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Abstract: To estimate the level of heat tolerance for different genotypes of bread wheat with respect to morphological
characters under studied grains/ spike, grain weight/spike, grain filling duration (duration between the anthesis stage
and the physiological maturity), 1000-kernel weight and grain yield/plant for yield. Physiological traits like relative
injury (Rl %), chlorophyll content, canopy temperature depression (CTD), were used in present investigation to
contribute toward capability of plants to tolerate heat stress of the yield contributing traits during heat stress.The
findings of present investigation had clearly explained that influences of environments on morpho physiological
characters i.e. grain yield per plant (14886.15) and its attributing traits i.e. spike length (459.7), tillers per plant
(622.34), spikelets per spike (278.1), 1000 kernel weight (13262.39), grain weight per spike (177.89) and number of
grains per spike (2898.44) in wheat were highly significant and positive. Among the parent and their crosses had
handsome amount of variations across the environment. The results of interaction for environments with parents,
lines, testers and their crosses with respect to morpho physiological characters in wheat was found significant for
some characters while variation was absent for other characters studied. Physiological traits like relative injury per
cent, chlorophyll content and CTD were vital parameters to quantify the degree of heat stress to develop tolerant
genotypes which is urgent and present need under changing climate scenario.
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INTRODUCTION components. Knowledge of the genetic association
. . . between grain yield and physiological traits can help
Wheat is one of the premier cereal crops of worldwide the breeders to improve the efficiency of selection

importance V,Vthh 15 grown gnder a W,Ide range of (Kumar et al., 2015b). The studies on genetic variability
gllmatlc conditions the geometric increase in pop.ulatlon, in morpho-physiological traits associated with yield
tnereases the demands Of. wheat n all couptrles apd under normal as well late sown conditions can be used
introducing advanced lines with superior traits ¢, iy rease selection efficiency (Kumar ef al., 2016). In
especially according to yield and quality, and is a vital most of the studies dealing with temperature response,
issue. The efficiency of breeding program increases by gays (o ear emergence or anthesis has been regarded as
careful assortment of parents and populations capable key diagnostic character as it represents liaison
of producing progeny with desirable? trait combinatigns between vegetative and reproductive stages. High
(Kuma.r et al. 20.15a).0ne of the important breedlng temperature stress during the grain filling duration is a
strategies is crossing the good general combining lines major constraint to increase productivity of wheat in

for grain yield and selecting transgressive segregants the changing climatic scenario (Punia et al., 2011).
from its resulting segregating generations. Knowledge

of general and specific combining abilities (GCA, MATERIALS AND METHODS
SCA) influencing yield and its components has
become increasingly important forplant breeders in the
choice of suitable parents for developing potentialva-
rieties in wheat (Anwar et al, 2011).Thus, the
success of genetic improvement in any character
depends on the nature of variability present in the gene
pool for that character. Primarily, biological variation
presented in the plant population is of three types, viz.,
phenotypic, genotypic and environmental. The genotypic
variance consists of additive, dominance and epistatic

The present investigation was carried out at Norman E.
Borlaug, Crop Research Centre of Govind Ballabh
Pant University of Agriculture and Technology,
Pantnagar, India. The material was developed through
line x tester mating during Rabi 2013-14 and their
progenies were evaluated in the next Rabi season of
2014-15.Thirteen genetically diverse heat tolerance
wheat varieties viz.HD3091, DBW90, UP2843,
WHI1124, HPW211,WH1021, CBW12, MASC6272,
JOB666, HD2329, WAXWING, HD2891, HD2961,
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and three testers i.e. HD2967, WH1105, HD3059 were
crossed in line x tester mating design excluding
reciprocals. Complete set of 39 F;s, 13lines and 3 testers
along with 2 standard checks (DPW 621-50, UP 2338)
were evaluated in the Randomized Block Design
(RBD) with three replications during rabi 2014-15.
Each plot consisted of 2 rows of 1 m length having
plant geometry of 20 cm % 10 cm. To estimate the lev-
el of heat tolerance for different genotypes with respect
to morphological characters such asgrains/ spike, grain
weight/spike, grain filling duration (duration between
the anthesis stage and the physiological maturity), 1000-
grain weight, andgrain yield/plant were taken under
studied. However, physiological characters contrib-
uting to heat tolerance for various genotypes of bread
wheat were (i) Canopy temperature depression (CTD)
(withhand held infrared thermometer, model AG-42,
Tele temp crop, Fullerton CA) was used for instantane-
ous measurement of canopy minus air temperature as
canopy temperature depression at anthesis and 15 days
after anthesis at an angle of 30°, 50 cm above the cano-
py from horizontal and at one meter distance from the
edge of the plot end. Data were recorded between
12:00 hrs.to 14:00 hrs. While, (ii) Relative Injury (%)
estimated by following the procedure and formula of
Blum and Ebercon (1981): RI (%) = {1- [1-(T1/T2)/1-
(C1/C2)]} X 100 1)

Where, T and C refer to treatment and control,
respectively, and 1 and 2 refer to initial and final
conductance readings, respectively. Whereas, (iii)
chlorophyll content was recorded in the flag leaves, using
a self-calibrating SPAD chlorophyll meter (Minolta) and
data were recorded at anthesis and 15 days after anthe-
sis.Pooled analysis of variance for combining ability and-
mean sum of squares was estimated by following the
method of Sokal and Rohlf (1969).

