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Introduction 
Drought stress at either vegetative or reproductive stages of plant growth is the 
major constraint to rice production and yield stability in the rainfed upland regions 
[1]. Most of the farmers, in India usually grow local varieties in upland rice under 
diverse agro climatic conditions. Even though these varieties are well adapted to 
the local conditions, they are poor yielders. Therefore, stable genotypes which 
perform better under stress as well as under favorable condition are desirable in 
target environment for sustainable rice production. Short duration varieties with 
tolerance to drought suit drought prone upland ecology.  
The direct selection parameters help us in developing suitable selection strategy 
for enhancing the effectiveness and efficiency of selection in improving plant 
characters. The literature pertaining to assessment and comparison of direct and 
indirect selection parameters in rice drought condition is meager. Most of the 
earlier reports in respect of above aspects in rice are based on studies involving 
either irrigated or drought environments so such studies fail to provide finer 
understanding and comparison of genetic parameters in relation to water stress 
and stress-free conditions. Moreover, the results of the earlier studies on such 
aspects are relevant only for materials and environments involved in particular 
study and cannot be generalized. The results of character association studies in 
rice by earlier workers have been found to be non-consistent varying with the 
materials and environment used [2 & 3]. Further probe in this respect in rice might 
prove useful due to non-consistent findings reported earlier. Therefore, studies on 
above aspects in rice, involving genetic stocks and environments in question, are 
essential for obtaining information required for planning and execution of a 

 
successful breeding programme aimed at development of superior varieties for 
irrigated and drought prone environments. 
 
Materials and Methods 
The present investigation was carried out in wet season at the Instructional Farm 
of Department of Crop Physiology, N. D. University of Agriculture & Technology 
Kumarganj (Faizabad), U.P., India. The genotypes of upland rice from different 
geographical regions were screened for reproductive stage drought tolerance. The 
genotypes were seeded and seedling establishment was done in dry beds and 
transplanting was done 21 days after seeding. Each genotype was transplanted in 
Randomized Block Design with three replications in a 5 m length row. Row 
spacing was 20 x 15 cm and one seedling per hill was used. Recommended 
agronomic practices were followed. Pesticides and bird nets were used to protect 
the plants against pests. All other crop management practices were at the 
optimum level.   
 
Management of water stress 
The experiments were conducted with well-defined protocol for water 
management under natural field conditions during wet season in both the years.  
 
Irrigated (NS): The experimental field was left uncovered to receive natural 
rainfall. In addition to this, experimental plots were irrigated using well laid 
channels for supplying tube well water, as and when required, to maintain 
appropriate moisture levels as recommended for irrigated rice.  
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Abstract- The present investigation, attempt has been made to combine different type of germplasm in order to identifying the physiolog ical basis of genetic variation in 
drought tolerance. The High estimates of PCV and GCV were observed for sterile grains per panicle, root dry weight, root volume, root length and fertile grains per 
panicle under both the conditions High estimates of heritability and genetic advance were recorded for water potential, ferti le grains panicle-1, sterile grains panicle-1, 
straw yield, total biomass at flowering, total biomass at maturity, ACR, root length, root volume and grain yield under both the conditions. Thus, selection practiced for 
these characters in plant materials under study may be expected to be highly fruitful for isolating h igh yielding genotypes for irrigated/drought environments. The other 
traits would be unreliable indices for improvement through selection due to existence of low to moderate transmissibility alo ng with low variability. None of the morpho-
physiological traits appeared as strong associates of grain yield in irrigated control condition, whereas four traits, namely, straw yield, pan icle length, total biomass at 
maturity and total biomass at flowering were found to be strong associates of grain yield in water st ress condition. In overall consideration, soluble sugar upper root and 
starch at re-watering in control condition and starch in leaf, starch at re-watering and chlorophyll a in stress condition emerged as most important direct yield 
components owing to their high order positive direct effects at phenotypic as well as genotypic level. 
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Reproductive stage drought stress (RSS): The experiment field was covered by 
constructing temporary rainout shelter at a height of 10-12 feet using polythene 
sheets to exclude any possibility of natural rainfall falling in the experimental plots 
with proper drainage channel. Care was taken to check the inflow or seepage of 
water from the adjoining areas by making adequate bunds around the experiment 
and covered with polythene in drought condition. The heading stage drought was 
created by withholding the irrigation for 15 days up to 80 K Pa at 0-15 cm soil 
profile and 60 K Pa at 30 cm soil depth. Plants were exposed for two weeks (60-
80 KPa.). Soil moisture content (SMC) during stress period was monitored through 
periodical soil sampling at 0-15, 15-30 cm soil depth. Drought was released by 
irrigation. Recovery was measured at 10th days after released of drought. 
Genotypes were scored for leaf rolling and leaf drying at the peak stress period 
using the IRRI Standard Evaluation System [4]. 
 
