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B A HERB AT, LUNEBFTEE 20 AFPEH BF5E T A RIREK B X/ NE R KR E AR R BB, 5Bt
BT A AK(WO) s BT EIATTAEITEK , SR HEK &9 30mm(W1) 60mm (W2) \90mm (W3) 5 35155\ JF FEH A K
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Abstract: Agricultural water resource is greatly limited in the Huang-Huai-Hai plain of China, a continental monsoon
region in warm temperate zone, especially during winter wheat growth period. No sufficient surface water resources are
available for irrigation while the traditional and mostly current irrigation regimes are not well made so far leading to water
waste to a certain extent. The experiment was conducted to elucidate the effects of different irrigation treatments on water
consumption characteristics, and nitrogen accumulation and allocation in wheat plants. The results may be helpful to
determine a best irrigation regime suited for this region.

The experiment was conducted in the field at the Agricultural Experiment Station ( latitude 36°09’'N, longitude 117°

09" E) of Shandong Agricultural University ( Taian, Shandong Province, China) during the winter wheat growing season
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(from the fall of 2005 to the summer of 2006) , which is located in the central zone in the Huang Huai Hai Plain of China.
The winter wheat cultivar was Jimai 20. The experiment had seven treatments: no irrigation during the whole growth season
(represented as WO ) ; irrigated at jointing and anthesis stages, and irrigation amount was 30mm ( W1), 60mm( W2 ),
90mm( W3) , respectively; irrigated at jointing, anthesis and filling stages, and irrigation amount also was 30mm( W4 ) ,
60mm(W5) , 90mm( W6) , respectively.

Each treatment had 3 replicates, with a plot of 1.5m 6m. We mounted the width of 1. 5Sm isolation to put apart every
plot. We used water meters to strictly control irrigation amount. Wheat seeds was sowed on October 10 in 2005, with plant
density of 180 m >,

The results of this experiment showed that, with the increase in irrigation water amount, the total water consumption
were reduced. The total water consumption amounts of treatment W2 and W4, with the highest yield and water use
efficiency were 413. 87mm, 362. 15mm respectively; the ratio of irrigation amount, precipitation, and soil water
consumption amount to total water consumption amount were 29% , 36.34% , 34.66% , 24.85% , 41.53% , 33.62% ,
respectively. And these compositions of water consumption ratio promoted wheat production and water use efficiency.
Compared with treatment W2 treatment W4 increased the ratio of precipitation to total water consumption amount and
reduced the ratio of irrigation amount to total water consumption amount. Through measuring soil water consumption amount
of 0 to 200cm different layers during the whole growth, we found that deep soil layer water consumption amounts of
treatment WO and W1 were less and each soil layer water consumption amount of treatment W3, W5, W6 from 0 to 200cm
were lower. Treatments W2 and W4 would take advantage of 120 to 200cm soil layer moisture, because of great water
demand by increasing soil water consumption amount. Through determining nitrogen concentration, the grain nitrogen
accumulation amount of treatment W2 was the highest. The proportion of nitrogen accumulation of treatment W1 and W4
was significantly higher than other treatments. For the treatments irrigated at filling stage, especially with irrigation amount
of more than 30mm, the nitrogen translocation efficiency and contribution proportion of vegetative organs were reduced
significantly. The grain protein content of treatment W4 was the highest. With the irrigation amount increasing, the grain
yield first increased, thereafter reduced. The grain protein yield and grain yield of treatment W2 and W4 were not
significantly different. The water use efficiency and protein water use efficiency of treatment W4 was significantly higher
relative to other treatments. In conclusion, treatment W4 had higher grain yield and water use efficiency, it was suggested

that treatment W4 may be the best irrigation regime in irrigation management practices.

