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Effect of drought stress and nitrogen fertilizer on grain yield and nitrogen use
efficiency of wheat (Triticum aestivum L. cv. Sirvan) in Fars Province, Iran
conditions
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Table 1. Physico-chemical properties of the soil of experimental field (0-60 cm soil depth)

Jle EC OC N K P
Year ds.m pH Texture % mg.kg’
2013-2014 yray-ay 0.65 6.98 Clayloamy 0.51 0.040 573 7.15
2014-2015 yrar-af 0.58 7.02 Clayloamy 0.62 0.061 602 8.14
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Fig. 1. Mean of monthly air temperature, total rainfall (mm), Badjgah, Shiraz, Iran (2013-2014, 2014-2015)
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Table 2. Mean number of fertile spikes.m™ of wheat (cv. Sirvan) in irrigation and nitrogen fertilizer treatments (2013-2014 and 2014-2015)

(2013-14) yrav-ar ol Jls (2014-15) yrar-4f ol e
Irrigation withold ol plas Irrigation withhold T s
058 7 355 S O als s,y Al seb 02 S O als s,y Al sb 02

Nitrogen fertilizer (kg.ha™) Normal Grain filling  Spike mergence = Rainfed Normal  Grain filling  Spike emergence  Rainfed
0 570.0e 565.3e 562.3e 451.0h 503.0cd 498.6d 496.3d 340.6fg

75 621.6a-c 615.0a-d 612.6b 488.6fg 549.3ab 543.6ab 541.3ab 370.6e
150 630.3ab 635.6a 634.0a 493.3f 557.6a 562.3a 560.6a 364.6ef

225 631.0ab 626.6ab 621.3a-c 487.6fg 532.6b 529.0b 524.3bc 340.3fg
300 611.6b 615.3a-d 616.3a-d 471.3gh 500.3cd 503.6cd 504.0cd 317.0gh

375 598.3d 603.3¢c 600.6d 456.6h 488.0d 492.0d 490.0d 305.3h

L5l (65l e gl ey &S ezl a5 LSD 05031 ol ckiten &5 20 o (5115 o7 a5 800e Sl o 5 O gt 2 53
Means in each column and each year followed by similar letter(s) are not significantly different at 1% probability level, using LSD test
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Table 3. Mean number of grains.spike ' of wheat (cv. Sirvan) in irrigation and nitrogen fertilizer treatments (2013-2014 and 2014-2015)

(2013-14) yray-ar ol Jl (2014-15) yrar-4f ol Jle
Irrigation withold ST als Irrigation withold T pki
0587 355 S O 4> O,y Al sb -2 A O 4> O,y Al sb 2
Nitrogen fertilizer (kg.ha')  Normal  Grain filling Spike emergence Rainfed Normal  Grain filling Spike emergence Rainfed
0 42.3g 43.3g 32.3i-k 25.01 38.3g-1 39.3f-h 33.0jk 22.60
75 55.3b 56.3ab 42.7¢g 33.7ij 40.0fg 41.7ef 35.3ij 30.6kl
150 58.7a 59.7a 45. g 34.3i1 53.3ab 54.0a 44.7de 30.0kl
225 53.3bc 54.3bc 47 3ef 30. 3jk 48.3c 50.3b 46.7cd 27.6lm
300 51.7cd 50.0de 42.3g 29. 3k 47.0cd 46. 7cd 36.7h-j 26.6mn
375 47. Tef 45. g 38.0h 25.71 42.7ef 41. Tef 34.0 23.3no

v\;)lwﬁd)l:@u;)}wM)adﬁ_dkblclw)aLSD Q}anwLnlﬂcmdf):iuJ}fgb\:Sdu\'ﬂgjlﬁdb,&_gd}uﬁ):
Means in each column and each year followed by similar letter(s) are not significantly different at 1% probability level, using LSD test
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Table 4. Mean of 1000 grain weight (g) of wheat (cv. Sirvan) in irrigation and nitrogen fertilizer treatments (2013-2014 and 2014-2015)