Observation and evaluation 
Observations were recorded on five competitive plants of the middle row of each 
plot for yield and 18 biochemical traits. The physiological characters estimated by 
formula given for membrane thermostability index (%) [5], apparent translocation 
rate (ATR) [6] and apparent contribution rate (ACR) [7]. The data were analyzed 
by appropriate statistical analysis using CropStat 7.2 [8] programme. The genetic 
parameters, correlation coefficients and path coefficient at genotypic and 
phenotypic levels were computed following [9]. 
 
Results and discussion 
Genetic Variability  
The higher the amount of genetic variation present for a character in the breeding 
populations, greater is the scope for its improvement through selection. The 
phenotypic (PCV) and genotypic (GCV) coefficients of variation estimated to 
assess the existing variability under control and drought conditions are presented 
in [Table-1]. In general, the phenotypic coefficient of variation was higher than 
genotypic coefficient of variation for all the characters, which indicated that 
environment had considerable influence in the expression of these traits. The 
physio-morphological traits, high estimates of PCV and GCV were observed for 
sterile grains per panicle, followed by root dry weight, root volume, root length and 
fertile grains panicle-1 under control condition. In case of drought condition, high 
values of PCV and GCV were observed in root volume followed by root dry weight, 
root length, fertile grains panicle-1, ATR, sterile grains panicle-1, grain yield, ACR, 
water potential, straw yield and total biomass at maturity. The existence of high 
PCV and GCV estimates for the physio-morphological traits in control and drought 
condition indicated greater possibility of their improvement through selection in 
respective environments. Pandey and Awasthi [10] reported high genetic 
variability in 21 genotypes of aromatic rice. Faye [11] reported that weight of 1000 
grains ranged from 13.1 to 39.0 g in the germplasm collections while 47 improved 
cultivars had a 1000-grain weight of 21.9 to 39.0 g. 
The parameter, genetic advance in per cent of mean is a more reliable index for 
understanding the effectiveness of selection in improving the traits because its 
estimate is derived by the involvement of heritability, phenotypic standard 
deviation and intensity of selection. Thus, heritability and genetic advance in per 
cent of mean, in combination, provide clear picture regarding the effectiveness of 
selection for improving the plant characters. The physio-morphological traits under 
control condition, high estimates of heritability and genetic advance were recorded 
for water potential, fertile grains panicle-1, sterile grains panicle-1, straw yield, total 
biomass at flowering, total biomass at maturity, ACR, root length, root volume and 
grain yield. Under drought condition high estimates of heritability and genetic 
advance were recorded for water potential, panicle length, fertile grains panicle -1, 
sterile grainspanicle-1, straw yield, total biomass at flowering, total biomass at 
maturity, ATR, ACR, membrane thermo stability, root length, root volume, root dry 
weight and grain yield, which represents ideal situation for obtaining very high 
response through selection. High values of h2 and Ga for grains panicle-1 was also 
recorded [12].  
 
Correlation coefficients 
In the present study, genotypic correlation coefficients between different character 

pairs were generally similar in sign and nature to the corresponding phenotypic 
correlation coefficients. However, genotypic correlations were higher in magnitude 
than respective phenotypic correlations between various characters. Similar 
observations in rice have also been reported [13]. None of the physio-
morphological characters exhibited strong positive association at genotypic and 
phenotypic level in control condition. Sterile grains panicle-1 resulted into negative 
and significant association condition. In drought condition, straw yield, panicle 
length, total biomass at maturity and total biomass at flowering emerged with 
positive and highly significant phenotypic correlations along with high order 
positive genotypic correlations with grain yield plant-1. The above results indicated 
that none of the morpho-physiological traits appeared as strong associates of 
grain yield in irrigated control condition, whereas four traits, namely, straw yield, 
panicle length, total biomass at maturity and total biomass at flowering were found 
to be strong associates of grain yield in water stress condition. The strong 
negative associations at phenotypic as well as phenotypic level of sterile grains 
per panicle in both conditions and membrane thermo stability in stress condition 
were recorded. The above observation appears logical as increase in the number 
of sterile grains are likely to reduce yield, while increasing membrane 
thermostability may have negative effect on yield only under water stress 
condition.  
Strong positive association at genotypic and phenotypic level was also observed 
between RWC and EBT, water potential & total biomass at maturity, plant height 
and fertile grains per panicle and straw yield and panicle length in irrigated 
condition. In stress condition, straw yield showed strong positive association with 
RWC, panicle length, harvest-index total biomass at maturity and total biomass at 
flowering. While total biomass at flowering had positive association with total 
biomass at maturity and panicle length. Positive association of membrane thermo 
stability with sterile grains per panicle and root volume was observed in stress 
condition. Thus, number of physio-morphological character pairs exhibited strong 
positive association in control condition, while in stress condition; thirteen 
character pairs had strong positive association at phenotypic as well as genotypic 
level. The numbers of characters pairs exhibiting strong negative association at 
both levels in control and stress condition were two and eleven, respectively. The 
above discussion emphatically underlines the existence of markedly high number 
of strong positive or negative associations in drought stress than control condition. 
It is interesting to note that water stress resulted into negative associations among 
physio- morphological characters and yield in stress condition than the control 
condition. In the present study, it appeared that drought condition brought 
increase in degree of character associations as compared to irrigated condition 
with similar nature between different characters at both the levels. However, the 
genotypic correlations were slightly greater in magnitude than their corresponding 
phenotypic correlations. Similar results have also been reported in rice [14].  
Grain yield exhibited significant and positive correlation with plant height, panicle 
length, panicle weight and panicles per plant at genotypic as well as phenotypic 
level. Positive relationship of grain yield with productive tillers, filled grain number 
per panicle 1000-grain weight and harvest index was reported [15]. Leaf RWC was 
negatively correlated with leaf rolling and days to heading under stress. Leaf 
during scores had negative correlations with yield and harvest index under stress 
biomass under stress was positively correlated with yield, spikelet fertility, 
numbers of grains per panicle were positively correlated with relative yield under 
stress [16]. These correlations between plant water status indicators and plant 
phenology and production traits under stress in this study confirmed the earlier 
reports in rice [17].  
 
