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Changes in developmental stages and canopy temperature depression

of bread wheat under different environmental conditions due to
differential sowing dates
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Table 1: Some charchterestics of wheat cultivars used in this study
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Table 2: Analysis of variance for grain yield (GY), days to double ridges (DDR), days to terminal spikelet (DTS),
days to anthesis (DAN), days to physiological maturity (DPM), grain filling period (GFP), canopy temperature
depression during anthesis(CTD anth),canopy temperature depression at grain milky stage (CTD wmc) of wheat
genotypes under different sowing dates.
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o) S 5 (DTS) (DAN)  K3dpss  (GFP) el b Gl gt A,
(DDR) (bP™) (CTD antn.) (CTD wmg)
JSReplication 2 5917 1175 0.0001"  1.2"  148.1"5 183.6"°  3.6"* 4.49"
csls &b
Sowing Dates (D) 3 72.04** 2779.1** 3907.5** 1092.9%* 5622.4** 1821.5%*  46.7** 20.4%*
cbsEa a 6 1962 0.6 0.0001 53.3 59.5 2.644 1.042
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Table 3. Means comparison of main effects of genotypes(G) and planting dates(D) for grain yield (GY),
days to double ridges (DDR), days to terminal spikelet (DTS), days to anthesis (DAN), days to
physiological maturity (DPM), grain filling period (GFP), canopy temperature depression during
anthesis(CTD anth.) and canopy temperature depression at grain milky stage (CTD wqc ).

W Ses Sy Us  oShiv by,

;.L:«)U)'}) 413 04 093 &j\fkgb:\_;.mf Gl s

ad GY € e #5050 S8 GFP Sdlo2 5 do e =5
Treatment DDR DTS &l DPM days) CTD nth s st o e
(t/ha) (days)  days) DAN (days) CTD we
(days) ) €0
sl @)U(D) *
:D1oLTdst  5.336 a 118.2 a 144.2 a 175.2 a 2146 a 3943 a 53 a 35a
D2Vo:oLtT  5.264 a 1142 b 139.2 b 1722 b 2106 b 38.50 a 53 a 3.6 a
:D3,3TJsl  3.200 b 105.9 ¢ 130.2 ¢ 1679 c 196.9 c 29.10 b 35b 25b
D4 ALY 2.216 ¢ 96.47 d 118.2 d 1613 d 185.7 d 24.63 ¢ 29 ¢ 19 ¢
<555(G)
V1 4.655b 109.3 e 1328 e 168.9 e 2048 ¢ 35.92ab 4.5ab 31a
V2 4.065 f 111.0 d 134.8 d 170.8 d 204.8 ¢ 34.08 b 4.3 abc 3.0 ab
V3 3.398¢g 106.2 f 128.8 f 165.9 f 1953 e 29.67 ¢ 4.3 abc 2.6 bc
Va4 3.229 h 1043 g 128.8 f 165.1 g 193.1 e 28.08 ¢ 3.8 bc 25 ¢
V5 4.351c 103.7 h 128.8 f 164.4 h 199.0 d 34.67ab 4.4 abc 31a
V6 4780 a 100.5 i 1258 g 161.3 i 198.6 d 3733 a 46 a 32a
V7 4.148 e 1141 a 138.8 a 174.8 a 209.8 a 34.92ab 4.3 abc 2.9 ab
V8 4.220 d 1119 ¢ 136.8 c 172.7 c 206.3 bC 34.00 b 4.0 abc 31a
V9 2951 i 113.1 b 136.8 ¢ 173.8 b 204.4 ¢ 30.50 ¢ 37¢c 24 ¢
V10 4.243d 1128 b 1378 b 1736 b 208.6 ab  35.00ab 45 ab 31a
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Means followed by the same letters in each column are not significantly different at 5% level, according

to Duncan's Multiple Range Test.
%: D1: Oct. 23 - D2: Nov. 6 - D3: Nov. 22 - D4: Dec. 6

