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IR 4 DR IKCE 505 R A A (ZND ARA
(N, 60 kg/hm’), 1% (MN,120 kg/hm’) 55 &
(HN 180 kg /hm’ ), BAEAE 1 BARAS | A Ab BE 4 it
450 kg /hm” (£ P05 16%6 ), Kb FRE 8 DK,
HARHE R 1, NXHEBCY 24 m” (4 m X6

m) XK SE L It 32 A B EER 3 K
FERH 0 2010 4F 4 H 22 B G HE 1 2010 4F
9 A 22 0, /NXFEKTT A THRERE  HEK i fk i
il

x1 HEEXRAEEALEFERL

Table 1  Trrigation treatments of spring maize experiment
HE K BB Water quota (mm ) S 2
Kb — 1 f%f%ht%}\t
Water treatments Wi AT il 1) T IR R rrigation quota
Seedling stage  Jointing stage  Heading stage Filling stage (mm )

N 2 R
s ERMEERCO 100 100 100 100 100
Trrigation at the whole growth period (CK)
HHRHEK A
A 100 100 100
No irrigation at seedling stage (11)

AN HE K ()
R A 1) 100 — 100 100
No irrigation at jointing stage (I2)

R ANHEK (1)

ARSI ALK (1> 100 100 100 300
No irrigation at heading stage (I3)
Y A )
W ?ﬁh.ﬁﬁ?@k(m 100 100 100 -
No irrigation at filling stage (1)
B AR K (L) B . B o
No irrigation at seedling stage and heading stage (113)
B HE S A AN K (o)
AR A Q) — 100 100 - 200
No irrigation at seedling stage and filling stage (I14)

<V MR RIS HE K (T2
T - M AR (L . B . B

No irrigation at jointing stage and filling stage (I21)

1.2 NEMBSHE

O3 HIHE FORT A % J5 40 KO T (% J5 70
) A% 5 89 K IR A (5 128 )
U5 AR K RGN 2 A5 A AR AR A 5 B I
XIFFE X075 P i AR, CBEAE & 105°C /3 30
min ,JRJ5 75°C~80°CHt 2= {HE , ] 1/100 KF-FRHE
M T, B R/ X REALBEHL 10 #F 2
b EB AR SRS A AR T T R R E I
BAPRI T,
1.3 HESH

SKH SPSS 13 .0 Geit A 4 ik B 0 A5 4 I
AT 22530 . 2 SR A Duncan 25 ( P<<0.05
KR P<<0.01 % B E K,

2 RS0
2.1 AREBHEKMEGRNEERKSMHE
TR
FH 2 2 AT LLAE T 7K Ak B G Y 30 Ak s 2 il
AN TS A 7 300 A Ak B X ok i ) 5 T 1)
KRB EART, REAESS A B IR AR
WA E B AOE . KR BRSO 1 8 bk =

Ml AN S 25 XL B S ) R e B4 s e e 3, T L
IR R R BT HEACR R,
54 F WK (CKOMEE, HIARTEK ()
(R J5 %6 128 KOZN LN MN  HN 4b PR T K BBk 5
I IREAR T 9.48%6 (4.01% 7 .98% Fi1 5.46% ;3K
HAARHEIK () (BB J5 45 128 K )ZN LN, MN, HN Ab ¥
BFEKM AR BEALT 11,2100, 11.13% |
10.07%6 F1 79500 5 fl A AN HE /K (1) (3 J5 56 128
KOZN . IN MN, HN #b P £ K bk = o3 il Rk 1
8.56% 7 .12% ,5.03% Fil 4.21% ;1 + Fh AR A
HEZK (L) (S 56 128 KOZN, LN MN, HN Ab P& E
KB AR A BB T 11.11% . 6.32% .9.12% F0I
10.82%% sHHA-HESIAANTE K (L) (556 128 K
ZN.IN, MN, HN 4b B K (48K & 43 0l B AR T
6.73%5 \5.32% .6.84% FI1 7 .850%0 ;4K T I+ M
AEIK (T2 ) (& J5 55 128 K )ZN,LN.MN, HN 4b# 4
TR KR B A AR T 11.42% .9.53% .8 .45% Fil
8.6200 . AL WIME KA (CKOFH HLAE 4R 1A
ANFETK (o YRR T 3+ HE SR ANTE K (Lo ) Ab PN AR
S K R R T 114200 JHIOR BT+
FHAEEAANTEAK (s ), AT WLAR T BT KK 43 fis%
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B ZTBOR Y T S E R AR K R E AR R R AN S B R B, mT DL R P
Wa] IR B SR AR R IR BRI/ X SR IR TR —E RAMEE A
B TRERE . AFR AR A B KR oK AR
% 2 AREEEHEKMERX RSN ER A0
Table 2 Effect of irmigation at different growth stages and nitrogen fertilizer on plant height and leaf area of maize
A J5 KA Days after sowing (d)