Path Coefficient analysis 
In present study, water potential, straw yield and root volume in control condition 
emerged as most important direct contributors of grain yield owing the their high 
order positive direct effects on grain yield at phenotypic as well as genotypic 
levels. In addition to these, plant height, harvest-index at phenotypic level and 
RWC, sterile grains per panicle, ear bearing tillers, total biomass at flowering, ATR 
and root length at genotypic level extended high order positive direct effects on 
grain yield in irrigated condition to appear as direct components of secondary 
importance. Similarly, total biomass at re-watering and ACR at phenotypic level 
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were identified as direct contributors of secondary importance. Plant height, fertile 
grains per panicle, test weight, total biomass at re-watering and root dry weight via 
water potential; panicle length via straw yield, straw yield and ATR via root dry 
weight exerted substantial positive indirect effects on grain yield at phenotypic and 
genotypic levels to appear as important indirect contributors through different 
characters in the control condition. In stress condition, straw yield, harvest index, 
total biomass at maturity and total biomass at flowering appeared most important 
indirect components of grain yield due to their high order positive indirect effects at 
phenotypic or genotypic levels through more than one character.  
The estimates of direct and indirect effects of several of physio-morphological 
traits at genotypic and phenotypic levels in stress condition were strikingly 
different in sign and magnitude than the corresponding estimates in control 
condition. The identify characters exhibiting high estimates of direct and indirect 
effects in either negative or positive direction at phenotypic and genotypic levels 
was vastly different in the control and stress (drought) condition. This indicated 
that expression of grain yield requires different balance physio-morphological traits 
in drought stress condition than the normal control conditions. Therefore, for 
devising the selection criteria or index for evolving high yielding genotypes for 
drought stress environments, the inter-relationships and path effects existing in 
the stress condition should be given due consideration. 
 
Conclusion  
In the present investigation, it was concluded that heterotic hybrids can be 
developed from the CMS and restorers lines possessing semi-dwarf plant height 
and high performance for spikelet fertility percentage, ear bearing tillers plant -1, 
yield plant-1, biological yield, harvest index and test weight. These traits are also 
major yield contributing traits and are often associated with each other. Therefore, 
these traits should be taken in to consideration either simultaneously or alone for 
selecting the high yielding genotypes of rice. 
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Table-1 Estimates of range, grand mean, phenotypic (PCV) and genotypic (GCV) coefficients of variation, heritability in broad sense (h2) and genetic advance in per cent of 
mean (Ga) for 19 characters in rice germplasm under irrigated (E1) and drought (E2) conditions 

S 
N. 