= (" dsd) 5 (M-85-7) V9 5 535
Jg g:u:lf'@)\;,;a\f;\;gw s o)
(2 V1 (5 V6 gla s 55 (DT) OLT
6155 Sas b s 5 4 (Giw)VT 5 Gle)V8
53 Df,t;av‘w 5 0AVA ( £:44 ( FVYY
(F o) L3l 555 0 5SS
VI (s V6 OLTVO Csls” 20l 2

Y

(Esfandiary et al., 2009; Qusim, 2008
J,ﬁw,z;;‘(,ﬁ&u%}gwuﬁ
(ol V6 o o) & sls Ol 4ls
22153 Shee o 5V (W 50) V5 5 (V1
FVAT (i 5 ) dadls s S8 5o )b Lo e
S OS5 ALST FYDY SF500
by s (J&AJJJY/‘\M) 6l 5 Sles



e o A g gad ol e Ol ok anlllas

555 S Gl i 1wl s Shes S0l aglie F g
Table 4. Grain yield means comparison of interactions between genotypes and sowing dates.

;:JL(@,[; D1: D2: D3: D4:

Planting Date OLT Js! Vo oLt 53T 53T

Oct. 23 Nov. 6 Nov. 22 Dec. 6

Genotype

V1 6.099 ab 6.162 ab 3916 «cd 2.442 efghij
V2 5.643 b 5.915 ab 3.163 defg 1.540 j
V3 4.524 c 4.380 c 2.707 efghi 1.982 ij
V4 4.063 cd 3.879 cd 2.453 efghij 2.520 efghi
V5 5.730 b 5.630 b 3.792 cd 2.252  ghij
V6 6.727 a 6.333 ab 3.396 de 2.664 efghi
V7 5.792 ab 5435 b 3.134 defgh 2.232 ghij
V8 5.979 ab 5.615 b 3.162 defg 2.125 ij
V9 3.367 def 3.861 «cd 2.405 fghij 2.171 hij
V10 5.437 b 5.426 b 3.875 «cd 2.232  ghij

A3l ko )3 0 o 53 1 gae 3D A3 ST (gl aels i 503 ld y alie O G filo sl sl o SLe

Means followed by the same letter(s) are not significantly different at 5% level, according to Duncan's

Multiple Range Test.
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Table 5: Delay in double ridges (DDR), terminal spikelet (DTS), anthesis (DAN) and physiological maturity
(DPM) stages as compared to the first sowing date (Oct., 23).

23 70 23,50 Sy 93 G 23 70 Feolys Sls Y
el S 6 55 Saur C PPy Sl ) 68 s

Delay in terminal Delay in double Delay in Delayin  Diffrence in Treatment

spikelet ridges physiological anthesis  sowing date
(days) (days) maturity (days) (days)
(days)
10 11 11 12 15 RUALERY
21 22 14 26 30 53T ds1: D3
33 36 34 38 45 D4,3The:

%: D1: Oct. 23 - D2: Nov. 6 - D3: Nov. 22 - D4:Dec. 6
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Nazeri, M., Study on bread wheat cultivar developmental stages and canopy temperature depression
changing at environmental conditions due to different sowing dates
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Introduction: Successive developmental stages occur at different times over the
growing season and are consequently exposed to different environmental conditions.
Therefore, knowledge of the factors influencing variation in developmental
stages duration is essential for adaptation and crop management (Hay and Porter,
2006). Under different environmental conditions, crop life cycle may be extended
or curtailed, however, none of developmental stages are eliminated. Hence, the
duration of different developmental stages is to vary as the crop life cycle is fit
into the available growing season (Reynolds ef al., 2001). Nearly %39 of wheat
grain yield variation depends upon changes in environmental and climatic indices
(Anderson and Ahmadi-Esfahani, 2010). Spike growth period (terminal spikelet to
anthesis) is a crucial stage, which significantly affects grain yield formation. Spike
growth duration decreases in stressful environments, thus negatively influences
grain yield components (Refay, 2011). This study was carried out to investigate the
effect of different environmental conditions arising from different sowing dates on
the duration of various developmental stages, and canopy temperature depression
in several wheat genotypes.