RESULTS AND DISCUSSION

Result of pooled analysis of variance over two
environments for different morpho-physiological
characters in wheat had clearly showed the significant
variance between two environments. Similar results
have also been exhibited by treatments used in
experiment. However, parents used for linex tester
mating had also significant variance for all the
characters studied except days to maturity results at par
to each other. On pooling the data of two environments
(Table 1),environment and treatment xenvironment
significant values of mean sum of squares for yield and
yield components such asdays to 75% heading
(13325.48 and 3.09), awn length (62.04 and 0.62),
tillers per plant(622.34 and 22.69), spikelets per spike
(278.1 and 2.22)flag leaf area (11681.87 and 35.24),
1000 grain weight(13262.39 and 32.53), grain yield
per plant (14886.15 and 39.65) biological yield per
plant(281885.9 and 701.32), harvest index (2715.36
and48.18), grain filling duration (2892.51 and 9.04)as
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well as important physiological thermo tolerant traits
like relative injury percent (1422.85 and 26.32),
chlorophyll content at 15 days after anthesis(1163.76
and 29.86), CTD value at anthesis (498.25 and 2.46)
and at 15 days after anthesis (120.99 and1.48) were
obtained. However, statistically similar results for vari-
ation with respect to treatment X environment
interaction were obtained for morpho-physiological
characters such as days to maturity, plant height, spike
length, peduncle length, grain weight per spike, grains
per spikeand chlorophyll content at the time of
anthesis. Variation with regard to crosses across the
pooled environment exhibited significant results over
all the nineteen morpho physiological traits studied.
However, the same trends had also been obtained for
Lines used in the mating design except days to
maturity deserve lack of variation. Pooled analysis of
variance for combining ability among 19 characters
studied over two environments (E; and E;) in wheat
with respect to tester was found significant for days to
75% heading(32), spike length(0.4), peduncle length
(28.19), tillers per plant (51.22), grain yield per plant
(58.23), biological yield per plant(315.88), relative
injury percent(1820.66), chlorophyll content at
anthesis and 15 DAA (39.1 and 73.35) and CTD at
anthesis(0.87). While, non- significant variation were
observed for traits like days to maturity, plant height,
awn length, spikelets per spike, flag leaf area, 1000
grain weight, grain weight per spike, number of grains
per spike, harvest index, grain filling duration and
CTD at 15 DAA. Variation was computed significantly
positive for Line x Tester for different
morphophysiological traits studied in the present
investigation, while, non-significant variation was
observed for days to maturity, awn length, 1000 grain
weight, biological yield per plant, harvest index, grain
filling duration, chlorophyll content at anthesis and at
15 DAA. A peculiar result was observed for grain
filling duration, the variation was significant for
environment, treatment, parent, crosses, and lines
along with treatment X environment, while absent for
line x tester. It indicates that lack of combining ability
among lines and tester for this trait. Statistically
significant variation was observed for parents vs cross-
es for traits like days to maturity, awn length, tillers
per plant, 1000 grain weight, grain weight per spike,
grain yield per plant, biological yield per plantharvest
index, grain filling duration, relative
injury percent and CTD at both stages. However,
absence of variation was observed for other traits
(Table 1). Interaction effect of other source of
variation such as parent, line, tester, line X tester,
crosses and parent vs crosses with environment was
found significant for grain yield per plant and canopy
temperature depression at the time of anthesis except
for parent vs crosses vs environment. However, variation
was statistically similar for days to 75% heading, days



PIuo)

Amarjeet Kumar et al. / J. Appl. & Nat. Sci. 9 (3): 1338 -1342 (2017)