Characters 
Environments 

Mean Range 
Coefficient of Variation Heritability 

h2 (b) 
GA in per cent 

of mean GCV PCV 

1. 
Plant Height (PH) Irrigated 88.19SEm±4.19 70-110 12.71 15.14 70.50 21.97 

Drought 78.47SEm±3.74 64-97 11.41 14.08 65.60 19.03 

2. 
Water Potential (WP) Irrigated 192.57SEm±1.35 142-263 14.55 14.60 99.30 29.86 

Drought 280.04SEm±1.63 182-440 23.83 23.85 99.80 49.04 

3. 
Relative Water Content (RWC) Irrigated 83.18SEm±0.09 73-97 8.32 8.33 100.00 17.14 

Drought 63.38SEm±0.11 53-67 4.86 4.87 99.60 10.00 

4. 
Panicle Length (PL) Irrigated 23.85SEm±0.13 18-27 8.04 8.09 98.70 16.43 

Drought 20.26SEm±0.13 15-26 12.18 12.23 99.10 24.97 

5. 
Fertile Grain per Panicle 
(FGP-1) 

Irrigated 77.46SEm±4.45 37-120 26.95 28.72 88.00 52.07 

Drought 54.78SEm±2.43 34-92 29.99 30.96 93.80 59.83 

6. 
Sterile Grain per Panicle 
(SGP-1) 

Irrigated 24.19SEm±1.24 11-43 35.95 37.03 94.30 71.91 

Drought 35.07SEm±1.32 16-50 26.96 27.75 94.40 62.94 

7. 
Ear Bearing Tiller (EBT) Irrigated 13.26SEm±0.86 10-18 11.80 16.35 52.10 17.57 

Drought 9.95SEm±0.73 8-12 8.35 15.18 30.30 9.44 

8. 
Straw Yield (SY) Irrigated 800.25SEm±5.55 630-925 11.01 11.08 98.80 22.55 

Drought 592.84SEm±1.45 371-853 23.73 23.74 100.00 48.37 

9. 
Harvest Index (HI) Irrigated 43.50SEm±0.95 40-51 5.14 6.38 64.80 8.52 

Drought 34.18SEm±1.16 29-42 8.35 10.21 66.90 14.07 

10. 
Test Weight (TW) Irrigated 21.21SEm±1.17 17-24 6.46 11.55 31.30 7.44 

Drought 18.13SEm±0.83 13-20 8.91 11.99 55.30 13.62 

11. 
Total Biomass at Flowering (TB at F) Irrigated 34.38SEm±1.34 26-44 14.38 15.90 81.80 26.78 

Drought 26.03SEm±1.08 19-34 15.48 17.06 82.30 28.92 

12. 
Total Biomass at Maturity 
(TB at M) 

Irrigated 43.87SEm±1.49 32-64 19.96 20.81 92.00 28.06 

Drought 32.10SEm±1.16 19-53 23.51 24.33 93.30 46.78 

13. 
Apparent Translocation Rate 
(ATR) 

Irrigated 0.676SEm±0.01 0.50-0.86 9.97 10.44 91.20 19.23 

Drought 0.468SEm±0.03 0.31-0.77 27.69 29.46 88.30 53.41 

14. 
Apparent contribution rate 
(ACR) 

Irrigated 64.45SEm±0.17 46-83 18.82 18.82 99.90 38.74 

Drought 86.24SEm±0.29 63-146 25.12 25.13 99.90 51.73 

15. 
Membrane Thermo Stability 
(MTS) 

Irrigated 39.11SEm±1.24 35-42 4.42 7.08 38.90 5.67 

Drought 51.75SEm±1.27 37-70 18.30 18.78 94.90 36.71 

16. 
Root Length (RL) Irrigated 57.90SEm±1.13 33-96 30.49 30.67 98.80 60.84 

Drought 41.76SEm±0.13 26-85 34.48 34.48 100.00 71.00 

17. 
Root Volume (RV) Irrigated 59.43SEm±1.62 36-115 35.60 35.92 98.30 72.71 

Drought 54.03SEm±0.15 22-127 47.99 47.99 100.00 98.85 

18. 
Root Dry Weight (RDW) Irrigated 9.20SEm±0.09 5-17 35.83 35.87 99.80 7.36 

Drought 8.70SEm±0.11 4-16 37.21 37.27 99.70 76.53 

19. 
Grain Yield (GY) Irrigated 520.70SEm±1.69 390-664 16.69 16.70 99.90 34.36 

Drought 371.57SEm±1.85 228-539 25.35 25.37 99.90 52.19 
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Table-2 Estimates of correlation coefficients between grain yield and physio-morphological characters under irrigated condition (NS) 
Characters PH WP RWC PL FGP-1 SGP-1 EBT SY HI TW TB at F TB at M ATR ACR MT RL RV RDW GY 

PH rg 0.446 0.223 -0.038 0.671 -0.052 0.400 0.061 -0.207 0.250 0.327 0.360 0.292 0.00 0.064 0.362 -0.119 0.280 0.00 

rp 0.373 0.188 -0.018 0.550* -0.048 0.228 0.052 -0.176 0.101 0.230 0.298 0.236 0.002 -0.052 0.302 -0.149 0.233 -0.006 