K534k B A AK P 40 70 89 128
Water Nitrogen
reatmont oo B R B o B R B R
Plant height Leaf area Plant height Leaf area Plant height Leaf area Plant height Leaf area
(em) (em®) (em) (em®) (em) (em®) (em) (em®)
ZN 84 .10 883 .16 220 .50 5366 .70 330.75 8670 .49 327 .00 5243 .00
LN 86 .14 987 .02 234 .50 6759 .46 333 .67 9057 .58 332.33 5444 12
or MN 89 .13 1166 .90 252 .50 7789 .88 354 .00 9693 .94 351 .00 8385 .36
HN 91 .11 1294 .70 239 .50 7188 .34 348 .20 11099 .01 348 .00 9602 .58
ZN 81 .42 862 .69 186 .00 5087 .06 296 .67 7103 .53 296 .00 3451 .19
LN 83 .65 857 .31 208 .50 5850 .92 321 .67 8762 .21 319 .00 4056 .47
" MN 88 .52 907 .21 215 .00 6402 .07 329 .33 9260 .82 323.00 7024 .99
HN 89 .69 876 .77 224..50 6086 .59 326 .00 9992 .71 329 .00 8333 .01
ZN 81 .92 856 .51 201.75 5213 .57 289 .67 7436 .87 290 .33 4191 .24
LN 86 .37 950 .28 213 .50 5782 .55 296 .00 8047 .45 295 .33 5206 .24
. MN 87 .10 1057 .83 233 .00 7268 .42 318 .33 8711 .29 315 .67 5807 .73
HN 89 .85 1230 .13 231.50 6954 .71 324 .00 9331 .20 320 .33 8503 .48
ZN 82 .14 876 .65 210 .50 6119 .46 299 .67 7867 .58 299 .00 4427 .97
LN 86 .39 895 .28 216 .50 6473 .25 314 .33 8498 .15 308 .67 4470 .80
b MN 90 .87 1313 .40 248 .00 7720 .75 332 .67 9563 .72 333.33 5141 .86
HN 92 .68 1065 .03 242 .00 7263 .60 330.33 7599 .11 333.33 8897 .44
ZN 80 .56 879 .70 214 .50 5248 .21 326 .67 7214 41 308 .33 4845 .69
LN 83 .55 970 .25 231.00 6633 .96 338 .33 8713 .94 343 .33 4242 .55
: MN 88 .04 1204 .71 248 .00 7772 .16 359 .00 9779 .54 352 .00 4943 .17
HN 90 .63 1164 .39 247 .00 7091 .04 351 .00 10703 .54 351.33 7239 .71
ZN 79.79 883 .56 193 .50 5027 .80 291 .33 7011 .66 290 .67 3226 .26
LN 83.75 943 .71 218 .50 5982 .64 311 .67 7766 .82 311.33 3203 .84
e MN 88 .09 993 .29 220 .00 6400 .82 322 .00 8248 .75 319 .00 6919 .66
HN 89 .82 955 .06 210 .50 6297 .24 317 .33 9285 .04 310.33 7598 .83
ZN 82 .69 940 .05 194 .00 4987 .06 303 .33 7714 .88 305 .00 6357 .53
LN 85 .04 907 .95 230 .50 5946 .67 315 .67 8975 .80 314 .67 6332 .62
IH MN 86 .49 894 .06 220 .50 6583 .79 330.33 9380 .51 327 .00 4136 .31
HN 88 .89 899 .81 219 .00 6154 .90 323.33 8978 .79 320 .67 3517 .78
ZN 80 .73 938 .74 211 .00 5045 .72 290 .00 7627 .22 289 .67 4452 .68
LN 87 .44 953 .41 239 .50 6236 .15 301 .67 8110 .79 300 .67 5907 .77
b MN 87 .71 1101 .38 246 .00 7266 .12 323 .00 8756 .07 321.33 4127 .10
HN 92 .35 1145 .74 239 .00 6799 .79 323 .00 9559 .21 318 .00 3546 .29

