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Table 1. The soil properties of the experimental location over the

cropping seasons.
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Table 2. Climatological data of Eslamabad-e gharb station over the 2012-13 and 2013-14 cropping seasons.

Az s slesle Sl e Ol bes iy 0L b3 45 S0 bs dlabe (3L
Growing- Grosks) (51, Kl aom ) (51, Kessl aom ) (51 Kzl aom )
season months Cumulative Average of maximum Average of Average of mean
precipitation (mm) temperature (°C) minimum temperature (°C)
temperature (°C)
1FAY QY ray Ay TZYIEY yFaY —qv 2T YAy —av 1FAY QY ray Ay
2012- 2013-14 2012-13 2013-14 2012-13  2013-14 2012-13  2013-14
13
o
Sep — Oct 0.1 0 28.8 26.4 8.7 4.8 19.1 15.6
oLt
Oct — Nov 60.1 132.8 19 16.8 5.8 4.2 12 10.2
5T
Nov — Dec 85.7 73.6 11.1 11 0.4 -0.2 55 5.1
L
Dec — Jan 49.8 522 8.5 7.9 -4.3 -4.4 1.6 1
S
Jan — Feb 69.2 78.4 12.8 9.2 -0.8 -3.9 53 2.1
sl
Feb — Mar
13.6 97.1 15.4 15.1 0.1 0.8 7.5 7.8
RESTE
Mar — Apr 6.4 422 20.7 18.7 2.8 2.5 12.3 10.8
Ciigs )yl
Apr — May 49.5 25 21.3 25.5 6.8 7.8 14.3 16.9
sls =
May — Jun 0.3 3.7 30.6 31.2 10.7 10.8 21.5 21.6
S
Jun —Jul 0 0 36.6 36.7 14.8 15.5 26.9 26.9
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Figure 1. Accumulation of dry matter per single plant versus growing
degree days (GDD).
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Table 3. Data of crosses, days to heading stage and physiological maturity of the entries over the first year of experiment (2013-

14 cropping season).

U 5gy sldss
;ju_Y 0 Days toA __
Line Crosses o )?é-b &)9};;.3 § )
Heading Physiological
stage matutity
SORA/2*PLATA_12/3/SORA/2*PLATA_12//SOMAT _3/4/AJAIA_13/Y
Gl AZI//DIPPER 2/... 182 226
TARRO_1/2*¥*YUAN_1//AJAIA_13/YAZ1*2/4/ARMENT//SRN_3/NIGRI
G2 S_4/3/CANELO... 186 231
STOT//ALTAR
G3 84/ALD/3/THB/CEP7780//2*MUSK_4/6/ECO/CMH76A.722//BIT/3/... 192 229
LD357E/2*TC60//J069/3/FGO/4/GTA/5/SRN_1/6/TOTUS/7/ENTE/MEX
G4 1 2//HUV4/YAV_1/3/... 188 227
LD357E/2*TC60//J069/3/FGO/4/GTA/5/SRN_1/6/TOTUS/7/ENTE/MEX
GS 1 2//HUV4/YAV_1/3/... 183 228
GUANAY//TILO_1/LOTUS_4/4/ARMENT//SRN_3/NIGRIS_4/3/CANE
G6 LO_9.1 182 223
LLARETA
INIA/4/SKEST//HUI/TUB/3/SILVER/5/LHNKE/RASCON//CONA-
G7 D/6/GREEN... 182 225
G8 KOFA/4/DUKEM_1//PATKA 7/YAZI 1/3/PATKA 7/YAZI 1 184 226
YAZI_1/AKAKI_4//SOMAT_3/3/AUK/GUIL//GREEN/5/2*NETTA_4/D
G9 UKEM_12//RASCON... 183 221
INRAM_1805/4/YAZI_1/AKAKI_4//SOMAT _3/3/AUK/GUIL//GREEN/5
G10 /AJATA_12/ ... 184 224
KOFA/10/PLATA_10/6/MQUE/4/USDA573//QFN/AA_7/3/ALBA-
Gl1 D/5/AVO/HUI/7/PLATA ... 180 225
MOHAWK/10/LD357E/2*TC60//J069/3/FGO/4/GTA/S5/SRN_1/6/TOTUS
Gl12 /T/ENTE/MEXI 2// ... 185 224
SWAHEN_2/KIRKI 8//PROZANA_1/4/ADAMAR_15//ALBIA_1/ALTA
G13 R 84/3/SNITAN ... 187 232
AJAIA 3/SILVER_16//AJAIA_13/YAZI/4/ARMENT//SRN_3/NIGRIS 4
Gl14 /3/CANELO 9.1 ... 187 230
SWAHEN_2/KIRKI 8//PROZANA_1/4/ADAMAR_15//ALBIA_1/ALTA
Gl15 R 84/3/SNITAN ... 187 224
ALTAR 84/CMH82A.1062//ALTAR 84/3/DIPPER/RISSA//ALTAR
Gl6 84/A0S/4/ARMENT// ... 183 222
ALAMO:DR/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1/5/PLATA _
G17 6/GREEN_17// ... 185 227
KOFA/4/ACUATICO_1/RASCON_33//ACUATICO_1/3/ARAM/BOOM
G18 ER/5/ARMENT... 181 226
1A.1D 5+10-
6/3*MOJO//RCOL/3/SNITAN/SOMAT _3//FULVOUS_1/MFOWL _13/10
G19 /AVILLO ... 187 227
1A.1D 5+10-
6/3*MOJO//RCOL/3/SNITAN/SOMAT_3//FULVOUS_1/MFOWL _13/6/
G20 CHEN_1/ ... 184 228
ADAMAR_15/PLATA_18/3/SORA/2*PLATA_12//SOMAT_3/6/LIRO_3/
G21 LOTAIL_6/4/ ... 181 228
ADAMAR 15/PLATA_18/3/SORA/2*PLATA_12//SOMAT _3/6/LIRO_3/
G22 LOTAIL_6/4/MUSK... 181 228
AJAIA_12/F3LOCAL(SEL.ETHIO.135.85)/PLATA_13/3/POD_9/4/RAS
G23 CON_37/TARRO 2// ... 182 228
AJAIA_12/F3LOCAL(SEL.ETHIO.135.85)/PLATA_13/3/SOMBRA_20/
G24 4/SNITAN/5/SOMAT... 181 223
GUAYACAN
INIA/KUCUK/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1/5/TOSK
G25 A_26/ ... 186 226



