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Background and Objectives: Planting the proper cultivar in the most
optimal sowing date is very decisive in the management of environmental
resources, including water resources, and leads to maximum water
productivity of and energy efficiency for increasing performance.
Therefore, this research was conducted with the aim of determining the
most appropriate sowing date and water productivity for commercial
cultivar of bread wheat under supplemental irrigation and water deficit
conditions in the climatic conditions of Gorgan, Iran.

Materials and Methods: This experiment was carried out as split-split
plots based on randomized complete block design (RCBD) with four
replications, during the 2021-2022 cropping season. In this experiment,
two moisture conditions (supplemental irrigation and water deficit
conditions) were placed in main plots, seven sowing dates (from 1
November to 31 December, 10-day intervals) were placed in subplots and
four bread wheat genotypes (including Arman, Araz, Taktaz and N-93-9)
were placed as sub-subplots.

Results: The analysis of variance for grain yield and water productivity
showed that the effect of moisture conditions was significant at the 0.05
level and the effects of sowing date and cultivar were significant at the 0.01
level. The results of mean comparisons showed that the grain yield in water
deficit conditions (5288 kg ha™) was significantly lower than the
supplemental irrigation conditions (5715 kg ha™). Water deficit conditions
caused a significant increase in water productivity (17.3 kg ha’ mm™)
compared to supplemental irrigation conditions (16.1 kg ha® mm™).
The highest grain yield was obtained on the second (11 November, 6340
kg ha') and third (21 November, 6165 kg ha™) sowing dates. Also.
The highest water productivity was related to the second and third sowing
dates (18.6 kg ha™ mm™). The results of mean comparisons for cultivars
showed that in Taktaz (as an early-maturing cultivar) grain yield (5872
kg ha') and water productivity (17.8 kg ha™ mm™) were significantly
greater than other genotypes.
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Conclusion: The results of this research showed that water deficit
conditions caused a significant decrease in grain yield and a significant
increase in water productivity. The highest grain yield and water
productivity were obtained on the second and third planting dates. Also,
grain yield and water productivity in Taktaz cultivar were significantly
greater than other genotypes. In general, it can be said that the planting of
Taktaz cutlivar in the second and third sowing dates (11 and 21 November)
has resulted in achieving the maximum performance and water productivity
in both supplemental irrigation and water deficit conditions.
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Figure 1. Location of the field experiment in Gorgan.
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Table 1. Meteorological statistics of Gorgan agricultural research station during two years of the experiment.

by Sl Sike () s i oy Sl 3 Sleba ¢ oms 35 Jsb g e
> -
“C) T (A 33) Lo oo (cell) b (celn) L
. Mean L Accumulated Accumulated Month
Mean maximum Mean - Precipitation :
o o relative actual sunshine day length
temperature (°C)  temperature (°C) humidity (%) (mm) (hour) (hour)
oL
18.2 125 71 417 176.8 314.42 o
Oct23-Nov21
]
18.9 12 72 18.6 1737 293.04 ”
Nov22-Dec21
15.2 8.8 72 61 161.3 293.30 <
Dec22-Jan20
14.6 8.1 73 101.2 193.3 315.20 o
Jan21-Febl9
s
16.9 118 80 59.2 117 335.87 e
Feb20-Mar20
20.9 14.4 76 24 154.9 395.30 29
Mar21-Apr20
- & \
24.1 18.9 76 42.6 139.9 429.39 20
Apr21-May21
s
3338 25.7 61 1.2 3233 451.28 =

May22-Jun21

i a5 S 0 S (555skiS Sl ool (6 e kS o s ol ,5 ool 51 uliilsa LT

#Meteorological information obtained from Gorgan airport station located one kilometer from Gorgan agricultural research station
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Table 2. Physical and chemical characteristics of soil of experimental site.

Depth (cm) ses

S sl S5 Soil characteristic
15-30 0-15
7.30 7.20 el oH
1.27 1.35 dols LB sla0 558 s o Ec (dSm™)
1.10 1.50 S oS do Organic carbon (%)
0.11 0.15 053 f o2 Total nitrogen (%)
4.80 8.60 s BB aud Auvailable phosphor (ppm)
220 333 s JB ey Available potassium (ppm)
1.41 1.44 AL o pase 055 Bulk density (g cm™®)
S sl Soil texture
30 28 o e Clay (%)
52 54 Sl Ao Silt (%)
18 18 BRI Sand (%)
Sk O (gl e Water content
52.2 49.9 (o Ao 53) LA ahals Saturation point (%) (6m)
27.0 27.7 (o o 0) oy b b Field capacity (%) (0m)
12.3 13.1 (o= Lo 3) (Sls (S5 503 aais Wilting point (%) (6m)

a4
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Figure 2. Four cultivars of bread wheat planted in seven different sowing dates.
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Table 3. Variance analysis (MS) of grain yield, agronomic traits and water productivity for bread wheat
cultivars in different planting dates under two moisture conditions.

