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Effect of irrigation and nitrogen fertilizer on growth and yield of
spring wheat in Hexi oasis of Gansu
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(Key Laboratory o f Agricultural Soil and Water Engineering in Arid and Semiarid Areas,
Ministry o f Education , Northwest A& F University ,Yangling , Shaanxi 712100, China)

Abstract: [Objective] This paper is to study the effect of different irrigation and nitrogen fertilizer on
growth,yield and water use of spring wheat in Hexi oasis of Gansu province. [Method] With Yongliang 4
as test material,irrigation at different growth stages(full irrigation(CK) , no irrigation at jointing, tassel,
milky and mature 5 level) of spring wheat and nitrogen fertilizer (nitrogen 0,120,180 kg/hm? 3 level) com-

plete combination design were provided to carry out field plot experiments to study effect of irrigation and
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nitrogen fertilizer on plant height, leaf area index(LLAI), canopy dry matter, grain yield, yield component
factors, water use efficiency(WUE) and irrigation water use efficiency (IWUE) of spring wheat. [Result]
There were some effects of irrigation at different growth stages on plant height, LAI, canopy dry matter,
grain yield, grains per spike,1 000-grain weight, WUE and IWUE. Jointing stage was most water sensitive
period rather than tassel, milky and mature stage of spring wheat Yongliang 4 in Hexi oasis. Rewatering af-
ter no irrigation at jointing stage had a significant compensation effect on spring wheat height, but it was
limited. Compared with CK,canopy dry matter of spring wheat of no irrigation at jointing stage reduced by
42.41% ,grain yield and WUE reduced by 38.09% and 12. 09% ;canopy dry matter of no irrigation at tassel
stage reduced by 33.94% ,grain yield and WUE reduced by 35.35% and 10. 69 % ;canopy dry matter of no
irrigation at milky stage reduced by 20. 80% ,grain yield and WUE have reduced by 33.06% and 12.58%;
there is no significant effect on canopy dry matter of no irrigation at mature stage,but grain yield reduced
by 5.98% and WUE increased by 21. 38% ;1 000-grain weight of no irrigation at tassel stage and milky
treatments reduced by 11. 60% and 11. 97 %, respectively. Nitrogen fertilizer could increase plant height,
LAI, canopy dry matter, grain yield, harvest index and grains per spike. WUE and IWUE of no irrigation at
mature stage and full irrigation increased with the increased of nitrogen fertilizer,but those of no irrigation
at jointing,tassel and milky stage increased and then decreased. [Conclusion) Proper nitrogen fertilizer rate
could increase WUE and IWUE; the treatment of no irrigation at mature stage and 180 kg/hm? of nitrogen
seemed to be the appropriate measure.

Key words: Hexi oasis;spring wheat;irrigation at growth stage;nitrogen fertilizer;yield; water use effi-

ciency
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BT H A A 2 T N X, M Ak B A% VD B %
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PR T B0 iz X AR SR 8 °CL >0 T
3550 ‘CAEA. 4 H BEFE 3 000 h, 4E [k
AR 200 mm, B KT 28 K i 2 000 mm, (K5
Hi B 1 2 A 4 R RS R R - AR 2 T
TRBUT & 1. 32 g/cm? , H ] 45 7K & R 36. 58 26 (f&
TR K Vo FAKHEAE 30 m LR . BHk1EY N
TN RN KR 45,

2010 FFEF/NE A K BA BN 1 948 °C L F%
MR 64 mm, BEAK T % X T 50 4E 3—7 H 1°F
PIRFEm = (79.4 mm), H R ZEEPES HKE 6 A
WL 7 Ad A, & 53 Penman-Monteith 2 =1t

