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In order to evaluate genetic variability and estimation of remobilization related
traits in wheat using biometrical genetic techniques an experiment was conducted in a
randomized complete blocks design with three replicates under post-anthesis drought
stress conditions in the Campus of Agriculture and Natural Resources, Razi University,
Kermanshah, Iran during 2011-2012 cropping season. The results of analysis of variance
showed significant differences between the genotypes for all studied traits except current
photosynthesis (CP) and current photosynthesis share into kernel yield (CPSKY). High
genetic gain and broad sense heritability estimates were observed for penultimate
remobilization share into kernel yield (PenRSKY) and internodes remobilization share
into kernel yield (IRSKY) indicating high genetic potential, low effect of environment
and predominant role of additive gene effect on their expression. Spike dry matter
remobilization (SDMR), spike dry matter remobilization efficiency (SDMRE) and spike
remobilization share into kernel yield (SRSKY) exhibited the highest phenotypic and
genetic positive correlation with kernel yield (KY). Moreover, the highest genotypic and
phenotypic covariance was observed between kernel yield (KY) and SDMR, CP, SDMRE
and SRSKY, respectively. The highest environmental covariance was identified between
kernel yield (KY), peduncle dry matter remobilization (PedDMR) and penultimate dry
matter remobilization (PenDMR), respectively. High co-heritability was detected between
SDMRE and PedDMR, PedDMRE and PenDMR and between peduncle remobilization
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share into kernel yield (PedRSKY) and internodes dry matter remobilization efficiency
(IDMRE), suggesting that selection of either of the traits would simultaneously affect the
others, positively.
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INTRODUCTION
Wheat (Triticum aestivum L.) is the largest grain crop in the world. It is used mainly for

human consumption, provides food to 36% of the global population and contributes 20% of food
calories (EID, 2009). This strategic plant is the most extensive arable crop and it is also the first
grain crop in Iran. The demand for wheat is expected to grow faster than any other major
agricultural crop (SHAH et al., 2009). Increasing this crop must be done by improving productivity
on land that is already under cultivation (VASIL, 2003). But, drought as a worldwide problem
imposes major limits on wheat production and food security in many arid and semi-arid regions
such as Iran (AMIRI et al., 2015). In these regions generally wheat is the main rainfed crop and its
grain yield is variable in response to the erratic rainfall.

Depending on timing of water deficit during the growing season, crops are subjected to
drought stress at different stages of the growth cycle (RAJALA et al., 2009). Post-anthesis stage,
due to coinciding to grain filling period, is one of the susceptible stages of growing cycle which
the annual grain yield loss to drought occurs in it. At this circumstance, reduction of
photosynthesis can be recovered by dry matter remobilization to grain yield (YANG and ZHANG,
2006). Therefore, regarding to important role of dry matter remobilization in drought conditions,
developing crops that have an advantage under post-anthesis stress conditions and also have a
good potential in remobilizing of reserved materials is one of the major challenges for wheat
improvement programs. On the other hand, given that direct selection for grain yield in dry
environments is inefficient due to large seasonal variation in weather and generally a large
genotype × environment interaction, resulting in low heritability for grain yield, it would seem that
selection for some important traits such as dry matter remobilization could be effective and
contribute substantially to grain yield improvements (RICHARD, 2006).

Our understanding about the genetic control and the nature of these traits has important
effects on breeding programs (KASHIF et al., 2003; MOHAMMADI et al., 2010). Genetic potential,
assessment of diversity, stability performance and separating the total variation into heritable and
non-heritable components are measured by some genetic parameters such as mean, variance,
genotypic and phenotypic co-efficient of variation, heritability, genetic gain and etc. (FIROUZIAN,
2003; ALI et al., 2009; FARSHADFAR et al., 2013; FARSHADFAR et al., 2014).

Heritability, a measure of the phenotypic variance attributable to genetic causes, has
predictive role of breeding crops (SONGSRI et al., 2008). It can determine whether the correlations
between the traits are genetics or phonetics, and how it’s onward transmission from parents to
progeny. It provides an estimate of genetic advance a breeder can expect from selection applied to
a population under certain environment (KHAN et al., 2008). It has been noted that heritability
alone is not enough to make sufficient improvement through selection generally in advance
generations unless accompanied by substantial amount of genetic advance. The utility of
heritability therefore increases when it is used to calculate genetic advance, which indicates the
degree of gain in a trait obtained under a particular selection pressure. Thus, genetic advance is yet
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another important selection parameter that aids breeder in a selection program (SHUKLA et al.,
2004).

