes under water stress condition,

Yp is the yield of genotypes under well irrigated environment,
Ys and Yp are the mean yields of all genotypes under water
stress and control environmental conditions, respectively, and
1- (Ys/ Yp) is the stress intensity.

8. Stress Tolerance efficiency

STE = 2T S5 10 (Fischer and wood, 1981) &)
Yield of control

Statistical analyses

The data obtained were analyzed using statistical software OP

STAT, and Statistical Tool XLSTAT used for Life science

Research and preparation of and Agglomerative Hierarchical

Clustering based on average taxonomic distance for Yp, Ys

and eight resistance indices.

Result and Discussion

Drought Indices

Different drought indices probably measure similar aspect of
drought tolerance/resistance. Results obtained on mean yields
of all genotypes evaluated under stress and irrigated
conditions illustrated in Mean Table 1.
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Table 1: Mean performance of twelve genotype of rice for eight water stress tolerance indices characters under control (Yp) and water stress
(Ys) environment

Genotypes Yp YS STL MP GMP Yl YSI STI SSI STE
Ranbir Basmati 18.05 12.48 5.57 15.26 15.01 0.89 0.69 0.54 0.98 69.12
Kasturi 21.24 15.84 5.40 18.54 18.34 1.13 0.75 0.80 0.81 74.60
Basmati Csr-30 19.44 13.76 5.68 16.60 16.36 0.98 0.71 0.64 0.93 70.79
Pusa Basmati-1 20.55 12.12 8.43 16.34 15.78 0.86 0.59 0.59 1.31 58.98
Vallabh Basmati-24 20.83 14.75 6.08 17.79 17.53 1.05 0.71 0.73 0.93 70.82
Punjab Basmati-4 19.41 14.34 5.07 16.88 16.68 1.02 0.74 0.66 0.83 73.87
Pant Basmati-1 22.49 15.13 7.36 18.81 18.45 1.08 0.67 0.81 1.04 67.26
Pusa Basmati-1121 23.42 16.26 7.17 19.84 19.51 1.16 0.69 0.91 0.98 69.41
Vallabh Basmati-23 20.12 11.68 8.44 15.90 15.33 0.83 0.58 0.56 1.34 58.04
Sharbati 21.16 15.83 5.32 18.49 18.30 1.13 0.75 0.80 0.80 74.84

Ir-64 21.11 11.92 9.19 16.52 15.86 0.85 0.56 0.60 1.39 56.48
Nagina-22 18.01 14.64 3.36 16.32 16.24 1.04 0.81 0.63 0.60 81.33
Mean 20.49 14.06 6.42 17.27 16.95 1.00 0.69 0.69 0.99 68.79
Std. Deviation +1.614 | +1.646 | +#1.706 | +1.389 | +1.440 | #0.117 | +0.076 | +0.118 | +0.241 | +7.552
Max 23.42 16.26 9.19 19.84 19.51 1.16 0.81 0.91 1.39 81.33

Min 18.01 11.68 3.36 15.26 15.01 0.83 0.56 0.54 0.60 56.48

Yp and Ys are the mean value of grain yield per plant produced under the control and water stress environment.

Stress tolerance level (STL)

The mean values for stress tolerance level (STL) ranged from
3.36 in Nagina-22 to 9.19 in IR-64. The average value
recorded for these traits were 6.42. The genotypes with low
values of stress tolerance level (STL) indices are more stable
in two different environments and suitable for the screening
of breeding materials for water stress tolerance. Significant
variability were found amongst the genotypes for tolerance
(STL) to water stress Punjab Basmati-4, Sharbati, Kasturi and
Basmati-CSR-30 exhibited the lower STL values and
indicating the suitable for water stress environment (Table-1).
Whereas rice Genotypes IR-64, Vallabh Basmati -23, Pant
basmati-1 and Pusa Basmati-1 showed higher tolerance values
representing susceptibity for the water stress conditions.
Similar results were recorded by several workers for
Selections based on these indices (Pantuwan et al., 2002, Ouk
et al., 2006 and Sio-Se Mardeh et al., 2006). [34 27201