(2013-14) yvay-ar o5 J (2014-15) yrav-af ol
Irrigation withold LT abs Irrigation withold LT abs
058 7 355 X S O 4> O,y Al seb o2 S O als Al Al seb o2

Nitrogen fertilizer (kg.ha™)  Normal  Grain filling Spike emergence Rainfed Normal  Grain filling Spike emergence  Rainfed

0 35.8ef 28.2hi 29.4hi 24.2j 32.9¢c-e 24.3gh 22.4 hi 18.21
75 459a 39.9¢c-e 36.5d-f 29.8hi 42.9a 35.8bc 30.5 ef 27.71g
150 45.5ab 41.1a-d 38.9de 32.7fh 43.5a 37.4b 329 c-e 29.8ef
225 44.9ab 40.3b-d 37.2d-f 30.5¢g-i 44.5a 36.4bc 31.34d-f 28.4e-g

300 45.2ab 39.0c-¢ 35.3e-g 27.2ij 42.2a 35.1b-d 31.4d-f 23.7h

375 44.5a-c 37.1d-f 33.9fh 234 43.4a 35.1b-d 289 e-g 23.2h

Bl (g1 gtme Sl dsys S Jlas] 3 LSD 05057 olul s dis o5 e 350 (61513 57 oo, Sle o o 9 Opam o 53
Means in each column and each year followed by similar letter(s) are not significantly different at 1% probability level, using LSD test
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Table 5. Mean biological yield (kg.ha'l) of wheat (cv. Sirvan) in irrigation and nitrogen fertilizer treatments (2013-2014 and 2014-2015)

(2013-14) yrav-ar ol,; Ju (2014-15) yrar-af ol J
Irrigation withold ¢ LT aks Irrigation withold  ¢,LT ks
O35 5w 355 DS O &> Ods A 5 5gb 2 DS O3 &ls ol A 5 5gb )

Nitrogen fertilizer (kg.ha™) Normal Grain filling Spike emergence Rainfed Normal Grain filling Spike emergence Rainfed
7561.6fg 6236.1h 4323.3jk 3600.0lm 6427.3i 5200.6k 3574.81 2860.0m

75 9922.6d 9009.5¢ 7033.5g 5175.51 8434.1cd 7658.1fg 5978.4j 3899.21

150 11635.4ab 11112.8bc 9311.4e 5017.1i 9890.1a 9445.9b 7914.6ef 3664.51
225 11950.8a 11151.6bc 8889.0¢ 4782.71j 10158.2a 9478.9b 7055.6h 2965.3m
300 10931.0c 9833.5d 7605.7f 4040.0k1 9291.4b 8058.5de 6264.8ij 2834.0m
375 10177.5d 8829.7¢ 6581.5h 3485.5m 8650.9¢ 7305.2gh 5394.2k 2462.6n

.,U)UJL;J:L;'MQ}LEM)aiﬁ_d\a:?l{gu):LSD O}AJTJLA‘,:AMSIZ:-AJ}‘PLg\)bsduﬁlzﬁduﬁ_g()ﬁﬂﬁjé
Means in each column and each year followed by similar letter(s) are not significantly different at 1% probability level, using LSD test

OFAF-AF 5 \FAY-AY) 05525 5,8 5 (LT laslad 53 Ol o o35 plE GG 3 p 5 S s 5 Shae :Kike =7 Uk
Table 6. Mean grain yield (kg.ha) of wheat (cv. Sirvan) in irrigation and nitrogen fertilizer treatments (2013-2014 and 2014-2015)