The present study was carried out in attempt to evaluate genetic variability and to estimate
the genetic parameters of grain yield and dry matter remobilization traits under post-anthesis
drought stress conditions.

MATERIALS AND METHODS
Eight wheat genotypes including: Bahar (G1), Pishtaz (G2), Vee/Nac (G3), Yavaros (G4),

S-80-18 (G5), CrossAlborz (G6), Santor (G7) and D-79-15 (G8) were assessed in a randomized
complete block design with three replications under drought stress conditions at the Research
Greenhouse of the Campus of Agriculture and Natural Resources, Razi University, Kermanshah,
Iran (47° 9_ N, 34° 21_ E and 1319m above sea level) during 2011-2012 cropping season. Sowing
was done in plastic pots with 15 cm diagonal and 20 cm height. After physiological maturity,
kernel yield was measured from five spikes. Flag leaf and other leaves area (cm2) were measured
using leaf area meter set.

Remobilization parameters
In order to estimate capacity of spike and stem reservation and remobilization of

photosynthesis materials, after anthesis to physiological maturity, a weekly random sample of five
plants was harvested. Then, each main tiller was divided into spike and stem. Each stem was
divided into three segments, namely peduncle, penultimate internode and the lower internodes.
Dry weights were recorded after the plant material had been oven dried at 70°C for 48 hours.
Parameters related to remobilization, were calculated as follows (EHDAIE et al., 2006; MADANI et
al., 2010):

SDMR; Spike Dry Matter Remobilization (mg) = A-B (1)
PedDMR; Peduncle Dry Matter Remobilization (mg) = C-D (2)
PenDMR; Penultimate Dry Matter Remobilization (mg) = E-F (3)
IDMR; Internodes Dry Matter Remobilization (mg) = G-H (4)
SDMRE; Spike Dry Matter Remobilization Efficiency (%) = [(1)/A] ×100 (5)
PedDMRE; Peduncle Dry Matter Remobilization Efficiency (%) = [(2)/C] ×100 (6)
PenDMRE; Penultimate Dry Matter Remobilization Efficiency (%) = [(3)/E] ×100 (7)
IDMRE; Internodes Dry Matter Remobilization Efficiency (%) = [(4)/G] ×100 (8)
SRSKY; Spike Remobilization Share into Kernel Yield (%) = [(1)/KY] ×100 (9)
PedRSKY; Peduncle Remobilization Share into Kernel Yield (%) = [(2)/KY] ×100 (10)
PenRSKY; Penultimate Remobilization Share into Kernel Yield (%) = [(3)/KY] ×100 (11)
IRSKY; Internodes Remobilization Share into Kernel Yield (%) = [(4)/KY] ×100 (12)
CP; Current Photosynthesis (mg) = KY - [(1)+(2)+(3)+(4)] (13)
CPSKY; Current Photosynthesis Share into Kernel Yield (%) = [(13)/KY] ×100 (14)

Where; KY= Kernel Yield (g/spike), A=maximum straw of spike dry matter after
anthesis, B=straw of spike dry matter at maturity, C= maximum peduncle dry matter after anthesis,
D=peduncle dry matter at maturity, E=maximum penultimate dry matter after anthesis,
F=penultimate dry matter at maturity, G=maximum internodes dry matter after anthesis and
H=internodes dry matter at maturity.
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Estimation of genetic parameters
The recorded data were subjected to analysis of variance using SAS V9.1 software and

the following genetic parameters were estimated (FARSHADFAR et al., 2013):
(1)     VE = MSE (11) g1g2= MSPv – MSPe /r

(2) VG= (MSG – MSE)/r (12) p1p2= g1g2 + e1e2

(3) VP= VG + VE (13)     Co-heritability= ×100

(9) E (MSPv) = e1e2 + r g1g2

(10) E (MSPe) = e1e2

Where; VE = environmental variation, MSE= error mean square, VG= genotypic variation,
r= number of replication, VP=phenotypic variation, = total mean, 2g= genetic variance, 2p=
phenotypic variance, PCV= phenotypic coefficient of variation, GCV= genotypic coefficient of
variation, ECV=environmental coefficient of variation, h2

bs= broad-sense heritability, GG=genetic
gain,(i)= standard selection differential which for 5% selection intensity was 2.06, 2

g(1,2)= genetic
covariance of characters 1 and 2, 2

p(1,2)= phenotypic covariance for characters 1 and 2 and 2e1e2=
environment covariance of characters 1 and 2.

