Indian J. Genet., 66(4): 303-307 (2006)

Early generation selection for yield and heat tolerance in bread

wheat (Triticum aestivum L.)

N. N. Thi and M. A. Shah

Department of Plant Breeding and Genetics, Rajasthan College of Agriculture, MPUA&T, Udaipur 313 001

(Received: September 2005; Revised: November 2006; Accepted: December 2006)

Abstract

Thirteen families (F, crosses) each with 5 progenies were
grown in compact family block design with three
replications in two environments normal sowing (E,) and
very late sowing (E,) environments at Udaipur. Data
recorded for grain yield, its twelve component traits and
seven heat tolerant parameters were analysed to identify
superior crosses and their progenies for yield and heat
tolerance so as to exploit these for getting desirable
sergeants in advanced generations. The analysis of
variance revealed significant differences among the families
for grain yield and all other traits in both the environments.
However, the variations among the progenies within a
family varied from character to character and environment
to environment. In normal sowing environment, C,, family
was the best among the eight families depicting
significantly higher grain yield than the standard check.
While in E, late sown environment, C, could be considered
" as one of the best family for yield and other attributes.
Of heat tolerance traits, the family C; proved its worthiness.
Based on the per se performance and estimation of
variability parameters, C,,P,, C,P5 and C,;P; were most
promising progenies for normal conditions, while C,P,
C,P,, C4P4, CgP, and C,P; were promising for very late
sown conditions. Selection from these families in advanced
generations could provide desirable segregants for high
yield and heat tolerance.
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Introduction

Heat stress is a major limitation to wheat (Triticum
aestivum 1..) productivity in arid, semi-arid, tropical and
sub-tropical regions of world [1]. During grain filling
stage this abiotic stress reduces the yield considerably
at the rate of 270 kg/ha/degree rise in temperature
above 11°C [2]. In India, NW plain zone area under
delayed planting has been increasing very fast due to
rice-wheat rotation, leads to expose the wheat plants
to high temperature at the post anthesis phase. The
other areas experiencing similar stress is, wheat growing
regions of central and peninsular India. Hence, now
breeding for heat tolerance has become an integral
component of wheat improvement at both National and

International level. However the progress to breed for
high temperature tolerance has been handicapped due
to inadequate knowledge about the morpho-physiological
parameters and their sophisticated measurement
techniques. But in recent past a few desirable heat
tolerance parameters with high heritability have been
identified for their use in breeding programme notably
membrane stability or relative heat injury, canopy
temperature depression (CTD), seedling vigor index,
heat susceptibility index and melandialdehyde content
(Stress accelerate lipid peroxidation).

The present investigation was therefore, an attempt
to make use of these parameters in identifying superior
crosses and their progenies for heat tolerance with
high yield and their selection in F5 generation based
on their per se performance and estimation of variability
parameters that may give an idea about the efficiency
of selection in advanced generations.

Materials and methods

Out of 48 line x tester crosses [3], which depicted high
heterosis along with non-significant SCA effects involving
good general combiners, were advanced in F, generation
and evaluated in normal and very late sowing
environments. From each of these crosses, 5 plants
with good per se performance in very late sowing were
selected to raise F; generation, where each cross was
designated as a family and plant to row as progeny.
All these families and progenies, along with five checks,
namely Raj 3077, Lok 1, Raj 3777, HD 2189 and
Ajantha, were grown in compact family block design
with three replications in each of two environments viz.,
normal sowing or E, (25th November, 2003) and very
late sowing or E, (6th January 2004) environments at
Experimental Farm of Department of Plant Breeding
and Genetics, Rajasthan College of Agriculture, Udaipur.
Each progeny was grown in 4 m long single row
spaced at 22.5 cm apart and plant to plant within row
spaced at 10 cm .apart. All the recommended cultural
and management practices were followed to raise a
healthy crop. Data were recorded on 5 randomly
competitive plants for each progeny per replication for
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13 agronomical traits including yield in both the
environments and seven heat tolerance parameters in
either single or both the environments, where
measurements (twice) for canopy temperature
depression (CTD) at grain filing stage was followed
by Reynolds et al. [4], and for malondialdehyde (MDA)
content by Health and Packer [5], for stomatal frequency
(SF) by Punia [3], seedling vigor index (SVI) by Nayeem
and Mahajan [6], germination stress index (GSI) by
Behl [7], relative heat injury (RI) in E, as stress is
uniformity subjected in laboratory for comparing different
genotypes by Sullivan [8] and for heat susceptibility
index (HSI) by Fischer and Maurer [9].

