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Abstract: Correlation coefficient analysis conducted on 22 triticale x bread wheat derivatives along with six checks to select true- breeding derivative(s)

for future hybridization programme with tolerance to drought and cold stress conditions as well as better quality traits revealed significant correlation

of grain yield with spikelets per spike, biological yield, harvest index, leaf area index. Interestingly, the grain yield and drought susceptibility index

showed no association. However, with cold tolerance it showed significant positive correlation indicating the desirability of certain plant traits under

cold stress. The grain yield exhibited no association with quality traits which might assist in the predictability of high yielding varieties with high

protein, total sugars, reducing sugars and non-reducing sugars. Path coefficient analysis revealed that biological yield had the highest positive direct

effect on grain yield followed by harvest index, specific leaf weight, stomatal number, 1000 grain weight, stomatal size, spikelets per spike and days

to heading. Therefore, indirect selection for these plant traits in order should be exercised in selecting drought tolerant genotypes. Two genotypes

(RL-124-2P
2
 and RL 111P

2
) were found to be drought and cold tolerant with high grain yield, spikes per plant, spikelets per spike and leaf area index.
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Introduction

Bread wheat (Triticum aestivum L. em. Theil.) is endowed

with a wide array of relatives varying in their adaptation to different

environmental conditions. The genetic variability of bread wheat

is being supplemented by transferring alien chromatin from related

genera (Friebe et al., 1996). Of these, rye (Secale cereale L.) is

particularly useful due to its better adaptability to marginal

environments along with tolerance to a number of biotic and

abiotic stresses. Besides diseases, abiotic stresses such as,

drought and cold limit the productivity and adaptability of bread

wheat. Rye possesses genes conferring drought tolerance and

some better quality traits, (Merker, 1984) and has since been

recognized as the most cold tolerant cereal (Sethi et al., 1993).

For the improvement of stress tolerance of crops, the efficient

breeding programme does not depend solely on grain yield

performance under stress. Therefore, some other easily

observable morpho physiological traits should also be identified

that ultimately contribute to grain yield under stress. Since the

yield potential has a very high effect on yield performance under

stress, the ideotype must be of reasonably high yield potential

and stress tolerant (Blum, 1988).

Materials and Methods

Twenty two triticale x  bread wheat derivatives along with

six checks (TL 1210, TL 1217, HD 2380, CPAN 1922, HPW 42

and HS 240)already screened for drought tolerance at Palampur

and classified as drought tolerant, moderately sensitive and

sensitive based on their drought susceptibility index, were sown

in the plots of 4.00 x 1.75 m2 with inter row spacing of 20cm in

randomized block design with three replications at experimental

farm of department of Plant Breeding and Genetics, CSK HPKV

Palampur under irrigated conditions only. Five plants per

replication were randomly taken for  recording  the data on grain

yield per plot (g), days to heading, days to maturity, spikes per

plant, spikelets per spike, 1000 grain weight (g), biological yield

(kg), harvest index (%), flag leaf area (cm2), leaf area index,

specific leaf weight (g/cm2), stomatal size (µm),  stomatal number,

grain protein (%), total sugar (%), reducing sugar (%) and non

reducing sugars (%). The parameters of variability were calculated

as suggested by Johnson et al. (1955). Correlation coefficients

between all the possible character pairs were computed from

the mean values and were partitioned into direct and indirect

effects following the path coefficient analysis (Dewey and Lu,

1959). These genotypes were also screened for cold tolerance

after freezing, followed by triphenyl tetrazolium chloride (TTC)

test. In the healthy cells, the colourless oxidized form of TTC,

was reduced to a coloured form (formazan), which was estimated

colorimetrically (Kittock and Law, 1968).

Results and Discussion

In general, the estimates of genotypic correlations were

relatively higher than their respective phenotypic correlations.

Grain yield showed significant positive association with spikelets/

spike, biological yield, harvest index, leaf area index (Table 1).
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Table - 2:  Estimates of direct and indirect effects of different traits on grain yield at phenotypic level

Days to Days to Spikes Spikelets 1000- Biological Harvest Flag Leaf Specific Stomatal Stomatal Correlation

Traits heading maturity /plant /spike grain yield index leaf area leaf size number with yield

weight area index weight

(LAI) (SLW)

Days to 0.033 -0.003 0.004 -0.004 -0.005 -0.076 -0.098 0.000 -0.003 0.006 -0.003 -0.005 -0.156

heading

Days to 0.009 -0.009 0.003 0.004 0.003 0.162 0.168 -0.005 -0.009 -0.010 0.002 0.007 0.010

maturity

Spikes/ -0.006 0.001 -0.022 0.003 -0.001 -0.033 0.080 -0.001 0.003 -0.006 -0.004 0.009 0.020

plant

Spikelets/ -0.008 -0.002 -0.005 0.015 0.003 0.349 0.019 -0.004 -0.006 0.006 0.002 0.007 0.374

spike

1000-grain -0.008 -0.001 0.001 0.002 0.022 0.234 -0.126 -0.002 -0.005 -0.004 0.003 -0.001 0.121

weight

Biological -0.003 -0.002 0.001 0.006 0.005 0.954 -0.133 -0.005 -0.019 -0.006 0.004 -0.003 0.800

yield

Harvest -0.005 0.002 -0.003 0.000 -0.004 -0.206 0.619 0.001 0.003 -0.001 -0.002 0.000 0.398