KA A AE T I AR A S R B 0 SR R FORM T ARERAS AT s, 44 F I K
KW, FHESAEL L FWX AR E (CKOMEL JEIHASTEK Qo) B S5 128 KHZNLIN,
NP EKF, KEILAERNA ST EARE  MNOHN ZEF R K 0 1 AR ) A T34 .18% |
Wi A5 3 B K. A WK R AL BT PG 25 4994 (162226 F1 13.22% ;3K T HIATE K (1) %
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JE%E 128 K)HZN LN, MN, HN 4b PR T K 8 i 1 £
IR T 20.06% 4 .37% .30.74% Fi11.45% ;3
FEIATE K (1) G545 128 K )ZN, LN, MN ., HN 4b
B R OK (04 T AR BB AR T 155506 L 17 .78%0 |
38.68%0 Fll 7.34%0 s HE WA K (1) G 5 55 128
KOZN LN MN, HN 4b 38 75 3 K iy i 1 R 43 i) 3 A1
T 7.58% .22 .07% 41.05% F124 .61% i+ s
HAAREEIK (s ) (BB S5 55 128 K )ZN LN MN ., HN 4b 3
B KB AL BRI T 38,4706 . 41,1506
17 .48% F11 20 .87% 5 P -+ IR K () GBI
2 128 K)ZN, LN, MN, HN 4b P 5 T K i i 1] B 43
BIFEAR T 21.26% ,16.32% .50.67% F1 63.37% ;4K
TP ASHE K (o ) (BB I 26 128 K)HZN LN,
MN  HN Ab 2 7 T K ) i 1 LA BIRRAEG T 127156
8.52% .50.78% H163.07% , ML MAE T
TR AL BT i T AR A 2 T R B AR R E K A
PR UL A A B KOG 3 K i TE AR I A S
T A B AN A A B b T AR %) P 4475 i 7Kk
U L>L> 12> L SRR BRI K e ST 22 - A
W, PEE A K AL PR R Z KT ZNIN T
Lis > Loy s AERE A KE MN.HN F 5 L 22 5%
ARE HERKT s,
2.2 ARAEAMBRMNEEXRTEREMREZ
k5 F AR E B =0
2.2.1 AREARFEEAERKTZLEMR
Fo®ra KA EA BH S AR Kk
77 SR A B A AR Rt R K i Y R e A
SEARIRY . FE 4 8907 2250 BT LI KA
FRN R K AR RO E AR P IR R
K RES K R is ) g 5 22 5, LB
TR ™ 0 25 A P 2R S e g
R 3 AT LA e A K HN T 247 1
HEAKER = R B ik F) 13 100 kg /b, HA/EF
HIHEZK (CKOFH ELES B AARHEZK () 35T BASHE K
() BRI K (1) SR IARRE K (L) B+
TR ATE K (s ) B+ HESEIAREE K (L) 3R
A HER AR (kOS5 T ZN LN MN, HN 4h 3
FEKF R =R BT 5,006, 2,300
4.95% .3.09% ;7.5% .7.29% . 11.44% .6.33% ;
19.75% . 22.05% . 24.09% . 24.46% ; 5. 38%% .
6.32 .9.27% \1.60% ;25.39% .24 .74% .26 .72% .
28.76% ;11.98% . 13.81% . 18.58% . 19.15% Al
14.28% .13.98% .16 .02% 16 .51% . 544 & Wi
TRALEE (CKOAH F A8 AR AN BEZK (L ) A0 51+ 4