The above data so obtained were subjected to
analysis of variance as given by Panse and Sukhatme
[10] while estimates of variability parameters viz., PCV
and GCV were followed by Burton [11], heritability by
Burton and Devane [12] and genetic gain by Johnson
et al. [13]. The superior crosses were identified as
depicting high per se performance for yield and other
traits as compared to the check means along with high
variability for intra family progenies having significant
difference while for superior progenies were identified
based on their mean per se performance having higher
or at par as compared to the best checks for respective
traits.

Results and discussion

Agronomical traits. The analysis of variance revealed
significant differences among the families for grain yield
and all other traits in both the environments indicated
.that plants in selected F, crosses depicted larger
variation for these traits. On the other hand, differences
among the progenies within a family (cross) varied from
family to family for various traits in E; and E,
environment. High family and progeny mean per se
performance for grain yield and its contributing traits
like harvest index, biological vyield, grain number,
effective tiller etc. indicated better expression of
genotypes in normal sown condition (E; environment)
than late sown condition i.e. E, environment, showing
considerable effect of heat stress (Tables 1 and 2).
Variability parameters were calculated for all those
families which exhibited significant progeny differences.
The highest magnitude of heritability, and genetic gain
was recorded by family Cg followed by C,; and C,,
for plant height in both the environments and C,, in
E, environment only. For grain yield and biological
yield, family C,, again showed high genetic gain with
moderate heritability in E; environment. These families
also had high heritability estimates for days to 50%
flowering and maturity. Heritability estimates in general
were comparatively higher under heat stress environment
E, than under normal E;, indicating better chance of
selection under stress environment. This may be due
to the expression of resistance under stress conditions.
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In normal sowing E,, family C;, was found to
be the best performer with highest per se mean grain
yleld followed by Cg, C7, C1’ 013, Cs, C11 and C12,
all had significantly higher grain yield than check mean
(Table 1). Of these families, C4, C4, Cg and C, depicted
non-significant difference within their progenies for grain
yield in this environment. This might be due to fixation
of genes and hence lesser chance of segregation in
advance generations. Similarly for grain yield contributing
traits viz., biological yield, 100 grain weight, number of
effective tillers, flag leaf area days to flowering, maturity,
number of grains except C,, within progenies differences
were also non-significant. Thus selection of progenies
would be effective by considering high per se grain
yield only. With regards to per se performance of these
four families for yield contributing traits, significantly
higher mean than the check mean was observed for
biological yield, number of grains, spike length, flag
leaf blade area and number of tillers in C,, Cg (except
tiller number), C4 (except flag leaf and tiller no.) family,
while in C; significant superior performance was for
biological yield and number of tillers and at par to
other traits. As far as performance of progenies of
these families were concerned, only one progeny C,F5
had significantly higher grain yield than the best check
variety. This might be considered for selection in this
generation but unfortunately with its taliness and soft
straw, it could pose a problem of lodging and hence
was not desirable.

On the other hand in another group of superior
families viz, Cg, Cyq, Cqo and Cyg in Eq, within
progenies variation for grain yield was found significant.
This indicates chances of further segregation in advance
generations and hence selection of high vyielding
segregants can be possible. Superiority of these families
were also noticed for yield contributing traits too viz.,
C o for duration from flowering to maturity, spike length,
grain number and biological yield, Cg for plant height,
flag leaf blade area, grain number and harvest index,
C,3 for flag leaf blade area, grain number and biological
yield, Cq4 for duration from flowering to maturity, and
harvest index. These findings showed that yield potential
of different families may be governed by buffering action
of different characters, and high grain yield per se in
Fo, was not only due to genetic potential of the
genotypes, but the environment had masking effect on
grain yield of F5 plants selected. Estimation of variability
parameters in this group of families revealed that
maximum GCV, PCV and CV for grain yield were
recorded for C4 followed by C,5, Cg and C45. Variability
for component ftraits too confirmed the significant
variation among the progenies within these high yielding
superior families. Moderate to high magnitude of
variability parameters were recorded for days to
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Table 1. Family means for various agronomical traits in F3 generation of bread wheat in E; and E, environments
Fami-  Days to Days to Duration Plant Number of  Flag leaf Spike Number of 100-grains Biological Grain Harvest
lies 50% 50% from height tillers per blade area length grains/ weight yield yield index