B HRNEAE KB WEAERE K& 498 mm,
1.2 A&t

I E K G 2 AEE, i A H R i
3 AL 5 No (0 kg/hm? N) (N, (120 kg/hm?
N) I N, (180 kg/hm* N), N, 4b# 1 120 kg/hm’
N 2 H8 A s N, b3 100 kg/hm® N i HE ., 80
kg/hm* N 755 1 WK (05-05 #&J5 35 ) Rt A 5
Fr A Ab PR3 gl o B R 45 450 kg/hm® (F
P,0O:16%), KK Z B 5 4K, HAKREK I 5
LR 1, Horp DLFE 43 K AR 3 B CCKD LT L LT L T
Ab B A AR I AR R L B AN K b
PLE 2 AR89 A3, it 15 A~ b #E,
FRALPRRE 3 AEE NX AR 3.5 mX 4.5 m, %
JWUF A e, #& FlH S 2010-03-31, W4k H 8
2010-07-24, /N E K 7 =Xk ek L WE K K 3R
L HEK B 145 908 05-05 (K J5 35 d) . 05-31 (3%
J5 61 d).06-20(3% 5 80 ) F 07-10(H& J5 101 ),

x1 HFNEEKHREFR

Table 1 Irrigation scheme of spring wheat experiment mm
WK A __ #EJK i Irrigation qua?li‘ly _ B 5
Irrigation level e ELE:R ] TS DEt ] Irrigation quota
Jointing stage Tassel stage Milky stage Mature stage

Xf B CK 90 90 90 75 345

I — 90 90 75 255

I 90 - 90 75 255

I; 90 90 — 75 255

N 90 90 90 270
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[F] Ab 3 ] 1 48 A AT 7 22 0 . A5 25 S B (P <<
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2 gk 550
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Xk v ) S S K T EL S R I A B Rk
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HEEKIG 6 dGHBEH) .25 dGE W) .46 d (R

WO T 5 CKAHH LN, N, AN, &b B AR w5 2 51
TR T 19. 75%, 26. 62%. 30. 09%; 19. 95%.,
20.11%,14. 81%319. 05%,17. 41%,15. 06% ., 1,
5 CK M H . B Ny N, AN, b 3R 5 20 591 [
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16.35%.11.27%.13. 62% . LA b &5 5958 B 4% 15 30
AN 7K A AT A /N A2 b e A R R AR B AR K
Jo MR B 3G N, R T — 2 MR s AR
ANE AR Ak BROE /N ZE v AR T B B R SRR L A2
K 5 PR e 1 T ) A B RO . A AN [ 3 K KR
T 5 Ny A BR A B & 2 BT N AN, AR 2R H N,
5N, a3 2 S 8N, UL L8R ERYL R A
JIE TS ) TR v 2R A AR B D BEKAE LR L S i
RUNE X Bk v g 400 4 B8 R ] 4 L (HD NG D N, A 3
X AR vy [0 5 W) 26 5 K

R2 EBEANEERMNFARNEEPENERSEHEREHRHZ N

Table 2 Effect of irrigation and nitrogen fertilization on plant height and LLAI of spring wheat at different growth stages