Mean Productivity (MP)

The values of mean productivity (MP) ranged from 15.26 in
Ranbir Basmati to 19.84 in Pusa Basmati-1121. The average
value recorded for these traits were 17.27. The genotypes with
high values of MP are more stable in both controlled and
environments water stress for suitable the screening of
breeding materials for development of tolerance varieties.
Significant variability were found amongst the genotypes for
productivity (MP) to water stress, namely Pant Basmati-1,
Kasturi, and Sharbati exhibited the higher MP values and
indicating the suitable for water stress environment (Table-1).
Whereas rice Genotypes Vallabh Basmati -23, Nagina-22 and
Pusa Basmati-1 lower stress tolerance values represent not
suitability for the water stress conditions. Similar results were
recorded by several workers for Selections based on these
indices (Pantuwan et al., 2002, Ouk et al., 2006 and Sio-Se
Mardeh et al., 2006) [3427. 201,

Geometric Mean Productivity (GMP)

The values of geometric mean productivity (GMP) ranged
from 15.01 in Ranbir Basmati to 19.51 in Pusa Basmati-1121.
The average value recorded for geometric mean productivity
was 16.95. The genotypes with high values of geometric
mean productivity indices are more suitable for the selection
of genotypes and helpful to development of water stress

tolerant verities. Significant variability were found amongst
the genotypes for geometric mean productivity to water stress,
namely Pusa Basmati-1121, Pant Basmati-1, Kasturi, and
Sharbati exhibited the higher GMP values and indicating the
suitable for water stress environment (Table-1). Whereas rice
Genotypes Ranbir Basmati, Vallabh Basmati -23, and Pusa
Basmati-1 lower geometric mean productivity values
represent not suitability for the water stress conditions.
Similar results were recorded by several workers for
Selections based on these indices (Pantuwan et al., 2002, Ouk
et al., 2006 and Sio-Se Mardeh et al., 2006) (34 27.20],

Yield Index (Y1)

The yield index value ranged from 0.83 in Vallabh Basmati-
23 to 1.16 in Pusa Basmati-1121. The average value of yield
index recorded was 1.00. The genotype with high values of
Yield index (Y1) found suitable for drought condition. The
genotype had >1.00 value considered tolerant while, the
genotypes having <1.00 value denoted as susceptible one
(Table-1). The genotypes Kasturi, Sharbati, Vallabh Basmati-
23, and Nagina-22 showing higher values as in case of STI
cross testing the genotypes suitable for water stress prone
area. Similarly lower values of YI were noted in the
genotypes exhibited susceptibility to moisture stress and all
other genotypes were intermediate and very similar result in
previous literature (Garg & Bhattacharya, 2017; Khan et al.,
2014) 6. 24,

Yield Stability Index (YSI)

The yield stress index ranged from 0.56 in IR-64 to 0.81 in
Nagina-22. The average value recorded for these traits were
0.69. The genotypes with high YSI values can be regarded as
stable genotypes under stress and non-stress conditions (Table
-1). Significant differences were found amongst the genotypes
for YSI and as in case of YSI the genotype Nagina-22,
Kasturi and closely followed Sharbati, Punjab Basmati-4 had
the highest YSI exhibited stability to stress while, lower
values exhibited to suceptability under water stress and all
other genotypes were intermediate in nature. Similar findings
on these indices were carried out by many authors (Garrity
and O’Toole 1995, Pantuwan et al., 2002, Ouk et al., 2006,
Sio-Se Mardeh et al., 2006, Kumar et al., 2008 and Raman et
a|_’ 2012) [7,34 27, 20, 18, 31].
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Stress tolerance index (ST1)

The mean values for stress tolerance index ranged from 0.54
in Ranbir Basmati to 0.91 in Pusa Basmati-1121. The average
value recorded for stress tolerance was 0.69. Stress tolerance
index varied significantly and genotype with high values
indicated the tolerance to drought condition. Genotypes Pant
Basmati-1, Kasturi, Sharbati, with high STI values indicating
the resistance towards the water stress environment (Table 1).
Earlier researchers show the similar results (Garg &
Bhattacharya, 2017; Khan et al., 2014) (614,