Key Words: irrigation amount; wheat; water consumption characteristics; nitrogen accumulation and allocation ; yield

FEVREN 3 X 7K B AR AT o 42 K VR VB 6. 65% , T W TR A0 o5 4 I E R T AR 40% , K R VB AE 5 o
JELRBEN % KR A IR A X ¥ AR BT & g 500 ~700mm, B4 A h 7 B %6 /N3 A K3 Al K AR 4, R Bk
WRNEERKEERE, BT, X KBTI K S, WK . Bk, BRI AR 2R
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& BB A BRI AR LK U, 4R B K AR FIRGR AT TR Z PR TAE . BRFRM, b
IX & /N B K 7 2R - K AR AK 5 K AR 1 YK BRTK) s K AR 2 Yok (R T K Rk ) | 4
WKHE /K B 60 ~75mm" s 767 [l 4R B B K B 0 ~ 90mm 5 I, SF 34737 13. 0% ~39.6% , 7K 43 Ak
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1.1 KB 5T

I T 2005 ~2006 4EFE AR E LT L AR RN RFR G HH#ET, RBAMTARE 117°9", 464
36°9', 0 ~20em + 2 HIEH VRS E 1.8% , 258 0. 13% , WfE A 77. 4mg/kg, A HE 38. 2mg/kg, A4
80. Omg/kg, RIGHIIZEFIHT O ~20cm 20 ~40cm 40 ~ 60cm 60 ~ 80cm .80 ~ 100cm 100 ~ 120cm 120 ~ 140cm
140 ~160cm., 160 ~ 180cm ., 180 ~ 200cm + 2 ) + 3 5 7K B 4> 3 K : 16. 58% . 19. 02% .19. 67% .19. 98%
20.28% 22.46% 25.52% 30.27% 26.72% 28.94% , /NFH T 8 8] ik B &R £ LR 33 mm &R
BHRTH 16, 3mm 3k BFFIEH 23. Smm FFIE R FERK ] 60. 3mm FEHRK 2 KR 17. 3mm,

e AR N BT 20, DL 020 Ron . TR ®1 AHLEAE
-&E 2 /l\i%j( E;J‘%ﬁ s ﬁ%u%ﬁﬂﬁgﬂ + J:FZE%E s yi-'_lijgg Table 1 The irrigation program of water treatment (mm)

+ FFIEHA + EER I EE DK B A N R B B IRE K b3 HE7K i3 Trrigation stage @7}({5‘%
AW FFAEM I Total irrigation

30mm 60mm. 90mm ) 3 NHEKRALI, HEHE ™ g Floveing  Filling amount
WO.W1. W2 W3 . W4 W5 W6,7 MbIE(FE 1), /b ) 0 0 0 0
XK 1.5m x6m =9m” , FEHLX S ,3 IREE . w1 30 30 0 60
IR Z[E, B8 1. 5m FFRE X, HEHE A& N105kg/ :2 zg Zg z zz

2 2 2 - N
hm?, P, O 105kg/hm? , K, 0105kg/hm” ; #& 7 11 38 i v " . . .
N105kg/hm? . FFHGAERI KR Z (& N 46.4% ) B2 W5 60 . 60 180
:%(/a\ ons 46% ,N 18%) \ﬁﬁfﬁ‘ﬁﬁ(é‘ K,O 52%)0 w6 90 90 90 270
2005 4£ 10 A 10 Hi%Fh, ZAH 180 #k/ m’, FEKE
FKFEITE,

1.2 HIEEEES0E ik

FIEAEE AR IR — B PR B ZE . NBAS/NXEL 30 N EAZE, Zh 2R + 8 i B 3 #R 4, B T 70C
WEEEG,WE TYE; BT EA/DXEC30 MR 43 REE + M8 B + 3% kPR g #8343 51
TYRE, BEASITE H A REECRARRE, Bakit ™, e TRE . SRAENR GB2905-82 (fi&E YLK E
B FENE RS BB EEE. FE4EL0 ~200em + 2 +4%, 4 20cm — 2, FREEE , 76 105C FHLE
fHE, R TH,
1.3 B FE

KNEREZERBGHBHHEARMT .

