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Effect of water deficit at different growth stages and nitrogen
fertilizer on yield and water use efficiency of winter wheat

LEI Yan,ZHANG Fu-cang, KOU Wen-ping, FENG Lei-lei

(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas ,
Ministry o f Education s Northwest A& F University ,Yangling s Shaanxi 712100, China)

Abstract: [Objective] This paper was to study the effect of water deficit at different growth stages and
nitrogen fertilizer on yield and water use efficiency of winter wheat,and to discuss the sensitive period of
water deficit and reasonable amount of nitrogen fertilizer during wheat growth. [Method) With Xiaoyan 22
as test material,four nitrogen fertilizer levels and eleven water deficit treatments were provided to carry out
pot experiments to study the effect of water deficit at different growth stages and nitrogen fertilizer on
yield, yield component factors and water use efficiency of winter wheat. [Result] There were some effects
of soil water deficit at different growth stages and nitrogen fertilizer levels on yield and water use efficiency
of winter wheat. Compared with no water deficit at whole growth stages(CK) ,water deficit at period of re-

turning green significantly decreased the dry wheat matter by 7. 70% and significantly increased the wheat
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yield and water use efficiency by 4. 95% and 7. 56 %. Water deficit at jointing stage and tassel stage signifi-
cantly reduced dry matter and yield by 13.69% ,15. 88% and 5. 69% ,8. 06 % ,respectively. Moreover, it sig-
nificantly reduced spikelet bearing number and grain number per spike, too. No significant yield reduction
was found when water deficit was imposed at milky stage,but water consumption was reduced significantly
by 5.44% ,and the water use efficiency was significantly increased by 8. 02%. Compared with CK, water
deficit at seedling establishment+jointing stage, seedling establishment + tassel stage, seedling establish-
ment+milky stage,jointing + tassel stage,jointing+ milky stage and tassel + milky stage reduced the dry
matter and the yield significantly. Winter wheat was sensitive to water deficit at turning green - jointing
stage and jointing+milky stage.and its yield was reduced seriously by 11. 60% and 14. 52% ,respectively.
At the same time,water use efficiency was reduced significantly by 8. 02% and 7. 56 %. Nitrogen fertilizer
had significant promoting effect on yield and water use of winter wheat. The middle nitrogen treatment
(0.3 g/kg,N;) obtained the highest yield,the lower water consumption and the higher water use efficiency
compared with the other nitrogen fertilizer treatments. [Conclusion) Winter wheat is sensitive to water

deficit at jointing stage, tassel stage, returning green + jointing stage and jointing + milky stage, and the

middle nitrogen treatment has the highest yield and higher water use efficiency.
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mg/kg, A H 102. 30 mg/kg.
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AL FER 5090 ~65%0r . FALEEHIREK . &E 4 4
RACLAK - 43 5 R AR it 0 (NG ) L IR (0. 1 g/kg,
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Table 1  Effect of water deficit at singer growth stages and nitrogen fertilizer on dry matter, yield
and water use efficiency of winter wheat
7j\§vﬁzﬁiﬁ% E;@Ilﬁ;l;;i FHFE/ (g D (S TSR I%7J<%\§](;£C-rgg D) /k(ézgﬂ.ki%’zﬁg)%/
treatment level Dry matter Yield consumption WUE

Nj 119.23 b 52.10 cd 33.63d 1.55 a

St B R Ak N, 130. 04 a 53.60 be 37.55 be 1.43 be

CK N, 118.64 b 50. 70 cd 39. 86 a 1. 27 def
No 80.36 g 32.90 g 29.40 e 1.12 h
Nj 108. 43 de 52. 60 bed 32.34d 1.63 a

S ok N, 119.15 b 58.71 a 37.26 be 1.58 a

Deficit at returning green N 111.38 od 53.79 be 39.10 ab 1.38 cd
Ny 74.78 g 33.60 g 28.28 ef 1. 19 fgh
Ny 97.28 f 47.18 e 29.06 e 1.63 a

B 1 5k N; 106. 08 de 50. 60 cd 36.02 ¢ 1.4l c

Deficit at jointing N 108. 45 de 49.57 de 37.67 be 1.32 cde
No 75.08 g 31.20 g 27.50 ef 1. 14 gh
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&k 1 Continued table 1

