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Effect of nitrogen on water use efficiency of rain, nitrogen agronomic efficiency
and soil moisture depletion under rainfed wheat
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ABSTRACT

In order to study the effects of rate and application time of nitrogen on grain yield of rainfed wheat, water use
efficiency of rain (WUE), nitrogen agronomic efficiency (NAE) and soil moisture depletion (SMD), one
experimental farm was carried out in Kurdistan province during 2012-2014. Tratments were five rates of nitrogen
(NO, N30, N60, N90 and N120) kg.ha™* as Urea with three application times, consist of T; (Total in the fall), T, (2/3 in
the fall+2/3 in the spring), T3 (1/2 in the fall+1/2 in the spring) with three replications as split plot arrangments, based
on randomized complete block design. Annual precipitations were 256.1 and 294 mm respectively. Soil moisture
measured in 0-20, 20-40 and 40-60 cm depths in five growth stages of wheat. Results shown interaction effects of
timing and nitrogen rates on grain yield was significantly.The effect of nitrogen rates were significantly on WUE,
NAE and SMD at (P<0.01). Fall application of 60 kg.ha™* nitrogen with increseing grain yield realative check (82%),
WUE (15.44 kg.mm™.ha) and NAE (25 kg.kg™) was the best treatment. Soil moisture depletion was effected by
nitrogen, so SMD started initially from tillering to stem extention from soil surface to 40 cm depth, then SMD
continued to head visible and flowering of rainfed wheat in 60 cm soil depth, at last in physiological ripening stage,
soil moisture was completly depleted in throuought of 0-60 cm soil depth. Nitrogen promoted the synergistic effect
between nitrogen uptake and absortion of soil water. Soil mouisture depletion due to nitrogen application in 20-40
and 40-60 cm depth explained increasing of grain yield 12.36% and 27.85% respectively.

Keywords: efficiency of water, soil moisture depletion, rainfed condition.
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Table 1. Soil physical and chemical properties of experimental location (0-30 cm) during 2012-2013 and 2013-2014

Year TNV ocC Total Nitrogen pH P.ava K.ava NO; NH,*
(%) mg.kg™ kg.ha™

2012-2013 34.75 0.76 0.06 7.63 8.18 205 17.8 7.65

2013-2014 33.00 0.96 0.09 7.61 11.78 224 21.21 5.40
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Figure 1. Annual rainfall and maximum and minimum temperature means respectively at experimental location: a) 2012-
2013 and b) 2013-2014.
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Table 2. Mean squares the effect of application times and nitrogen rates on biological, grain and straw yields, Harvest
Index (HI), Thousand Kernel Weight (TKW), Number of Seed per Area (NSA), Nitrogen Agronomic Efficiency
(NAE) and Water Use Efficiency of rain (WUE.r)

Mean Square

Sov WUE.r NAE NSA TKW HI Straw Yield Grain Yield  Biological Yield
Year 249.21* 12.98ns 662204.44ns 5501ns 0.0734* 84113533.9** 7545238.68*  142046072.1 **
R.Y (Error) 14.12 37.33 1620039.12 35.54 0.0037 1243025.94 940218.71 3756971.7 n.s
Time 15.69ns 204.11ns 625806.3n.s 18.11n.s 0.0041ns 227897.68n.s 102377258 n.s 189103.74 n.s
Year x Time 16.59ns 123.17ns 328640.81ns 8.49ns 0.0023* 622039.88 n.s 1093187.78 n.s  2849888.70 n.s
Error (1) 4.56 59.39 560500.86 4.48 0.0005 1706283.01 355146.18 3525033.7

Nitrogen Rate
Year x Nitrogen rate
Time x Nitrogen rate

46.05** 847.20 ** 8345784.82 ** 134.13* 0.0077 ** 16265379.1 ** 349467791 **  34574775.2 **
0.98 15.83ns  264177.6ns 9.13* 0.0002n.s 321107.10n.s 103993.76 n.s  537688.63 n.s
3.45 ** 61.47 380636.80n.s  6.69* 0.0034ns 971775.12ns  243500.98 * 1459309.84
Year x Time x Nitrogen rate 1.25ns  4466* 235728.06 n.s 2.109ns 0.0017ns 803895.7 ** 77813.57 n.s 1113528.5 **
Error 37.09 893.72 307674.35 301.28 0.0008 241992.0 58178.62 362334.8

oy
HoosrpoNN AR

C.V(%) 9.92 41.91 16.79 6.75 7.93 11.90 10.04 9.21

Do, 0 5 ) Jlaisl e ;o ls gie g jlo cixel o3 5 4y s g 5 S
n.s, *, ** is non-significant and significant at 5% and 1% probability level respectively.