flowering  maturity  flowering {cm) plant (cm?) (cm) spike (9) (g/plant) (g/plant) (%)

to maturity

Eq Ez E4 Ez E4 E2 Eq Ez Eq Ez Eq Eo Eq Eo E1 E2 E1 E» E1 Eo = Ez E4 E2
Cy 77.7 7021134 957 357 2551009 889 84 72 326 29.0 120 11.3 555 506 4.0 3.8 39.0 287 163 123 41.3 438
Cz 79.7 69.8113.7 942 34.0 2451078 751 9.4 62 381 245 115 518 510 34 4.0 39 391 223 153 74 38.7 346
Cs 88.2 7131179 97.0 29.7 256 90.8 669 87 65 387 245 114 108 542 461 36 3.8 356 232 139 9.1 395 388
Cs 78.1 70.0114.9 94.1 36.8 24.1 91.8 744 94 73 35172562 9.63 9.8548.0047.41 4.34 4.3035.2525.08 14.57 10.03 43.40 40.45
Cs 81.0 69.3115.7 96.1 34.6 268 822 655 8.8 6.7 34.6624.9510.33 9.6251.3049.40 4.16 4.21 34.31 21.87 15.63 10.29 45.27 48.52
Cs 78.8 68.8113.9 935 350 246 90.5 74.6 8.0 6.9130.9725.54 10.54 10.12 50.64 50.27 4.02 3.92 32.40 22.70 13.57 10.26 42.59 45.30
Cz 91.0 742 117.9100.0 269 25.7117.6 89.5 10.1 7.4932.2320.90 9.64 9.7949.1246.48 4.27 3.8643.49 26.35 16.85 8.87 38.74 33.54
Cs 874 71.61156796.1 276 2451019 80.6 9.2 7.0 34.18254512.1511.0456.76 52.96 3.46 3.83 37.87 23.81 12.52 9.07 35.20 39.73
Cg 79.3 68.5113.9 92.8 346 242 981 78.6 8.4 5.8436.5223.1511.0310.5255.2852.24 3.99 3.97 40.0522.69 17.29 9.6142.94 42.28
Cio 829 6971149 942 319 245 998 742 8.0 6.1 33.8122.0311.9211.3354.7251.52 3.62 3.95342 19.8512.96 5.7338.2928.75
Cn 83.7 70.1115.7 945 321 243 883 653 8.4 58 359126.0910.00 9.3049.784540 4.01 3.8635.0519.14 15.61 7.53 45.07 37.80
Ciz2 87.7 69.5116.2 96.7 285 2721021 73.7 9.8 6.9 325723.7810.8210.1855.2449.28 3.87 4.0743.5524.1418.21 9.9241.4141.23
Cis 856 7191158 96.7 304 2481066 86.7 9.3 7.5 33.4326.5710.6910.3853.84 48.88 4.41 4.24 40.88 27.55 16.04 10.48 39.46 38.74
Checks 79.2 71.0113.5 96.8 343 258 884 803 8.4 8.1530.7626.8510.3010.0148.4043.73 4.31 4.04 32.4526.15 13.23 11.19 41.38 43.41
Cbs% 22 07 07 13 22 12 37 28 1.0 07 259 175 040 0.34 2.03 2.30 022 0.17 507 286 219 1.24 181 2.77

Notes: C,-Raj 3777 x HD 2189; C,Ajantha x WH 542; C,-WH 542 x PBN 51; C,-HD 2389 x HD 2189; C4-HD 2389 x PBN 51; Ce-Haj 3077
x Kailash; C,-C 306 x PBN 51; C4-Raj 1482 x Ajantha; C4-Kalyansona x HD 2189; C,-Kalyansona x Ajantha; C,,-Kalyansona x PBN 51;
C,-GW 190 x HD 2189 and C, ,-H! 977 x HD 2189