7&%%@&@ AT TR/ (e ) B/(ge D) Rk /(L 4D 7J<67\7FIJ)$J§;5§$,/
ater deficit Nitrogen Dry matter Yield Waterl (kg m- 3)
treatment level consumption WUE
N, 97.98 1 43.70 f 31.83 d 1.37 od
A =k N, 104.78 51.20 cd 36.71 ¢ 1.40 ¢
Deficit at tassel N, 96.77 1 46.80 e 37.80 abc 1.24 efg
No 77.55 g 32.37 g 28.83 e 1.12 h
N, 109. 38 de 52.49 bed 32.36 d 1.63 a
W 5k N, 117. 24 be 55.53 b 36.47 ¢ 1.52 ab
Deficit at milky N, 111,61 cd 52. 94 bed 37.53 be 1.41 ¢
No 78.29 g 32.61 g 26.45 { 1.24 efg
W EPER S (P {8 Significant level (P value)
7K 4375 ik Water deficit 0.0013 0.001 6 0.006 0 0.001 4
i % 7K F Nitrogen level <20.000 1 <20.000 1 <20.000 1 <<0.000 1
KI5 B < KT 0.000 4 0.014 7 0.262 1 0.124 8

Water deficit X nitrogen level
- RPBAR YA 3 AT HME . RSB AN W /NG 55 08 b 1 H] 22 5 2% (P<<0. 05) . [,

Note: The data in table are the means of 3 repeated experiments. Different small letters in the same column mean significant difference a-

mong treatments at 0. 05 level. The same with below.
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Table 2 Effect of water deficit at two growth stages and nitrogen fertilizer on dry matter,yield and water use efficiency of winter wheat

A= b A D . 3 /(L 451 J] 9 W%/
7J<n*75ﬁMLE ﬁL;UJ(jF TR (g B (g D) FEAKE/ (LD MMJH]{J(SK
Water deficit Nitrogen D att Yield Water (kg *m™?%)

treatment level Ty matter € consumption WUE

Nj 119.23 b 52.10 ab 33.63 ef 1.55 ab
S F AT K N, 130.04 a 53.60 a 37.55 abce 1. 43 bede
CK Ny 118.64 b 50. 70 abc 39.86 a 1. 27 fghi

No 80.36 h 32.90 h 29.40 hi 1.12

N3 94.08 g 43.35 ¢ 32.55 {g 1. 34 defgh
AR R LSRR S N, 97. 80 elg 47. 40 cdef 35. 95 bede 1. 32 elgh
Deficit at returning _ i R
green ~+jointing N, 100. 58 defg 44, 80 efg 38.17 ab 1.17 ij

No 77.60 hi 31.81 h 28. 80 ij .11

Nj 98. 55 efg 47. 86 cde 31.91 fgh 1.50 b
B AR 5 ok N, 107.15 od 49, 83 be 36. 33 bede 1. 37 cdef
Deficit at returning ) R
green-t tassel N, 103. 94 cdef 44,16 fg 38.65 ab 1,14 ij

No 77. 86 hi 32.10 h 28.50 ij 1.13j

N 98. 38 efg 14.70 efg 30.09 ghi 1. 49 be
IR A K No 108. 28 ¢ 46. 31 defg 34.89 cdef 1. 33 defgh
Deficit at returning B
green+milky Ny 105. 46 cde 44,70 efg 36. 45 bede 1. 23 hij

No 72.10 i 30.16 h 26.19 jk 1. 16 ij

Nj 96.00 g 43.20 g 31.99 fgh 1. 35 defgh
e 1+ A Sk N, 100. 98 cdefg 43.90 g 33.50 ef 1.32 efgh
Deficit at jointing+ tassel Ny 95.35 g 43.02 g 36.91 bed 1.17 §j

No 77.18 hi 31.73 h 28. 35 ij 1.12

N 97.53 fg 46. 00 defg 30.08 ghi 1.54 ab
WA RE S Sk N, 101. 03 cdefg 49. 18 bed 33.89 def 1. 46 bed
Deficit at jointing+milky N 100. 78 cdefg 44. 20 g 35. 87 bede 1. 23 ghij

No 73.02 hi 31.71 h 27.14 ijk 1.17 ij

N 100. 15 defg 49.10 bed 30.18 ghi 1.63 a
iy Rt A - 5 ok N; 99. 61 defg 47.50 cdef 34. 94 cdef 1. 36 defg
Deficit at tassel+milky N, 98.12 elg 47.50 cdef 35. 62 bede 1. 33 defgh

Ny 75. 04 hi 30.01 h 25.24 k 1.19 ij
o EPER K (P {8 Significant level (P value)
IK 4375 ik Water deficit 0.000 1 0.000 6 <<0. 000 1 0.003 8
it & 7K F Nitrogen level <<0.000 1 <<0.000 1 <<0.000 1 <20.000 1

JAE= 5 7.