i /cm Plant height

T RS A LAL

5 o 5k T
MAORY  RRKY —mwm mmm  WEm BN ERH Wes R A
level level Jointing Tassel Milky Mature Jointing Tassel Milky Mature
stage stage stage stage stage stage stage stage
N, 22.87b 50.93 e 65.80 e 65.63 e 0.96 ¢ 2.03d 1.33 f 1.30 ¢
CK N, 31.97 a 68.00 ¢ 87.87 a 86.33 b 2.30b 4.48 be 4.10 be 2.60 b
N, 32.33 a 70.61 be 88.63 a 90. 50 a 3.04 ab 5.27 abc 5.50 a 4.77 a
No 16.92 d 40. 87 h 52.67 g 53.13 g 0.87 ¢ 1.71d 1.10 f 1.07 ¢
I Ny 19.87 ¢ 49.90 ef 70.20 d 71.30 d 1.12 ¢ 2.36d 2.37 de 2.80 b
N 23.15 b 49. 36 ef 75.50 be 76.87 ¢ 1.50 ¢ 2.59d 2.60 d 2.53 b
No 25.17 b 47.13 g 54,90 g 54.90 g 1.08 ¢ 2.01d 1.23 f 1.40 ¢
1, Ny 33.18 a 63.20 d 74.10 ¢ 76. 60 ¢ 2. 80 ab 4.21 ¢ 3.23 cd 3.27b
N, 34.35 a 64. 60 d 78.00 b 78.17 ¢ 3.13 a 5.43 ab 3.97 be 3.27b
Ny 24.20 b 50.87 e 60. 60 f 60. 63 f 1.12 ¢ 2.30d 1.27 1.23 ¢
13 N, 32.18 a 72.73 a 87.03 a 84.83 b 2.73 ab 4.93 abc 3.70 be 3.00 b
N 33.25 a 70.79 ¢ 86.03 a 89.13 a 3.20 a 5.71 a 3. 80 bc 3.27 b
No 23.90 b 50. 10 ef 64.70 e 65.80 e 1.17 ¢ 2.16 d 1.50 ef 1.37 ¢
1 Ny 31.95 a 71.50 ab 87.83 a 87.20 a 2.46 ab 4.53 be 4.50 b 2.47 b
N, 33.48 a 71.06 be 88.43 a 89.67 a 2.75 ab 5. 18 abc 5.87 a 4.13 a

TE R P 3 A T PR TR 5 B 5 AR AN /NS FRER RORTE P= S0P 2R . R 4K 6,

Note: The numbers on the table is means of three repeats;different small letters in the same column meants significant difference in Duncan

(P=0.05). The same as table 4 and table 6.

HI e 3 AT BR AT 300 K 5 i ARS8 EL A X
A /NS BRSO AR A A R B B B K A
il 0 e HEAZ H A X A /N 22 ki A A
EAP

HH 2% 2 0], 25 Ab B LAT Bifi %5 A5 7 1A 00 4f F
MG AR - v IR B A (ELAS ) Ak 3 B e R A Y
WREIANE . 953 1 A R /N2 LAT B T CK,
IZHEWE ST No Ny FI N, 4B LAT 5 CK A7

SRR T 9. 38%,51. 30% Fll 50. 66 % ; 5 /K 5 1Y
PRI R DA S L T Ab A AT —
fiiF CK, N Ny A1 N, &b B9 LAT 43 5 BE K T
15.76%,47. 32%,50.85%; 17. 29%., 42. 20%.,
52.73%317.70% . —7.70% ,46. 96 % , 8B 3k 35 1)
ANV K A PR S5 52 K 6T i T AR AR Y £ E AR RS B
. HIAEKE CK AHE . i L AR #EXT LAT
SEMR AN R 5 S K JE AHE %39 2 i, Ny N, Al N,
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LAT; 78381 101 ol il A0 R W K s 8K A0 R i 2%
AR LAL, it %0 0l LA 7E — & R B B4 LAL
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Table 3 Significance test for the effect of irrigation and nitrogen fertilization on plant height and LLAI