B ENARSIHLG (%) =SS ENARREZR/BERARAERERE x100%

BERoERARABE =TT HEHERGEAZHEZR - WBWERSGEARHER

BRGHEARABR(%) =EBRHEAREBR/ A UENERGEARHRER x100%

BRHBEARITMME(%) =ERHEAREBRE/ NASHNARTRER

KA FIFRER B A KR IR (kg « hm ™ - mm ™) = fEYp kb= B/ 1R Y 4 B I REK
B Bk B RIAR K P S K P B N :ET = AS +1 + P, P METRE 1 NHERE , ik
FME ;AS 2 HBAKAAGE , FIKZERE Ah FR :Ah(mm) =103 (AG x Zi) ,i(1,m) . AGi g+ 1EH—
A E BT B IR E K &AMk, Zi R HI3RJZRIERE (em) ,iom R T35S ( JZRIE m 2,
2 GZR55H
2.1 RFEALFEX BFEK R EFEK B PR FEDRIE K 43 B 5 BFEK B ] i e

B3R 2 A LVE T, WO b3 SRR /K B B R TR K AL 3, B+ 3Fek B RRE K & & B FEK 2 I E B
ER KA, 53 49. 59% F1 50. 41% ; FRETEAHEKIAMT ,/INE A K EEIHFE LK FREK
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HEZK AL EE 2 A FH HLBE AT LA ), 7K R AE 60 ~ 120mm Z [E]f{) W1 W2 W4 4b3 , KRB, T3k
HFEREZS , THFEK B R G BFEK B LU s o W2 A0 W4 Lb2 i) SR K B ek B o
HBITC B 25 HEK R AR K BT 5 Lo 22 5 3, K B ) W4 AL BEFRK B 5 B REK R 8 ] B 2
KT W2 4b3, W3 W5 W6 LB K BHw , 78 180 ~270mm 2 [&] , 5 #E7K 8 LA K #EBEK o5 SR K 2 /Y Ll
BERTHELH,

AL Z5R R, 3tk B B (R T /N K B R ASOR T, S AR T /N X s K R K A R
WO 5 Horp - SeRE K BRI K B o SRR K R A LB AR BEROR , 2051 g 46.03% 1 45.22% , [k & o S FEK
B LIRS 16.61% , R R ALK & BAEK B B9 LR SR Mk 2RI R B E 2812

R2 FARLEMRRERFEKSHRES BRKENE S EHHE

Table 2 Effects of different treatment on the ratio of different water resource consumption amount to total water consumption amount

- SRAR ko wmmE BKR RIS oo
Tt oot Trigaton amount FEARHE  Precipiation  MABKRIEH 0 " KR
(mm) RRT(% ) (mm) RPT(% ) RST(% )
amount ( mm) amount (mm)
WO 298.40e 0 0 150. 40 50.41a 148.00a 49.59a
W1 358.99d 60 16.72f 150. 40 41.90b 148.59a 41.38b
w2 413.87¢ 120 29.00d 150.40 36.34¢ 143.47a 34.66¢
W3 428.37b 180 42.02b 150.40 35.11d 97.96¢ 22.86e
W4 362.15d 90 24.85e 150. 40 41.53b 121.74b 33.62¢
W5 445.04a 180 40.45¢ 150.40 33.80e 114.63b 25.75d
W6 435.93ab 270 61.94a 150.40 34.50de 15.53d 3.56f

[R]— 3B ToHA ) 2B 0] 22 573k 5% W B K F; FF Values without the same letters in the same column are significant at 5% level, the same
as below; RRT: the ratio of irrigation amount to total water consumption amount; RPT': the ratio of precipitation to total water consumption amount; RST:

the ratio of soil water consumption amount to total water consumption amount

2.2 AFALEEXS 0 ~200cm £+ J= T IEFEKE KRN
B L ATV, ANE AT 0 ~200em 1 )2 B9 H487K 5. WO 403 20 ~80cm 4%+ )2 T B K B B 3%
i TH B, 80em IR & /2 HIRFEK B BE WA,

——W0 -—-O0—WI —2&— W2 —X—W3

B HEKAEFEAR LA, 20 ~ 100em & + 2 3B FEK E —X— W4 —0—W5 —— W6
W1 >W2>Wa >W3,W5.W6 BEWE; W1 4LFE 100em Fesk ik Water consumption amount mm)
T 2 R BB W2, WA WS Ab B s
140cm I F & LR HIEFKEEE S THELE, HE 0~20 -1 :
W ZETTEEZER . W2, W4 403 0 ~200cm & 12 20~40
FHEEKEYRE. Wo &2 HIBEHFEKE 40~60
HITE 6. 44mm LT, RUIMAGE Z BEMH TLNEX 5 e
3K o EIF 2 s0u100
2.3 A[EALIEXSAS [F]AE B B AR K 58 BE 5 e E} 100~120
HIE 2 ATLAE AR R ORI RITE R+ 120140
K, B/ B RART 2R . S ETH I FE 140~160
7K 5 BE SR AR 1 i, B 3% 2 LA SR PR 160~180
MIRATRIE R, A3 FEE K B 3 InFE KR 2 180~200
HmEd Bz FERBE, ERERB, BERK
JKE) W4 W5 W6 kb3, H #87K 2 3 8.3 K TR K B RIFAEA AR 2 SR 0