WP 
 

 rg -0.336 0.028 0.468 0.163 -0.425 0.160 -0.394 0.793 -0.071 0.616 -0.261 0.056 0.119 -0.107 -0.105 0.401 -0.075 

 rp -0.355 0.026 0.435 0.154 -0.311 0.160 -0.320 0.443 -0.062 0.589** -0.250 0.057 0.077 -0.109 -0.103 0.398 -0.074 

RWC   rg -0.296 -0.099 -0.059 0.839 -0.258 -0.253 0.381 -0.163 -0.157 0.101 0.266 0.153 -0.251 0.101 0.113 -0.446 

  rp -0.294 -0.093 -0.057 0.604** -0.256 -0.201 0.209 -0.148 -0.151 0.097 0.266 0.092 -0.249 0.099 0.113 -0.445 

PL    rg -0.146 -0.329 -0.387 0.534 0.330 -0.140 -0.110 -0.055 0.214 -0.228 0.566 0.095 0.073 -0.005 0.205 

   rp -0.132 -0.315 -0.293 0.526* 0.271 -0.091 -0.094 -0.052 0.197 -0.226 0.362 0.093 0.071 -0.005 0.203 

FGP-1     rg 0.097 0.186 0.311 -0.115 0.178 0.167 0.283 0.146 0.233 -0.080 0.063 -0.315 -0.058 -0.088 

    rp 0.097 0.155 0.294 -0.128 0.138 0.152 0.264 0.134 0.218 -0.016 0.058 -0.296 -0.051 -0.082 

SGP-1      rg -0.154 -0.294 -0.162 0.244 -0.285 -0.199 -0.938 0.193 -0.181 0.100 0.039 0.542 -0.576 

     rp -0.093 -0.286 -0.101 0.118 -0.272 -0.186 -0.873** 0.186 -0.084 0.097 0.040 0.529* -0.559* 

EBT       rg -0.494 -0.004 -0.057 0.157 -0.320 0.571 0.111 -0.305 -0.167 -0.016 -0.267 -0.113 

      rp -0.351 -0.001 0.191 0.045 -0.206 0.405 0.082 -0.110 -0.117 -0.013 -0.193 -0.086 

SY        rg 0.009 -0.169 0.029 0.073 0.114 -0.056 0.459 0.121 -0.373 -0.349 0.430 

       rp 0.002 -0.081 0.019 0.075 0.106 -0.055 0.300 0.120 -0.368 -0.348 0.427 

HI         rg -0.813 0.298 -0.123 0.267 -0.177 -0.411 0.396 -0.123 -0.022 0.255 

        rp -0.457 0.168 -0.098 0.206 -0.143 -0.129 0.316 -0.101 -0.018 0.208 

TW          rg -0.272 0.244 -0.739 0.286 0.226 -0.517 0.325 0.581 -0.373 

         rp -0.104 0.116 -0.364 0.167 0.236 -0.290 0.172 0.330 -0.206 

TB at F           rg 0.332 0.451 -0.217 -0.591 0.310 0.039 0.040 0.302 

          rp 0.313 0.388 -0.197 -0.296 0.272 0.040 0.034 0.275 

TB at M            rg 0.225 0.250 0.178 -0.032 0.237 0.140 0.109 

           rp 0.188 0.241 0.142 -0.030 0.223 0.134 0.103 

ATR             rg 0.363 0.146 0.072 0.238 -0.285 0.320 

            rp 0.346 0.125 0.070 0.222 -0.271 0.307 

ACR              rg 0.451 -0.224 0.201 0.134 -0.341 

             rp 0.282 -0.223 0.199 0.134 -0.340 

MT               rg 0.036 0.048 0.106 -0.305 

              rp 0.025 0.046 0.060 -0.190 

RL                rg 0.186 0.267 0.305 

               rp 0.183 0.265 0.303 

RV                 rg 0.424 -0.038 

                rp 0.420 -0.037 

RDW                  rg -0.465 

                 rp -0.464 

*, ** Significant at 5 and 1 per cent level of probability. 

 
 
 
 
 
 
 
 



International Journal of Agriculture Sciences 
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 9, Issue 30, 2017 

 
|| Bioinfo Publications || 4443 

 

 

Genetic Evaluation and Selection Criteria of Upland Rice (Oryza sativa L.) for Physiological Traits under Reproductive Stage Drought Stress 
 
 
 

Table-3 Estimates of correlation coefficients between grain yield and physio-morphological characters under reproductive stage drought stress (RSS) 
Characters PH WP RWC PL FGP-1 SGP-1 EBT SY HI TW TB at F TB at M ATR ACR MT RL RV RDW GY 

PH 
rg 0.237 0.475 0.024 0.574 -0.221 0.989 0.316 -0.012 0.084 0.259 0.525 0.239 0.112 -0.372 0.247 -0.210 0.301 0.330 

rp 0.191 0.390 0.018 0.443 -0.177 0.427 0.257 -0.052 0.011 0.171 0.427 0.180 0.089 -0.281 0.200 -0.170 0.246 0.266 

