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 In rain fed farming systems, the major constraints limiting wheat production, are 
inadequate and erratic rainfall. In consider with planting of wheat in notable rainfed 

areas in Iran identifying and use of correct and useable selection indices, to determining 

resistant cultivars is very important. In this study, it was attempted to investigate 
phenological traits, and the procedure to effect of this traits on grain yield and stress 

tolerance index (STI), under different water condition. With study of correlations and 

path analysis of these characteristics with STI, in different levels of NM (normal & 
moderately water stress), NS(normal & stress)  and MS (moderately water stress & 

stress) and grain yield, beneficial selection indices be introduced to identification 

drought resistant cultivars .in this study, ten winter wheat lines under three water 
regimes, including non stress (as control), moderately water stress and water stress was 

carried out in a factorial experiment on the base of complete randomized block design, 

with three replicates. Analysis of variance of different traits showed that all of traits 
have significant variability in lines. Partitioning of correlation coefficients to direct and 

indirect effects in path analysis of STI, showed that days to flowering, and gain yield 

impose maximum direct effect on STI under all water conditions. Generally to 
improvement of STI, selection for grain yield and days to flowering are effective. days 

to physiological maturity had indirect effect on the yield and then STI. Therfore 

selection about these traits is important too. 
 

 
© 2014 AENSI Publisher All rights reserved. 
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INTRODUCTION 

 

 During their lives, because of ongoing changes in atmospheric conditions, the plants usually experience 

some fluctuations of the consumed water. There are often periodic droughts in the soil even in regions with high 

annual rainfall because of imbalanced distribution of rainfall [18]. During the growth season of wheat, the 

drought may be occurred at the beginning of growth season called as initial or premature drought and / or it 

might be occurred at the end of growth season which is called final or late drought. Drought at the beginning of 

growth season or initial drought is dangerous for premature plants, since during sensitive stage, they are 

influenced by drought stress and their performance decrease, while theses plants have more efficiency against 

stress (drought) conditions at the end of growth season.  

 The perception of phonological processes of plant can be applied as a tool to select superior lines and the 

lines with a growth period proportional to the water amount stored in the soil [17,24]. Bogi et al. [2] expressed 

that the plants have various mechanisms against drought stress. One of these mechanisms is escaping from the 

drought during which the life cycle of the plant is limited to an appropriate period . Short-term growth period is 

an important trait in relation to escaping from the drought stress. On the other hand, longer growth period is 

often related to the potential of high performance. As a result, escaping from drought stress, as a solution, may 

entail the loss to decrease the performance potential [3]. Particularly during the seasons with initial  drought 

stress, premature varieties are more severely influenced by the drought stress and the potential yield decreases in 

them.  Deblo et al. [7] showed that growth period length of different lines is regarded as an important trait in 

breeding for drought stress tolerance. Nachit & ketata [22] found that the seed yield under drought stress 

conditions is highly related to prematuration, since premature lines can escape from the drought stress at the end 

of the season. The emergence of drought stress in wheat causes to decrease the growth period length, flowering 

and consequently, faster maturation of plant. Derara et al. [9] reported that in wheat lines under drought stress, 

there is a negative correlation between the grain yield and the number of days until the emergence of spike. 
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Zarei  et al. [25] expressed that the number of days up to the emergence of spike is not significantly influenced 

by the water loss.  The mild stress causes to accelerate the flowering, but the severe stress causes to delay this 

stage [23]. In the study of the atmospher's performance under the terminal drought stress conditions, it was 

found that there is a negative correlation between the grain yield and the days up to flowering. The lines with 

short growth period produce the greatest yield under drought stress conditions, since for escaping from drought 

stress during flowering stage to produce more product these genotypes have higher capability. During flowering 

stage, if these lines are exposed to drought stress, late genotypes produce higher yield [21]. It should be noticed 

that prematuration is not necessarily an exclusive trait related to drought stress tolerance in these lines. In 

breeding plants for terminal drought stress tolerance, the relative importance of vegetative and reproductive 

growths are not addressed enough as selection criteria [7]. 

 The studies of zerai et al. [25] on evaluation of drought stress tolerance in 20 lines of bread wheat under 

different regimes of irrigation, showed that the lines under drought stress conditions are more tolerant and 

flexible. They are relatively more premature. The grain filling is resulted from the transmission of carbohydrates 

from the source to sink. Regarding about 80-90 percent carbohydrates are supplied for grain growth by 

photosynthesis after pollination. In dry environments under hot and short conditions for grain filling, the lines 

which are able to fill their grains faster, are more important [6]. 