RESULTS
Analysis of variance and mean comparison

Analysis of variance revealed significant differences for all studied traits (Table 1) except
current photosynthesis (CP) and current photosynthesis share into kernel yield (CPSKY) indicating
the presence of genetic variability between the genotypes for the remobilization related characters.
Comparison of means (Table 2) displayed that genotypes number 8 (D-79-15) and 1 (Bahar) had
the highest and the lowest kernel yield. Moreover, maximum amount of material reservation
belonged to spike, peduncle, penultimate and internodes of stem, respectively, but the highest
remobilization was attributed to internodes of stem, spike, penultimate and peduncle, respectively.

Table 1. Analysis of variance for studied traits

S.O.V. df Mean Squares
KY SDMR PedDMR PenDMR IDMR SDMRE PedDMRE PenDMRE

Replication 2 0.001ns 64.35.5 ns ns377.2 ns16.13 *362.0 ns123.98 ns6.55 ns3.17

Genotype 7 0.092** 63589.4** 2383.9* 2152.7** 3371.5** 686.2** 132.1** 229.02**

Error 14 0.001 8334.2 592.1 110.1 68.7 114.8 21.9 7.97

CV% - 3.53 49.04 17.73 7.07 4.42 48.5 11.85 5.01
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Table 1. Continued

S.O.V. df
Mean Squares

IDMRE SRSKY PedRSKY PenRSKY IRSKY CP CPSKY
Replication 2 **16.01 ns160.8 ns7.27 ns1.29 ns2.02 ns5293.6 ns95.5
Genotype 7 250.9** 590.6* 61.72** 152.4** 199.3** 5668.1 ns 51.2 ns

Error 14 1.97 138.03 14.1 5.39 2.06 6123.7 117.01
CV% - 2.05 52.03 19.69 10.96 5.38 88.5 93.72
ns, * and **: Not significant, significant at the 5% and 1% probability levels, respectively.

Table 2. Ranges, total means and traits means of wheat genotypes

Gen KY
(g/spike)

SDMR
(mg)

PedDMR
(mg)

PenDMR
(mg)

IDMR
(mg)

SDMRE
(%)

PedDMRE
(%)

PenDMRE
(%)

1 0.540e 0d 135bc 196a 147d 0.0d 40.4a 55.3bc

2 0.557e 115cd 90c 126e 192c 18.1bcd 27.3b 55.4bc

3 0.820c 198bc 135bc 127e 220b 25.5bc 42.4a 56.5b

4 0.840c 289ab 192a 148cd 182c 29.7abc 43.3a 69.4a

5 0.653d 73d 149b 158bc 182c 9.6cd 43.6a 69.3a

6 0.610d 84cd 134bc 121e 249a 13.0bcd 45.9a 50.9cd

7 0.890b 293ab 140b 176b 152d 32.8ab 31.2b 47.6d

8 1.017a 437a 123bc 135de 178c 48.1a 42.4a 47.0d

Mean 0.741 186 137 148 188 22.1 39.6 56.4

Min. 0.540 0 90 121 147 0.0 27.3 47.0
Max. 1.017 437 192 196 249 48.1 45.9 69.4

Table 2.Continued

Gen IDMRE
(%)

SRSKY
(%)

PedRSKY
(%)

PenRSKY
(%)

IRSKY
(%)

CP
(mg)

CPSKY
(%)

