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Evaluation of relationship between growth indices and yield in bread
wheat promising lines under Irrigation and Rainfed Conditions
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Table 1. Meteorological information of Islamabad-e-Gharb Research Station
(The 2018-2019 cropping season)
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3 = © Average Max. Min, &
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SepOct 19.3 33 7.4 204
OctXov 10.5 24.6 1.8 122
Nov-Dec 5.6 154 6.2 172.1
Detan 3 14.4 8.8 89.5
R 2.9 15.6 8.4 113.3
Febtar 48 17.2 5.6 96.4
M‘g;ﬁ)r 9.9 238 2.6 198
AW];;-M?; 14.8 31.6 1.8 21.4
M;;f}'un 227 384 7.2 0.6
Jmeul 25.30 36.1 14.5 -
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Table 2. Pedigree and selection history of superior lines

Bkt/90-Zhong87

Ry

Pedigree and selection history

KAUZ/PASTOR//PBW343
CMSS00M02401S-030M-030WGY-030M-18M-0Y

TRAP#1/BOW//PFAU/3/MILAN/4/ETBW 4922/5/PFAU/MILAN
ICW08-50397-6AP-0AP -040SD-4SD -0SD
ZARAFA-5/FLAG-6//MILAN/PASTOR

ICW08-50324-1AP-0AP -040SD-6SD -0SD
WBLLI1*2/BRAMBLING/3/OPATA/RAYON//KAUZ
ICW08-00280-8AP-0AP -040SD-3SD -0SD
P1.861/RDWG/4/SERL1B//KAUZ/HEVO/3/AMAD
AISBWO05-0182-5AP-0AP-0AP-1AP-1AP-0AP-0TR
MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/4/ZAFIR-3
ICW08-00220-4AP-0AP -040SD-7SD -0SD
CHAMRAN/4/OPATA/BOW//BAU/3/OPATA/BOW/5/SAMIRA-9
ICW08-50008-21 AP-0AP -040SD-2SD -0SD

ICW06-50207-11AP-0AP-0AP -03 SD
PFAU/MILAN//FUNG MAI 24/3/ACHTAR/INRA 1764
ICW08-00196-11AP-0AP -040SD-1SD -0SD
VEE/PIN//2¥KAUZ/3/SHUHA-4/FOW-2
ICW06-00836-11AP-0AP-0AP-7AP-0AP-0TR
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BAHARAN Ié?éé; 2
33 29227 3
26 29152 4
27 29157 5
15 28145 6
24 29138 7
28 29182 8
48 TUJAR 9 TUJAR
44 29434 10
12 27879 11
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Figure 1. Changes in kernel yield under irrigation and rainfed experiments
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Figure 2. Changes in thousand kernel weight under irrigation and rainfed experiments
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Figure 3. Changes in relative growth rate under irrigation and rainfed experiments
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Table 3.Analysis of variance for the traits of grain yield, biological yield, straw yield and
thousand kernel weight under irrigation experiment

e e
) . Mean of squares
.‘Jlj:.gdc\;n R BIRE SN
Sources of Degree of s s < ot < WS S s L @l 52 055
variation freedom ¢ J.J ol ] 1,,1}.4 31 ol > ol > "D Thousand
Grain yield Biologicalyield Straw yield Harvest index kernel weight
155 . o . . .
)"gv 4 59144 21.0921 4.7010™ 12.9648" 9.5447
Replication
0 10 13401 7.4301" 5.8455™ 47.9627™ 22.4947"
Genotype
alesT gl
e 40 0.2525 2.2251 2.6417 21.6213 1.2948
Error
1) S s
Dl e - 6.95 8.30 15.11 11.49 2.70
CV (%)

il 7Y 57 - 3513 gae oDl 3 gae Ol pde sdias Ol S S8
Loa 7Y 570 Jlaz o 53 1 fme U9l 5 1 me (33l L g 4 ¥F G F

ns, *, and ** represent not-significant and significant at 5% and 1% probability levels, respectively.
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Table 4.Analysis of variance for the traits of grain yield, biological yield, straw yield and thousand kernel weight under

rainfed experiment

Sl S
_ Mean of squares
Ol s CL'.A &30 amys
Sources of Degree of S0l 035
variation freedom 2 S et il S et Thousand
Grain yield Biologicalyield Straw yield =~ Harvest index kernel
weight
A 4 0.7142" 0.4918™ 0.9411™ 25.0864™ 49629"
Replication
g 10 1.3566™ 2.8494"™ 3.5970™ 76.6737" 22.7136"
Genotype
2laT glas
i 40 0.2167 2.1814 2.2561 23.2059 1.4362
Error
1) Sl s e
D) S a2 - 8.54 10.42 17.22 12.42 3.2826

CV (%)

B LY 570 Jlesl o 53 s me CDls 5 s gme O3 pde skl o R R

ns, *, and ** represent not-significant and significant at 5% and 1% probability levels, respectively.