 

MATERIALS AND METHODS 
 

Situation and status of the experimental greenhouse: 

 The experiment was performed in a research greenhouse during farming year of 2004-2005. PVC 

cylindrical tubes with 120 cm in height and 314.16 cm
2
 in cross- section area, were used to cultivate wheat 

grains. To create an appropriate cultivation bed in terms of porosity percentage and permeability; the soil, sand 

and animal fertilizer were mixed together with the ratios of 6, 3 and 1, respectively after sifting. Fan, radiator 

and maximum- minimum thermometer were installed to regulate the temperature of greenhouse. The seeds were 

cultivated as 5 in each tube and reduced in to 3 in each bush during two- leaf stage. In order to determine 

precisely the changes in soil weight after irrigation and evaporation and perspiration, four samples of tubes were 

placed on the scale as control group. The changes in their daily weight were recorded. The research was 

performed in three repetition as factorial experiment on the base of completely randomized blocks design. 

 The irrigation regime factor was including three levels of no stress (normal), middle stress and severe stress, 

and wheat lines factor including 10 lines with different sensitivities against drought stress were selected from 

agriculture research center for cultivation (Table 1).  

 
Table 1: Number and name of winter wheat lines used in the experiment. 

Kind of 

Cultivar 

Irrigation 

Fed 

Irrigation 

Fed 

Rainfed rainfed rainfed rainfed 

Line 
Number 

1 2 3 4 5 6 

Name of 

Lines 

Shahryar Alvand Sardari Steady 

82-18 

Sabalan Son/ 64 

Irrigation 
Fed 

Irrigation 
Fed 

Irrigation 
Fed 

Rainfed 

7 8 9 10 

Pishtaz Toos Kaspard Azar 2 

 

 The weights of control flower Pots were regarded on the scale as the index during irrigation the irrigation 

was performed as proportional to different levels of stress in the samples, such that up to the beginning of April 

(at the end of vegetative growth), 0.5 kg decreas in the weight of control flower pots compared to that of the 

flower pots at normal level of 500 ml was observed in each irrigation compared to flower pots under middle 

stress, 400 ml (80% normal) were irrigated using a laboratory pist. Then, the flower pots under severe stress 

were no longer irrigated up to the end of growth season. The flower pots with no- stress were irrigated by 1000 

ml water up to the beginning of June when the control flower pots showed 1 kg weight loss. The flower pots 

under middle stress were irrigated. The measurement of different traits during different stages of plant growth 

was recorded. After complete processing of all bushes, initially, the harvest operation of shoots was performed 

and the performance traits were recorded.  

 The used drought stress tolerance criterion was the stress tolerance index (Fernandez, 1992):  
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Where:  

YN: The Performance of genotype in no stress environment.  

YM: The performance of genotype in an environment with middle stress. 
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YS: The Performance of genotype in an environment with severe stress. 

NY : Mean Performance of genotypes in no stress environment.  

MY : Mean Performance of genotypes in an environment with severe  stress. 

Also, in this experiment, the stress intensity was calculated based on the formula 
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 at different levels. 

 

The evaluated phenological traits: 

 Among the evaluated phonological traits, the number of days to the spike emergence (the interval between 

cultivation to spike emergence in each of the experimental units) were recorded, the number of days up to 

flowering (the interval between cultivation to stamen emergence in the spikes of experimental units) were 

recorded, the number of days up to physiological maturation (Perfect loss of green color of glumes and their 

yellowing were considered as a criterion to determine the time of physiological maturation) [16] and the number 

of days from cultivation time up to this stage was recorded) and grain filling period (the number of days from 

flowering up to physiological maturation represented the grain filling period). 

 

1-4- Statistical analyses:  

 The variance analysis and comparison of mean of different traits were performed using MSTATC software. 

For simple correlation, step- by – step regression analysis was performed. The path analysis was performed to 

estimate direct and indirect effects of traits on STI index at different levels of stress using SPSS software. 

 

RESULTS AND DISCUSSION 
 

 The variance analysis of phenological traits is shown in table 2 and mean treatments are presented in table 

3. The understanding of phenological processes of plant can be applied as a tool for selection of superior lines 

and selection of genotypes with a growth developmental period proportional to the water value stored in the soil.  