1. Water Use Efficiency
2. Nitrogen Agronomic Efficiency
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Figure 3. The effect of nitrogen application times on means of rainfed wheat harvest index in the first and second year
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Figure 6. The interaction effects of application times and nitrogen rates on thousand kernel weight of rainfed wheat
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Figure 7. Mean comparsion the effect of nitrogen rates on thousand kernel weight of rainfed wheat
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Figure 8. Mean comparsion the effect of nitrogen rates on number of seed per area in rainfed wheat
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Table 3. Interaction effects of year, application times and nitrogen rates on means of biological, grain and straw
yields, nitrogen agronomic efficiency (NAE) and comparsion mean change of tratments with check

R Nitrogen rate Biolpgical Biqlogical_ yield Straw Straw yield ~ NAE
Year  Application time (kg ha®) Yield increasing Yeild increasing (kgkg) incresing
g (kg-ha?) %) (kg.ha") %) 99 (%)
0 5854 0 3611 0 0 0
Total nitrogen in 30 7515 28 4986 38 10.67 11
the fol! 60 9603 64 5876 62 25.00 25
90 9655 65 5933 64 16.33 16
120 8691 48 5492 52 8.00 8
0 4080 0 2344 0 0 0
« . 30 7154 75 4685 100 24.67 25
e g 60 7969 % 5447 132 13.00 13
S 90 7606 86 5176 121 7.67 8
120 9058 122 6543 179 6.33 6
0 6787 0 4457 0 0 0
) 30 7136 5 4644 4 5.33 5
112 ||r?ttr?: ;g::ng 12 60 9255 36 6431 44 8.33 8
90 9053 33 5974 34 8.33 8
120 7446 10 4895 10 167 2
Mean 7791 5099 9.02
0 2555 0 1395 0 0 0
) . 30 4958 94 3151 126 21.67 22
Tmam;‘;gﬁe” in 60 6251 145 3776 171 22.00 22
90 6644 160 3973 185 16.67 17
120 5880 130 3443 147 10.67 11
0 3412 0 1881 0 0 0
< . 30 4900 44 2904 54 15.67 16
5 23Inie ng::n“; 3 60 5504 64 3389 80 11.33 11
§ 90 6409 88 3917 108 10.67 11
120 6451 89 4059 116 9.00 9
0 3227 0 1867 0 0 0
: 30 4498 39 2562 37 9.00 9
Lzin the :Sl:rfg 172 60 5753 78 3382 81 17.00 17
90 6258 94 3775 102 12.67 13
120 6389 98 4018 115 8.33 8
Mean 5278 3166 11.64
LSD 5% 988.3 807.6 7.49
0 4319 0 2593 0 0 0
30 6027 39 2822 9 16.17 16
'\;'ea{? Oft.y eat'.a“d 60 7405 71 4117 82 16.11 16
pplication time 90 7604 76 4791 85 12.06 12
120 7319 69 4742 83 7.33 7
Mean 6534 3933 10.33
LSD 5% 403.4 329.7 3.06

55l ae,0 B Jleisl e js (55l S ‘_g)LJ Dol gt ;2 40 HluSs By S S Caws s sla ) Sle
Different letters within a column indicates significant difference (P<0.05).

4500

. . . . . N . 3500
2000 ClotalinFall W2/3inFall+ 1/3in Spring W1/2in Fall +1/2in Spring (Totalin Fall ®2/3in Fall+1/3in Spring M 1/2 in Fall + 1/2 in Spring
. —+ — 3000 .
3 3500 | LSD %5=396 kg.ha | - 1SD %5=396 kg, ha 1
o 3000 ] £ 50 4
g 3
3 250 . g r < e
[7] - -
> 2000 E 1500
£ c
T 150 =
] o 1000
1000
500 500
0 ° | |
0 20 60 %0 120 0 30 ) % 120
Nitrogen Rates (kg/ha) Nitrogen Rates (kg/ha)
@ (b)

p9> Jlo 5 gl Jloo yo ails 3 Shes 2 03958 e 5 9208 Olojy Jlie ST eilee dnlie o5 5 4 (0) 5 @) & JSC&
Figure 9. (a) and (b) respectively is mean comparsion the interaction effects of application times and nitrogen rates on
grain yield in the first and second year
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Figure 10. Mean comparsion the effect of nitrogen rates on grain yield in the first and second year
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Figure 11. Mean comparsion the interaction effects of application times and nitrogen rates on grain yield
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Figure 12. The effect of application times on water use efficiency of rain means in rainfed wheat in the first and
second year
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Figure 13. The effect of nitrogen rates on water use efficiency of rain means in rainfed wheat in the first and second year
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Figure 14. The intetraction effect of application times and nitrogen rates on water use efficiency of rain means in
rainfed wheat in the first and second year
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Figure 15. The intetraction effect of year, application times and nitrogen rates on water use efficiency of rain means
in rainfed wheat
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Figure 16. Moisture content changes in soil depth 0-20, 20-40 and 40-60 cm in different nitrogen rates from tillering
to physiological harvest stage in rainfed wheat
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Figure 17. (a), (b) and (c) are mean comparsion moisture in soil depth 0-20, 20-40 and 40-60 cm from tillering to
physiological harvest stage in rainfed wheat in different nitrogen rates respectively.
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Figure 18. Linear equations between grain yield with moisture depletion of soil depth 0-20, 20-40 and 40-60 cm
from tillering to physiological harvest stage in rainfed wheat
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Table 4. Mean squares the effect of application times and nitrogen rates on soil moisture content 0-20, 20-40 and 40-
60 cm depth (2012-2013)