WP 
 

 rg -0.045 0.015 0.441 0.366 -0.020 -0.044 -0.507 -0.281 -0.025 0.116 -0.436 0.365 0.68 -0.248 -0.412 0.332 -0.202 

 rp -0.045 0.014 0.429 0.357 -0.017 -0.044 -0.415 -0.208 -0.026 0.111 -0.408 0.364 0.067 -0.247 -0.412 0.331 -0.202 

RWC 
  rg 0.158 0.120 0.190 0.423 0.485 -0.188 0.391 0.308 0.223 0.427 0.340 0.073 -0.088 -0.194 0.420 0.282 

  rp 0.157 0.115 0.183 0.226 0.484* -0.157 0.290 0.276 0.219 0.400 0.340 0.071 -0.088 -0.194 0.419 0.281 

PL 
   rg 0.104 -0.570 -0.144 0.753 0.566 0.228 0.586 0.466 0.077 -0.036 -0.862 -0.142 -0.164 -0.095 0.631 

   rp 0.096 -0.549* -0.070 0.750** 0.457 0.172 0.526* 0.445 0.073 -0.036 -0.833** -0.141 -0.163 -0.095 0.628** 

FGP-1 
    rg -0.137 -0.016 0.212 -0.082 -0.011 0.231 0.482 -0.305 0.165 -0.310 0.014 -0.212 0.436 -0.149 

    rp -0.115 -0.049 0.205 -0.052 0.028 0.191 0.444 -0.277 0.160 -0.293 0.013 -0.205 0.423 -0.144 

SGP-1 
     rg 0.128 -0.566 -0.277 -0.196 -0.637 -0.638 0.018 0.052 0.735 0.217 0.068 0.061 -0.623 

     rp 0.097 -0.551* -0.255 -0.130 -0.564* -0.606** 0.018 0.050 0.692** 0.212 0.067 0.062 -0.604** 

EBT 
      rg 0.388 -0.079 0.278 0.338 0.578 0.487 0.130 -0.111 -0.417 -0.551 0.462 0.393 

      rp 0.213 -0.026 0.107 0.211 0.325 0.255 0.073 -0.119 -0.231 -0.303 0.246 0.213 

SY 
       rg 0.657 0.370 0.591 0.572 0.369 0.133 -0.767 -0.122 -0.157 -0.190 0.794 

       rp 0.537* 0.271 0.535* 0.552* 0.347 0.133 -0.747** -0.122 -0.157 -0.189 0.793** 

HI 
        rg 0.268 0.382 0.129 0.372 0.053 -0.801 0.348 0.327 -0.453 0.495 

        rp 0.216 0.324 0.110 0.327 0.041 -0.655** 0.283 0.267 -0.375 0.399 

TW 
         rg 0.433 0.444 0.072 0.189 -0.355 -0.259 0.282 0.292 0.339 

         rp 0.331 0.315 0.044 0.139 -0.246 -0.192 0.209 0.217 0.257 

TB at F 
          rg 0.837 0.430 -0.113 -0.919 -0.136 -0.099 0.044 0.645 

          rp 0.718** 0.393 -0.104 -0.804** -0.123 -0.092 0.038 0.581* 

TB at M 
           rg -0.045 0.029 -0.767 -0.321 -0.213 0.268 0.628 

           rp -0.038 0.028 -0.732** -0.310 -0.205 0.258 0.604** 

ATR 
            rg -0.261 -0.088 0.224 0.061 -0.382 0.444 

            rp -0.246 -0.088 0.210 0.057 -0.360 0.416 

ACR 
             rg -0.048 -0.096 -0.175 0.374 -0.018 

             rp -0.046 -0.096 -0.175 0.373 -0.019 

MT 
              rg 0.124 0.055 0.188 -0.869 

              rp 0.121 0.053 0.184 -0.846** 

RL 
               rg 0.651 -0.028 -0.073 

               rp 0.650** -0.028 -0.072 

RV 
                rg 0.039 0.003 

                rp 0.039 0.003 

RDW 
                 rg -0.308 

                 rp -0.307 

*, ** Significant at 5 and 1 per cent level of probability. 
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Table-4 Direct and indirect effects of physio-morphological on grain yield plant-1 at both thelevels in pooled irrigated condition(NS) 
Characters PH WP RWC PL FGP-1 SGP-1 EBT SY HI TW TB at F TB at M ATR ACR MT RL RV RDW 

PH 
G -1.469 1.152 0.121 -0.004 -0.484 -0.031 0.455 0.036 -0.024 -0.049 0.207 -0.112 0.137 0.000 0.004 0.419 -0.037 -0.321 