b s sed Sla dbaly

HYDRANASSA30/SILVER_5/LYMNO_8/3/ATIL/4/ARMENT//SRN_3/

G26 NIGRIS_4/3/CANEL...

KIRKI_1/HIMAN_9/4/LIS_8/FILLO_6/3/FUUT//HORA/JOR/5/ARMEN

G27 T//SRN_3/NIGRIS...

KIRKI_1/HIMAN_9/4/LIS_8/FILLO_6/3/FUUT//HORA/JOR/5/ARMEN

G28 T//SRN_3/NIGRIS...
MINIMUS/COMB

DUCK_2//CHAM_3/3/CANELO_9/9/USDA595/3/D67.3/RABI//CRA/4/

G29

MUSK_1//ACO89/FNFOOT_2/3/PATA_2/ARAM_9/10/PLATA_10/6/M

G30 QUE/4/USDAS73// ...

MUSK_2/DUSKY_10/9/USDA595/3/D67.3/RABI//CRA/4/ALO/5/HUIY

G31 AV_1/6/ARDENTE...

MUSK_2/DUSKY_10/9/USDA595/3/D67.3/RABI//CRA/4/ALO/5/HUI/Y

G32 AV_1/6/ARDENTE...

AJAIA_12/F3LOCAL(SEL.ETHIO.135.85)/PLATA_13/3/GUANAY/4/S

G33 OMAT _3/PHAX 1...

EUDO// CHEN_17TEZ/ 3/TANTLO_1/4/PLATA_6/GREEN_17/5/ARMEN

G34 T//SRN_3/NIGRIS...

MINIMUS_6/PLATA_16/IMMER/3/SOOTY_9/RASCON_37/10/PLATA

G35 _10/6/MQUE/4/USDA...

YAV79/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1/10/INRAM_180

G36 5/9/USDA595/3/D67.3 ...

NASSIRA/10/TARRO_1/2*YUAN_1//AJAIA_13/YAZI/9/USDAS595/3/D

G37 67.3/RABI//CRA/4/ ...

NASSIRA/10/TARRO_1/2*YUAN_1//AJAIA_13/YAZI/9/USDAS595/3/D

G38 67.3/RABI//CRA/4/ ...