FEIANTE K (L D AL BT 7 7™ B ) 5 M e K L B e
RS T 28.76%6 , it BHAM AR 1 I 36K 14 7K 2k
WY XK TR AR . AR RHE K AT AR ™ o bifi
it SR e S TG R U — Y N RUIE A R RS
T3 4 o 5 R A A A 0 AR A
.,
5 FHK (CKOM e AT (L),
PATIAAFE K () AR ARE K () HEIR AR
TR (L) I AR K (s )L 30+ RO
TR () FRCTT W R ANHE K () 25144 2N,
LN MNHN Zb¥ 5 TR TR 5 5> T 3 .59% |
0.97% .1.62% .5.19% ;6.73% . 9.41% . 1.12% .
3.63% ;11.82% .3.31% .3.67% .5.70% ;13.02% .
15.89% , 12.86% . 17.78% 5 16. 42% . 9. 31% .
9.65% . 15.50% ; 15. 30% . 14. 64% . 12. 50% .
15.10% #0119 .39% ,18.78% .8.98% . 14.95% , Hf
DI HHHESR R K (L) R 7 B0 - R R IR
(o YAFEXTF £ K TR0 H (52 M 3K, H R
AEE AR K A B R T B0 A B AN K Ak
B, LA HTie R R — KA B A T it A =
A ARl A AR b EE A I R FRARAE
2.2.2 RREVEARAHF A AR KRS A REH
w6 VK R KT X R R 7K ) FH 2850 R ) B
F. S E YK CROMLE BATEK @),
PATIAFE K (L) A ANRE K (L) EIR AT
TR L) BT RIS IK ()L B A+ R IAS
HEAK (L) R W+ R IHANRE K () 551 F NZ,
NL.NM, NH &b 3 5 K 3 B K R 80238 m 1
26 .55 | 30. 26% | 26. 74% . 29. 21% ; 23. 33% .
23 .62% \18.07% .24 .89%% ;7 .00% .3.94% .1.21% .
0.72% 3 26.16% , 24.91% . 20. 97% . 31.20%% ;
49.22% . 50.51% ., 46.56% | 42. 48% ; 76. 03% .
72.38% . 62.83% . 61.69% ; 71.44% . 72.03% .
67.97%6 .66 .99 TEARIME A S&MF T 4 E T
TR HEE AR RO IR T HA A5 WK A 3L, 45
TIALh B ) P AR R 8038 5 0 HEORE L 5 it  i
R RS, H AR B WA A F A
TRANFRE R T HA A T IR REK AL A~ 1)
ANTHE K Ak B HE R AR FH 5038 55 0T R LU SR i
SHARVEIK 1o b T i) s B 5 K L A2 T
TR AL BRI HERE K I8R5 50 BRORH LT 3+
WIARBEK OYEIMB IR SR, I M Lo A2
HA B = = 8 K o R RO,
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Table 3 Effect of irrigation at different growth stages and nitrogen fertilizer on yield of spring maize