Table 2. Promising progeny means for various agronomical traits in F3 generation of bread wheat in E; and E, environments
No. Proge- Daysto Daysto  Duration Plant Number  Flag leaf Spike Number 100-grains Biological Grain Harvest
nies 50% 50% from height of blade length of weight yield yield index
flowering  maturity  flowering {cm) tillers/ area {cm) grains/ Q) (g/plant)  (g/plant) (%)
to maturity plant (cm?) spike

Ei1 E2 Ei E2 Ei1 Ex E Ex Ej E Ei Ez Ei E E4 Ez Ey Ex E Ex Ey Ex E; =)
1 CiPy 753 69.7113.0 95.0 37.7 25.3 985 868 9.3 7.5 295 273 11.8 11.2 576 484 38 3.6 41.7 30.3 18.0 13.2 43.1 437
2 CP2 75.0 69.3113.3 957 38.3 26.3 99.7 884 74 65 352 288 122 11.8 548 512 42 4.0 383 27.9 155 122 40.6 444
3 CiP3 79.3 70.7114.0 96.7 347 26.0 971 87.7 83 7.1 362 326 124 116 584 524 3.9 3.7 37.3 30.7 15.3 13.3 38.6 43.0
4 CiPs 81.3 71.3114.0 957 32.7 2431043 90.0 89 74 29.0 282 11.7 112 540 520 41 39 399 257 167 101 429 445
5 CsPs 820 72.0116.7 98.3 340 26.3 838 67.1 107 89 373 264 9.1 101 520 468 45 46 40.1 283 151 115 459 411
6 CsPs 82.0 70.7117.0 97.7 350 27.0 804 656 86 6.4 369 267 116 103 556 51.6 46 4.6 385 24.0 179 120 464 51.7
7 CsPs  77.7 69.0115.3 95.0 37.7 26.0 89.1 68.9 109 7.5 336 236 107 9.8 520 487 41 42 415 253 19.3 11.9 46.9 472
8 CsPs 81.7 69.7114.0 947 323 250 928 766 7.6 7.4 299 248 11.3 10.7 528 532 40 40 376 22.7 161 105 42.2 448
9 C/Ps 89.3 727117.0 980 27.7 2531178 889 9.5 6.3 31.8 23.9 10.3 10.7 51.2 479 44 39 508 282 20.9 100 414 357
10 CgPy 917 73.7116.3 97.3 247 23.7127.1 97.3 10.8 8.0 304 248 114 10.9 564 544 36 3.6 448 305 144 108 342 358
11  CoP> 81.3 68.3114.3 93.7 33.0 253 984 787 100 59 351 218 11.0 109 552 52.0 39 3.9 449 259 19.0 114 424 427
12 CnPs 857 7131153 97.3 29.7 26.0101.6 721 102 57 36.0 232 96 87 521 47.3 41 3.9 535 196 229 7.1 427 346
13 Cy2P2 87.3 67.7116.0 96.0 28.7 28.3 986 759 106 7.0 7.3 3.0 21.6 109 103 55.0 484 4.0 4.2 54.0 28.1 23.3 11.4 440
14 CyaPs 90.7 73.0117.0 99.0 27.3 26.0 985 76.3 11.0 8.5 35.1 24.9 10.7 100 55.6 488 50 4.6 51.0 29.5 20.3 104 40.4 359
Best checks 74.3 69.3112.7 94.3 29.3 247 824 761 9.0 10.1 33.3 29.0 11.4 11.0 53.6 452 46 4.5 349 304 147 127 425 48.7
CD 5% 50 17 17 29 49 28 82 62 22 15 58 39 09 07 45 51 05 04 11.3 64 409 28 40 6.2

contribution [14]. Based on this, C{{Pg and CqoPp

flowering, duration from flowering to maturity, plant (belongs to families with high variability) were the most

height (Cq4, C43), spike length (C44, C45), 100 grain
weight (C43), biological yield (C;¢) and harvest index
{C42). Among the progenies of these families, C45P5,
C41P5 and C43P5 were depicting significantly higher
means than the best check for grain yield, biological
yield as well as at par mean for number of tillers, flag
leaf blade area, spike length, number of grains, and
100 grain weight (Table 2). But efficiency of selection
of genotypes requires the great magnitude of variability,
high heritability and genetic gain along with its greater

promising progeny that could be exploited for desirable
segregants in advance generations. The other desirable
progenies Cy3Pg belongs to superior family with low
heritability for biological yield and grain yield could also
be exploited for single plant selection in advance
generations.