Ol Jle3T 55 als e 055 Stlsy el olS s Slee (K54 g 5 Shae iils 3 Shee (51 -0k dnglio =0 Sl

Table 5. Mean comparison for grain yield, biological yield, straw yield, harvest index and thousand kernel weight under

irrigation experiment

als 52 05
s 3 Shos 5 s s Shes o5 s Slos Sy e ll 5
G 53 o) O s o) (GBS s o9 ) Th(:usand
pooley Grain yield Biologicalyield Straw yield Harvest index kernel
Cultivar/ line (tha™) (tha™) (tha") (%) weight
(g

) M ) Jlaia 4, Jlaie 4, Jlaia a5, e
Rank Value Rank Value Rank Value Rank Value Rank  Value
Pishgam 1 8.13 1 20.78 1 12.65 7 39.56 9 39.44
Baharan 3 7.64 2 19.80 2 12.16 8 38.55 4 43.29
3 9 6.73 9 16.90 7 10.17 5 40.20 7 41.07
4 11 5.95 8 17.52 5 11.57 11 33.82 3 44.07
5 8 6.95 3 19.01 3 12.06 10 36.69 2 46.51
6 6 7.40 11 15.40 11 8.00 1 48.22 11 38.83
7 7 7.13 4 18.88 4 11.76 9 37.69 1 46.69
8 10 6.46 10 16.13 10 9.67 6 40.18 6 41.53
9 4 7.63 7 17.53 9 9.90 3 43.58 8 40.67
10 5 7.41 6 17.73 6 10.32 4 42.06 10 39.28
11 2 8.06 5 18.10 8 10.04 2 44.56 5 42.17
LSD 5% 0.856 2.541 2.768 7.920 1.938

.L.:,Lu,a k;ss‘)O}ﬂJTwLﬂ‘}{v\_d)JbJL@}‘C’G&))&J‘AL&.\AQM. LB O g s wlie g > Gl)ls ‘5\.«:;,35\:»
Means with the similar letters in each column, are not significantly different using LSD test at 5% probability level.
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Table 6. Mean comparison for grain yield, biological yield, straw yield, harvest index and thousand kernel weight
under rainfed experiment

als > Slas 585 3 Shas o8 5 Shee sy el ol 0t
ey GBS s ) (GBS s o) G s o) ) s
C‘Tlltiv.ar / Grain ylield Biologica& yield Straw y]ield Harvest index Thousve:ilghliernel
line (tha™) (tha™) (tha™) (%) ()
() e 4 e 4 i 4 e 3] e
Rank Value Rank Value Rank Value Rank Value Rank Value
Pishgam 2 6.38 10 13.32 11 6.94 1 4791 9 34.05
Baharan 6 5.41 2 15.47 2 10.06 8 35.32 2 39.16
3 10 4.58 6 13.99 3 9.42 10 33.21 7 35.03
4 11 4.55 9 13.40 6 8.85 9 34.04 3 38.52
5 7 5.15 5 14.40 4 9.25 7 35.77 4 37.44
6 5 5.62 7 13.69 8 8.06 4 41.16 11 33.49
7 8 5.07 1 15.62 1 10.55 11 32.55 1 42.39
8 9 4.96 11 12.70 9 7.74 6 39.31 5 36.91
9 3 5.95 8 13.44 10 7.50 2 44.24 10 33.76
10 1 6.59 3 15.30 7 8.71 3 43.53 8 34.47
11 4 5.66 4 14.52 5 8.86 5 39.67 6 36.37
LSD 5% 0.793 2.515 2.558 8.205 2.04

AL e ;SJ\; 05T ol 5 oy & Jlaz ch,a 03 o3 sme O | B (O g a5 wlie Lo > 511> 5\.&;};;@
Means with the similar letters in each column, are not significantly different using LSD test at 5% probability level.
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Table 7. Percentage changes in the mean of the traits mean under irrigation and rainfed conditions

s s Slos AR5 s Sles o83 Shes ) csls oL

GESs 55 o9) T}ll((:_;:ld GBS 53 o) OGS 3 o9) Harvest
Grain yield weight Biological yield Straw yield Index
(tha™) () (tha™) (tha™) (%)
NIH
= 7.22 42.14 17.98 10.75 40.47
Irrigation
‘TJ'; 5.45 36.51 14.17 8.72 38.79
Rainfed
Ol yuis
e 24.52 13.36 21.19 18.88 4.15