(2013-14) yrav-ar ol,; Ju (2014-15) yrar—a¥ ol Ju
Irrigation withold LT abs Irrigation withold T ks
058 7 355 X S O als o,y Al sb ) S O als Al Al sb o2
Nitrogen fertilizer (kg.ha™) Normal Grain filling  Spike emergence Rainfed Normal Grain filling  Spike emergence Rainfed
0 2873.4f 2245.0h 1426.7kl 1080.0m 2098.7h 1496.01 741.4Im 664.0mn
75 4266.7d 3784.0e 2813.4f 1966.7i 3313.4c 2927 .2ef 2050.7h 1273.4j
150 5681.0a 5223.0b 3953.4¢ 1878.7ij 4544 8a 4178.4b 3162.7cd 1203.0jk
225 5113.4b 4706.7¢c 3733.4e 1644.3jk 4050.7b 3225.4cd 2586.7g 915.4k1
300 4852.0c 4253.4d 3012.0f 1212.0lm 3361.6¢ 2802.7f 2109.6h 709.61-n
375 4446.7d 3826.7¢ 2522.1g 1126.8m 3097.4de 2561.4¢g 1517.7i 501.4n

1 (gl me o3l Aoy G ez S3LSD 05057 elal p cdizd o5 2kie o5 5o15 & ol Kla Jlo a5 Ogiw a3
Means in each column and each year followed by similar letter(s) are not significantly different at 1% probability level, using LSD test
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Fig. 2. Regression between grain yield and nitrogen fertilizer rates for normal and rainfed condtions in wheat

(cv. Sirvan) (2013-2014 and 2014-2015)
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Table 7. Mean harvest index (%) of wheat (cv. Sirvan) in irrigation and nitrogen fertilizer treatments (2013-2014 and 2014-2015)

(2013-14) yrav-ar el J (2014-15) yrar-af el Jl
Irrigation withold T aks Irrigation withold T als
053,753 S O 4> O,y Al 5 seb 02 S O als s,y Al sb 02

Nitrogen fertilizer(kgha')  Normal  Grain filling  Spike emergence  Rainfed Normal Grain filling  Spike emergence  Rainfed
0 38.0ef 36.0fg 33.0h 30.01 32.6gh 28.8ij 20. 8m 23.2lm

75 43.0c 42.0cd 40.0c-e 38.0ef 39.3bc 38.2b-d 34.3e-g 27.5ik
150 48.8a 47.0ab 42.5cd 37.4e-g 45.9a 442a 40.0b 32.8f-h

225 42.8¢c 42.2cd 42.0cd 34.4gh 39.9b 34.0e-g 36. 7c-e 30.8hi

300 44.4bc 43.2¢ 39.6de 30.01 36.2de 34. 8e-g 33.7e-h 25.0kl

375 43.7c 43.3c 38.3ef 32.3hi 35.8d-f 35.1e-g 28.1ij 20.3m

L (613 e D3l o y3 G ozl o 53 LSD 0 g03T ol cokites &5 ke Uy (51,15 o7 ol Sile Jo 2 5 D55 52 55
Means in each column and each year followed by similar letter(s) are not significantly different at 1% probability level, using LSD test

(\WAY-QF 5 WAY-A%) 055,55 355 5 6okT Slasbers 53 Ol oy oS (A 3) 5 55 5 Sl sime oo —A sl

Table 8. Mean of protein content (%) of wheat (cv. Sirvan) in irrigation and nitrogen fertilizer treatments (2013-2014 and 2014-2015)

(2013-14) yray-ar el (2014-15) yrav-af ol,;
Irrigation withold ST aki Irrigation withold ST akd
058 7 355 S O als s,y Al sb 02 S O als s,y Al sb 02

Nitrogen fertilizer (kg.ha™") Normal Grain filling  Spike emergence  Rainfed Normal Grain filling  Spike emergence  Rainfed
0 4.0k 4.5k 7.6j 8.2jj 4.5j 5.3j 8.2hi 10.6ef
75 7.6ij 8.21 10.3ef 11.8de 9.0g-i 9.3fg 12.0cd 12.5ab