ALTAR 84/CMH82A.1062//ALTAR 84/3/DIPPER/RISSA//ALTAR

G39 84/A0S/4/ARMENT...
G40 Saji (Syrian4)

185 226
188 229
184 229
184 230
187 229
185 228
185 229
182 229
188 232
186 230
186 228
183 226
186 230
183 225
182 228
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Table 4. Cumulative GDD during the different developmental strages of wheat lines
under normal and terminal drought stress conditions.

s 55 ROk 5 A5 S O o
Genoty Stressed and non stressed Non stressed Stressed
es

\Y ][2 GP FI TS PL FL SE  HD A%\I SE  HD A%\I
Gl 430 457 605 607 700 279 971 623 1;9 1;2 532 1;9 1;8
& 493 429 652 626 700 216 1 25 623 132 1;2 582 150 1%8
@ 430 457 652 694 700 279 120 623 li3 122 532 liO 1;8
Ga 492 531 607 771 786 393 133 575 1i6 1;4 s34 1;4 1;0
G5 430 429 652 626 700 279 120 623 1i3 1;2 S64 1?0 1i6
G6 339 457 607 619 780 351 1 22 615 1;9 122 540 1;9 1;4
G7 492 457 626 687 780 297 133 670 liS 1;7 504 1(2)2 1;0
G8 492 531 652 687 780 297 1g2 615 1i3 1 32 574 1 50 1%8
G9 339 457 652 626 700 370 123 623 132 1§2 532 1 iO 1 ;8
Glo 339 457 685 687 780 351 122 615 liO 1;2 556 liO 1i6
Gl1 339 457 652 685 700 370 971 548 1;9 1;4 548 1(1)6 liO
Gl2 339 429 605 687 780 351 120 574 1(2)2 1%8 556 1‘2‘0 1‘2‘6
G13 414 531 780 619 714 300 1 25 620 1i6 1?6 582 1;4 1;2
Gl4 493 531 619 780 705 311 125 611 158 1?6 573 1;8 1;2
Gl5 492 531 607 619 780 297 125 615 1‘2‘6 1§2 574 123 1;8
Gl6 492 531 619 780 752 269 133 577 lgl 1;0 577 liO 1;0
Gl17 493 531 619 780 752 268 125 636 li6 1?6 508 li3 1;2
GIs 493 429 607 619 771 287 989 585 lgl 1;0 565 1?0 1;8
G19 492 429 607 619 780 297 133 635 158 1;4 615 1;8 1;2
G20 492 429 619 780 752 269 123 508 li3 122 577 1;1 1;0
@1 493 531 619 780 714 320 123 602 1?3 134 561 1;1 120
G2 339 457 652 685 619 289 989 591 1i0 158 573 1;9 1i6
G23 493 429 607 700 771 287 989 626 1;4 1;4 606 li3 1;2
Goa 339 457 652 626 700 370 971 520 1;9 1%8 548 1;7 1;4
G25 492 593 607 619 771 288 133 606 1?3 1;2 606 1i3 1;2
G26 493 429 619 780 780 296 123 504 1?3 1;0 504 1;1 1;0
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G27 493 531 635 607 7(;) 216 1 23 643 1 ?3 1 ;4 602 1[213 1 ;0
G238 493 429 685 687 7(;) 216 989 602 151 1;0 564 1;9 lié
G29 492 429 607 619 771 288 125 585 1(2)2 1;0 565 1310 138
G30 414 593 619 7;) 752 248 125 618 1?6 1;4 577 1[216 1;0
G3l 492 429 635 687 780 297 989 504 1?0 1;0 556 liO lié
G32 339 531 607 619 771 342 1(7)3 606 1;4 132 585 lél 1;0
G33 493 531 652 685 7(;) 216 989 623 1 ‘2‘3 1 ;2 580 1[210 1 ;8
G34 414 429 685 687 780 276 1(7)3 615 1?0 132 556 liO 13‘6
G35 475 593 607 7&) 771 206 1(7)3 606 1;4 132 585 1313 1;0
G36 493 593 619 7;) 714 320 123 602 1‘2‘6 1;4 561 1[213 1;0
@37 414 429 635 687 7(;) 295 1(7)3 623 liS 132 602 1;1 1;0
G3s 492 429 607 619 730 297 1(7)3 653 158 1?6 504 1316 1;0
G39 493 457 607 619 771 287 989 585 1‘2‘0 1;0 531 1;9 1;4
G4(.). 39 47 62 65 70 30 119 126 117 124
(Saji 3 5 5 ] 0 7 971 564 5 4 548 ] ]