Percentage changes
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Table 8. Correlation of growth indices with grain yield, biological yield, straw yield and thousand kernel weight under
irrigation experiment

<ls 5lm 055 S el
la jasls 4ls .sjgh.:— égij)l}:. :ﬂu olS” :ng.».c Harvest index
Indices Grain yield Biological yield Straw yield Thousar}d
kernel weight
1 0477 0.418 0.242 0.232 -0.116
2 0.200 0.130 0.050 0.332 -0.113
RGR 3 0.168 0.302 0.422 0.318 -0.437
4 0.024 0.730* 0.834%* 0.505 -0.679*
5 0.263 0.738** 0.707* 0.102 -0.363
1 -0.632* -0.303 -0.039 0.470 -0.370
2 -0.541 -0.173 0.064 0.570 -0.405
NAR 3 -0.500 0.212 0.478 0.513 -0.698%*
4 0.006 0.742%* 0.834%* 0.659* -0.651*
5 0.339 0.731* 0.663* 0.232 -0.283
1 0.663* 0.071 -0.237 -0.310 0.595
2 0.468 -0.020 -0.248 -0.521 0.457
LAR 3 0.704* 0.269 -0.032 -0.304 0.462
4 0.057 -0.440 -0.522 -0.379 0.469
5 0.205 -0.352 -0.495 -0.774%* 0.520
6 0.019 -0.083 -0.104 -0.438 0.089
1 0.490 -0.299 -0.571 -0.304 0.764%**
2 0.371 -0.198 -0.401 -0.235 0.519
LWR 3 0.443 0.137 -0.056 0.021 0.311
4 -0.005 -0.523 -0.586 -0.295 0.488
5 0.191 -0.419 -0.564 -0.765%** 0.574
6 -0.113 -0.154 -0.120 -0.368 0.19
1 0.608* -0.132 0.166 -0.236 0.234
2 0.234 -0.537 0.099 -0.470 0.058
SLA 3 0.673* -0.267 0.022 -0.545 0.410
4 0.238 -0.457 -0.074 -0.378 0.199
5 0.166 -0.345 -0.105 -0.324 0.160
6 0.415 -0.370 -0.118 -0.421 0.345
HI (N) 1 0.602* -0.426 -0.768%* -0.677* 1
1 0.464 0.045 -0.369 0.602*
Grain yield (N) 1
Biological yield 1 0.464 1 0.906** 0.336 -0.426
N)

TKW (N) 1 -0.369 0.336 0.556 1 -0.677*
Grain yield (S) 1 0.782* 0.303 -0.32 -0.578 0.522
Biological yield 1 0.282 0.394 0.311 0.389 -0.082

S)
TKW (S) 1 -0.338 0.315 0.518 0.870%** -0.639*

N and S refer irrigation and rainfed conditions, respectively
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Table 9. Correlation of growth Indices with grain yield, biological yield, straw yield and thousand kernel weight under
rainfed experiment

b jesls 4ls :;L“:— d_{:j}l” Aﬂs& ol :ﬂ“p St e 039 R J:"U
. L . . . . Thousand kernel Harvest index
Indices Grain yield Biological yield Straw yield .
weight
1 0.163 0.203 0.078 -0.224 0.045
2 0.207 0.153 0.017 -0.115 -0.128
RGR 3 0.300 0.211 0.003 0.454 -0.156
4 0.234 0.619% 0.691%* 0.610* -0.532
5 0.512 0.165 0.174 0.466 0.400
1 -0.015 0.165 0.151 -0.190 -0.109
2 -0.293 -0.125 0.061 -0.092 -0.233
NAR 3 -0.366 0.005 0.240 0.532 -0.331
4 -0.408 0.628%* 0.806** 0.723* -0.691*
5 0.565 -0.134 -0.474 -0.779** 0.591
1 0.361 -0.272 -0.454 -0.248 0.477
2 0.452 0.144 -0.146 0.084 0.391
LAR 3 0.297 -0.052 -0.235 -0.115 0.319
4 0.245 0.013 -0.148 -0.020 0.233
5 0.323 -0.139 -0.325 -0.182 0.386
6 0.647* 0.480 0.034 -0.142 0.389
1 0.538 -0.222 -0.520 -0.382 0.620%*
2 0.388 0.407 0.131 0.176 0.206
3 0.411 0.012 -0.245 -0.077 0.412
LWR 4 0.452 0.179 -0.123 -0.150 0.359
5 0.462 0.055 -0.236 -0.246 0.428
6 0.600 0.492 0.073 -0.161 0.341
1 0.013 -0.108 -0.100 0.039 0.068
2 0.356 -0.157 -0.360 -0.003 0.431
3 0.063 -0.057 -0.096 -0.120 0.075
SLA 4 -0.182 -0.247 -0.114 0.105 -0.074
5 -0.079 -0.297 -0.220 0.002 0.049
6 -0.154 -0.203 -0.092 0.146 -0.071
HI(S) 1 0.883%* -0.329 -0.829%* -0.731* 1
Grain 0.883%*
yield (S) 1 1 0.148 -0.476 -0.533
Biological -0.329
yieldg(S) 1 0.148 1 0.799** 0.504
TKW(ES) 1 -0.533 0.504 0.775%* 1 -0.731*

