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Effects of different water and nitrogen treatments on
growth of winter wheat and soil nitrate content
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Abstract; [Objective) This paper studied the effects of watering and fertilizer coupling on growth and
soil nitrate contents of winter wheat with film mulching. [Method) Winter wheat “Xiaoyan 22 ”was used as
the test material during crop season in 2010 and 2011. Through providing different water supplements:750
m’/hm? (750 m’/hm® water supplement before winter),1 500 m’/hm? (750 m’/hm® water supplement be-
fore winter and turning green stage, respectively),2 250 m*®/hm’ (750 m’/hm® water supplement before
winter , turning green and jointing stage,respectively),3 000 m*/hm” (750 m*®/hm* water supplement before
winter, turning green,jointing stage and filling stage,respectively)and different nitrogen applications (75,
150,225 and 300 kg/hm®), the changes of growth and yield of winter wheat with film mulching during

jointing to mature stage and soil nitrate content were studied. [Result] During jointing to maturing stage,
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there was a significant positive correlation between plant height of winter wheat, water supply and nitrogen
application. During overwintering to jointing stage, the soil nitrate contents increased firstly and then de-
creased in of the depth of 0—200 cm. High nitrogen treatment (300 kg/hm?®) could improve the nitrate con-
tent in the depth of 0—60 cm. Irrigation decreased nitrate content in surface soil while increased it in deep
soil. The yield increased with irrigation and fertilization until the irrigation quantity raised above 2 250
m’/hm?® and fertilizing amount was over 150 kg/hm?. [Conclusion) Nitrogen application and water supple-
ment had certain effects on plant height, dry matter quantity aboveground, yield of winter wheat and soil
nitrate contents. However,when they reached a certain level, the growth of winter wheat would not signifi-

cantly enhance. In the conditions of this study,the treatment with water amount of 2 250 m*/hm?* and ni-

trogen amount of 150 kg/hm?* would get the highest water and nitrogen use efficiency.

Key words: winter wheat;height;yield;dry matter;soil nitrate content
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5 T 2010-10 — 2012-06 7 Bk 74 47 12 6 Jb 4k
MRBE K 2E AR K £ TR E A S0 56 2 3 0 0l AT
TZAR I v M b Ak 2F 34°17'38", 44 108°04 08", Mgk
521 m AREHRIEN 13°C, 2428 K 1 500

mm, 4B K& 632 mm, H FEEH T 79
A H R KRR 80 m, J& T 1R S 5 M XL i 5 -
geonsg L, i NiRA B R AR L. HIER
AHR AR T 5 Ml R 3 4 R F B 1. 58 g/em’ A
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WK FENKE N 750 m®/hm?, 3L 1 500 m®/hm?; 3
I (W) L AT R T R T 45 K 1 IR BRI
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(W) AR GRTE VIR FER &K 1 IR BIR
HEK YR 750 m* /hm?, 3£ 3 000 m®/hm?, XK
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30, 4Ry 12 A N A BEA T K . I4AE 3 H F A Bk
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Table 1 Experimental design of water and nitrogen

4k 3 #KE/(m® « hm™?) Jiti A/ (kg « hm™?) Jib 3 WK/ (m® « hm™?) Jiti 205 / (kg + hm™ %)
Treatment Irrigation quota N-Fertilization amount Treatment Irrigation quota N-Fertilization amount
N W, 1500 75 N, W, 750 150
N, W, 1500 150 N, W, 1500 150
N3 W, 1500 225 N, W; 2 250 150
N, W, 1500 300 N, W, 3 000 150
1.3 WEmMBESRZ® BELfA 50 mL 2 mol/L KCl & # .4k 1 h, § &

KM WFEA N, JoR /N e ST IR 3~5 minfF b i SR 5 58 AR 43 060 BE T I £ R R
BTN RGN /N 22 bk e R e MR I E R AR 2 R0 o N B AR A /N X BB HTLER
KA LHERT B 0~200 em B HIEAESL LB 1 m® AHWIREAS N BURL , FREBT & L 4R HESE
20em g 1R IL10 R B S WEE . WS gt A/DXEY ™. W RN AL 1,