M:a 442 439 616 658 731 209 1(2)2 608 1;3 1;2 574 151 128
Max 475 593 780 771 736 393 125 670 1;8 1;7 615 1;8 1;2
Min 339 457 652 694 619 295 971 548 1 ;9 1 ;4 531 1 (1)6 1[210

ke 56T (Glum initiation, GD <4, 25T (Double ridge, DR) 4€ 55 S , (Vegetative, V) i laz! e

o4 s sb «(Premordium length, PL) al- » .35 555 S «(Terminal spiklet, TS) ;! exlowc(Floral initiation, FI)

Slsles S5 (Heading, HD) aliw , 545 «(Flag leaf emergence, FL) T &£ ., 54b «(Stem elongation, SE) sL.
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Table 6. Mean grain yield and yield reduction of genotypes under normal and stressed

condition.
LS55 OS5 o) wls 5 Shas 5 Slas zals”

Genptypes Grain yield (t/ha) Yield reduction

S Oay A Percent t/ha
Non stressd Stressed Lo () B 2 03)

Gl 7.245 5.530 23.67 1.715
G2 8.675 5.370 38.10 3.305
G3 8.567 5.071 40.81 3.496
G4 8.478 5.221 38.42 3.257
G5 8.195 5.183 36.76 3.012
G6 7.950 5.299 33.34 2.651
G7 8.594 5.353 37.72 3.242
G8 7.961 5.252 34.03 2.709
G9 7.963 5.281 33.68 2.682
G10 7.939 5.615 29.27 2.324
Gl1 7.763 5.838 24.80 1.925
G12 8.095 5.242 35.24 2.853
Gl13 8.625 5.372 37.72 3.253
Gl4 8.335 5.098 38.84 3.237
Gl15 8.385 5.550 33.82 2.836
Gl16 7.904 5.205 34.15 2.699
G17 8.362 5.341 36.13 3.022
G138 8.247 5.431 34.15 2.817
G19 9.069 5.499 39.36 3.570
G20 8.099 5.195 35.85 2.903
G21 8.385 5.177 38.25 3.207
G22 8.241 5.579 32.31 2.662
G23 7.900 5.208 34.08 2.692
G24 7.669 5.260 31.42 2.410
G25 8.459 4.977 41.17 3.483
G26 6.961 5.119 26.47 1.843
G27 8.738 5.291 39.44 3.446
G28 8.154 5.341 34.50 2.814
G29 8.593 5.294 38.39 3.299
G30 8.127 5.261 35.27 2.866
G31 8.265 5.435 34.24 2.830
G32 8.256 5.264 36.24 2.992
G33 7.962 5.359 32.69 2.602
G34 8.187 4.946 39.59 3.241
3G5 9.037 5.357 40.72 3.680
G36 7.980 5.230 34.46 2.750
G37 8.187 5.309 35.15 2.878
G38 9.126 5.230 42.69 3.896
G39 7.765 5.845 24.73 1.920
G40 (Saji) 7.435 5.388 27.53 2.047

LSD 1% 0.263 0.366 - -
Mean 8.197 5.320 34.88 2.877
Max 9.126 5.845 42.69 3.896
Min 6.961 4.946 23.67 1.715
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Table 7. Correlation between transistion phase and developmental attributes with grain yield (t/ha) under normal

condition.
) N g) — 5 — — —3\ §’¥ ¢
Slis -1 JE B ED B 5 Y EE
. e W, 5 B EEs By MAN S
Attributes LIS 2= 2, 25 20 4 g“\a o =
g N FEREEER C xEt
> 2 a 6: 4 Ct <
8 55 Soeer o
R 0.592
Double ridge
by T - -
R E 0.558 0.510
Glum initiation
S 55T xk *k *x
T 0.549 0.576 0.904
Floral initiation
51 dol i - - - -
‘;lf 0.413 0.554 0.710" 0.798
Terminal spiklet
> %095 d o o
i > -0.663 -0.138 0.025 0.105 0.408
Premordium length
S 0.458 0.544 0.578™ 0.559™ 0.469" -0.074
Flag leaf emergence
Al 5b . - - - . "
. 0.520 0.628 0.534" 0.566° 0.546 -0.073 0.655
Heading
* Jh‘k’% 0.280 0.082 0.096 -0.025 -0.143 -0.398" 0.413
Stem elongation
Sldles S - w o - o -
’ 0.496 0.403 0.509" 0.453" 0.469 -0.113 0.648
Anthesis
e 0.352" 0.329" 0.161 0.116 0.184 -0.202 0.514"
Grain yield
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Introduction