iln 003 5 DbyB Ll b O jme 5 SHN

N and S refer irrigation and rainfed conditions, respectively
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Table 10. Analysis of variance (bottom of the table) and mean comparison (top of the table) for the growth indices under irrigation experiment

G303 om0 8 o) Sl o o e

G035 2 0 Skn) (oo s ot

/oy NAR (mg cm*! day™) RGR (mg g day™)
Line/Cultivar psobdsldpe ppmlpmsale il Uppmdae ey Belr e 2T de e e bdslale ppebede il Upsmdo i U poler dl> e b B ey dl e
Stage 1-2 Stage 2-3 Stage 3-4 Stage 4-5 Stage 5-6 Stage 1-2 Stage 2-3 Stage 3-4 Stage 4-5 Stage 5-6
Pishgam 0.16 0.30 0.67 0.99 1.31 9.23 12.70 16.31 10.56 7.58
Baharan 0.26 0.40 1.08 1.88 2.56 14.84 14.63 18.79 14.93 6.46
3 0.39 0.41 0.77 0.59 -1.09 20.92 12.06 12.05 4.89 -3.80
4 0.61 0.73 0.92 1.21 -0.65 25.32 23.48 17.22 14.25 -0.49
5 0.36 0.64 0.74 1.40 1.19 13.66 18.25 13.11 10.50 4.05
6 0.40 0.50 0.61 0.21 -0.19 19.66 17.77 15.07 2.38 -1.28
7 0.50 0.70 0.88 1.28 0.18 21.16 24.73 18.28 9.68 -1.45
8 0.24 0.49 0.88 0.26 -1.61 11.58 18.47 16.70 3.05 -5.98
9 0.28 0.36 0.52 0.89 -0.97 18.01 13.84 11.14 8.91 -4.17
10 0.36 0.65 0.60 0.54 0.04 16.39 25.10 13.93 7.31 0.57
11 0.34 0.55 0.51 0.49 -1.38 17.29 24.05 13.30 6.08 -6.57
o 0.355 0.522 0.745 0.887 -0.055 17.09 18.64 15.08 8.41 -0.46
Average
LSD 5% 0.39 0.32 0.46 0.86 2.94 17.62 10.32 8.915 8.06 10.77
gw.ﬂz, . 0.185" 0.071™ 0.076™ 0.307™ 0.573™ 142.37" 40.09™ 0.16™ 4.52" 16.21™
Replication
mnw 0.048™ 0.064™ 0.101™ 0.823" 5.037™ 64.78™ 75.01™ 19.73™ 51.47 68.53™
Caltivar
il sl
0.051 0.034 0.075 0.258 2.982 107.04 36.68 27.39 22.39 39.97
Error
(1) SN o s o
63.76 35.62 36.68 57.23 -3139.89 60.52 32.49 34.71 56.24 -1366.28

CV (%)

il A a8 it alo e s IS ey 55 ¥ oy o e ¢ IS iy S5 Y el A e ¢ (AUE e 550 g e IS 3 o e (a3 Al il o el Gl Bl 1 s ol e
Growth cycle stages include: stage 1: Heading, stage 2: Flowering, stage 3: 10 days after flowering, stage 4: 20 days after flowering, stage 5: 30 days after flowering and stage 6: 40 days after flowering.
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Table 10. Continued.