S50 IR KPS > Shes a3
N alsyla 05 ) < als 5> Shes . e g
<l S a [ ST sl
Water 1000-Kernel  spike per Biological -
productivity weight m'JO yield Grain yield df S0V
s
5.32™ 17.3™ 17667 1193933™ 479805™ 3 s
Block
. - " . 2y Jal
86.45 83.2™ 114695 82564143 10212516 1 sk Bl
Moisture Conditions (MC)
Vol
8.18 14.2 4313 508094 841463 3 ¢
Errorl
. . s e e cSlS s,
74.93 124.0 13978 92872463 15803737 6 T
Sowing Date (SD)
CIS A ,Ux b Ll
0.69" 24.1™ 5502 1080386 "™ 10899 6 R
MCxSD
Y o
6.61 22.8™ 3334 1857061 614974 36 ¢
Error2
44177 586.5 2064"™ 2599272 4734077 3 i
Cultivar (C)
3¢ b, Ll i
1.35™ 3.9™ 5320 263578"™ 224645 3 PR Bl
MCxC
3 xS &b
1.68" 15.4" 1512 1288269 ™ 153953 "™ 18 e &
SDxC
3 xS 2o ,Ux Ll s
054" 19.9™ 2151 395413"™ 49949 18 X e sk, Bl
MCxSDxC
¥ ol
3.02 13.6 2248 1525435 308124 126 ¢
Error3
/ Dl S o 2
10.39 9.30 17.92 8.06 10.09 () St e 2
CV (%)

wld)\b@m tﬂj“)b&)@gjwlclﬁ.d):)\bgm g_',\:.TJJM_nS_gM ¢
* ** and ™ Significant at the 5% and 1% probability levels and not-significant, respectively
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Table 4. Mean comparison for effects of irrigation regime, sowing date and cultivar on agronomic traits and
water productivity in four bread wheat cultivars.

Gz 550 alsyla 05 IR KTy S5 s > Shas &l 5> Shas
(kg ha* mm™) @) e 3 (kg ha™ (kg ha™
Water productivity 1000-Kernel spike per m BioIogicaI%/ieId Grain yield
(kg ha™* mm™) weight (g) pikep (kg ha'®) (kg ha™®)
Irrigation regime (s L1 o5,
16.1° 40.2° 287.2% 15923% 5715° Supplemental .G
17.3° 39.0° 241.9 14709° 5288 Water deficit _.1.s
¥ Sowing Date =.xls Fb
17.2° 43.2° 292.8% 17134 6051° (SD1) Jsl
18.6° 40.0" 275.7% 16848° 6340° (SD2) ¢ 5>
18.6° 41.1% 278.6” 16472° 6165° (SD3) ¢ 5
16.5" 38.8" 274.0% 15655 5475 (SD4) ¢l
16.2" 38.1° 251.0” 14723° 5096 (SD5) oy
15.4% 37.9° 243.1° 13866 4819 (SD6) i
14.6° 38.2° 236.8° 12513° 4560" (SD7) oxis
Cultivar 3,
16.7° 43.2° 262.1% 15606° 5501° Araz ;i
16.6° 38.3° 262.7° 15267° 5470° Arman o1
15.7° 35.8" 256.5% 15304° 5162° N-93-9
17.8° 41.1° 268.9% 15087° 5872° Taktaz ;s

s gme sl oa b0 Jlazl o 53 (S5 Oga3l ool sl axdls S pie G S Bl Ot a5 8 ol Ske Jile s )y
oy SIS GBI ) ol Sl A6 COLT YY) e B8 ) (OLT Y0) o5 o3l 56 (0T ) ) Ul 3l ) § sl

((53)0) p2is SIS b 5 (3T o2d IS b D)
Means, in each column for each factor, followed by at least one letter in common are not significant different at the 5%

probability level-using Duncan's multiple range test. §: SD1 (01 November), SD2 (11 November), SD3 (21 November),
SD4 (1 December), SD5 (11 December), SD6 (21 December) and SD7 (31 December)
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Figure 3. Correlation coefficients between the traits under supplemental irrigation (right) and water deficit
(left) conditions. Thousand kernel weight (TKW), Water productivity (WP), Grain yield (YL), Grain filling
period (GFP), Biological yield (BL), Days to anthesis (DAN), Dat to physiological maturity (DMA), Number of
spike per square meters (NSM).
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Table 5. Mean comparison for effects of irrigation regime, sowing date and cultivar on phonologic stages and
grain filling period in four bread wheat cultivars.
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Means, in each column for each factor, followed by at least one letter in common are not significant different at the 5%
probability level-using Duncan's multiple range test. §: SD1 (01 November), SD2 (11 November), SD3 (21 November),
SD4 (1 December), SD5 (11 December), SD6 (21 December) and SD7 (31 December)
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