of spring wheat at different growth stages

#k# Plant height

TR A LAT

Ji F W LR ] Y THE I I LR ] Y X e
Source Jointing Tassel Milky Mature Jointing Tassel Milky Mature
stage stage stage stage stage stage stage stage
Irrff:ﬁgjriqlivcl 122. 877" % 152. 883"~ 178.152* % 359.261" " 16.096 " * 28.455" " 13. 040" * 3.662"
Nif?ofiz'l‘e/fivel 180. 749" * 510.097** 2914.316** 13 682.583" * 19,156 * 30,475 154.861* 91.964 "
HE K it KT
Irrigation X Nitrogen 1. 838 8.109" * 3,629 5 44247 3,394 3.850" 3,634
level
T FORFEWRE, « « RRBWHEE, LS ALK TR,
Note: * meant significant difference, while * * meant much significant difference. The same with table 5 and table 7.
2.2 EAMEEMNBENEBETYRRENZM S DL 3R 4
THE 7K it 500 AN W) A= B AR /N A2 T 2 1 W) o
x4 EBEKNMERMNABEETPENZBEETYRENH
Table 4 Effect of irrigation and nitrogen fertilization on canopy dry matter of
spring wheat at different growth stages g
KK Jiti K LR ] EiiEE 2] X A
Irrigation level Nitrogen level Jointing stage Tassel stage Milky stage Mature stage
No 0.45 ab 0. 88 cd 1. 47 def 1.93 de
CK N, 0. 46 ab 1.50 ab 2.88 a 3.83 ab
N, 0.41 ab 1.61 ab 3.35a 4.05 a
No 0.33 b 0.74 d 1.15 f 1.27 1
I N, 0.43 ab 1.23 be 1. 53 cdef 2.26d
Ns 0.38 ab 1.49 ab 1. 78 bede 2.12 de
Ny 0.47 ab 0.82 cd 1.21 1 1.33 1
I N; 0.45 ab 1. 38 ab 2.20 b 2.80 ¢
N, 0.47 ab 1.50 ab 2.02 bed 2.35 cd
No 0.53 a 0. 88 cd 1. 39 ef 1. 64 ef
I; N, 0.52 a 1. 44 ab 1. 82 bede 2.79 ¢
N, 0.47 ab 1. 60 ab 2.06 be 3.34 b
No 0.43 ab 0.84 cd 1. 64 cdef 2.00 de
1, N; 0. 46 ab 1. 45 ab 2.85 a 3. 64 ab
N, 0. 48 ab 1.69 a 3.37 a 3.74 ab

M 4 B A R D AT A TR K Ak B
R TYRENEmWARE., FERTHEEE 60 D,
I, 5 CK AN, Ny Fl N, kb3 Y56 2 T8 52
BREET 26.67%.6.52% 1 7. 31% . X N, 5
M) 5 Ay B S 5 76 S 7K A0 il A L DL R A
BN N, AN, b e 2 ) B 4 B Ee CK Ak
PR RE T 15.90%, 18. 00%, 7. 45%; 21. 77%,

46.88%, 46.87% ;34.20% ,40.99% ,47. 65% ., F*
B 45 7 399 A T K Ak PGS S S T ) B R e R
KGR TR R WAL T CK. LT, Ak H oty
T JZ W B AT — 5 R A (H S W R RS A T W
85T AR B R YRR A RN R R L
AR LTy Ak B SR A W A A S R R
LT Ab BT AR B REZ  de /. ). CKLL L L
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L AL KR, Ny Ab 3G 56 2 T4 5 & 40 )
BN N, A FEFEAR T 49. 60% .52, 35%;43. 81%,
40. 10%; 53.57%, 43. 40%; 41. 22%, 50. 90%;
45. 06 % ,46. 52 % , it B it 2% 7 2 T R R A
WA FEE R L N, 5N, g2 T R
%5

Table 5

S

5 R MR il 5 B A E AT G E AN
BB RN T TR W i R WA A I s e A it R
X il AR A T 2 T o B R A A S

ERMEANAREERENEBETYREZMNBEE ST

Significance test for the effect of irrigation and nitrogen fertilization on canopy dry matter

of spring wheat at different growth stages

E 3.3 A ik 8 ] A SRR
Source Jointing stage Tassel stage Milky stage Mature stage
HE 7K JKSF Trrigation level 0.191 25.986* * 126. 602" *
Jiti & 7K 7 Nitrogen level 2.274 54,818 * 69.9** 28.493* *
Wt 5 e 3
AR K 0.615 4.078" * 7.012"

Irrigation X Nitrogen level

2.3 EXMERWNENEZFEREMRAEZNR
i
THE 7KOFIUNE 800 2 /N2 77 i B HA) G 3R 1 532 Wil
W6, K6 nl LUF . 1R —J B KV F. 5
CK AL, T L 1y A1, &b BE Y 25 BRI 3 /N 22 kP kL 7
i, Hoh N AKCE TR0 R R T 12.22%6,12. 79 %,
12.62% #1 18. 86%, N, KF¥ F 4 9 F KT
34.91% ,34.02% ,30. 37 % f1 4. 09% , N, /KFF 4
MY 50.91%,44.84%,43.35% F1 2. 88% ., &
T NoW Ny HUN, 800 F L Ab 30 3 /N 22 FF R i
FEiR i R, ZIF M L L AT, kbBE, CKN, 6