100.00 [ 20104 2010 year; [ 20114F 2011 year

S 80.00 |
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& 60.00 |
g

& 40.00 |
e

2 2000

0
BAH B HH RIH EiEE R 5% ]

Seedlmg stage Wintering stage  Green stage Jointing stage Heading stage = mature stage
Bl 1 2010 1 2011 4E48 /N2 48 A 7 09 0 I T o
Fig. 1 Rainfall distribution in winter wheat growth period in 2010 and 2011
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Table 2 Effect of water and nitrogen at different growth stages on plant height cm
4 3 WA W Jointing stage A Heading stage JFAEW Flowering stage A Mature stage
Treatment 2010 2011 2010 2011 2010 2011 2010 2011
N, W, 35.2 ¢ 35.6 d 50.2 d 52.1¢c 65.4 ¢ 67.6 d 80.6 ¢ 83.3 ¢
N, W, 36.2 be 37.0 ¢ 55.2 ¢ 55.3 ¢ 70.9 b 69.3 ¢ 83.3 b 84.9 be
N; W, 36. 8 bc 39.9b 55.3 ¢ 56. 3 bc 73.4 ab 74.5 b 85.7 a 86.3 b
N, W, 37.5 b 38.7 be 56.7 be 57.2 b 75.3 a 79.1a 85.4 a 88.0 a
N, W, 34.2d 34.9 d 52.1¢ 53.7 ¢ 68. 3 be 65.3 d 79.8 ¢ 83.5 ¢
N, W3 38.7 b 39.6 b 57.3 b 58.5 ab 73.5 ab 75.6 b 85.4 a 88.2 a
N, W, 40.9 a 41.0 a 59.1a 59.6 a 74.5 a 76.3 b 85.7 a 88.5 a

TE « A 5B 5 i A A/ 52 8 35 308 22 53 3% (P<C0. 05) . 3Rl

Note: Different lowercase letters indicate significant difference(P<Z0. 05). The same below.

HI 3% 2 i W 24 EORE T T A D 150 kg/hm? (N B AN [ 7K A B/ 22 0 #k i R 22 22 5 12



553

] B W45 A [ K A B 4 /N 22 AR R R R S A R R R

&

| 55

22010 F1 2011 4F fE/NEAFAETH TN, W, |
N, W, N, W, ZbF [ N, W, 4b 3 /N2 (0 bk s K 3 B
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AR B S AN G T A Y v /0 HE K = ) RE 3 ok
SR HRCRE AR T/NEZ K,
2.2 AEKGAEIZNEZM EHBFREN I
FH % 3 Al 1. FE ARl K L RAL B R, & /N BT
R R A TR EREER B E. K
2010 F1 2011 4F, K &R 1 500 m’ /hm’ (W,)
B N2 A A ) L R R B AR R
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Table 3

N, W, >N, W, >N, W, >N, W, ,N,W, #1 N, W, 4b
B35 2 v T A AL B U BB 2 /N7 A K AR R
X N B4 1 O AS 2 it 80 i 8 e B, O R AR AR
HWMEW SRR AR T NE T YRR,

KB A AT B /NE N EK
Hby b o RR SR A U B A BT 2010 AN
2011 4F/NZE BB BT f e BRI N, W >
NW, >N, W, >N, W, , il FI & /NEZMERET .
217 28 S A [ I 39 K B BE A% R R /N A2 b B
T AR R H Y i A & 28 150 kg/hm® (N,) i,
K R — R /N T Y R O R
o, LLAHT R TR WA 750 m’ /hm® O B
HERE K TT 2

AEKEALE X &2t E AR F R E YR 00

Effect of water and nitrogen at different growth stages on dry matter weight

g/ Bk

b P17 Jointing stage

fhA# Y Heading stage

JFAE Flowering stage I Mature stage

Treatment 2010 2011 2010 2011 2010 2011 2010 2011
Ny W, 1.49 ¢ 1.48 ¢ 5.47 ab 5. 40 ab 6. 05 a 5.92 a 7.77 b 7.85 b
N, W, 1.57 ab 1.62 a 5.57 a 5.50 a 6.11 a 6.01 a 7.79 b 7.96 b
N; W, 1.51 b 1.52 b 5.50 a 5.51a 5.70 b 5.73 b 8.06 a 8.12 a
N, W, 1.52 b 1.54 b 5.11 be 5.28 b 5.65 b 5.66 b 8.00 a 8.11 a
N, W, 1.50 b 1.52 b 5.52 a 5.49 a 5.98 ab 5.91 a 7.55b 7.77 b
N, W 1.60 a 1.68 a 5.37 b 5.40 ab 6.10 a 5.98 a 7.96 a 8.09 a
N, W, 1.58 ab 1.64 a 5.33 b 5.31b 5.90 ab 5.81 b 7.91 a 8.02 a