Water Nitrogen Spike length Spike thickness . . Grain yield
reatments level (em) (mm) per spike weight (kg /hm®) Woe
(g) (g) (kg/m*)
ZN 21 .63fgh 58 .79¢ 134 .07kl 263 .50hijk 9950 .56 27 .64v
LN 20 .90hijk 56 .66ghi 144 .08ij 277 .27def 11116 .83ef 30 .88t
o MN 23 .45he 60 .10b 196 .30d 288 .22¢ 12407 .55¢ 34 ATr
HN 23 .66ab 62 .08a 228 .16a 318 .19a 13100 .54a 36.39q
ZN 20 .80hijk 55 .33jklm 129 .931 254 .03Im 9444 31kl 34 .98r
L LN 20 .67ijkl 55 .91ijkl 136 .55kl 274 57efg 10860 .65¢ 40 .220
MN 22 .65cde 57 .54 defg 178 .98e 283 .57cd 11793 .65d 43 .681
HN 24 43a 60.97b 215 .38b 301 .67 12695 .14b 47 .02ij
ZN 18.79q 55 .091m 123 .23m 245 .77n 9204 .33mn 34.09r
LN 20 .58ijkm 55 .20klm 135 .74kl 251 .17mn 10306 .59 38.17p
b MN 22 .99hed 57 .90cdef 190 .07d 285 .00c 10987 .54fg 40 .69n0
HN 23 .62ab 58 .61cd 207 .29¢ 306 .64b 12271 42¢ 45 45k
ZN 18 .89pq 54 .26m 104 .09pqr 232 .370p 7985 .63r 29 .58u
L LN 19 .70mnopq 55 .20klm 120 .16mn 268 .10ghij 8665 .950p 32.10s
MN 21 42fghi 57 .39efgh 151 .48h 277 .65de 9418 .03klm 34 .88r
HN 22 .06ef 57 .01efghi 172 .07efg 300 .04b 9896 .55j 36.65q
7N 19 .83Imnop 56 .44ghij 106 .17pq 229 .20pq 9415 .47klm 34 .87r
LN 16 .84r 46 .00p 115 .09n0 233 .200p 10414 .74hi 38.57p
. MN 18 .80q 49 .71n 147 .26hi 251 .17mn 11257 .36e 41 .69m
HN 21 .08ghijk 50 .55n 176 .00ef 261 .63jk 12890 .57b 47 74hi
7N 19 .280pq 54 .26m 97 .56¢ 220 .23r 7423 875 41 24mn
LN 21 .64fgh 56 .30hijk 106 .95pq 251 .47mn 8366 .03q 46 .48j
e MN 22 .58cde 58 .05¢cde 132 .521 260 .40kl 9092 .44n 50 .51g
HN 21 .85efg 56 .20ijkl 169 .67fg 268 .86ghi 9332 .72Im 51.85f
7N 21 .31fghij 56 .77ghi 102 .75qr 223 .19qr 8758 .150 48 .66h
LN 22 .25def 56 .85fghi 110 .950p 236 .670 9581 .55k 53.23e
e MN 19 .75Imnop 54 .46m 139 .69jk 252 .19mn 10101 .92; 56.12d
HN 20 .64ijklm 49 74n 172 .33efg 270 .13gh 10591 .42h 58 .84b
7N 20 .15klmno 55 .98ijkl 98 .27r 212 .40s 8529 .82pq 47 .39ij
L LN 20 .39jklmn 56 .67ghi 108 .81opq 225 .20qr 9562 .38k 53 .12
MN 19 .60nopq 50.72n 131 .351 262 .33ijk 10420 .37hi 57 .89¢
HN 19 .05pq 47 .020 166 .03g 270 .63fgh 10938 .07fg 60.77a
BRI (F D Significance level ( F value)
JK4Y Water 58.737" " 248 .021 " 302.646 * " 236.282" " 980 .573 " * 2660 .777 " "
A Nitrogen 77 814" 13.809 " * 1894 9347 " 777 2477 2062 .873 " " 1559 .410* *
JK 43 X % % Water X nitrogen 20 432" " 78 .659 " 9.508" " 10.837* " 20.957" % 10 551 *

b RSO, T3 25 A R A B - T AL

3 HhitHIiE SR T M B R A Bk 2 Fe
ARSI A BR RS CREEDRIEE AR K. ST IR 4 T Kok MU %
BUGMI RS 54 B AR (CRO LS SR K55 Bt 0 2 K i i 55 1 B 5 2
SIRHEA (L ORI SRR (LOXTFoK BRI bk e A T L 5 50k b N7
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1E—H B WA KRN 5 oK e

ARG & KT 544 WARE K (CK) H
B T IRHE K AL BT (L)X 7= R MR e/ P i AN
11 3.86%0 s{EAHAIAASHE 7K (1 ) A 309+ Fl A0 R
K (s DAL PR P A SR e K 0 S P A1 22 .59%0
126 .41 , WL R R ERREE LI
T DX TR K A R | RO R AT
A RERW, AR E T AR SR
FRRPRL AR A S S S AT
FEIEA—E, VPHAE R X R T 20 e T
IR FOK = R M/ AT LAY IRV (A A
MR BAE T2 K B HE R 4], X 7K 4375 >R AR
ORI TIE I