R6 EAMEEMNENEFEREMBRER KSFRARE

b BRA /N A B R R B R . O 6 032 kg/hm® s HOK
J3 LN, CKN, Al LN, 40 & 4b B, 7= & 2 5
5 858,5 7001 5 467 kg/hm?, N, &, A~ [[ K
O3 b PR A /N AR RL B 25 SR B AR Ny
Ny Z50F T AN E 7K B B 300 e L, JHC 0 7 s 7 52 i
Ko 8L F L 500 F Bl & it 05 0 39 . &/
& B RFRL™ B G = SR ARG AR 1 f1 CK &R &
VANY. S E S Al = i1 R [T 3 S S
Ui W it R K AT A — o R B AR R R L TR
PRSI i A s R R ISV AR LT it U
M 23 B AP AL 52

) 7 W

Table 6 Effect of irrigation and nitrogen fertilization on yield and yield components, WUE

of spring wheat at different growth stages

il WE |
wkok T sk PR R/ TRERE R VAR )
Irrigation Nitrogen Grains m? 1 000-grain (kg: hm™%) LS/SLES (kg+hm 2+ (kgehm?-

level level sgi; Ears weight Syel:i; HI mm ) mm )

WUE IWUE

No 7.15 1 593 b 45. 67 abedef 2 290 de 0.412 a 5.3 1 5.6 e
CK Ny 18. 08 ab 593 b 48. 60 ab 5700 a 0.429 a 12.7 od 15.9 be
Ny 19.78 a 547 be 48.88 a 6 032 a 0.438 a 13.8 be 16.8 b
Ny 6.25f 655 ab 44,96 cdefg 2010 e 0.411 a 6.4 f 7.9 e
I Ny 11.68 e 591 b 48.58 ab 3710 be 0.447 a 11. 2 de 14. 6 bed
N, 9.52 ¢ 604 b 46. 94 abcede 2 961 cd 0. 466 a 10.1 e 11.6 d
Ny 6.92 f 589 b 44, 33 defg 1977 e 0.415 a 6.6 f 7.8 e
1, Ny 14.76 cd 548 be 42.20 gh 3 761 be 0.443 a 11. 2 de 14. 8 bed
N; 15. 84 bed 478 d 40. 02 hi 3 327 be 0.452 a 10. 6 de 13.1 cd
Ny 5.85 1 711 a 43.99 efg 2001 e 0.395 a 6.3 1 7.9 e
I3 N, 13.91d 587 b 44, 30 fgh 3969 b 0.413 a 11.5 cde 15. 6 be
N; 17. 06 be 482 d 37.72 1 3417 be 0.435 a 10.0 e 13.4 cd
No 7.12 1 575 be 45. 49 bedef 1858 e 0.428 a 5.71 8.2 e
" Ny 16. 01 bed 644 ab 47.99 abce 5 467 a 0.442 a 15.7 ab 20.1a
N, 19.53 a 599 b 47. 40 abed 5858 a 0.455 a 17.2 a 21.7 a
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Table 7 Significance test for the effect of irrigation at different growth stages and nitrogen fertilization

on yield and yield components, WUE of spring wheat

TN R ki o e e i 1 I3 H T !
A A wr TR g gy REEL WECKRA
Source Fraimns per Ears -gran Seeds yield HI 2 2
spike weight WUE IWUE
HE K JK S Irrigation level 24,371 1.729 34,321 " 55.900* * 3.124 21.514** 19.153* *
Jiti 7 7K °F Nitrogen level 122,749 * 35.091*~ 1.684 54,229~ 6.117 55.603" 58.141*
St t= e ST
A OB SR 11.068" * 2.884" 5.718" " 6. 250 * 1.697 4.788% " 4.2277

Irrigation X Nitrogen
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b3 WUE il IWUE 5 CK 253K B2, (0 1, 43
) WUE Ml IWUE ¥ & % & F CK. L. L Al 1,.
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Ay5ch 17.2 F1 21, 7 kg/ (hm? » mm),

I 7R LLE H L HE K R H 5 BRI R
WUE il IWUE 4 52 it i 2% .