B Iﬁj E@K@E@%‘zﬂ( ) Ak 2 ; W5 AbFE ) H #E 7](% ﬁ% Fig.1 Effect of different treatments on water consumption amount of
—[%*:J:;E\:Eﬁﬁ ; ltkﬂﬂt,ﬂ}ﬁ W3 F1 W6 43 H *%j(iﬁd\ , different soil layer
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FERE X PN LR KERER B E R T HEAHE,
2.4 AR RSN ERRBERARRES SR
AR IR

HE3 ATUES, KA SR EHARHRER DN
b2, Mo /D, 25 + MR RLBE ST + BEE P
WO ZhFAFR R R B R B E M THE L, W6,
W2 W3 phi g E TH e, PERRHEEND
A S A, R T B AR TR RRZ M
AR, I MERR AR LR B ik B AT BW)  ITA  ATF M
RO AR TR R, RS TR AZ R E AR Growth stages
Bo WILWASEFRTHARBRUODERTIE  mo mmasmnrse h R ke e w
b, KA K B S T 30mm AR FEFRLBE M Fe2 Effect of different treatments on water consumption intensity of
RE IR 52 ; W3 W5 W6 Kb BB FRAT B ) different growth stages
ﬁ?ﬁ%%*ﬂfﬂ% tBWJE%’%‘?,ﬁ\EﬁﬁE , %%ﬁ% E':J ETB: H ¥ 24 Hij Emerging to before winter; BWJ] ; & {if 23k 7 Before
VK B R T M B A A R T R kR B winter to jointing; JTA : $%35 Z JF £ Jointing to anthesis; ATF; JF{EE

W Anthesis to filling; FTM ; 3# 3% & i3\ Filling to maturity

=
1

(i8] w £ W

FEK R (mnvd)
Water consumption intensity
5555558000 N NN NN NN NN RO N S L !

LSS SLL IS IS,

(=)

LB REAR o
®3 HRRHERRENZRZPREFENSE
Table 3 Distribution of nitrogen in different organs of wheat stem at maturity stage
" P + i
il (faﬁzs Leatfes Stems andtﬁaths Spike affjfnd *lie)r:el husk HERAABRE
Treaments GURENAA BURICH BURELNAA BURILH  BUREINAN BURICW BURELNAA BUREM (o)
(mg-stem™') PNA(%) (mg-stem™') PNA(%) (mg-stem™!) PNA(%) (mg-stem™') PNA(%)
wo 21.00d 74.65d 1.71e 6.07b 2.42de 8.61cd 2.99b 10. 66a 28.11d
w1 23.13¢ 77.99ab 1.98¢ 6.67a 2.41e 8.12d 2.14e 7.22d 29.65¢
w2 26.07ab 75.19d 2.02¢ 5.82be 3.11b 8.98bc 3.47a 10.01b 34.68a
W3 25.93ab 75.86¢d 2.24a 6.58a 3.46a 10.12a 2.54d 7.43d 34.17a
W4 23.30¢ 78.56a 1.82d 6.13b 2.59d 8.75¢ 1.95¢ 6.56¢ 29.66¢
W5 24.76b 77.10be 1.77de 5.52¢ 2.84c 8.86bc 2.73¢ 8.52¢ 32.11b
w6 26.25a 74.74d 2.15b 6.12b 3.30a 9.41b 3.41a 9.72b 35.12a

NAA, PNA and TNA stand for nitrogen accumulation amount, proportion of nitrogen accumulation, and total nitrogen amount, respectively

2.5 ARSI IEIGE Iran B BR FAPRL R 1R

MK 4 ATLAE H, WO AL BT B B SR E AR R R R ERS B AR AT W B E Y
RMTTRRRY BE R TR, R E LR T R B EWH T EHAR R RENE SR E AR kAL
iz o