1 56.0e 0.0d 24.7a 36.4a 27.2c 62a 11.6a

2 67.5c 21.3abcd 16.1bc 22.8bc 34.4b 51a 8.6a

3 77.8b 23.9abc 16.4bc 15.5ef 26.9c 140a 17.3a

4 81.3a 34.5ab 22.8ab 17.7de 21.7d 52a 6.0a

5 65.9c 11.4cd 22.8ab 24.2b 27.9c 92a 13.7a

6 77.2b 13.8bcd 22.0ab 19.9cd 40.9a 39a 6.3a

7 60.9d 32.9abc 15.7bc 19.8cd 17.1e 128a 14.5a

8 62.4d 42.9a 12.1c 13.3f 17.5e 144a 14.2a

Mean 68.6 22.6 19.1 21.2 26.7 88 11.5
Min. 56.0 0.0 12.1 13.3 17.1 39 6.3
Max. 81.3 42.9 24.7 36.4 40.9 144 17.3

Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level-
using Duncan’s Multiple Range Test.
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Genetic parameters and variability
Various genetic parameters including phenotypic and genotypic coefficients of variation,

broad sense heritability and genetic gain are shown in Table 3. Generally, PCV, GCV and GG
were low for all the traits except SDMR, SDMRE and SRSKY. PCV was high for CP, and
CPSKY, while GCV and GG were zero for them. Therefore, selection based on these traits, due to
high role of ECV is not effective. The traits KY, PenDMR, IDMR, PenDMRE, IDMRE,
PenRSKY and IRSKY showed high broad-sense heritability (>0.8) (Table 3) indicating that the
role of genetic factors was higher than environmental factors. The characters SDMR, SDMRE,
SRSKY, PenRSKY and IRSKY exhibited high genetic gains (>0.6), respectively. High estimates
of genetic gain and broad sense heritability were observed for PenRSKY and IRSKY indicating
high genetic potential, low effect of environment and predominant role of additive gene effect on
their expression.

Phenotypic, genotypic and environmental matrices
Phenotypic and genetic correlation matrix of studied traits is presented in Table 4. Traits in

relation to spike including SDMR, SDMRE and SRSKY showed the highest phenotypic and
genetic positive correlation with kernel yield (KY). According to the results of Table 5, the highest
genotypic and phenotypic covariance observed for KY with SDMR (24.64 and 24.25), CP (5.64
and 5.71), SDMRE (2.48 and 2.45) and SRSKY (2.20 and 2.20), respectively. The results of Table
6 displayed that the highest environmental covariance of KY was observed with PedDMR (0.40)
and PenDMR (0.21).

Table 3.Estimate of genetic parameters for the studied traits
Traits Mean σ2G σ2p σ2e Covp(GY,i) CovG(GY,i) bs2h c-h2bs PCV GCV ECV GG
KY 0.741 0.030 0.031 0.001 ----- ----- 0.978 ----- 23.748 23.484 3.530 47.839

SDMR 186.167 18436.147 26752.583 8316.436 24.644 24.247 0.689 1.016 87.858 72.935 48.985 124.725

PedDMR 137.208 592.491 1189.411 596.920 1.591 1.378 0.498 1.155 25.135 17.740 17.806 25.793
PenDMR 148.500 654.905 790.940 136.036 -0.677 -0.600 0.828 1.127 18.938 17.233 7.854 32.303

IDMR 187.750 1108.628 1169.643 61.015 -0.820 -0.874 0.948 0.939 18.216 17.734 4.160 35.567

SDMRE 22.096 190.004 305.319 115.315 2.482 2.445 0.622 1.015 79.080 62.384 48.600 101.378
PedDMRE 39.563 38.006 58.697 20.691 0.177 0.145 0.647 1.219 19.365 15.583 11.498 25.830
PenDMRE 56.425 74.817 81.657 6.840 -0.382 -0.355 0.916 1.075 16.015 15.329 4.635 30.227
IDMRE 68.621 81.085 84.956 3.870 0.138 0.123 0.954 1.122 13.432 13.122 2.867 26.409
SRSKY 22.579 151.325 288.881 137.556 2.199 2.196 0.524 1.002 75.275 54.481 51.944 81.229
PedRSKY 19.083 16.673 29.990 13.317 -0.498 -0.496 0.556 1.004 28.697 21.397 19.122 32.866
PenRSKY 21.192 49.294 54.403 5.109 -0.978 -0.928 0.906 1.054 34.805 33.131 10.666 64.966

IRSKY 26.696 65.594 67.798 2.204 -1.150 -1.126 0.967 1.021 30.843 30.338 5.561 61.472
CP 88.375 0.000 5971.827 5971.827 5.640 5.708 0.000 0.988 87.443 0.000 87.443 0.000
CPSKY 11.542 0.000 95.092 95.092 0.300 0.292 0.000 1.027 84.490 0.000 84.490 0.000
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Table 4.Phenotypic (Upper off-diagonal matrix) and genotypic (Lower off-diagonal matrix) correlation matrix
of the studied traits