3 g e

INEEAEAS TR A IR - 3K R B FE 222

AR ESR . A5 VR — e v 0 75 0K
BN A K 595 SRS URS L AR IR X
A2 BEATOK 43 I 38 B AT WY 0 1 ki L i AE
b 2 S R B R A A K O RRUER o k2
A B R AR ST A R B AE HOR
{0V 3 X TR R K BEAR /N B IS OO L B R AR R R AR
P 0 2 BEOK AR R U T A A T IE K HEBE 26
2 SRR T AR /NG W I SR A OB FE R AN T I X
BN Ay B A KR 227 AR AR KR I o AR T 5 R X
B AR/ AR R AR o AT T TS . AR BT
TEARCT 31 RS0 A R R K X 2 X R
/INFE 19 56 JZ A Wy R R L 5 3 A A R L
H AT S0 AN T I Ak B AR /N 22 5 R i R A
THE K Ak BGF A /N 2 5 de /N o KT IS T UK Ak B
D MFRNE R R d R g2, e 1 8
JeA AT O HEE 2 W o RO R 7 R e A
Ko AT ATl 2 AW R T /N Rk A
K ARG HEACE DU« AN it ZAE X Bk s 4 40 A
B R B 5 M U R) T AR e DAL A4k ) s



62 P AL AR AMRB 3 2222 4R (A SRR 2 B

539 %

TR E K B, it 0 AT DA R LA 38 4 3 K i
(CK) it 280 ok 22 W 7 1) 28 38 3k 72 5 it 280 % et )2+
Yy o AT A A A

JINZE B e B R i 2 A HE K 43 R B it
AN A R KR, P58 T E A H N Rk
AT 1 3 /0N 22 T R 3K 50 2% B 1 09 AS R ORI Y 0+
SN ASVE AR XS H /N 2 04 77 5 5 ) e s LRy il 7
U VR 7K TR T S0 T K R B S ST K i RO R
[v) A= B 0 K I R e TR RO AT RN R
AR . ASHIE ST 25 SR R B T R
JK Ak B AR 7= R e 2 T ) R R R e K 2 R
AR Ay Ao R A T A SR ) AR T K Ak B e AN
ASURE A 77 ek R BSR4 L 38 RT A
PR/ ORAR B, RPN N
A7 T FRRE 50 R o 7 A A 2 A i R
R TR 0T o 32 ¥ AR 5 B it 60 St 38, TR T i
TR ARG BB B 1 BURF R 25 R I
FEF A AR RN K ATRE 5 AR /N2 o BE
RE 7 25 0% 5 o A 20 A5 B 5T A A, UK 43 T 3E X Rl
LR G R TR 0R A SRR VR SERO R ¥ A
A AT S Waah i 1 T AN N S G N W
SEELAH— 3

T HA S AR K 43 R SRR B it SR 1 1
717 12 55 o it R K 40 ) P R A R R 1 . A B
SFUCREIT R 7E K S BN AT 1Y
it B AT R F 42 K o R RS, ARE oY 45 Rk
B I AR HE K (1) P58 A HE K 4618 (CKD L &
/NFz WUE Fil IWUE i ffe 20 2 (4 34 Jin i 74 = 310
9 R RO R ME K AR R /NE WUE Al
IWUE [ % it 20 5 00 35 I 52 80 0 2 7 8 ) AR
O

LR DL g B e H R T PG b XA GV W A% 1R
T T B U D A /N 22 T K RO R R A 5 )
BE/IN o T AE Fe At AR 75 39 AS VI K X R 7 i 1) 5 T 4
Ko BEAM AT HGEST T A A F P K ORI
X A /N ARG R RK 43 R R AR AR 95 ) X
ASAIF G0 2 1 AN ) A T 108 1) i K R R e S I
T T A AR A 53 BT 5 [R) B XoF T K RS TR) ) 26 B A
— SR BR A o A A W K OB L i R
(T 7K Ty 52 LA B 55 22 ARG I A4 it R0k 5 I8 A 1 1 —
HHIE .