ol ?\N&Q\%&ufvuﬂcﬁorzbﬂxﬂr\{ (5 2SS JS 05508 5055 cms Aqwuh.m\s..&urvﬁ%xcbzﬁwgmﬂrx{
Line/Cultivar LAR (cm® g LWR (g g SLA (cm’ g
Ao > > A e > [ e > > A e A e [ > e Ao A Ao Ao
Js £ e eoler e s Jsl £ o pler o s Js! £ p o poler = [
Stagel Stage2 Stage3 Stage4 Stage5 Stage6  Stagel Stage2  Stage3  Stage4 Stage5 Stage6 Stagel Stage2 Stage3 Stage4  Stage5 Stage6
Pishgam 57.80 48.90 36.48 15.75 7.59 4.87 0.25 0.20 0.15 0.07 0.04 0.021 233.94 238.22 245.15 211.22 207.49 228.52
Baharan 64.20 47.29 26.53 11.20 5.59 0.82 0.27 0.21 0.12 0.06 0.03 0.004 235.99 223.95 218.73 176.63 180.40 181.64
3 48.36 47.59 19.47 12.59 6.00 1.87 0.24 0.23 0.11 0.07 0.03 0.010 198.45 207.65 176.36 180.75 183.51 187.89
4 39.03 4225 24.21 18.51 7.90 4.36 0.21 0.20 0.12 0.09 0.04 0.022 185.09 212.08 197.35 194.88 19732 196.62
5 44.95 34.98 23.43 13.94 4.33 2.05 0.24 0.18 0.13 0.07 0.02 0.010 183.92 191.89 179.15 182.36 182.02 196.21
6 56.37 43.88 30.22 21.18 8.91 3.11 0.29 0.22 0.14 0.11 0.05 0.016 187.89 200.43 212.42 189.88 186.03 200.62
7 54.63 44.27 32.90 13.60 4.98 2.11 0.28 0.24 0.17 0.08 0.03 0.012 192.91 179.07 187.74 172.78 177.94 179.47
8 62.21 48.53 28.91 14.12 6.17 3.72 0.28 0.21 0.14 0.07 0.03 0.017 218.59 229.70 210.01 201.25 210.74 212.51
9 64.55 48.19 30.39 14.89 6.99 2.95 0.29 0.23 0.14 0.08 0.04 0.016 223.28 211.29 217.25 176.79 179.00 191.09
10 49.77 44.99 32.78 16.00 9.16 3.67 0.27 0.23 0.16 0.08 0.04 0.017 185.14 198.49 202.40 188.89 198.63 205.92
11 64.78 52.84 36.53 18.58 7.67 3.76 0.28 0.24 0.16 0.09 0.03 0.015 234.06 219.11 223.68 21539 22241  238.16
><.%r.. 55.15 45.79 29.26 15.49 6.84 3.03 0.265 0.218 0.144 0.081 0.035 0.015 207.21 210.17 206.38 190.07 193.22 201.69
verage
LSD 5% 11.83 11.32 7.37 6.73 3.41 2.85 0.04 0.04 0.03 0.03 0.01 0.013 30.705 29.49 23.521 33.778 37.569 36.52
M,.% . 485.99” 265.357 69.18" 73.34" 8.18™ 5.16™ 0.003" 0.002" 0.002" 0.002" 0.0002™ 0.0001™ 1565.01° 1112.53" 465.17™ 216.47%  144.69™  51.61™
Replication
c _ﬂ 228.10™ 64.24™ 88.69™ 25.93™ 7.37™ 4.39™ 0.002°  0.0009™  0.001"  0.0005™ 0.0002" 0.0001™ 1447.32"™ 894.61" 1263.15™ 612.01™  684.09™ 103221
altivar
im&. ot 48.21 44.14 18.73 15.60 4.01 2.80 0.0007 0.0005 0.0004 0.0003 0.0001 0.0001 325.01 299.73 190.72 393.32 486.56 459.78
ITOT
D 2l et 12.59 14.51 14.79 25.50 29.25 55.33 9.87 10.10 13.46 21.39 24.09 52.58 8.70 8.24 6.69 10.43 11.41 10.63

CV (%)

Abls AU e s, P Tﬁ;v\?%hwfb.t? “}F\r%awfri. f:w;vxr%hwfti. “Cvaerr;w“t;v\,%b A iyl Al el Sl Bld s Sl e

Growth cycle stages include: stagel: Heading, stage 2: Flowering, stage 3: 10 days after flowering, stage 4: 20 days after flowering, stage 5: 30 days after flowering and stage 6: 40 days after flowering.
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Table 11. Analysis of variance (bottom of the table) and mean comparison (top of the table) for the growth indices under rainfed experiment