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

(1) KY 0.818 0.250 -0.131 -0.130 0.771 0.125 -0.229 0.082 0.702 -0.494 -0.720 -0.758 0.396 0.167

(2) SDMR 1.026 0.106 -0.233 -0.129 0.980 -0.049 -0.275 0.086 0.964 -0.538 -0.696 -0.656 -0.037 -0.269

(3) PedDMR 0.325 0.241 0.250 -0.091 0.024 0.685 0.514 0.305 0.073 0.664 -0.097 -0.310 -0.113 -0.190

(4) PenDMR -0.135 -0.234 0.283 -0.797 -0.322 -0.063 0.135 -0.649 -0.317 0.366 0.725 -0.394 0.012 0.061

(5) IDMR -0.151 -0.140 -0.113 -0.894 -0.065 0.328 -0.024 0.749 -0.062 -0.007 -0.428 0.692 -0.110 -0.087

(6) SDMRE 1.020 0.997 0.091 -0.373 -0.040 -0.091 -0.316 0.103 0.979 -0.577 -0.722 -0.577 -0.058 -0.306

(7) PedDMRE 0.135 0.007 0.465 -0.167 0.454 -0.070 0.292 0.306 -0.132 0.571 -0.121 0.057 -0.042 -0.089

(8) PenDMRE -0.236 -0.288 0.678 0.036 -0.002 -0.369 0.333 0.379 -0.209 0.536 0.191 0.071 -0.190 -0.112

(9) IDMRE 0.079 0.104 0.506 -0.749 0.757 0.134 0.456 0.415 0.178 0.081 -0.523 0.335 -0.135 -0.151

(10) SRSKY 1.026 0.986 0.212 -0.397 -0.028 0.984 -0.116 -0.236 0.258 -0.502 -0.687 -0.527 -0.184 -0.417

(11) PedRSKY -0.699 -0.835 0.394 0.462 0.037 -0.963 0.337 0.712 0.214 -0.912 0.528 0.314 -0.438 -0.332

(12) PenRSKY -0.760 -0.844 -0.095 0.710 -0.443 -0.929 -0.112 0.149 -0.557 -0.971 0.776 0.279 -0.279 -0.087

(13) IRSKY -0.799 -0.782 -0.388 -0.471 0.699 -0.717 0.127 0.071 0.334 -0.715 0.477 0.269 -0.380 -0.207

(14) CP 1037563 1419292 -42354 7296 -324062 1513306 15424 -527553 -391285 1529719 -881123 -659935 -960415 0.949

(15) CPSKY 16788 31177 -2194 8378 -12914 35636 1392 -10394 -18493 36814 -10936 -4582 -21364 -11638910000

Table 5.Phenotypic (Lower off-diagonal matrix) and genotypic (Upper off-diagonal matrix) covariance
matrix of the studied traits

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

(1) KY 24.64 1.59 -0.68 -0.82 2.48 0.18 -0.38 0.14 2.20 -0.50 -0.98 -1.15 5.64 0.30

(2) SDMR 24.25 599.87 -1069.79 -722.02 2799.42 -61.86 -406.34 129.83 2680.27 -481.92 -840.14 -883.61 -463.92 -429.23

(3) PedDMR 1.38 795.77 242.77 -107.32 14.49 181.09 160.27 97.09 42.54 125.39 -24.64 -87.92 -302.46 -63.78

(4) PenDMR -0.60 -811.79 176.33 -766.38 -158.12 -13.50 34.34 -168.19 -151.29 56.42 150.37 -91.16 25.06 16.78

(5) IDMR -0.87 -633.96 -91.59 -761.73 -38.92 85.84 -7.39 236.09 -35.93 -1.29 -107.87 194.74 -290.42 -28.89

(6) SDMRE 2.45 1865.20 30.50 -131.65 -18.32 -12.12 -49.93 16.51 290.85 -55.21 -92.99 -83.02 -77.90 -52.14

(7) PedDMRE 0.14 5.48 69.83 -26.39 93.15 -5.95 20.24 21.60 -17.20 23.96 -6.86 3.58 -24.93 -6.65