P 0.647 0.372 -0.022 0.011 -0.413 -0.007 -0.023 0.036 -0.119 0.013 0.069 -0.202 0.040 0.00 -0.004 0.00 -0.135 -0.270 

WP 
 

G  2.581 -0.193 0.003 -0.338 0.095 -0.483 0.095 -0.045 -0.156 -0.045 -0.191 -0.123 -0.011 0.008 -0.124 -0.033 -0.459 

P  0.999 0.041 -0.017 -0.327 0.021 0.032 0.112 -0.216 0.057 -0.019 -0.400 -0.042 -0.007 0.006 0.00 -0.093 -0.461 

RWC 
G   0.541 -0.033 0.071 -0.035 0.954 -0.154 -0.029 -0.075 -0.103 0.049 0.047 -0.053 0.010 -0.290 0.031 -0.130 

P   -0.116 0.187 0.070 -0.008 -0.062 -0.180 -0.136 0.027 -0.044 -0.103 0.016 -0.035 0.007 0.00 0.090 -0.131 

PL 
G    0.112 0.105 -0.193 -0.440 0.318 0.038 0.028 -0.070 0.017 0.101 0.046 0.037 0.110 0.023 0.005 

P    -0.638 0.099 -0.043 0.033 0.368 0.183 -0.012 -0.028 0.035 0.033 0.030 0.026 0.00 0.064 0.006 

FGP-1 
G     -0.721 0.057 0.212 0.185 -0.013 -0.035 0.106 -0.088 -0.069 -0.047 -0.005 0.073 -0.098 0.066 

P     -0.752 0.013 -0.016 0.206 -0.087 0.018 0.046 -0.179 0.023 -0.028 -0.001 0.00 -0.268 0.059 

SGP-1 
G      0.586 -0.176 -0.175 -0.019 -0.048 -0.180 0.062 -0.441 -0.039 -0.012 0.115 0.012 -0.622 

P      0.136 0.010 -0.200 -0.068 0.015 -0.081 0.127 -0.146 -0.024 -0.006 0.00 -0.036 -0.613 

EBT 
G       1.137 -0.294 0.000 0.011 0.099 0.099 0.268 -0.022 -0.020 -0.193 -0.005 0.307 

P       -0.103 -0.246 -0.001 0.025 0.013 0.140 0.068 -0.010 -0.008 0.00 -0.012 0.224 

SY 
G        0.595 0.001 0.033 0.018 -0.023 0.054 0.011 0.030 0.140 -0.116 0.400 

P        0.701 0.001 -0.010 0.006 -0.051 0.018 0.007 0.022 0.00 -0.334 0.403 

HI 
G         0.114 0.160 0.188 0.038 1.012 0.036 -0.027 0.458 -0.038 0.025 

P         0.676 -0.059 0.050 0.067 0.035 0.019 -0.009 0.00 -0.091 0.020 

TW 
G          -0.197 -0.172 -0.076 -0.348 -0.058 0.015 -0.598 0.101 -0.667 

P          0.129 -0.031 -0.079 -0.061 -0.022 0.017 0.00 0.156 -0.383 

TB at F 
G           0.632 -0.103 0.212 0.044 -0.038 0.359 0.012 -0.046 

P           0.299 -0.211 0.064 0.026 -0.021 0.00 0.036 -0.040 

TB at M 
G            -0.310 0.106 -0.050 0.011 -0.037 0.074 -0.160 

P            -0.679 0.032 -0.031 0.010 0.00 0.202 -0.155 

ATR 
G             0.471 -0.073 0.009 0.083 0.074 0.327 

P             0.168 -0.045 0.009 0.00 0.201 0.315 

ACR 
G              -0.201 0.029 -0.260 0.062 -0.153 

P              -0.131 0.020 0.00 0.180 -0.155 

MT 
G               0.065 0.042 0.015 -0.122 

P               0.072 0.00 0.042 -0.070 

RL 
G                1.158 0.058 -0.306 

P                0.02 0.166 -0.308 

RV 
G                 0.310 -0.486 

P                 0.906 -0.487 

RDW 
G                  -1.147 

P                  -1.160 

Residual factors = 0.226(Genotypic level), Residual factors =0.149(Phenotypic level) & Bold figures indicate direct effects. 
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Table-5 Direct and indirect effects of physio-morphological on grain yield plant-1 at both the levels in pooled reproductive stage drought stress(RSS) 
Characters PH WP RWC PL FGP-1 SGP-1 EBT  

SY 
HI TW TB at F TB at M ATR ACR MT RL RV RDW 

PH G 0.851 -0.032 0.406 0.007 -0.317 -0.022 0.029 -0.092 -0.001 -0.085 0.025 0.145 -0.078 0.023 0.231 -0.292 -0.292 -0.178 