in E, environment (late sown condition), C4 could
be considered as one of the best family with maximum
grain yield per se though at par to check mean. This
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family also depicted significantly higher mean than the
check mean for component traits too viz., early flowering,
high flag leaf blade area, spike length and number of
grains per spike. However progeny differences within
this family was non-significant for grain yield and all
other ftraits, indicating fixation of genes and attainment
of homozygosity for these traits. Among the progenies
of this family, the most promising ones with higher
grain yield were C4P4, G4P5 and C4P,. Their superiority
were also evident by significantly higher mean
performance than the best check for component traits
too like grain number (C4P3 and C;P,) and at par
mean values for biological yield, flag leaf blade area,
harvest index, spike length and days to 50% maturity
(Table 2). The other promising family in stress
environment (Eo) was Cg. Contrary to C4, significant
variation within its progenies for grain yield, 100 grain
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Heat ftolerant parameters: Significant differences
between families for all the heat tolerance traits indicated
considerable variability among crosses for these traits.
However with regards to differences among the
progenies within family, seedling vigour index (SVI) at
30°C was the trait for which maximum number of seven
families showed variation followed by SVI at 35°C (five
families). Stomatal frequency (upper), stomatal frequency
(lower) and SVI at 25°C with 3 families each. This
differential response indicating heterozygosity is still
there in F3 for these traits, hence further selection is
required in advance generations. On the other hand
progenies within each family were depicting uniform
behaviour for canopy depression temperature and
relative heat injury indicating fixation of genes for these
traits. Most of the progenies had relative injury at par
to the best check Raj 3777.

Table 3. The high yielding families and their heat tolerant parameters mean in F5 generation of bread wheat in E; and E,

environments

No. Families CTD (°C) SF svi RI (%) GSI(%) HSI(%) MDA content
Lower Upper (m. moles/100mg)
E, E, E, E, 25°C  30°C  350C E, Eq EV/E,  Eq E,
1 Cq 27.85* 30.29 27.58 41.13 44555 357.67 313.12 51.47 75.37 0.60 5.92 6.95
2 Cz 28.27 30.89™ 26.51 41.02 505.70 389.05* 290.75 52.66 73.52 1.34™ 5.61 7.27
3 Cs 27.89 30.60™ 28.60 43.82 429.03™ 341.93 254.42™ 55.66 68.91™ 0.89" 4.72 6.11
4 Ca 27.64* 30.63™ 29.69 4580 473.13 389.22 299.97 50.36 76.18 0.81™ 5.15 6.27
5 Cs 29.00 30.36 31.317" 46.91 427.727* 319.82* 239.57 " 40.74* 76.31 0.78™ 5.82 7.32
6 Cs 27.80* 30.25 26.84 4487 458.07 376.80* 293.49 43.34* 71.78 0.58 3.38* 4.50*
7 C7 28.27 30.21 33.40™ 50.45* 537.29* 392.80* 280.23 41.84* 80.79* 1.14™ 473 6.15
8 Cs 28.49 29.84 27.89 4211 477.33 389.83* 284.90 36.16* 77.00 0.75 4.9 5.71
9 Co 28.74 30.677 28.98 4422 47222 358.53 285.95 54.42 74.59 1.187™ 494 6.73
- 10 C1o 28.53 31.347 28.07 4444 46458 376.40 291.02 49.18 73.60 1.52™* 553 7.21
11 C11 28.45 31.60™ 30.25 4478 412.217* 349.41 259.59* 41.33* 73.26 1.19™ 5.1 6.58
12 C12 27.60* 30.21 34.047" 48.91* 44458 353.79 290.69 52.21 76.70 1.16™ 5,96 7.27
13 Cis 27.49* 3045 26.82 43.38 516.80* 423.33* 323.43* 47.63 72.51 0.90 5.40 6.61