[& % sk ]
(1] SEBER B, 410 R 2 H b K Y 05 280 2

(2]

[3]

[4]

[6]

7]

(8]

(9]

[10]

[11]

[J7. feolb T#22£4R . 2009,25(11) : 128-132.
Su X L, Kang S Z. Multi-objectives allocation model of water
resources and its application in the Shiyang River basin []].
Transactions of the Chinese Society of Agricultural Engineer-
ing.2009,25(11) :128-132. (in Chinese)
XUk G M DX g R T K A AL 2 R [T A KR,
2004,55(10) :45-47.
Liu B. Debates on pilot promotion of water-saving society in the
Hexi area [ J]. China Water Resources, 2004, 55(10):45-47.
(in Chinese)
/v e o B I 7 e T N TR T W A i e
Br ST L. 0 KA 4 HARBF T, 2001,29(6) - 83-86.
Chen Y F,Liang Z M,Dong Z C,et al. Statistic characteristics
analysis and prediction for runoff from mountain-pass stations
in Hexi Area of Gansu Province [J]. Journal of Hohai Univer-
sity : Natural Science Edition,2001,29(6) :83-86. (in Chinese)
Fereresl E,Soriano M A. Deficit irrigation for reducing agricul-
tural water use [J]. Journal of Experimental Botany, 2007, 58
(2):147-159.
Paolo E D, Rinaldi M. Yield response of corn to irrigation and
nitrogen fertilization in a Mediterranean environment [ J]. Field
Crops Research,2008,105:202-210.
B RS MR, A AN R T B 7 X R
N stk fm g [J ], p ARl B2 . 2005.38(8) : 1600-1607.
LiJ S,Li B,Su M S, et al. Responses of nitrogen uptake and
yield of winter wheat to nonuniformity of sprinkler fertigation
[J]. Scientia Agricultura Sinica, 2005, 38 (8):1600-1607. (in
Chinese)
BTN HEA R B IR AR L A5 PR W R 5 0 R 0 RN (] A5
BT ST L) Al T AR 2441 . 2000, 16(3) - 24-27.
Cai H J,Kang S Z,Zhang Z H,et al. Proper growth stages and
deficit degree of crop regulated deficit irrigation [ J]. Transac-
tions of the Chinese Society of Agricultural Engineering,2000,
16(3):24-27. (in Chinese)
LA S0 SCHE WISV L AL TR T E I X T K AR B AR Bk
Sy FIRBCR A L] Al TR 4R 1998, 14(4) :82-87.
Kang SZ.Shi W J,Hu X T, et al. Effects of regulated deficit ir-
rigation on phyiological indices and water use efficiency of
maize [ J]. Transactions of the Chinese Society of Agricultural
Engineering,1998,14(4) :82-87. (in Chinese)
Pandey R K, Maraville ] W, Admou A. Tropical wheat response to
irrigation and nitrogen in a Sahelian environment. [: Grain yield,
yield components and water use efficiency [ J]. European Journal of
Agronomy,2001,15:93-105.
Pandey R K,Maraville ] W,Chetima M M. Tropical wheat re-
sponse to irrigation and nitrogen in a Sahelian environment.
II :Biomass accumulation, nitrogen uptake and water extrac-
tion [J]. European Journal of Agronomy,2001,15:106-118.
FOAE T, BRI AR B T AL BE X E R AR R AR K e
IR g BE g (1], BB K . 2001,20(1) - 25-27.
Guo X P,Kang S Z,Suo L S. Effects of regulated deficit irri-

gation on root growth in maize [J]. Irrigation and Drainage.,



BT RAL

G 25 . E K R G200 7R T N 3R /N A AR K R B R 63

(12]

[13]

[14]

[15]

2001,20(1) :25-27. (in Chinese)
ARy LK G T 36 VR R T S /N 2 4R A s
A PRRRE G [T]. e R . 2003,34(6) :505-509.