(8) PenDMRE -0.36 -338.45 142.68 7.95 -0.71 -43.95 17.77 31.53 -32.09 26.52 12.74 5.26 -132.45 -9.83

(9) IDMRE 0.12 126.68 110.85 -172.58 227.05 16.68 25.32 32.34 27.84 4.07 -35.57 25.45 -95.89 -13.61

(10) SRSKY 2.20 1646.59 63.61 -124.92 -11.50 166.92 -8.80 -25.07 28.63 -46.72 -86.17 -73.78 -241.75 -69.11

(11) PedRSKY -0.49 -463.17 39.15 48.28 5.09 -54.22 8.49 25.15 7.89 -45.81 21.32 14.15 -185.41 -17.76

(12) PenRSKY -0.93 -804.33 -16.20 127.56 -103.67 -89.91 -4.85 9.08 -35.22 -83.82 22.25 16.94 -158.98 -6.28

(13) IRSKY -1.13 -859.87 -76.42 -97.64 188.48 -80.07 6.32 5.00 24.36 -71.22 15.76 15.31 -241.87 -16.58

(14) CP 5.71 6094.06 -32.60 5.90 -341.21 659.64 3.01 -144.30 -111.42 595.07 -113.77 -146.52 -245.97 714.90

(15) CPSKY 0.29 423.32 -5.34 21.44 -43.00 49.12 0.86 -8.99 -16.65 45.29 -4.47 -3.22 -17.30 -116.39
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Table 6. Environmental covariance matrix between the studied traits

Co-heritability
Co-heritability values for each pairs of traits are presented in Table 7. The range of co-

heritability was from -3.949 (between PedRSKY and IDMR) to 2.104 (between SDMRE and
PedDMR). The negative co-heritability between PedRSKY and IDMR declared that selection
based on one of these traits will reduce another one. High co-heritability was observed between
SDMRE and PedDMR (2.104), PedDMRE and PenDMR (1.954) and PedRSKY and IDMRE
(1.939). This suggests that selection of either of the traits would simultaneously affect the others,
positively.

Table 7.Co-heritability estimates between the studied traits
KY SDMR PedDMR PenDMR IDMR SDMRE PedDMRE PenDMRE IDMRE SRSKY PedRSKY PenRSKY

SDMR 0.984

PedDMR 0.866 1.327

PenDMR 0.887 0.759 0.726

IDMR 1.066 0.878 0.853 0.994

SDMRE 0.985 0.666 2.104 0.833 0.471

PedDMRE 0.821 -0.089 0.386 1.954 1.085 0.491

PenDMRE 0.930 0.833 0.890 0.232 0.096 0.880 0.878

IDMRE 0.891 0.976 1.142 1.026 0.962 1.010 1.172 1.026

SRSKY 0.998 0.614 1.495 0.826 0.320 0.574 0.512 0.781 1.028

PedRSKY 0.996 0.961 0.312 0.856 -3.949 0.982 0.354 0.949 1.939 0.981

PenRSKY 0.949 0.957 0.657 0.848 0.961 0.967 0.707 0.712 0.990 0.973 1.043

IRSKY 0.980 0.973 0.869 1.071 0.968 0.964 1.766 0.950 0.957 0.965 1.114 0.904

DISCUSSION
Significant genotypic differences for most of the studied traits among genotypes (Table 1)

indicate the existence of a high degree of genetic variability in the material to be exploited in
breeding program. High kernel yield of genotype number 8 (D-79-15) (Table 2) could be due to
high SDMR, SDMRE, SRSKY and CP and low kernel yield of genotype number 1 (Bahar) could

KY SDMR PedDMR PenDMR IDMR SDMRE PedDMRE PenDMRE IDMRE SRSKY PedRSKY PenRSKY

SDMR 0.07
PedDMR 0.40 -136.16
PenDMR 0.21 55.05 -195.90
IDMR -0.08 4.68 -258.00 66.44
SDMRE 0.05 60.34 -88.06 -15.73 -4.65
PedDMRE 0.04 -21.78 934.22 -16.00 -26.47 -20.60
PenDMRE 0.03 5.00 -67.35 111.25 12.88 -7.31 -6.17