TFAEHAE B AL BE A AR R R TR R B B HE K B AOSE ANTIHE in, W1 0 W2 Kb 22 5 1 2, SR B3 vk
BAMTIEMERNARHR . ERLHENAREBELEEESR FBRU WL A W2 435w TH
EALH, RIEEER GEE LR T RAR T ERAE AR AR, REKENMH TERGERAR W
FPRLH BEIZ o EK AL A SRR R B T /K B A3 R R AR . A HESROK B WA W5 W6 Kb BRI A% R A1 5
FR R 2 B R T AR R B R K B IEHE SR K B W1\ W2 W3 b3, BESOK AR T AR kb #eiz
2.6 ARG FOR B R E B B AR A R R

H# 5 ATDAFE t, WO LB R APRL ™ B B8 R THK A B, R A T A K B2 MH T4/ L&
TR = Bk A FIACR AT W2 W4 Ah3 . JE/KARTAH L, W2 W4 Ab B PR B B 3 i T HE A
B, W2 40 TR R R R, R AT K B R v 3 N 22 7 B A W4 A B A 7 Bk 3 A RCR
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BERBTHEAME 7 SHEKE 90 ~270mm 2 [8], K& HE /K & K38 7= 8K 45 F 8RR R AR, A [ B
TR AL 2 8] 25 53 B 3 VEE IR /K A ) F RS R B 2 E /K B R 888 DK Uk R A1, WA b P I 2 v T W2 bR, W3
W5 W6 4b 3 i3 ZFEAK

x4 FUEEFREARDIFRTHED

Table 4 Nitrogen translation from vegetative organs to grain after anthesis

BERHEARBRER BEER
450 NAA of vegetative organs RAEMEE fﬁi R FkR
N itrogen K S

Troatments T JRE NAA of grain aceumulation amount Traflslocatlon Contrfhutlon
Anthesis Maturity at maturity 1 efficiency( % ) proportion( % )
e (mg-stem ™)

(mg-stem ™) (mg-stem ) (mg:stem™")
wo 22.66¢ 7.12¢ 21.00d 15.54¢ 68.59d 74.01d
w1 26.97b 6.53d 23.13¢ 20.45ab 75.82a 88.42a
w2 28.51ab 6.36d 26.07ab 22.15a 77.68a 84.95b
W3 29.47a 8.60a 25.93ab 20.87ab 70.81c 80.48¢
w4 26.97b 7.35¢ 23.30¢ 19.63b 72.78b 84.24b
W5 28.51ab 8.24b 24.76b 20.27ab 71.08c 81.85¢
W6 29.47a 8.86a 26.25a 20.61ab 69.94cd 78.5cd

NAA ' nitrogen accumulation amount

x5 TELEBEXNENEHTEKSFIAEEOQRTENZNE
Table 5 Effect of different treatments on yield, water-use efficiency and grain protein yield of wheat

HEBEKH IR FERLER A B i

fhgm *i‘*ﬁi‘ti PR K YR R R Trrigation water-use EHS)ieg Grain protein AR
Treatment Crain ylid W_UZE 1 efficiency Confent of yield 7k5}ﬂfﬁ§%$ P‘EVIUE
(kg+hm %) ( kgehm2mm~!) ( kg-hm%emm~1) protein( % ) ( kgehm™2) ( kg+hm ~2mm™")

WO 4024.25d 15.54b - 12.17d 489.81d 1.81bc

W1 4919.04c 15.45bc 98.32a 13.31c¢ 654.80c 1. 84bc

w2 6370.13a 17.26ab 63.54c 13.17¢ 839.11ab 2.17ab

W3 5884ab 14.40bc 37.21d 13.31c¢ 753.14ab 1.82bc

W4 6280. 46a 19.42a 82.41b 13.98ab 878.08a 2.55a

W5 5343.55bc 14.44bc 38.48d 13.49bc 684.50c 1.64c

W6 5046. 98¢ 11.69¢ 24.42¢ 14.39a 726.22¢ 1.73be

WUE and PWUE stand for water-use efficiency and protein water-use efficiency respectively