Stress susceptibility index (SSI)

Ys and Yp are the mean yield of genotypes under water stress
and controlled environment conditions and the genotypes with
lowest value of SSI are more resistant to water stress
environment conditions. The mean values for stress
susceptibility index ranged from 0.60 in Nagina-22 to 1.39 in
IR-64. The average value recorded for these traits were 0.99.
Result indicated that the genotype Nagina-22 had the lowest
SSI followed by Sharbati and Kasturi, Punjab Basmati-4
exhibited resistance to water stress while, genotypes IR 64
followed by Vallabh Basmati-23 and Pusa basmati-1, Pant
Basmati-1 exhibited susceptibility and all other genotypes
were intermediate in nature. The similar findings were also
observed in rice by Khan et al., 2014; Chattopadhyay et al.,
2021241,

8 Stress Tolerant Efficiency (STE)

The mean values of Stress tolerant efficiency (STE) ranged
from 56.48 in IR 64 to 81.33 in Nagina-22. The average value
recorded for these traits were 68.79. The genotypes with high
values of STE indices are more suitable for water stress in
environments and make to ease the screening the genotype for
water stress tolerance. Significant variability were found
amongst the genotypes for tolerance to water stress, Sharbati,
Kasturi, and Punjab Basmati-4 exhibited the higher STE
values and indicating the suitable for water stress environment
(Table-1). Whereas rice Genotypes IR-64, Vallabh Basmati-
23, Pusa basmati-1 and Pant Basmati-1 lower value of STE
and representing non suitability for the water stress
conditions. Fischer and Wood (1981) [6] estimated Stress
tolerance efficiency (STE) as a measure of Stress resistance
mechanisms that determines the consistency of evaluated
genotypes in response to water stress of different severity,
timing and duration and thus may be helpful in identifying
genotypes that possess Stress tolerance capability in rain-fed
lowland ecosystem of rice. More of less similar results were
recorded by several workers for Selections based on these
indices (Pantuwan et al., 2002, Ouk et al., 2006 and Sio-Se
Mardeh et al., 2006; Raman et al., 2012). [34.27.20.31],

Conclusion

Water stress at reproductive growth stage significantly
reduced yield in all rice genotypes. The degree of difference
responses of genotypes to imposed water stress condition
indicated the drought tolerance ability of some of the rice
genotypes. Study indicated that selection based on water
stress indices will result in the identification of genotypes
with significantly higher performance under moderate to
severe drought on the cost of slightly lower yield under
normal irrigated condition. Based on drought tolerance
indices, such as, SSI, YSI and STE, one of the promising high
yield stability genotypes, namely, Sharbati and Kasturi

https://www.thepharmajournal.com

appeared relatively more tolerance to water stress, with high
stability of yield performance in both stress and non-stress
conditions along with well-known drought tolerant Nagina-22
genotype.

Acknowledgement

The first would like to thank to ICAR for providing me
ICAR-SRF fellowship during his Ph. D study and thanks to
institution for providing all inputs for completing the trials.
The authors gratefully acknowledge the BEDF, Modipurum
U.P., and India providing the seed of rice genotype used in the
study.

Conflicts of interest: The author(s) declare that they have no
competing interests.

Reference

1. Adhikari M, Adhikari NR, Sharma S, Gairhe J, Bhandari
RR, Paudel S, Evaluation of drought tolerant rice
cultivars using drought tolerant indices under water stress
and irrigated condition. American Journal of Climate
Change. 2019;8(02): 228.

2. Bouslama M, Schapaugh Jr, WT. Stress tolerance in
soybeans. I. Evaluation of three screening techniques for
heat and drought tolerance 1. Crop science. 1984;24(5):
933-937.