Index

Flag leaf 0.000 -0.004 -0.002 0.005 0.004 0.384 -0.057 -0.012 -0.006 0.004 -0.003 0.004 0.318

Area

Leaf area 0.003 -0.003 0.002 0.003 0.003 0.563 -0.053 -0.002 -0.032 0.001 0.004 -0.001 0.490

Index

Specific leaf 0.004 -0.002 0.003 0.002 -0.002 -0.144 -0.021 -0.001 0.000 0.041 -0.002 -0.004 -0.123

weight

Stomatal -0.005 -0.001 0.005 0.002 0.003 0.189 -0.068 0.002 -0.007 -0.004 0.018 -0.008 0.126

size

Stomatal -0.004 -0.002 -0.005 0.003 -0.001 -0.064 0.003 -0.001 0.001 -0.004 -0.003 0.040 -0.038

number

Table - 3:  Relative ranking of genotypes for drought and cold tolerance based on drought susceptibility index and colorimetric estimation of formazan respectively

Genotype
Drought susceptibility index Colorimetric estimation of formazan

DSI Rank Absorbance Rank

TW9309 0.95 5 0.141 9

TW9322 1.21 1 0.130 14

TW9325 1.09 2 0.100 19

TW9327 0.80 12 0.135 11

TW9333 0.80 12 0.151 6

TW9334 1.09 2 0.124 15

TW9335 0.83 11 0.136 10

TW9336 0.65 18 0.083 22

RL 6-3-4 0.93 7 0.165 4

RL 16/83 P
2

1.09 2 0.095 20

RL 20/83 P
1

0.68 17 0.083 22

RL 88/22 0.85 10 0.112 17

RL75/83 0.93 7 0.144 8

RL 122 P
1

0.62 19 0.131 12

RL 136 P
1

0.73 15 0.065 26

RL 136-1 P
1

0.43 21 0.077 25

RL 111 P
2

0.22 24 0.152 5

RL 111-3 P
2

0.69 16 0.113 16

RL 124-2 P
2

0.28 23 0.180 2

RL 138 P
2

0.76 14 0.024 28

RL 139-1 P
1

0.40 22 0.105 18

RL 143 P
2

0.95 5 0.131 12

TL 1210 - - 0.170 3

TL 1217 - - 0.182 1

HD 2380 - - 0.090 21

CPAN 1922 - - 0.036 27

HPW 42 0.46 20 0.079 24

HS 240 0.86 9 0.151 7
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Positive association of grain yield with biological yield, harvest

index and spikelets/spike had also been reported earlier by Amin

et al. (1992) and Singh and Sethi (1995). With respect to the

quality traits, the grain yield exhibited no association with protein,

total sugar, reducing and non reducing sugar, which might assist

in the predictability of high yielding varieties with high protein,

total sugar, reducing sugar and non reducing sugar. However,

total sugar had shown positive significant correlation with non

reducing sugar. No association of grain yield was observed with

other characters indicating the possibility of improvement of grain

yield without any adverse effect on the expression of such traits.

Interestingly, the grain yield and drought susceptibility index

showed no association. Ehdaie et al. (1988) also found no

association between these two traits indicating these to be

independent attributes. Grain yield showed significant positive

correlation with cold tolerance which showed that there are certain

plant traits, which are desirable under cold stress environment

and undesirable under favourable environmental conditions. As

far as drought susceptibility index (DSI) was concerned, it showed

significant negative correlation with reducing sugar content and

positive correlation with specific leaf weight.

 Biological yield had the positive direct effect on grain

yield at phenotypic level followed by harvest index, specific leaf

weight, stomatal number, 1000 grain weight, stomatal size,

spikelets/spike and days to heading (Table 2). Similar results were

reported by Kumar et al. (2005). However, days to maturity, spikes

per plant, flag-leaf area and leaf area index had negative direct

effect on grain yield.  Stomatal size had positive direct effect on

grain yield which indicates about efficiency in gaseous exchange,

which results in higher photosynthesis, responsible for more grain

yield. Whereas, days to heading showed positive and days to

maturity showed negative direct effect on grain yield which

signifies the effect of grain-filling period. Singh et al. (1987)

reported that biological yield had positive direct effect on grain

yield in triticale. The results of the present study revealed that,

stomatal size, stomatal number and specific leaf weight which

directly contributed to grain yield, are the traits of physiological

base could be used as selection criteria for higher yielding

genotypes for drought and cold stress conditions. Biological yield

appears to be an important yield determinant as it had high

positive direct effect, which indicated that the improvement in

the grain yield can be sought by improving the total biomass.

Thus, biological yield, harvest index, specific leaf weight, 1000

grain weight, spikelets per spike and stomatal number, appear

to be the traits of importance for selecting drought tolerant

varieties.

Two derivatives viz., RL-124-2P
2
 and RL-111P

2
,

categorized as cold and drought tolerant (Table 3) with high grain

yield, spikes per plant, spikelets per spikes and leaf area index

(Table 4) were selected for future hybridization programme.
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