Gy 53 el 05 o) b o e e Gso s ?W 2 ?W,.r.v o Ay
oo/ NAR (mg cm”! day™) RGR (mg g’ day™)
Line/Cultivar 225 Jsldye psubppdos oyl bppmdon ey bplardey, o230 tdos pnbdside,e  ppebppdes  plerbppmdons ey bplr e, o256 o d s
Stage 1-2 Stage 2-3 Stage 3-4 Stage 4-5 Stage 5-6 Stage 1-2 Stage 2-3 Stage 3-4 Stage 4-5 Stage 5-6
Pishgam 0.34 0.26 0.74 -0.50 -1.89 18.16 9.81 12.50 -2.10 -7.53
Baharan 0.47 0.27 0.61 0.79 -2.85 22.81 9.75 11.12 6.19 -7.98
3 0.53 0.43 0.76 0.42 -3.05 21.40 12.34 9.43 1.62 -6.23
4 0.54 0.65 0.94 1.20 -6.74 21.83 19.88 13.80 8.57 -19.46
5 0.38 0.51 0.88 1.31 -4.29 16.77 13.88 10.35 6.99 -9.83
6 0.25 0.62 0.81 0.77 -0.70 9.04 18.17 13.34 5.02 -3.44
7 0.12 0.33 1.56 1.89 -8.66 4.42 8.92 18.23 9.22 -16.24
8 0.22 0.40 0.87 0.24 -3.52 7.79 12.77 15.76 2.87 -14.18
9 0.26 0.28 1.16 -0.10 -4.65 13.23 7.39 14.23 1.55 -12.18
10 0.54 0.50 0.43 0.99 -1.07 23.70 14.60 6.70 8.82 -5.52
11 0.49 0.51 0.82 0.45 -2.80 21.96 18.84 15.40 3.99 -10.63
il
S 0.376 0.432 0.873 0.677 -3.65 16.46 13.30 12.80 4.79 -10.29
Average
LSD 5% 0.28 0.44 0.69 223 6.14 15.03 11.59 9.42 14.53 15.38
A 0.048™ 0231 0.344™ 0.157™ 5.85™ 85.76™ 135.53™ 31.10™ 56.66™ 25.48™
Replication
1; 0.066" 0.056™ 0.259™ 1.37™ 16.88™ 139.50™ 53.97™ 31.75™ 38.82™ 71.24™
Caltivar
il (gl
0.028 0.068 0.166 1.72 13.02 77.86 46.29 30.60 72.717 81.56
Error
) i 25 44.17 60.27 46.68 193.37 -98.65 53.58 51.14 43.20 177.95 -87.73
CV (%)

Aile (AE ey 55, F it Al ey (AE ey 55, ¥ eyl e e A U 5, Y “C:\wgv\r%bw,fti. uqkﬁv\F%bwélvx,%u%t“&Ev\ tels ey Bl 1 guksy 1 e
Growth cycle stages include: stage 1: Heading, stage 2: Flowering, stage 3: 10 days after flowering, stage 4: 20 days after flowering, stage 5: 30 days after flowering and stage 6: 40 days after
flowering.




Table 11. Continued.