2.3 ARKELEFNTEHSESIENZD
2.3.1 #HAETHELEHERLSETH I HWEA
SEAT ) e 8 1 SR T B v AR R Rt
7 Hb X A A R KO — A B AR
B2 Al H AR /N2 A Ny W, N, W, N W, Fa
N, W, 4 A 4abH A S A S 2 S A — 2,
BIEJE(0~60 co) THEH S A S BB M. Z G W&
T ZTRBE A HEIn A A A i 5 e BRI S T R
R A2 S, NyW, . N, W, L N, W, Al
N, W, 4 M4 0~100 em 1 S8 A A A 2 2 55 5l
A 30.92,31.44,41.75 1 51. 33 kg/hm*, £ )2 + 1
i A A A O B R o NGW, > N W, >
N, W, >N, W, , 3¢ B Bl 35 it I 5 09 385 s + 398 3R )2
AR & =SB m; £ 100~ 200 cm + )2,
N, W, N, W, N, W, Al N, W, 4 A4S 4b 3 + 3 i A
RAREM&E 9k 24. 65,20, 95, 37. 74 FI 31. 08
kg/hm® , LA BRI &,

HEANEREY . B TA 3070 FAIEIEFT T 38 it .
KEO~100 em) HIEMES A EEZ . N,W, |

N, W, N, W, N, W, 4bBAE 0~100 cm 1 + J2 1 fil§
BAREMBIKIK K 66. 66,65. 52,55. 74 1 53. 06
kg/hm*,100 em I F L2 S A & &2 A K,
Wk B S 7] 22 40 2% A3 A Ach 2 v 3 5 i A S A
MEMRE, N,W, N, W, N, W, N, W, ZbF# 7 100
em TR AE S &AM, 59 6.90,5.76,6. 30
1 4.75 mg/kg.,

TEAR T W, /N PR AR KL X AU 7oK
N, W, N, W, N, W, N, W, 2bH i+ SR & &
B AR, I 78 120 om £ )2 3k B R AR, 20590 K
4.035,2.995,3. 315 F1 3. 112 mg/kg, BLHH 0~120
em 2R BN EEMSABEER. W,
N, W, N, W, N, W, 2b37E 0~120 em + 2 AR
BB 4y Wk 210 705, 18. 86, 38. 35 il 30. 72
kg/hm® , HAR 5 30 4% A4 Ak B %) it 765 0 B R i 4 o)
% 67.34%,71.21%,31. 20 % Fi1 42. 05 % , i3t B 7E 3K
I/ A R A R B AR L 7R B Bl i AU
R 55 /N 22 % JIE I R FH AR
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80 cm Ab K. 7E 0~20 cm + 2. N, W, kb BHfY 2
AEEET NL,W,, A 20~40 cm + 2 N, W, 4t
PR T N, W 350 B 7 B A S K RORBEAR T 0~20
em TREMSASGE I T 20~40 em HEHAE
BRI T, £ 0~80 cm T EZHAR BB EKIK N .
N, W, >N, W, >N, W, >N, W,, 7 80 ~200 cm +
2 A AR AS R R AR

NIRRT, A K EAEBEAE 60 em 42 )2 6
SRS EWEAL.HE 0~60 cm + 2 N, W, 43K +
HERAS A SRR, T N, W, A0 RS S A S 2N
R T W i o R K B A3 L SR T B RR KA b
45, TEMAERSME K mIRIE S R T

Effect of different nitrogen level on soil nitrate content in depth of 0—200 c¢m at different growth stages in 2011

MARMMER L, 0~60 cm T 2SR Z2H &
kA N, W, (54, 02 kg/hm®) > N, W, (42. 85
kg/hm*) >N, W, (41. 10 kg/hm*) >N, W, (28. 59
kg/hm?),

FE/INZZE 0 T, BT A K ONE A A A R A
100 cm + Z 8K 7E 100~120 cm + JZ % 4k B
S A A S AR T R A A E B I AR, T
B 2 /N2 b R AR A PR A R N AR R TR B R
PR M R R AT R R T g
A, R BH,0~200 cm + 219+ HERG A
RAEBHERK A N,W, >N, W, >N, W, >N, W, ,iji
B AE A B — 2 15 B0, 32 4L 78 2 1 7K ) i % 42
R /NZE N AL B A 0 . FER B4R L A/
B F) R R AR o h N, W, (56. 85%) > N, W,
(44.36%) >N, W, (27.64 %) >N, W, (25.12%)
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Effect of different irrigation level on soil nitrate content in depth of 0—200 cm at different growth stages in 2011

2.4 AEKEAEILNEFER T

F 2 4 A 0L ZERE K & AH R (1 500 m? /hm*) 4%
PE i 25 i 280 A 38 00 /N2 7 i R i L N, W
Qb B 7= AT At A B, it R B 150 ~