WO KbEERAFRIE AR A BB E R T HE AR, W4 W5 W HMFREARSTERES T W1.W2,
W3 hb3H, W4 W2 Zb3 AR 0 B B S THEAE, WA RS . B W6 Ab3 kR E 0 RS
BBE ERFPR & BT W2 W4 438, fr DIAPR R B ™= 2 B FEAR . W4 3R E B ™ K5
FIRRCRBE R THELAE, W2 RZ,
3 itig

W TEZK B S i , T K R B 22, TR OK B FRSCR BN 1 o R B R TR R D, R K
FEAR 3 T %t K A R, BRI T 6 IR Z K BRI o Bl IR R A T R A A, &/
AR LR RK Z B AR, Xt 34 T2 (60 ~ 120em) FIFHRE N T o 23 A %0 il R R R
VK R — R B R R H IR K BB R, 7R K G H,60em LR AR RIBKIT /N HER A EEE,
HIGE K A RS AR A bk, 2 AR AR KRN . Adda BTSSR E B, K4 E B3 iR
HOPEIR AR B Z 4 A K/, T B K e B R TR MK E o AR %t Bk K B 3 AR FREK
Sy FIF EB BT R B, BEE K B 3G 0 , VK & o5 SRR K B A B 20 i i, 3 RE K B AR K B BT & E
BB KA 5 7 A AL BRI AR L3R, K B A IR AE K & 7 SR K B LU BB L IR BE R K o 3@ X 0 ~200cm £
A1) HIEE KIS FERIBIR R, E K i i WO Lb3E i ] T /N X 80em DL 3K i MR YR

http ://www. ecologica. cn



852 £ F ¥ W 29 %

K BER ) W6 AbBE A+ )2 R K B3 B R T HEABSIC B 25 ;W2 M1 W4 L3 EA8 71| I 2
200cm f L 4K T, KA LR BFK BIER, =B AKFI AR B &R THEREKL R, R W2
W4 KK T RAEFTIRAMRE , FE/DE AT HEEK DT HREPRILT 7 A AR L8k 5, =R &Kk
FAZR.

KF AR R NEFRL AR R B M, AT AR EPI. A% Bilh, £
AW TFE JERIAHEBE T5mm KK RRTE/NEZEFRaE BB LU B4R &, 2E 4T TF I8 250 18R
75mm HKER R T AR RS . Xu SRR N FRC KB BRE IR 5 T 7K 435 B
B2 21 MPEE 17 @A EFRAERARFEB AN, SREY, KRS R S RAN LR R MR R
1R 38 MK 5 5 oA R FARE E SR A E A PRI ST . T RIER THRE FUR & &, TSk H M
K220 ARG RE B T RIFRLE A A B B ERR, ER BT AR AR R B R R
¥ @ 2 WA K B I 2 B B R, B R AR AR RPRLA) TR R B K B AR AU ARG, B
HEK BRI RO ERR B R MM R B E R, SRR S FPAER R RS K R
R S NG AR, LA W4 AR IR Ry, R IATE ST T AEAIE SR IARE K , 45 KA /K 30mm S5 A | TR F 5™
B

AIRFR VPR R SHK B 2 ] RIPLLR & BEK AT A 38 TR MR =& Rk 4
RO MR E Y EIESKE 5 HIERK R 70% B, & /N2 AP B iR, (EUR FORPRLR= B Rk 43 1 2%
AREF R F G MK T B UK B AN X R K A R AR . BB K
BRI , KRR S F e Bk B ™ o A Bl e 3o AR [5] 9 K B A /K AR 45 0 = B
FK M FIFI R BTSRRI, BHEK B 90mm Hl 120mm f) W4 F1 W2 b3 8 HK 0 F R &m R T aE
1R T AR 7K i R A AR B 7 B K 40 PR 8 B PR 2RI AT BB K , /K 2 60mm [
AT (W2) FPRL B e 5 THCTT S T AE A SR A K , B K & Dy 30mm AYALEE (W4 ) 7K 70 1 S R Bt
Ho BIRXPANEEE (B HORPR - BT B E 2 KA IR 25 B2 RAEA AR AT, Wa L3R
FRL G 7= A K B K AL B, INEFEAK R K (WK B 3K o3& B0, IR AR ST A IR] e K 4
TIZAF T I FREK SR , /N T AR R B YE , Rt — P TN A .
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