91°0 16'6 Ly'S 171 L0'C 6€°0 L'e 10°T EL'ET 1T¢s 68’1 91¢ Joyg
670 #*xL1°96 LEE 0 99°¢ 'l w9 LTT 1 6t €ro I q A (D 'sA d)
91°0 *xLV'VT #x91° 1€ #*x9'C #%x6€°LT Is°0 % #xSL°1 ¥T0¢C Sy *x8C'¢ 8¢ dSAD
1T0 #x£CCE #xxVTSE #*xCC'C #*%x69°CC %*C9°0 1489 L'l c0°CC I18Y #*%60°€ 125 d "SA JuaumIedl],
x96°0 *xSL'8CE #xVCLE 0 €L°0 L0 ves %60V 171 YTl 650 I dsa (LX)
€ro 86'1 €eC 810 a4 140! [40! *%80°0 8691 68°0 9¢¢ [4 d7sAL
8C0 *xxL1°€E #xC1'9C LT #x€C°6 %180 *EL°L 991 86'1¢ L89 $8°C cl d7sA]
x£0 *xCL'8Y #x09°LY 6¢'1 *xS0CI *%58°0 %699 1971 €6°LT Ls 6LC Sl qgsad
140 *xE8°6VS 659 7o *%19°€S #*x9¢°¢ L9°6 8¢ S9'1 *91°0¢€ 610 I D sad
#x9'1 66'CIl *xV8'8CI %689 #x[L°GE ¥8°0 *%x909C #*xLS'C #xE1°SPE 6L V56 I 19)S9 ], X auI]
LYo 120 10°€ S0'¢ #*xCC 1S 'l #*%61'8C #xV0 18°%¢ 9¢°¢ #%CE [4 (L) 10189,
o A 34 #*%0€°GL #*%L6°9 #*%x6L'1€ #*x[10°C #*%58°9C #x '€ *xVCS01 ¥0'8 #*x50€ cl (1) 2ury
*%6C°0 #x+E1°6Y #xVSCL *%£8°€ #*x9€1C #*x89°1 #%x£0°6C **x9L'C #*%50'19 #x9L°T1 %6071 8¢ (D) sasso1)
#*%5€°0 *%88°CE #%£69 #**[€°9 #*xV9PE #x 8] #*%66'9C #xL'C V8111 L'L *%£°6C Sl (d) yuored
#*%x9€°0 #*xCL'VS #x (V0L **SY'V #xV9°6C #xSL1 #%x6C' ST #xSL'C #*x90VL #xL6°01 %9081 ¥S jusueal],
610 99 I'c ILT 660 Ieo 6L°S 9¢€°0 ¥9°C 9°L 9C’¢ 4 uoneor[dey

%08 LL1 #x06€C9CE1 #xL8 18911 %[ '8LT #xVECCY  #xV0C9  4x6V'TOC  #xL'6SY  #x6SVE6IT %% [ 17CC99C 87 STEET 1 (3) yuswruoxniAug

(3)ayids (ud) (urd) (u) (urd) Suipeay
AuspM  (3)ysPm () eare oyids yuerd 3ud] 3ud] P3ud] W3y £m %SL uoneLes
ureas) PWId 0001 Jed| Selq /SyEIdS JSIIILL umy Jpunpad idg jueld -l 0) sAeq 0} sie(q Jp JO ddanog

‘Jeaym Ul (% pue !q) SJUSWUOIIAUD 0M] JOAO SIOORIBYD G 10] A1[Iqe SUIUIqUIOD J0J 9OUBLIBA JO SISA[RUR P[00 °T dqeL,

1340



Amarjeet Kumar et al. / J. Appl. & Nat. Sci. 9 (3): 1338 -1342 (2017)