SOV Mean square
df Tillering Stem Elongation Head visible Flowering Physiological Ripening
Soil depth 0-20 20-40 40-60 0-20 20-40 40-60 0-20 20-40 40-60 0-20 20-40 40-60 0-20 20-40 40-60

Replication 2 893 1261 54.33 4.02 7.77 6.66 2572 265 4.30 9.44 1397 20.03 1.89 571 2.44
Application time 2 0.84n.s 2.30n.s 18.51n.s 5.15n.s 0.66 n.s 1.33n.s 0.46 n.s 0.84n.s 1.08 n.s 0.09n.s 0.53n.s 1.02n.s 0.11n.s 1.14 n.s 1.47 n.s
Error 4 356 439 3532 1807 263 575 328 529 113 068 072 158 120 030 250
Nitrogen Rate 4 18.83** 22.33* 4.80n.s 13.30* 22.94** 31.33* 14.19** 9.23n.s 18.27n.s 5.24* 15.76** 33.65** 1.25n.s 2.92* 4.47ns
Apllication Time x Nitrogen Rate 8 259ns 422ns 297ns 1.56ns 1.12n.s 1.02 n.s 0.71ns 3.09ns 1.09ns 0.35 0.90ns 0.99n.s 0.07n.s 0.36n.s 1.31n.s
Error 24 436  6.86 7.57 383 476 773 321 342 6.89 132 340 391 0072 098 178

CV (%) 1236 1414 1618 1025 1221 1490 1461 1402 17.86 10.84 1556 1515 18.03 13.03 1587

oy ) 50 Jlais maw ;o o g g o s BWS] pae (i ey # .S

n.s, *, **: Non-significant and significant at 5% and 1% probability level respectively.
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Table 5. Mean comparsion the effect of application times and nitrogen rates on soil moisture content 0-20, 20-40 and
40-60 cm depth (2012-2013)

Nitrogen Rate Tillering Stem Elongation Head visible Flowering Physiological Ripening
kg.ha 0-20  20-40 40-60 0-20 20-40 40-60 0-20 20-40 40-60 0-20 20-40 40-60 0-20 20-40 40-60

0 18.66a 20.67a 17.59a 20.80a 20.15a 21.30a 13.72a 14.52a 16.78a 11.87a 14.0la 16.29a 528a 81la 9.15a

30 16.55ab 18.28 ab 17.03a 19.53 ab 18.65ab 19.20ab 11.60b 13.41ab 14.46ab 10.61b 12.23ab 13.43b 4.64ab 82la 9.1la

60 18.13a 19.50ab 17.85a 19.21ab 17.65bc 19.05ab 13.49a 13.63ab 15.26ab 10.38b 10.94b 11.63b 4.79ab 7.38ab 7.84 ab

90 1569b 17.13b 16.46a 17.73b 16.03c 16.87b 11.00b 1244b 13.99b 990 b 10.96b 12.03b 4.39ab 7.42ab 8.22 ab

120 15.43b 17.99b 16.12a 18.12b 16.89bc 16.85b 11.46b 11.96b 12.99b 10.16b 10.11b 11.92b 435b 6.84b 7.65b
LSDsy, 2.03 2.55 2.68 1.90 2.0 2.70 1.74 1.80 2.55 112 1.79 192 082 096 1.30

Q5505 0,0 0 Jlazsl mhans 55 (6ls e (glel gl g, 30 (yluers By
Different letters within a column indicates significant difference (P < 0.05).
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Figure 19. Mean copmarsion the effect of nitrogen rates on moisture depletion 0-60 cm soil depth (a) Tillering; (b)
Stem elongation; (c) Head visible; (d) Flowering; (e) Seed Ripening and (f) From Tillering to Seed Ripening.
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Table 6. Regression equations betweern grain yield

and moisture depletion 0-20, 20-40 and 40-60 cm soil
depth in different rates of nitrogen

Soil Depth (cm) Equation R SE
0-20 Y=6468.44 -54.72 M 3146 462
20-40 *Y=5284.63-40.84 M 1236 523
40-60 *Y=6153.93-48.21M 2785 474
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