 In terms of the trait of the days number to the spike emergence, shortening of this period causes vegetative 

organs develop rapidly and the plant enters the reproductive stage. Therefore, there is the possibility to use the 

humidity available in the soil, before the emergence of drought stress at the end of the growth season. The 

experimental lines had a significant difference in view of this trait(at level of 5 percent). The lines including 

pishtaz, son/ 64 and Azar 2 showed the least number of days up to the spike emergence compared to other lines. 

while the lines including toos and caspard allocated the greatest number of days up to the spike emergence to 

themselves. Relating the trait of the number of days up to flowering, the lower value of this trait under terminal 

drought stress conditions prevents the polluns contact with the increase in the temperature resulted from the 

humidity stress and the number of grain, consequently, the performance increases. Ehdaee et al. [10] expressed 

that when the drought stress happens, the number of days up to the flowering emergence decreases. However, 

the examined stress levels had not a significant difference in this experiment but among the tested lines, there 

was a high difference (at level of 1 percent) in terms of this trait. The lines including pishtaz, Alvand, son/ 64 

and Azar 2 allocated the least number of days up to flowering emergence to themselves. The line kaspard had 

the most number of days up to flowering.  

 Generally, since prematuration is regarded as one of the superior indicators in escaping the plants from 

terminal seasonal drought stress [7]; therefore, the lines in which the number of days up to physiological 

maturation is less, will have better capability in drought stress tolerance, in winter grains (cereals), it was 

fundamentally proved that prematuration results in escaping from drought stress which causes a superiority in 

the yield under drought stress conditions at the end of season. Among the tested lines, there was a significant 

difference (at level of 1 percent) in terms of the trait of days number up to the physiological maturation. The 

lines including Azar 2, son/ 64, pishtaz,  Toos and kaspard showed the least number of days up to physiological 

maturation. The line shahryar had the greatest value in view of this trait. Under watering condition, the more is 

the period of grain filling, the plant has more opportunity for grains filling and consequently, for increase in the 

weight of grain. But under humidity stress conditions, prolonging of this time results in decreasing the grain 

yield therefore, the selection of lines with shorter growth period is more desired. The existence of significant 

difference (at level of 5 percent) among the tested lines in view of this trait shows that the existing genotypic 

difference can to exploited to select the lines proportional to humidity conditions. The lines including Alvand, 

Azar 2, Toos, Son/ 64 and sabalan had shorter grain filling period than those of other lines, while the lines of 

pishtaz and shahryar had longer grain- filling period compared to other lines. The yield showed very significant 

difference (at level of 1 percent) in terms of stress levels and a significant difference (at level of 5 percent) in 

terms of lines. The lines of pishtaz and Azar 2 had the greatest yield; the line of Toos had the least level of yield.  

 3-1- analysis of variance of stress tolerance index (STI) Regarding table 7 related to variance analysis of 

STI indicators, it is observed that different lines had no meaningful difference in view of drought stress 
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tolerance index. All 10 tested lines act almost equal in terms of drought stress tolerance index. Stress intensity at 

different levels of NM (no stress and middle stress), MS (middle stress and severe stress), and NS (no stress and 

severe stress) were estimated as 53.7, 40.6 and 72.5, respectively.  

 Regarding to the calculated values for stress intensity at different levels, as well as the results of variance 

analysis for irrigation levels, it is determined that the exerted stress is appropriate. Since STI trait is a 

computational or compound trait; consequently, a high CV was calculated for it.looking at the values of mean 

squares, non- significance of the difference between lines in terms of STI can be resulted from the error of type 

II. 

 

Path analysis (causality analysis): 

 The results of path analysis of STINM index with phonological traits in two states including normal and 

middle stress in table 5 shows that a direct meaningful effect in relation to phonological traits in the states of 

normal and middle stress on STINM was not estimated. While in relation to STINS index, grain- filling period 

in normal state had a high positive effect on STINS. The reason for this direct and positive relationship is that 

under suitable humid conditions , longer time for grain- filling causes to increase the consumption of the 

available reserved materials. Consequently, it causes to increase the grain weight which is followed by the yield 

improvement under these conditions. Bogi et al. expressed that longer growth period is related to the high 

performance potential.  

 Therefore, if the plant is satisfied with the required humidity, longer time for grain- filling is effective on 

the performance improvement. Increase in the yield under normal conditions causes to increase STI. Under 

servere stress conditions, the trait of the number of days up to flowering showed a negative and significant direct 

effect on STINS.  