KI5 B < KT 0.000 6 0.009 6 0.905 6 0.113 5

Water deficit X nitrogen level
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Table 3 Effect of water deficit at singer growth stages and nitrogen fertilizer on yield component factors of winter wheat

K 4375 B ab # Jiti ALK S AR/ GE - 2D TR £ TR/ g
Water deficit Nitrogen Spikelet bearing Grain number 1 000-grain
treatment level number per spike weight
N; 34.67 cd 37.81 a 48. 17 bedef
SEF MRS K N, 37.67 ab 33. 88 bed 50.17 a
CK N, 35.33 be 32.91 cde 19. 07 abed
No 24,33 [ 30.55 [gh 47. 94 cdefg
N3 37.33 abce 38.98 a 49. 23 abed
BT K N, 39.33 a 34. 68 be 49.72 ab
Deficit at returning green N, 37. 00 abc 31. 29 efg 47.97 cdefg
No 24.33 f 29.92 ghi 6. 66 fghi
N3 31.67 e 34. 18 bed 45,44 i
A I Tk N 37.00 abc 32. 26 def 49. 04 abed
Deficit at jointing Ny 32.67 de 30. 37 fgh 47.21 efgh
No 22.33 f 27.58 j 46. 66 [gh
Nj 31.33 e 33.01 cde 47.97 cdefg
A 5k N, 35.33 be 31.43 efg 49. 43 abc
Deficit at tassel N, 32.67 de 30. 26 fghi 48.73 abcede
No 22.67 f 28. 74 hij 16. 87 fghi
N; 39.33 a 35.61 b 46. 36 ghi
FEA W5 K N, 39.67 a 32.78 cde 48.99 abced
Deficit at milky N, 35. 67 be 30. 89 efg 47.68 defgh
Ny 24.00 f 28.29 ij 46. 11 hi
0 EMER 5 (P {8 Significant level (P value)
IK 43T it Water deficit 0.001 0 0.001 1 0.0116
Jiti 7 7K *F Nitrogen level <20.000 1 <20.000 1 0.000 3
K9y e MR A 0.024 8 0.055 0 0.129 5

Water deficit X nitrogen level
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07 R L R 0 R R RO
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XTHEREAR T 8. 08% ., 10. 35% ., 14. 14%,7. 07 % i
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Table 4 Effect of water deficit at two growth stages and nitrogen fertilizer on yield component factors of winter wheat

IK 3 75 b 3 Jife K B (B - D) TR 5K TR /g
Water deficit Nitrogen Spikelet bearing Grain number 1 000-grain
treatment level number per spike weight
N; 34,67 abed 37.81 a 48. 17 cdef
SEFMAS K N, 37.67 a 33. 88 cde 50.17 a
CK Ny 35.33 abe 32.91 def 49.07 abe
N, 24,33 ] 30. 55 ghij 47,94 cdef
N; 31. 67 defghi 35.61 be 45,49 ij
B A T K N 35. 00 abed 31.38 fgh 49.33 abe
Deficit at returning R
green +jointing Ny 32. 33 cdefgh 29. 11 ijkl 48. 27 cdef
No 22.33] 27.17 mn 47. 18 defgh
N3 30. 33 fghi 36.29 ab 46. 81 efghi
IR0+ RS 7 K N, 32. 67 cdelg 32.25 elg 19. 26 abe
Deficit at returning B
green-+ tassel N, 32.67 cdefg 28. 21 klmn 48. 35 cde
No 22,67 j 27.83 Imn 47. 23 defgh
Ny 34. 33 bede 37.03 ab 44, 81 j
IR T HA TEH K N 36. 67 ab 32. 45 defg 46. 20 ghij
Deficit at returning )
green -+ milky Ny 34.00 bede 31.49 fgh 44.87
No 23.33] 28. 45 klmn 42.18 k
N, 28.67 i 34.19 od 46.13 ghij
PO+ A K N 32,67 cdelg 28. 78 jklmn 48. 48 bed
Deficit at . . )
jointing + tassel Ny 29. 33 ghi 29. 00 ijklm 46. 70 fghi
No 22.67 j 26.89 n 45. 81 ghij
N; 32.00 cdefgh 37.52 a 41.77 k
AW RS 5K N 35. 33 abc 31. 40 fgh 45. 98 ghij
Deficit at _ B
jointing + milky Ny 33.00 cdef 31.22 fgh 45. 67 hij
No 22.33 27.78 Imn 46. 05 ghij
N, 31. 00 efghi 33,01 def 47. 24 defgh
RIS 5 K Ny 33.00 cdef 30,71 ghi 49.95 ab
Deficit at B
tassel +m11ky N] 32.00 Cdefgh 29.79 hl]k 47. 39 defg
No 22.33 27.60 Imn 45. 94 ghij
0 EVER S (P {8 Significant level (P value)
K435 B Water deficit <<0.000 1 0. 000 1 <<0.000 1
Jiti 7 7K F- Nitrogen level <Z0.000 1 <20.000 1 0.000 2
PINENTE L
KIS R < MR 0. 685 9 0. 009 4 0. 000 4

Water deficit X nitrogen level
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