ol (05 2 e wcil) oS JS 055 0 88 e o (05 25 oS JS 05508 055 o (65 st g inle) 055488 p o i
Line/Cultivar LAR AnEN m;v LWR (g m._v SLA AnEN m,_v
A A
A e e A e ; L > A Ao A e A e A Ao > > > e >
st g2 £ pler mm,mm mew sl £22 £ pler = e o £ £ pler = e
Stage 1 Stage 2 Stage 3 Stage 4 5 6 Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 Stage 1 Stage 2 Stage 3 Stage Stage 5 Stage 6
Pishgam 5421 54.19 26.05 9.72 5.38 1.72 0.25 0.245 0.157 0.064 0.035 0.010 21652 221.14 165.09 153.28 154.66 161.52
Baharan 51.47 46.60 28.43 11.83 5.11 1.55 0.23 0.227 0.139 0.058 0.025 0.007 221.14 20464  203.97 203.15 203.08 234.97
3 45.84 38.14 20.24 7.22 3.58 1.34 0.22 0.218 0.129 0.049 0.024 0.009 203.03 173.26 158.56 146.01 143.73 146.20
4 4224 42.92 23.29 8.99 5.15 1.60 0.22 0.209 0.133 0.056 0.032 0.009 192.99 204.71 173.33 164.27 156.97 179.28
5 46.12 42.05 18.48 7.35 3.85 1.27 0.25 0.216 0.122 0.049 0.025 0.008 181.99 194.16 152.44 150.18 155.12 164.12
6 46.77 37.71 27.66 9.64 5.02 1.73 0.26 0.192 0.157 0.057 0.030 0.010 177.34 195.68 177.84 173.68 176.98 177.07
7 47.97 42.92 21.73 7.55 3.68 2.05 0.25 0.227 0.151 0.050 0.026 0.013 193.04 188.21 142.11 149.81 147.41 152.21
8 50.07 39.42 27.53 12.72 7.83 1.42 0.26 0.201 0.161 0.067 0.038 0.006 190.05 195.57 170.42 189.24 200.62 211.65
9 60.31 39.83 21.36 6.86 3.98 1.65 0.28 0.212 0.124 0.037 0.021 0.008 216.36 187.34 171.99 180.62 188.53 198.59
10 42.90 42.65 24.39 11.20 7.18 3.58 0.25 0.223 0.158 0.084 0.053 0.026 171.27 190.41 156.04 132.62 136.24 139.24
= 1 48.89 47.20 29.35 11.65 779 215 025 0.226 0.154 0.073 0.047 0.013 19443 20852 190.81 159.75 164.54 166.57
Lw ?w“ Mn 48.80 43.06 24.41 9.52 5.32 1.82 0.249 0.212 0.135 0.062 0.032 0.011 196.19 196.69 169.33 163.87 166.17 175.58
N
M._,. LSD 5% 9.78 10.60 8.85 2.59 3.34 1.65 0.03 0.045 0.05 0.015 0.02 0.01 37.43 21.95 27.87 23.68 25.74 34.40
3 o 25753  286.177 2274 2254 891™  4.86" 0.005™ 0.004™ 0.002™  0.001"  0.0004™  0.0002°  299.86™ = 434.47"  360.58™ 71.98™ 200.18™ 270.21™
Replication
Qmw - 80.75" 69.41™ 40.13™ 13267 7.70™  1.24™  0.0009" 0.0006™  0.0006™  0.0005  0.0003"  0.00008™  818.55™  486.55° 92836  1312.017 1577.87"  2553.95"
sl
ShlsT 32.99 38.74 27.04 231 3.85 0.938  0.0003 0.0006 0.0008 0.0000  0.0001 0.00004  483.00 166.06  267.85 193.38 228.44 407.87
Error
Sl e® 2
o 11.77 14.45 21.30 15.97 36.87  53.08 7.27 12.04 20.28 14.91 36.33 57.77 11.20 6.55 9.66 8.48 9.09 11.50
CV (%)

Ablon AUE ey 555 ek ey (AME i 5y eyl e (A ey 555 Y sl o e ¢ (AIS ey 05 V0 gl e ¢ (A s Wl e ¢ g Al il e fals o3 Bl I (el e

Growth cycle stages include: stage 1: Heading, stage 2: Flowering, stage 3: 10 days after flowering, stage 4: 20 days after flowering, stage 5: 30 days after flowering and stage 6: 40 days after flowering.
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Table 12- Correlation between growth indices with each other at all sampling stages under irrigation and rainfed experiments

S, sl el RGR NAR LAR SLA
Growth indices
NEP <Lk m2 <Lk 2 <k 2 <Lk -3
Stage 1 Irrigation  Rainfed Irrigation ~ Rainfed  Irrigation  Rainfed  Irrigation  Rainfed
LWR 0.299 0.401 -0.421 -0.648" 0.788" 0.615" 0.303 -0.081
SLA -0.533 0.160 -0.733" -0.017 0.824™ 0.733"
LAR -0.465 -0.254 -0.700" -0.456
NAR 0.895" 0.963"
S sl el RGR NAR LAR SLA
Growth indices ] ] ] ]
05 Ao s oyl 2 oyl =3 obyk = obyk =2
Stage 2 Irrigation  Rainfed Irrigation ~ Rainfed  Irrigation  Rainfed  Irrigation  Rainfed
LWR 0.640° 0.197 -0.406 -0.575 0.669" 0.851" -0.177 0.417
SLA -0.470 0.197 -0.655" -0.076 0.612" 0.831"
LAR -0.155 -0.148 -0.547 -0.406
NAR 0.877" 0.930"
i) gl el RGR NAR LAR SLA
Growth indices
3ol o 9\13% rﬂﬁ <Ll = ?)Us 2 <Lk =2
Stage 3 Irrigation ~ Rainfed  Irrigation ~ Rainfed — Irrigation  Rainfed — Irrigation  Rainfed
LWR 0.101 -0.282 -0.416 -0.199 0.837" 0717 0.231 0.063
SLA 0.182 0.044 -0.255 -0.408 0.721" 0.738"
LAR 0.134 0212 -0.475 -0.388
NAR 0.771" 0.791"
i) gl el RGR NAR LAR SLA
Growth indices ] ] ] ]
()‘4’, Ao oyl =2 oyl = obyk ©? obyb =2
Stage 4 Irrigation ~ Rainfed  Irrigation  Rainfed — Irrigation  Rainfed — Irrigation  Rainfed
LWR -0.268 0.108 -0.448 -0.053 0917 0.800" 0.145 -0.248
SLA -0.241 -0.173 -0.454 -0.254 0.521 0.371
LAR -0.331 0.015 -0.539 -0.189
NAR 0.922" 0.932"
S sl el RGR NAR LAR SLA
Growth indices
p—?'-:';“‘\"f oyl =2 oyl = obyb 02 obb S
Stage 5 Irrigation ~ Rainfed  Irrigation  Rainfed — Irrigation  Rainfed — Irrigation  Rainfed
LWR -0.179 0.287 0215 0.446 0.944™ 0.883" 0.129 -0.259
SLA -0.260 -0.082 -0.385 0.112 0.439 0.198
LAR -0.141 0.026 -0.287 0.428
NAR 0.941" 0.870"