Materials and Methods: This study was conducted at Gonabad Agricultural
Research Field Station, in the North East of Iran in 34° 23" N, 58°45" E and 1060
m above sea level-in split plot arrangements using randomized complete block
design with three replications during 2010-2011 growing season. The main plots

Email address of the corresponding author: smnazeri56@yahoo.com
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were sowing dates with four levels (D1: Oct., 23, D2: Nov., 6, D3: Nov., 22, D4:
Dec., 6). Ten bread wheat cultivars, (V1: (Bam), V2: (Nishabur), V3:(Falat) , V4:
(Chamran) , V5: (Sivand) , V6:(Parsi), V7:(Pishtaze), V8:(Bahar), V9:(M-85-7),
V10: (Sepahan)) were assigned to the subplots. To precisely determine the
developmental stages at least five randomly selected plants from each plot were
dissected according to Kirby, 1990. Double ridge (DR) stage and Terminal
spikelet (TS) stage were determined by dissecting the shoot apex of sampled
plants. Anthesis was recorded when anthers of middle florets in 50% of spikes
were extruded (Kirby, 1990). Physiological maturity was determined when 50% of
peduncles turned in to yellow. canopy temperature depression was calculated by
the difference between air and canopy temperature (Kringwi et al., 2004).

Results and Discussion: The results showed that the highest grain yield obtained
on 23 Oct. and 6 Nov. sowing dates (5.336 and 5.264 ton/ ha, respectively).
Genotypes V6 :(Parsi), V1:(Bam), V8 :(Bihar) and V7:( Pishtas) had the highest
grain yield on 23 Oct. sowing date (6.727, 6.099, 5.979 and 5.792 ton/ha,
respectively), genotypes V6:(Parsi), V1:(Bam), V2: (Nishaboor), V5: (Sivand)
and V8 :(Bahar) on 6 Nov. sowing date(6.333, 6.162, 5.915, 5.630, 5.615 and
5.435 ton/ha, respectively) (Table 1). The grain yield decreased significantly in all
genotypes at the delayed (22 Nov. and 6 Dec.) sowing dates (3.200 and 2.216
ton/ha, respectively), due to reduced days to physiological maturity, anthesis,
terminal spikelet, double ridge and grain filling period (Table 1). Delay in onset
of developmental stages on 22 Nov. and 6 Dec. sowing dates caused young spike
growth period (terminal spikelet to anthesis) and grain filling period to coincide
with unfavorable environmental conditions. With sowing dates being delayed,
the occurrence of different growth stages is postponed as compared to the earlier
planting dates, resulting in the developmental stages coinciding with unfavorable
temperatures. Canopy temperature depression (CTD)is used as a criterion in terms
of the degree to which the plant canopy is cooler than its surrounding environment.
Our results showed that there was no significant difference in CTD between 23 Oct.
and 6 Nov. treatments, but there was high significant difference in CTD under 22
Nov. and 6 Dec. treatments during anthesis and milky grain stages. Transpiration
causes canopy temperature to drop below the air temperature. Research indicates
that decreased canopy temperature is better correlated with crop yield when vapor
pressure is greatly reduced (under warm and sunny weather conditions during
grain filling). Under these conditions, canopy temperature can be more than 10
C° lower than the environment temperature (Reynolds et al., 2001). This is in
agreement with the findings of current work. Therefore, planting of suitable wheat
cultivars from 23 Oct. till 6 Nov. caused pheonological stages to co-occur with
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more proper environmental conditions, leading to enhanced growth and grain

yield.

Keywords: Anthesis, double ridges, physiological maturity, terminal spikelet
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