150 8.7hi 9.3g 11.0de 12.6b-d 9.9e-g 11.0d 12.9bc 14.8a

225 9.9fg 11.1c-e 12.1ab 14.1a 9.6fg 11.5de 13.0bc 13.3b

300 9.2¢g 9.9fg 11.8bc 13.8a-c 9.4f-h 10.5de 12.8bc 13.9b

375 7.9ij 9.2gh 11.1c-e 12.2c-e 8.51 9.1g-i 11.9cd 13.3b

L (613 e gl o y3 &G Jlozml o 53 LSD 0 g03T ol ckits &5 ke Uy (51,1 o7 a5 Sile Sl 2 5 D55 52 55
Means in each column and each year followed by similar letter(s) are not significantly different at 1% probability level, using LSD test
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Fig. 3. Effect of nitrogen fertilizer levels on water productivity of wheat (cv. Sirvan) in irrigation treatments
(2013-2014 and 2014-2015). Vertical bars represent standard error (+SE)
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Fig. 4. Effect of nitrogen fertilizer levels on agronomic nitrogen use efficiency of wheat (cv. Sirvan) in irrigation
treatments (2013-2014 and 2014-2015). Vertical bars represent standard error (+SE)
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Effect of drought stress and nitrogen fertilizer on grain yield and agronomic
nitrogen use efficiency of wheat (Triticum aestivum L. cv. Sirvan) in Fars
Province, Iran conditions

Shahrasbi, S.l, Y. Emamz, A. Ronaghi3 and H. Pirasteh-Anosheh*

ABSTRACT
Shahrasbi, S., Y. Emam, A. Ronaghi and H. Pirasteh-Anosheh. 2016. Effect of drought stress and nitrogen fertilizer

on grain yield and agronomic nitrogen use efficiency of wheat (Triticum aestivum L. cv. Sirvan) in Fars Province, Iran

conditions. Iranian Journal of Crop Sciences. 17(4):349 -363. (In Persian).

In this experiment the effect nitrogen fertilizer levels (0, 75, 150, 225, 300 and 375 kg.ha’l) and four
irrigation levels (normal irrigation, irrigation withhold at spike emergenc, grain filling stages and rainfed
conditons) were evaluated on grain yield and agronomic traits of wheat cv. Sirvan during 2013-2014 and
2014-2015 at College of Agriculture, Shiraz University, Iran. Results showed that agronomic nitrogen use
efficiency (ANUE), water productivity (WP), grain yield and yield components were reduced and protein
content of grain increased under rainfed conditions. Grain yield and biological yield under rainfed
condition were lower than normal irrigation by 67% and 58% in first and 75% and 65% in second years,
respectively. The maximum grain yield and biological yield were obtained in 150 and 225 kgN.ha,
under normal irrigation condition (5681 and 11950 kg.ha™ for the first and 4545 and 10158 kg.ha™ for the
second years, respctivley). Irrigation withhold at spike emergence and grain filling stages were associated
with reduction in 1000 grain weight, grain yield, biological yield and harvest index and increase in
protein content of grain in both years. Nitrogen application up to optimum level (150 kg.ha) enhanced
grain yield, yield components and water productivity in both years, but as water stress was intensified, the
positive effect of nitrogen fertilizer was lowerd. The maximum water productivity was obtained in 150
kgN.ha" under irrigation withhold at spike emergence stage (815 and 672 kg.m” in first and second
years, respectively). ANUE was reduced by increase in nitrogen fertilizer rate and the lowest rate was
obtained in 375 kgN.ha™. The maximum ANUE was obtained in 75 kgN.ha™' under irrigation withhold at
grain filling stage treatment (20.5 and 19 kg.kg'1 in the firast and second years, respectively). Overall,
under normal irrigation condition, the application of 211.4 and 195.3 kgN.ha'! and under rainfed
condition, the application of 144.1 and 138.5 kgN.ha™ (for the first and second years, respectively) were

determined as the optimum rate of nitrogen fertilizer for wheat cv. Sirvan.

Keywords: Agronomic nitrogen use efficiency, rainfed, yield, yield components, water productivity.
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