 In the experiment of Michel et al. [21] studying the performance of atmosphere under drought stress 

conditions, there was a negative correlation between the grain yield and the days up to flowering. The lines with 

a 1 shorter growth period produced the greatest yield under drought stress conditions, since these genotypes 

have more capability to produce the yield during flowering stage for escaping from drought stress. In the present 

research, regarding the water stress was exerted on the experimental units, decreasing this period in contrast to 

drought stress conditions was more desirable. As a result, the existence a negative relationship between STINS 

and the number of days up to flowering seems perfectly reasonable (Table 6). In addition, the average 

inheritability obtained for the number of days up to flowering indicates to the reliability of using the direct 

meaningful effect of this trait as one of the optional criteria. STIMS index accepted a high and negative direct 

effect of the trait of the number of days up to the spike emergence under middle stress conditions. According to 

Giunta et al. [15], better tolerance of triticale against drought stress compared to the wheat at late season 

depends on the earlier emergence of spike and more capacity of roots for water uptake and more capacity of 

roots for water uptake (absorption). Under severe stress conditions, the number of days up to flowering 

represented its high direct effect on STIMS (Table 7). Fisher & More observed in the wheat under drought stress 

conditions, the lines under stress which entered the flowering stage earlier, display higher yield. Under limited 

conditions in terms of the available humidity, shorter flowering Period results in lack of contact between Pollens 

and heat and drought at the end of season. 

 Consequently, the pollens which are sensitive to increase in temperature, wont be destroyed Therefore, 

regarding the results of causality analysis and the estimated high inheritability in relation to the days up to 

flowering, this trait is recommended as an effective optional criterion (index) under rain fed condition. 
 
Table 2: analysis of variance of the studied phenologycal traits in winter wheat lines. 

Source of 

Variation 

Degree of 

freedom 

Mean square of phenologycal traits 

Days up to the 

spike 
emergence 

Days up to 

flowering 

Days up to 

physiologycal 
maturity 

Filling of the grain 

period 

(A) Replication 

(B) Stress levels 
Cultivar 

A    B 

Experimental Error 

2 

2 
9 

18 

58 

129.744 

15.744 
44.548* 

6.930 

10..78 

122.133 

16.233 
44.919** 

6.307 

10.467 

131.700 

246.400* 
30.222** 

8.437 

12.171 

34.144 

347.144** 
17.111* 

12.678 

7.340 

CV% _ 2.60 2.45 2.09 7.72 

* And **: significant at the Probability levels of 5 and 1 Percent respectively 
 

Table 3: Mean of the phenologycal traits of treatments. 

Genotyps 

of winter wheat 

Phenolagycal traits of wheat 

days up to spike 

emergence 

Days up 

to flowering 

Days up 

to physiological maturity 

Filling of the grain 

period 

1 
2 

3 

4 
5 

121.6 
122.6 

124.8 

125.2 
124.3 

130.6 
133.2 

134.2 

136.1 
133.9 

168.6 
167.2 

167.6 

169.3 
169.2 

3700 
35.00 

32.78 

35.22 
34.89 
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6 

7 

8 

9 

10 

120.. 

118.2 

122.7 

121.9 

120.6 

13.2 

127.9 

132.8 

132.1 

131.1 

164.7 

165.7 

166.7 

167.2 

163.9 

34.67 

37.44 

34.44 

35.78 

33.89 

LSD (at the 
probability levels) of 

1% and 5% 

3.986 4.062 3.292 2.556 

 
Table 4: analysis of variance of phenologycal traits in non stress condition. 

Source of 

variation 

Degree of 

freedom 

Means of square 

days up to the spike 

emergency 

days up to 

flowering 

days up to 

physiological 
maturity 

Filling of the grain 

period 

Replication 

Cultivar 

Experimental 
Error 

2 

9 

18 

97.300 

25.096** 

6.596 

89.230 

22.052* 

7.293 

85.233 

15.763 

13.254 

0.433 

18.459* 

5.359 

Coefficients of 

variations (%) 

 2.12 2.05 2.14 5.96 

 * and **: significant at the Probability levels of 1 and 5 Percent respectively 
 

Table 5: analysis of variance of phenologycal traits in moderately stress condition. 

Source of 
variation 

Degree of 
freedom 

Means of square 

days up to the spike 
emergency 

days up to 
flowering 

days up to 
physiological 

maturity 

Filling of the grain 
period 

Replication 
Cultivar 

Experimental 

Error 

2 
9 

18 

55.300 
8.404* 

3.410 

57.304 
13.414* 

5.213 

19.033 
10.726 

6.293 

33.033 
9.485 

8.330 

Coefficients of 

variations (%) 

 1.51 1.73 1.51 8.43 

* and **: significant at the Probability levels of 1 and 5 Percent respectively 

 
Table 6: analysis of variance of phenologycal traits in server stress condition. 