Cao C L,Li S X. Effect of water stress and nitrogen deficiency

R AR

on some physiological characteristics and wheat yield at the
jointing stage [ J]. Chinese Journal of Soil Science, 2003, 34
(6):505-509. (in Chinese)

RN IR E QS SR A KR it % 7
XAR/NZERF = s [T 54 XAl 5E . 2010,
28(3):1-6.

Kou W P,Zhang F C,Feng L. L,et al. Effect of irrigation at
different growth stages and nitrogen fertilization on growth
and yield of spring wheat in Hexi area [ J]. Agricultural Re-
search in the Arid Areas,2010,28(3):1-6. (in Chinese)
AR ZE ORI W v AR, S5 R TR KON 4 BT A /N 22 T K R
MRS ()], R4 35 5 IR0 2004, 10(5) + 449454,
Li KJ,Li BG,HuK L,et al. Modeling kernel filling of winter
wheat for optimum field management [ J]. Plant Nutrition and
Fertilizer Science,2004,10(5) :449-454. (in Chinese)

o A AL PRIDESE X I 3. e K AR gy o & /N A2 AR A e oK

[16]

[17]

SRR R LT, 4l TR 244 . 2007, 23(8) : 52-58.
Gao Z H,Chen X Y, Liu X Y. Effects of fluctuated soil mois-
ture on the growth, yield and water use efficiency of winter
wheat [J]. Transactions of the Chinese Society of Agricultural
Engineering,2007,23(8) :52-58. (in Chinese)

TR E S RN RN A E WK ST R A &
AN i BOK A R RBCR B s ma [T, v Jb AR poRE B R 2% 4
IR : BRBLF ML, 2010,38(5) :168-174.

Lei Y,Zhang F C,Kou W P, et al. Effect of water deficit at

different growth stages and nitrogen fertilizer on yield and
water use efficiency of winter wheat [J]. Journal of North-
west A&F University: Natural Science Edition,2010,38(5) .
168-174. (in Chinese)

HEIE s TR SC, TR I 5 AN ] i 2K 7 T T KR X /N 22 K
S0 PR AR AN 7 B g R LD, 8 A 25 2 i 2010, 21 (1D
2799-2805.

Zheng C Y,Yu Z W.Zhang Y L,et al. Effects of irrigation a-
mount on water use characteristics and grain yield of wheat
under different nitrogen application rates [ J]. Chinese Journal

of Applied Ecology,2010,21(11):2799-2805. (in Chinese)

(EB%

(191

54 T

A CEED AL # A KRK26 & F i 56 0 i £k 2
BT BB WESE [C1// 4 [ R (0 pR BT I D A B S - 2
FEEARWE S 2 BOMEHL 2. 17 A 17 B « 2 R 600 B i I
AR AR I A = R B 25,2010 43-48.

Shanghai tobacco (group) company. Preliminary study on
chemical content of tobacco leaves of variety test of Zimbabwe
KRK26 [C]//The material of National Seminar of Chinese
Characteristic Hight Quality Tobacco Leaf Development

&.Growing Technology. Xuchang, Henan: National Seminar of

Chinese Characteristic Hight Quality Tobacco Leaf Develop-

[20]

ment & Growing Technology,2010;43-48. (in Chinese)
RERER, 3R IR P A5 T ik A TR DX A AR R
55 B T SR ERRSY [T R AR B2, 2010(6) < 45-
48.
Di H H,Shi H Z,Zhang G X, et al. Studies on characteristics
of new flue-cured tobacco variety Yuyan 5 and Yuyan 7 as re-
placement for full aroma in middle area of Henan Province
[J]. Journal of Henan Agricultural Sciences,2010(6) ;45-48.
(in Chinese)