FEIAT 7K BEIR AT LB R A H 3R 4L i 7K
PR XK HAEY 3 ™ 0 E 2 A A
£ AR PN X R KA K SRS
B PR R ASSCRIFST R il B PR = A TR
AR 2, A BN FE AR A BT Rk i i AR
RIS e 0 3 I T 38 K 7 P AR AN K
ARFRR E R R s AT AR RN R RS A
A —2, FIRERAEREARAN B0 G 2 A
ZHER R AF THEE KA R,

TR HIX A B K 3 SR A S Wb fit
N AREXTVEW A )« PARR TR K« LKA AR (A4
FIP) ARG 53T F 0 L4538 7K Ak T 98 S K )
FHECRIS & T CK, FL R 5 e 20 () 34 i 34 L 15
WIIE B K 0 W38 A7 R T K o0 FH 03 Y B
BT KR P A S LA P R AR
Wit 25 T ORASIRIAE B I K 40 Fite 280k £ Ak
H AR R K R R G R & 7 i
Pk, BB IX A0 5 B R ORAE i ATE K it
AN 180 kg/hm” (HI7E HN /KF R R I K it
OB RE AT A4 7= L REFE B K A R FRCR

ASHIFFEALTE 78 00 G 30 Xl A [ A 7 B K
FitE 20 FORAE L 7 i S R 7K 43 ) FH A 52 e
AT TRV A S5 Rt — 2 W5 50k
A3 BEOR f 14 235

& % k.
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Effect of different irrigation and nitrogen fertilizer on
spring maize growth , yield and water use

ZHANG Peng , ZHANG Fucang , WU Lifeng , LI Zhijun, ZHOU Harmrmi
(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas , Ministry of Education ,
Northwest A & F Unwersity , Yangling , 712100, Shaanxi , China)

Abstract ; A field experiment was conducted to study the effect of irrigation at different growth stages and nitrogen
fertilizer on spring maize growth , yield and water use efficiency . The experiment included eight irrigation treatments : irri—
gation at the whole growth period (CK), no irrigation at seedling stage (I1 ) , no irrigation at jointing stage (I2) , no irriga—
tion at heading stage (Is ) , no irrigation at filling stage (11 ), no irrigation at seedling stage and heading stage (i3 ), no
irrigation at seedling stage and filling stage (li1), no irrigation at jointing stage and heading stage (l21) and four nitrogen
levels ;: norrnitrogen (ZN), low nitrogen (LN, 60 kg N/hm” ), medium nitrogen (HN ,120 kg N/hm’ ), high nitrogen
(HN,180 kg N/hm”). The results showed that no irrigation in any of the growth stages reduced spring maize plant
height , leal area and grain yield . Irrigation treatment at seedling stage had significant effect on plant height . Nitrogen
fertilizer treatment at the whole growth stage had significant effect on the plant height . But water and nitrogen interaction
at seedling stage had no significant effect on the plant height . Compared with the treatment of irrigation at whole growth
stages (CK), the treatments I» and I had the greatest impact on plant height , reduced it by 11.42% at most . Irrigation
treatments , nitrogen fertilizer treatments and water and nitrogen interaction at the whole growth stage had significant effect
on leaf area . However , the effect of no irrigation treatment of the two growth stages on leaf area is greater than no irriga—
tion treatment of single growth stage . The effect of no irrigation treatment of single growth stage on leaf area was [4>1;>>
[.>>12 . The effect of no irrigation treatment of the two growth stages at the nitrogen level ZN , LN was T13=>T1u—>1Tz , but
at the nitrogen level MN , HN was I2¢=11.=>1T13 . Irrigation treatments and nitrogen fertilizer treatments both had signifi—
cant effect on 1000-grain weight , grain weight per spike and grain yield . Compared with the CK , I and T13 had the great—
est impact on grain yield , and the largest drop was 28.76%6 . I and I had high yield and water use efficiency at high
level of nitrogen fertilizer treatment .

Keywords ; spring maize growth stages ; plant height ; leaf area ; grain yield ; water use