300 kg/hm* B, 34 i &0 NE R 42 &5 /N 22 1 7 i, H 22
SR, B AE A S & 4T 150 kg/hm® J&
e At U o 2t AR XS F RO EAE R AR, J
23980 /NRUIE B R % 8 i RUIE B RR 2 . i
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PR 257 50N 2 22 I - S Tk 3 R L 36 B
7B ERWSNIR U iR i O N WA T~ W A 32 8
XN 7 7 A N R R

FENE AR ] (150 kg/hm®) 2544~ . /NZE 7= it
K A NoW, N, W, >N, W, >N, W, H N, W, |
N, W 4b B 7 8 B F AR T N W, N, W, 43, 358
B 14 T K RE ] I R R /N A R R R O AN
ZATHIK o 7 R 5 & B m B & /N E R R K
BRRET 0 R AP X 5w B 4N AT
TR WS S 3% 53 A AR ) TN B0 418 A T X
R A BT AE R . N, W RN, W, b 3R
INFE PR 2R SN T B R SR I KO T 8
A EAE AR k2 RO R A C g AT 2=, /N
T KK 3 H B T R AT Ab 25 PR N, W, Ak B g 3
PRRORAWI R . AT i AR AN A R BT LA
I /0 K A D 3 43 IR R KRR 26 5 DACTTT 35 21 1 KT
AT e R ROCR

F4 201l EARARABELENENEFEHNEN

Table 4 Effects of different treatments on the

winter wheat yield in 2011

AR

2 FHRLEL TR/ g Jea/

it 1 o 2

o~ b 10 Ahm ) Grains/  Thousand seed (t+ hm™?)

Treatment Panicles . . .

spike weight Production
number
N, W, 588.32 ¢ 38.78 b 39.08b ¢ 8.946 ¢
N: W, 600. 89 b 39.45 ab 40.06 b 9.765 b
N; W, 635.21 a 40.12 a 40.11 b 9.778 b
N, W, 640. 68 a 40. 88 a 42.95 a 9.790 b
N: W, 587.06 ¢ 38.98 b 40.01 b 9.012 ¢
N, W3 640. 20 a 39.90 a 42.55 a 9.958 a
N, W, 638.54 a 39.78 a 41. 36 ab 9.947 a
:l__: N
3 ém 1/6

RBFF AT T R R K RGBS 4 /N 2
Kk RS BB A T LT 456

1) /22 b 5 0 7K 43 AR B SRR . R IR K
b B2 T R 5 2 S D o /NS 5 2 B 2 T
s 0 R A 0 A T 88 T L K T 2
A e b Bk 5 0 O KB 2R B A
B N T A A T ) 9 5 5 1 A
WG R L 225 ke/hm? AbJ/N S T 90 I Gt 4R S
B S MR 2 77 A — 0 T L M R —
SRR LD W, K Ak 3 O 3R

2) {5 /N R A ) GETF I BRI 0~200 em

20 - RS A = T 5T Kk B A E K A )
(1500 m®/hm®*) 54T . B % it 0 3k (4 385 i, 0~100
em 4 )2+ HERS A A A R Wi L AR UE T &N
AR B T AR R 1 R BRI N R
AL S 7K FIAE B 75 oK f 55 R s 1 s K it 2%
FLENEWER K EHRKE W, BB LN A
Kb B R KO A A A A R AT S, A A A
WA KA 0 R 28 35 1 BN A 2R Rk 2k .
AT 1k 5 it 113 il 20 A 1) L A8 R R R

3) 7 [vi) it 220 0 A b BN A& /N FE 7 AT B
S EVE K R D0 S5 1R T 1 AT R 1 i A</
& AR YA & T 150 kg/hm® B, & /N 7
SRR RN R A AR G A T N, Ry B A
Jiti 28 3K 3 22 it RUIE s v RO B T e, AR
AR R H RCRE, E A IE i A & A R (150
kg/hm®) (9 &4 F . N, W, . N, W, FI N, W, &b 3 iy

B H e N,W, & H 0. 753, 0. 946 F1 0. 935
t/hm” , R A /N7 7 ik i A HE K S 3G R RS
A Y HEK & T 2 250 m? /hm® B, & /N2 7= w1
I, B AR 50 R HE K B LA 2 250 m®/hm® SH'H,

25 b ik, O ) it & B I K i X AN i AR
KM RS A S A — R, P
FK it FH &N fig 408 sk A 2808 1 YR 2 RN 6 3R 4R 1 75
Yoo AE KB VEKEN 2 250 m®/hm? (& iR
TR BT W 450 750 m®/hm?) M & 150
kg/hm” (70 %6 AR , 30 %6 18 A ) 4b B 4% /N 22 By 7K 40 F)
RRCREAE.
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