sisaqjue Joye she = yv( ‘uoissardop armerodway Adoue) = q1D

610 170 ST9l 9¢°01 LT'L 1287 (S 6'L8 8¢l 66'1 91¢C Jorryg
SIo 0€0 8’8 IS0 1€°81 €S°1 %6906 #%00' 87T ¢ £8°0 % [SLT I qsa (D sA d)
w2 (V1 #x€1°C *8S¥C cLel pals #x0€°6 #xV€ 19 *%8'6£8 *%xSS9C #xL1'LY 8¢ qd'SAD
q
#%87" [ *x97'C #%98°6C €6°¢l *xCE9C #x%70°6 +x81°8Y #xCE 10L L8YC #%59°6¢ 149 “SA JUSWIIBAL],
%660 #xSS°L ST¢S 80 LTO 1€1 €0 *%xCC €59 YO'L1 #x0S°LE 1 qAsA(LXT
600 #xSV'L '8¢ SY'Cl €0'C 90°S 6LV 6'CCl LS %558 C q7sA L
#%50°C %SV’ C %8906 vCSI 19°1 +91°01 617l [Tvel *LE€'ST #x£CCC 4! qdsA7]
sk CLT #x97' € #xV9 VP 16°¢l LS'T %08'8 10°CI *€°L91 vT'TC #xCV 1T Sl qdsad
#*%99°C +x06°C I'vl 10°0 #x£E€08LIL *SE€'8C +x68°061 %87 CS6C SIR3 *%8S9L1 [ D sad
s LL'C w5 CL'61 9¢'81 786 #xLL'8ST 1423 LS'T1 Lt #7861 1 *6C'C1 [ 19)$9 1, X aul]
8C0 %*L8°0 *SEEL %1°6€ *%99°0C8 1 S6 Y4 *88°GI¢E [ #x£C 86 4 (1) 11891,
%801 #0171 %% (965 *CC'1C #x6€ 18L *81°01 %P8 1€ #x£0°6LT #xEV 6L %% C0'0C Cl (7 dury
wxL8'1 #%8€°C #x L€ EEC %681 #x£5° €091 #*xSC 01 #xCV' 19 +x8CLI01 *x87°6C *x9C 6€ 8¢ (D) sessor)
#0601 %% [€°C #%L'8S #%xV8CC #xSV'8L8 *8L°6 *%59°6C %% (S S9C #x£0'VL #%CE ST SI (d) yuoreq
%991 % LEC %500 %7961 %09 10LT #xSV 01 #x60'7S *%87°6L8 #*x9¢" 1Y #x£0'LE S jusuyeal],
90°0 LT0 (404 S6°0 GeT 8¢’ 60°¢ 19°0%2 IT1r 8¢°0 4 uoneor[dey
@
#x66°0C1 x%SC 861 #x9L €911 «11'89 #xS8 TV %% [ §7CO8C #*x9E€ SILT +%6'S8818C %77 868C #5988V 1 1 juswruoaiAuyg
uoye.np [6)) 3
vvda sl Sissyjue je yvdast SISoqIuB I8 (o) Kanfur Suny xopur yuerd /ppRIk uds yuerd /pRIk uone
ard yuuod jAydotopy) ApePY urein ISOATRH ea13ojo1g /sure.n) ure.in) TP -LIEA JO 92.1N0S

pruoy "1 dlqeL

1341



Amarjeet Kumar et al. / J. Appl. & Nat. Sci. 9 (3): 1338 -1342 (2017)

to maturity, plant height, spikelets per spike, relative
injury percent and chlorophyll content at anthesis,
while, significant variation was observed for days to
75% heading, spikelets per spike and relative injury per-
cent with respect to crosses vs environment (Table 1).
The utilization of Line x Tester analysis in wheat
breeding is an effective way to find out the genetic
bases of grain yield and related components and to
identify good general combining parents. Genotypes
possessing significant additive gene effects, or GCA
variances and non-additive gene effects, or SCA
variances (Oettler et al., 2003; Chowdhary et al., 2007;
Hammad et al., 2013) for most of the economic traits
in wheat can be effectively utilized to make crosses for
evolution of new  wheat cultivars.  The
findings of present investigation had clearly explained
that influences of environments on morpho physiological
characters i.e. yield and its attributing traits in wheat
were highly significant and positive. Among the
parents and their crosses had handsome amount of
variation, which is desirable for crop improvement.
The results of interaction for environments with
parents, lines, testers and their crosses with respect to
morpho physiological characters in wheat was found
significant for some characters while variation was
absent for other characters studied. These findings
have also been supported by Kant ef al. (2013) and
where he found the larger magnitude of gca compared
to gca x Year mean squares and suggests that interaction
effects may be of relatively minor importance for
days to heading, ear length, spikelets per ear, grains
per ear, grains weight per ear and thousand grain
weight. Results were also close confirmation with the
observation of Punia ef al. (2011), Ram et al. (2014)
and Kumar ef al. (2015 ¢ and d) in bread wheat who
examined twelve lines and four testers in an Line x
Tester mating design, for yield and yield contributing
traits under two different environment i.e. timely and
late sown condition.

Conclusion

Analysis of variance exhibited that the mean squares of
the treatments for all of 19 characters were significant.
This revealed that significant differences were present
in the genotypes for the characters studied in both
ElandE2.0n pooling the data of two environments,
environment & environment x treatment significant
values of squares for yield (39.65) and yield components
such as spike length (1.72), tillers per plant (22.69),
1000 grain weight (32.53), biological yield per plant
(701.32), harvest index(48.18), days to heading(3.09),
flag leaf area (35.24), as well as important thermo
tolerant traits like CTD value at anthesis(2.46) and
grain filling duration (9.04) were obtained. However,
two physiological value 15 days after anthesis(29.86)
and relative injury %(26.32) showed significant values
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of environment X treatment interaction. Heat stress
substantially affects grain filling duration, its rate, and
ultimately grain yield. Timing, duration and intensity
of heat stress directly determine its impact on grain
yield and yield attributing traits. By using physiological
traits like relative injury per cent, chlorophyll content
and CTD the adversities of heat stress can be
minimized by developing tolerant genotypes which is
urgent and present need under changing climate scenario.
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