3. Chattopadhyay, K, Mohanty SK, Vijayan J, Marndi BC,
Sarkar A, Molla KA, Sarkar RK, Genetic dissection of
component traits for salinity tolerance at reproductive
stage in rice. Plant Molecular Biology
Reporter. 2021;39(2):386-402.

4. Fernandez George CJ, Effective selection criteria for
assessing stress tolerance. In ed. Kuo CG Proceedings of
the International Symposium onadaptation of vegetables
and other food crops in temperature and water stress.
Asian vegetable research and Development Center;
€1992,257-270.

5. Fischer RA, Maurer R, Drought resistance in spring
wheat cultivars. 1. Grain yield responses. Australian
Journal of Agricultural Research. 1978;29(5): 897-912.

6. Garg HS, Bhattacharya C, Drought tolerance indices for
screening some of rice genotypes IJABR. 2017;7(4):671-
674.

7. Garrity DP, O Toole, JC Selection for reproductive stage
drought  avoidance in  rice, using infrared
thermometry. Agronomy Journal, 1995;87(4):773-779.

8. Gavuzzi P, Rizza F, Palumbo M, Campanile RG,
Ricciardi GL, Borghi B, Evaluation of field and
laboratory predictors of drought and heat tolerance in
winter cereals. Canadian Journal of Plant Science.
1997;77(4): 523-531.

9. Ghagar Sepanlo M, Siyadat H, Mirlatifi M, Mirnia SK,
Effect of Cutting of Irrigation in Different Growth Sages
on Yield and Water Use Efficiency and Comparison
Some Drought Tolerance [Downloaded from jast.
modares. ac. ir on 2022-04-16] Indices in Four Wheat
(Triticum  aestivum  L.)  varieties. Soil ~ Water.
J. 2000;12(10): 64-75.

10. Hamblin J, Stefanova K, Angessa TT. Variation in
chlorophyll content per unit leaf area in spring wheat and
implications for selection in segregating material. plos
One. 2014;9(3):92529.

11. Hossain ABS, Sears RG, Cox TS, Paulsen GM,

~ 2084 ™


https://www.thepharmajournal.com/

The Pharma Innovation Journal

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Desiccation tolerance and its relationship to assimilate
partitioning in winter wheat. Crop
Science. 1990;30(3):622-627.

Kabanova SN, Chaika MT. Correlation analysis of
triticale  morphology, chlorophyll  content and
productivity. Journal of Agronomy and Crop Science.
2001;186(4):281-285.

Karademir C, Karademir E, Ekinci R, Gencer O,
Correlations and path coefficient analysis between leaf
chlorophyll content, yield and yield components in cotton
(Gossypium  hirsutum L.) under drought stress
conditions. Notulae Botanicae Horti Agrobotanici Cluj-
Napoca. 2009;37(2):241-244.

Khan AA, Kabir MR. Evaluation of spring wheat
genotypes (Triticum aestivum L.) for heat stress tolerance
using different stress tolerance indices. Cercet Agron
Mold. 2014;160:49-63.

Khayatnezhad M, Gholamin R. The effect of drought
stress on leaf chlorophyll content and stress resistance in
maize cultivars (Zea mays). African Journal of
Microbiology Research. 2012;6(12):2844-2848.
Khodarahmpour Z, Choukan R, Bihamta MR, MAJIDI
HE. Determination of the best heat stress tolerance
indices in maize (Zea mays L.) inbred lines and hybrids
under Khuzestan province conditions; c2011.

Kijne JW. Abiotic stress and water scarcity: identifying
and resolving conflicts from plant level to global
level. Field Crops Research. 2006;97(1):3-18.

Kumar A, Bernier J, Verulkar S, Lafitte HR, Atlin GN.
Breeding for drought tolerance: direct selection for yield,
response to selection and use of drought-tolerant donors
in upland and lowland-adapted populations. Field Crops
Research. 2008;107(3):221-231.