Checks 2860 2992 2720 43.44 47165 364.45 29581 51.37 75.06 0.38 5.10 6.21

Notes: *Significantly inferior to best checks at 5% level; *Significantly superior to best checks at 5% level and others: at par to best checks

weight and spike length was recorded. The family mean
for grain yield was at par to the best check with high
variability (CV, PCV, GCV). But with low heritability,
selection for yield itself in advance generation may not
be effective. However contribution of component traits
can be used as yield potential selection criteria rather
than yield only. Because this family depicted significant
superiority over best check for days to flowering, plant
height, number of grains and harvest index (Table 1).
The best progeny belonging to this family was CgPy
depicting high grain yield, biological yield, harvest index,
100 grain weight af par to best check and significantly
higher number of grains with short plant height than
the check in this environment. All these above said
progenies C4P4, C{P,, C{P5 and CzP3 could be
exploited for desirable segregants in advance
generations for late sown conditions.

Looking to the response of individual family, Cg
was found to be depicting desirable mean performance
for most of these traits (Table 3). It was followed by
C7, Ca, C13 and C; with non-significant differences
within their progenies with high heritability (Cg and Cq5
only) for most of the traits. A number of progenies
from these families have done fairly well for most of
the heat tolerant traits. The promising ones were C4Pg,
Cy3P4, Cq3P5, C;P5 and C4Pg. Besides these, some
high yielding progenies viz., C4P3, C{P4, C43P5, CgCy
and CgP, were also exhibiting desirable performance
for these ftraits. With regards to the reliability of the
heat tolerant parameters in screening heat tolerant
genotypes, estimation of heat susceptibility index (HSI)
indicates a perfect relationship with grain yield under
stress environment, this was closely followed by relative
heat injury with some exception.
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Table 4. The high yielding progenies and their heat tolerant parameters mean in F5 generation of bread wheat in Ey and E,

environments

No. Progenies Mean CTD SF svi R (%) GSI HSI MDA content

grain yield Lower Upper (%) (%) (m.
(g/plant) moles/100mg)
E1 and E2 E, = E, E4 250C  30°C 35°C E, E, E,/E, E =

1 C12P2 17.29 27.30 30.00 33.227 49.89 438.67 352.00 28320 46.83 82.32 1.34— 5.69 6.72

2 C1P1 15.61 28.27 30.38 29.00 4567 43507 347.40 306.53 49.37 7576 065 5038 6.56

3 CsPs 15.60 28.25 30.28 27.44 42.89 449.33 328.67 241.93-"4016 7578 0.98-* 7.03-* 7.86-

4 C7Ps 15.44 2857 30.52 36.89 49.22 500.33 417.33 301.83 43.12 75.71 1.30—* 3.98 5.27

5 Ci13Ps 15.34 27.30 30.12 2978 47.22 446.75 399.33 328.67 46.65 73.79 1297 563 6.46

6 C11Ps 15.00 27.67 32.15™* 30.67 47.89 419.17 409.33 259.67 39.34 75.16 159" 4.55 5.94

7 CsP3 14.96 28.37 29.98 31.22 47.22 42533 313.37 226.00-*40.03 77.74 0.54 6.72— 7.34

8 C1P3 14.29 27.03 30.33 21.33 27.89* 408.00 340.53” 32400 4641 77.24 0.33 6.20— 7.39

9 CiP2 13.86 27.75 30.37 29.56 46.56 428.33 348.43 313.47 5525 69.25— 0.56 5.94—* 6.87

10 C1Ps 13.40 27.78 30.23 2478 39.11 473.67 364.67 308.93 50.68" 79.77 1.01* 6.77— 7.44

11 C4Ps 13.33 27.23 30.00 30.45 46.67 464.00 380.20 305.33 50.18~ 72.05 0.76 5.43 6.41

12 CoP2 13.33 27.75 29.98 30.67 47.33 531.33 350.00 283.60 41.84 83.56 0.71 4.86 7.13

13 CePa 13.29 27.32 2977 29.00 42.11 464.67 380.00 20200 43.53 7864 0.73 2.79 3.41

14 CsP1 12.80 2750 30.10 28.78 43.56 576.33 470.43* 319.33 3293 7596 063 548 6.46

Best checks 12.77 27.87 29.65 2444 41.67 499.33 391.33 300.50 37.10 81.54 0.09 3.41 4.65

Notes: —*Significantly inferior to best checks at 5% level; *Significantly superior to best checks at 5% level and others: at parto best checks.
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