P 0.243 -0.028 -0.025 0.014 -0.041 -0.008 0.079 0.00 0.020 0.00 0.009 0.278 0.039 0.042 -0.071 -0.022 -0.090 -0.173 

WP 
 

G  -0.134 -0.039 0.004 -0.243 0.036 -0.001 0.013 -0.052 0.285 -0.002 0.032 0.142 0.073 -0.042 0.293 -0.574 -0.196 

P  -0.147 0.003 0.011 -0.040 -0.016 -0.003 0.00 0.156 0.007 -0.001 0.072 -0.089 0.175 0.017 0.027 -0.219 -0.232 

RWC G   0.855 0.048 -0.066 0.019 0.013 -0.142 -0.119 -0.397 0.030 0.061 -0.139 0.069 -0.046 0.104 -0.270 -0.248 

P   -0.065 0.119 -0.011 0.008 0.042 0.001 0.059 -0.010 0.014 0.143 0.088 0.163 0.018 0.010 -0.103 -0.294 

PL G    0.307 -0.057 -0.056 -0.004 -0.220 0.058 -0.232 0.057 0.128 -0.025 -0.007 0.535 0.167 -0.228 0.056 

P    0.758 -0.009 -0.024 -0.013 0.001 -0.172 -0.006 0.027 0.290 0.016 -0.017 -0.211 0.015 -0.087 0.067 

FGP-1 G     -0.551 -0.014 0.00 -0.062 -0.008 0.012 0.022 0.133 0.099 0.033 0.192 -0.017 -0.294 -0.257 

P     -0.093 -0.005 -0.009 0.00 0.020 -0.001 -0.010 0.289 0.061 0.077 -0.074 -0.001 -0.109 -0.297 

SGP-1 G      0.099 0.004 0.166 -0.028 0.198 -0.062 -0.176 -0.006 0.010 -0.457 -0.257 0.095 -0.036 

P      0.044 0.018 -0.001 0.096 0.005 -0.029 -0.395 0.004 0.024 0.175 -0.023 0.036 -0.044 

EBT G       0.030 -0.114 -0.008 -0.282 0.033 0.159 -0.159 0.026 0.069 0.493 -0.766 -0.273 

P       0.185 0.00 0.010 -0.004 0.011 0.212 0.056 0.035 -0.030 0.025 -0.161 -0.173 

SY G        -0.293 0.067 -0.375 0.057 0.158 -0.120 0.027 0.476 0.144 -0.219 0.112 

P        0.002 -0.202 -0.009 0.028 0.360 0.076 0.064 -0.189 0.013 -0.084 0.133 

HI G         0.102 -0.272 0.037 0.036 -0.121 0.011 0.498 -0.412 0.455 0.267 

P         -0.376 -0.008 0.017 0.071 0.072 0.020 -0.166 -0.031 0.142 0.263 

TW G          -1.014 0.042 0.122 -0.023 0.038 0.220 0.306 0.392 -0.172 

P          -0.035 0.017 0.206 0.010 0.067 -0.062 0.021 0.111 -0.152 

TB at F G           0.097 0.231 -0.140 -0.023 0.571 0.161 -0.138 -0.026 

P           0.052 0.468 0.086 -0.050 -0.204 0.014 -0.049 -0.027 

TB at M G            0.275 0.015 0.006 0.477 0.380 -0.296 -0.158 

P            0.652 -0.008 0.013 -0.185 0.034 -0.109 -0.181 

ATR G             -0.326 -0.053 0.055 -0.265 0.085 0.225 

P             0.219 -0.118 -0.022 -0.023 0.030 0.253 

ACR G              0.201 0.030 0.113 -0.244 -0.221 

P              0.479 -0.012 0.011 -0.093 -0.262 

MT G               -0.621 -0.147 0.077 -0.111 

P               0.253 -0.013 0.028 -0.129 

RL G                -1.183 0.905 0.017 

P                -0.110 0.346 0.020 

RV G                 1.392 -0.023 

P                 0.532 -0.027 

RDW G                  -0.590 

P                  -0.702 

Residual factors = -0.147(Genotypic level), Residual effects = 0.0621(Phenotypic level) & Bold figures indicate direct effects. 
PH: Plant Height; WP: Water potential; RWC: Relative water content; PL: Panicle length; FGP -1: Fertile grain per panicle; SGP-1: Sterile grain per panicle; EBT: Ear bearing tiller; SY: Straw yield; HI: Harvest index; TW: Test weight; TB at F: Total bio mass at 

Flowering; TB at M: Total biomass at Maturity; ATR: Apparent translocation rate; ACR: Apparent contribution rate; MTS: Memb rane  thermo stability; RL: Root length; RV: Root volume; RDW: Root dry weight and GY: Grain yield  

 
 
 
 
 