Durum wheat (Triticum turgidum L. var. durum) is a crop with a historical
background and mainly cultivated in warm, temperate and temprate-warm zones
of Iran. This crop is often cultivated in Mediterranean areas with limited access to
water. Terminal drought stress (TDS) is known to be more critical and damaging
(Farooq et al., 2014). DS usually occures in wheat fields during grain filling period
in the Mediterranean countries such as Iran. So, attempts to develop and release
durum wheat varieties that are adpated to drought stress and can take advantage of
limited available water are of high priority. Developmental traits are considered as
effective traits in the adaptation of crops, and adjustment of their developmental
patterns with the aim of adapting to environmental conditions, which can lead
to improved grain yield (GY) in wheat. Manipulation and management of
developmental characteristics before pollination time have improved the wheat
yield over the past decades. Obviously, some developmental stages are more

effective and important than others (Landes & Porter, 1989). It i1s repoted that
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the period between formation of the terminal spikelet and anthesis (20 to 30 days
prior to pollination) has a major and critical role in the yield formation (Slafer et
al., 1994). Therefore, the present study was conducted to determine the relation
between developmental characteristics of durum wheat genotypes with GY, under
TDS condition of temperate climatic of Kermanshah province

Material and Methods

The 154 durum wheat lines obtained from International Maize and Wheat
Improvement Center (CIMMYT) were investigated under TDS conditions at
Islamabad-eGharb Agricultural Research Station during the 2013-14 cropping
season. According to the variation in days to heading (DHE) and days to maturity
(DMA), 39 lines were selected and investigated along with Saji cultivar as check
under normal irrigation and TDS conditions. The experiments were conducted at
Islamabad-e Gharb Agricultural Research Station, Kermanshah province, Iran.
Transition trend of shoot apex on main stem including: vegetative, double ridges,
glum, spikelet, florets and terminal spikelet initiation was investigated and recorded
by succesive sampling followed by dissection on sampled plants continued till
terminal spikelet formation. Each plot consisted of 2 rows of 2-m long spaced
32.5cm apart. Seed density was considered 450 seeds per m?. Sowing was done by
hand. Irrigation cut was carried out at boot stage (Z, 45). Statistical analysis was
done via MSTAT-C and SAS 9.1.

Results and Discussion

In the most of the early maturing lines, a minimum of 475 and 691 growing
degree days (GDD), equal to 105 and 132 days after planting (DAP), were needed
for the appearance of double ridges (DR) and the transition to terminal spikelet
stage (TS), respectively. Genotypes showed high variation for the duration of DR
to TS, which ranged from 259 to 339 GDD, equal to 35-57 days. Terminal drought
reduced stem elongation duration (SE) (from DR to anthesis) by 32 GDD, equal to
2 days. At least 96 mg/plant of dry matter was critical for the initiation of transition.
All in all, the genotypes showed high variation for duration of developmental
stages.

Under optimum irrigation conditions, the duration of vegetative phase (VP)
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rose, which led to an increase in glum initiation, floret initiation, terminal spikelet
formation, flag leaf stage (FL), anthesisi (ANTH), SE and GY. Increase in transition
length (TL) resulted in decreased SE and showed negative correlation with GY.
The life cycle duration, GY and GFR increased with increase of TL. Any increase
in developmental stages up to FL increased growth cycle and improved GY.

Extending the length of VP to DR led to reduction of GY under terminal drought
stress condition. Any increase in the duration of developmental stages led to
reduction of SE, FL and coincidence of filling period with terminal drought stress,
and hence GY reduction. There was a high variation among genotypes for their
response to terminal drought stress and GY reduction. Genotypes with shorter VP
and higher development rate headed early and benefited from adequate time for
grain filling which contributed to higher GY.

Keywords: Developmental stages, Double ridges, Terminal spikelet, Transition

phase, Yield reduction.
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