.x.a);\Ju,!cla.up)l:‘;'N:**,.w);bdu:,!cb):)u@u *

*: Significant at the probability level of 5% **: Significant at the probability level of 1%
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Introduction:

Wheat, as one of the main constituents in ensuring food security, provides 20% of
the total calories and protein of the world’s population. In this regard, recognizing
and studying physiological growth indices is very important in analyzing the
factors that affect yield and its components. This can aid in determining plant
growth stages and evaluating and crop production (Soleymani Fard ef al., 2011).
Dry matter production and accumulation can be studied by two important indicators
of crop growth rate (CGR) and relative growth rate (RGR), which are important
physiological indicators that can be analyzed (Ghiasabadi et al., 2015). Although
RGR is the main indicator of growth and determines dry matter accumulation and
ultimate yield, its components including NAR, LAR, LWR and SLA appear to be
better choice under extreme stress than RGR.

Material & Methods:

This experiment was counducted to study the growth indices and their

relationships with the vield of promising bread wheat lines during the 2018-19
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cropping year at the Agricultural Research Station of West islamabad, under
two separate irrigation and rainfed conditions. The studied genotypes included 9
advanced bread wheat lines along with the two top cultivars, namely, Pishgam
and Baharan as a control, which were selected and assessed in a completely
randomized block design. Leaf surface was measured using a scanner and ImageJ
and Photoshop software packages. The samples were separated into leaves, stems
and spikes and their dry weight was calculated after being placed in an oven at 72
°C for 48 hours. Thousand kernel weight was measured by an electronic scale with
an accuracy of one thousandth of a gram. Data analysis of variance was performed

using SAS software and graphs were also drawn using excel software.

Results & Discussion:

Based on the test results, the rainfed condition decreased grain yield, biological
yield, straw yield, thousand kernel weight and harvest index in all lines by 25%,
21%, 19%, 13% and 4% compared to the irrigation condition, respectively. Based
on the positive and significant correlation of grain yield performance under the
irrigation conditions against the rainfed conditions (r= +0.782*%*), high yield
potential can be an important factor in selecting drought tolerant cultivars, but
this factor alone is not enough and due to its correlation with the growth indices,
the latter can be used in this regard. LAR and SLA indices showed a positive and
significant correlation with grain yield under the irrigation condition and at the
sensitive developmental stages including heading (r=+0.663" and r=+0.608") and
10 days after anthesis (r=+0.704" and r=+0.673"). Under the rainfed condition,
a positive and significant relationship (r=+0.647") was observed between LAR
and grain yield in the last stage of sampling. There was a positive and significant
relationship between RGR and NAR, biological yield and straw yield. RGR also
showed a positive and significant relation with LWR (r=+0.640%) in the second
stage of sampling. Among the components of RGR, NAR was the main and
effective factor, which had a negative and non-significant correlation with LAR,
so that the lines with higher LAR had lower NAR and therefore lower RGR. There

was a positive and significant relationship between LAR components such as LWR
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and SLA with LAR. In general, among the RGR components (LAR and NAR), it
can be said that the LAR index and among the LAR components (LWR and SLA),
the SLA index, while having a positive and significant relationship with grain
yield at the sensitive developmental stages, are considered as effective factors in
grain yield. Consequently, it seems that these two parameters can be identified as
important growth indicators related to grain yield.

Keywords: Drought stress, Growth indices, Growth stage, Wheat
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