Source of 

variation 

Degree of 

freedom 

Means of square 

days up to the spike 

emergency 

days up to 

flowering 

days up to 

physiological 
maturity 

Filling of the grain 

period 

Replication 

Cultivar 

Experimental 

Error 

2 

9 

18 

14.233 

27.778 

8.011 

23.390 

24.591** 

6.23 

63.233 

20.607 

9.863 

26.533 

14.522 

7.089 

Coefficients of 

variations (%) 

 2.31 1.88 1.91 8.26 

* and **: significant at the Probability levels of 1 and 5 Percent respectively 

 
Table 7: analysis of variance of mean squares of STI. 

Source of variation degree of freedom STI NM STINS STIMS 

days up to the spike emergency days up to flowering days up to physiological maturity 

Replication 

Cultivar 

Experimental 

Error 

2 

9 

18 

0.012 

0.056 

0.039 

0.011 

0.041 

0.022 

0.011 

0.110 

0.069 

Coefficients of variations (%) __ 41.20 49.20 43.47 

 
Table 8: Path analysis of STI NM phenologycal traits in non stress and moderately stress. 

Phenologycal traits days to the spike emergency days up to floweing Days up to physiological 

maturity 

Filling of the grain 

period 

relation with STINM 

Days up 

to the spike emergency 

0.193 

-0.153 

0.133 

-0.059 

0.099 

-0.047 

-0.071 

0.019 

-0.077 

-0.246 

days up to flowering 0.883 

0.114 

1.284 

0.297 

0.999 

0.154 

-0.385 

-0.092 

-0.241 

-0.138 

Days up 

to physiologycal maturity 

-0.758 

-0.17 

1.143 

-0.284 

1.469 

-0548 

-0.416 

-0.254 

-0.075 

-0.302 

Filling of the grain period -0.473 

-0.038 

-0.384 

-0.092 

0.362 

0.139 

1.279 

0.299 

0.221 

-0.028 

 Top and bottom numbers are relevant to non stress and moderately water steress conditionrespectively numbers on the main are direct 
effects and     are indirect effects. 

 

Table 9: path analysis of STINS with phenologycal traits in non stress and sever stress condition. 

Phenologycal traits days to the spike 
emergency 

days up to 
flowering 

Days up to 
physiological 

maturity 

Filling of the 
grain period 

relation with 
STINM 

days to the spike 
emergency 

0.019 
0.08 

0.013 
0.041 

0.01 -0.007 
0.000 

-0.101 
-0.139 
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days up to flowering 1.322 

-0.236 

1.921 

-0.458 

0.036 -0.576 

0.012 

-0.131 

-0.395 

days up 
to physiologycal 

maturity 

-0.885 
0.017 

-1.335 
0.027 

1.495 
-0.32 

-0.486 
0.022 

0.202 
-0.158 

Filling of the grain 
period 

-0.671 
0.000 

-0.544 
-0.004 

-1.716 
0..38 

1.814 
1.156 

0.467 

0.19      

 

 Top and bottom numbers are relevant to non stress and server steress condition respectively  and numbers 

on the main are direct effects and     are indirect effects. 

 
Table 10: path analysis of STIMS with phenologycal traits in moderately water stress and sever stress condition. 

Phenologycal traits days to the spike 

emergency 

days up to 

flowering 

Days up to 

physiological 

maturity 

Filling of the 

grain period 

relation with 

STINM 

days to the spike 

emergency 

-0.451 

0.151 

-0.174 

0.078 

-0.014 

0.068 

-0.58 

0.000 

-0.4 

-0.216 

days up to flowering 0.133 

-0.115 

0.347 

-0.224 

0.18 

-0.157 

-0.107 

0.006 

0.023 

-0.551 

days up 

to physiologycal 

maturity 

-0.065 

-0.253 

-0.109 

-0.393 

-0.21 

-0.562 

-0.097 

-0.321 

-0.107 

-0.394 

Filling of the grain 
period 

-0.017 
0.000 

-0.042 
-0.012 

0.063 
0.257 

0.135 
0.45 

-0.012 
0.061 

0.19      

 

 Top and bottom numbers are relevant to moderately water stress and sever water stress condition 

respectively and numbers on   the main diagonal are direct effects and others are indirect effects. 
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