IDMRE -0.03 -6.31 -67.90 17.58 26.39 -6.68 -5.98 2.47
SRSKY 0.02 5.42 3.15 -13.76 4.39 9.04 -0.17 -3.72 -0.81
PedRSKY 0.00 -30.53 1033.68 -21.07 -26.37 -24.43 123.92 -8.40 -7.02 -0.79
PenRSKY 0.00 2.65 -18.75 86.24 8.14 -6.37 -0.99 15.47 1.36 -3.82 -0.91
IRSKY -0.05 -6.30 -35.81 -8.44 22.81 -4.20 -3.08 -2.01 3.66 -0.35 -2.34 -0.92
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be due to low SDMR, IDMR, SDMRE, IDMRE and SRSKY in these genotypes. Thus, this result
indicated the importance of spike in dry matter remobilization. On the other hand, the high
remobilization rate of internodes of stem showed that this could be due to their potential in
reservation of photosynthesis materials specially before flowering stage (EHDAIE et al., 2006).
High broad-sense heritability for KY, PenDMR, IDMR, PenDMRE, IDMRE, PenRSKY and
IRSKY (Table 3) indicates that the role of genetic variance was higher than environmental
variance; it means that they are more under the genetic control. High broad sense heritability
indicates high genetic potentials for these traits, low effect of the environment and existence of
predominant role of additive genes. This parameter seems to be a suitable basis for a reliable
selection (KANDASAMY et al., 1989; THIYAGARAJAN, 1990).

High estimates of genetic gain and broad sense heritability for PenRSKY and IRSKY
reveal high genetic potential, low effect of environment and predominant role of additive gene
effect on their expression. Although high heritability estimates have been found effective in the
selection of superior genotypes on the basis of phenotypic performance, JOHNSON et al. (1955)
suggested that heritability estimate along with genetic advance will be more useful in predicting
the effect for selecting the best individuals. The combination of high heritability and genetic gains
are important indicators of the predominant role of additive gene effect in the traits (MANJU and
SREELATHAKUMARY, 2002).

The most common way to represent the pattern and magnitude of the genetic basis of a
series of traits is the genetic variance-covariance matrix, also known as the G-matrix. G-matrix is
extremely useful for predicting the response to selection over the short term. A population will
evolve most rapidly along axes that have the most genetic variation, and more slowly in directions
with little genetic variance. Because “G” accounts for genetic covariance as well, “G” can also
help in predicting the indirect response to selection on one character from selection on another trait
(FARSHADFAR et al., 2013). If the genetic covariance between two traits is different from zero,
selection of one trait will affect response to selection on the other (GUILLAUME and WHITLOCK,
2007). In this study, the highest genotypic and phenotypic covariance of KY observed with SDMR
(24.64 and 24.25), CP (5.64 and 5.71), SDMRE (2.48 and 2.45) and SRSKY (2.20 and 2.20),
respectively. We observed the highest environmental covariance of KY with PedDMR and
PenDMR. High values of genotypic and/or phenotypic covariance and low value of environmental
covariance between two traits may represent a high level of variation (genetic, phenotypic or both)
between two traits. High values of genetic variation and low value of environmental variation in
breeding programs can be very useful and help to selecting of superior cultivars.
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Izvod
Izvden je eksperiment u slučajnom potpunom blok sistemu sa tri ponavljanja u uslovima stresa
suše posle cvetanja pšenice u Iranu u toku 2011-2012 sezona gajenja. Rezultati analize varijanse su
pokazali značajne razlike među genotipovima kod svih ispitivanih osobina sa izuzetkom tekuće
fotosinteze (CP – Current Photosynthesis) i udela tekuće fotosinteze na prinos semena (PenRSKY)
i udela remobilizacije internodija u prinosu semena (IRSKY), što ukazuje na visok genetički
potencijal, nizak efekat spoljne sredine i predominantan aditivni efekat gena. Remobilizacija suve
supstance klasa (SDMR), efikasnost remobilizacije suve supstance klasa (SDMRE) i učešće
remobilizacije klasa u prinosu semena (SRSKY) su pokazali najvišu fenotipsku i genotipsku
pozitivnu korelaciju sa prinosom semena (KY). Dobijeni podaci ukazuju da selekcija na bilo koju
osobinu simultano pozitivno utiče na druge osobine.
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