Manivannan P, Jaleel CA, Sankar B, Kishorekumar A,
Somasundaram R, Lakshmanan GA, Panneerselvam R,
Growth,  biochemical modifications and proline
metabolism in Helianthus annuus L. as induced by
drought stress. Colloids and Surfaces B
Biointerfaces. 2007;59(2):141-149.

Mardeh ASS, Ahmadi A, Poustini K, Mohammadi V,
Evaluation of drought resistance indices under various
environmental conditions. Field Crops Research.
2006;98(2-3):222-229.

Miao L, Ye P, He B, Chen L, Cui X. Future climate
impact on the desertification in the dry land Asia using
AVHRR GIMMS NDVI3g data. Remote Sensing.
2015;7(4):3863-3877.

Moghadam A, Hadizadeh MH. Study use of compression
stress in drought stress tolerance varieties selection in
maize (Zea mays L.). J Crop Science. 2000;2(3):25-38.
Nahakpam S, Chlorophyll stability: a better trait for grain
yield in rice under drought. Indian Journal of
Ecology. 2017;44(4):77.

Nakagawa H, Horie T, Matsui T. Effects of climate
change on rice production and adaptive technologies.
In Rice science: innovations and impact for livelihood.
Proceedings of the International Rice Research
Conference, Beijing, China. International Rice Research
Institute (IRRI); c2002-2003 Sept 16-19. p. 635-658.
Nikolaeva MK, Maevskaya SN, Shugaev AG, Bukhov N
G. Effect of drought on chlorophyll content and
antioxidant enzyme activities in leaves of three wheat
cultivars varying in productivity. Russian Journal of Plant

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

~2085 7™

https://www.thepharmajournal.com

Physiology. 2010;57(1):87-95.

Nouri A, Etminan A, Teixeira da Silva JA, Mohammadi
R. Assessment of yield, yield-related traits and drought
tolerance of durum wheat genotypes (Triticum turanicum
var. durum Desf.). Australian Journal of Crop Science.
2011;5(1):8-16.

Ouk M, Basnayake J, Tsubo M, Fukai S, Fischer KS,
Cooper M, et al. Use of drought response index for
identification of drought tolerant genotypes in rainfed
lowland rice. Field Crops Research. 2006;99(1):48-58.
Puppala M, Kumar A, Shankar DG, Sahrudi G. Field
efficacy of certain insecticide molecules against yellow
stem borer, Scirpophaga incertulas (Walker) in rice at
Prayagraj UP; c2021.

Rahimi M, Dehghani H, Rabiei B, Tarang AR.
Evaluation of rice segregating population based on
drought tolerance criteria and biplot

analysis. International journal of agriculture and crop
sciences. 2013;5(3):194.

Raman A, Verulkar S, Mandal N, Variar M, Shukla V,
Dwivedi J, et al. Drought yield index to select high
yielding rice lines under different drought stress
severities. Rice. 2012;5(1):1-12.

Ramirez-Vallejo P, Kelly JD. Traits related to drought
resistance in common bean. Euphytica. 1998;99(2);127-
136.

Sanjeri AG. Evaluation Drought Stress tolerance
Resources and Wheat (Triticum aestivum L.) Lines and
Varieties Yield Stability in Semi Drought Region of
Country. InThe 5th Crop Production and Breeding
Congress; ¢1998. p. 244-243.

Rosielle AA, Hamblin J. Theoretical aspects of selection
for yield in stress and non-stress environment 1. Crop
science. 1981;21(6):943-946.

Pantuwan G, Fukai S, Cooper M, Rajatasereekul S,
O’Toole JC. 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 Research. 2002 Jan 1;73(2-3):153-68.

Wang W, Vinocur B, Altman A. Plant responses to
drought, salinity and extreme temperatures: towards
genetic engineering for stress tolerance. Planta. 2003
Nov;218(1):1-4.

Nakamura M, Wood BJ, Hou PY, Wise H. Fischer-
Tropsch synthesis with iron-cobalt alloy catalysts.
InStudies in Surface Science and Catalysis. Elsevier.
1981 Jan 1;7:432-446.


https://www.thepharmajournal.com/

