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LR — MRS T 353 AR, 045 25 om SRATHEFAE (204407 K/MTAERI 204407 {08k, BFFE T & /N4 9
FIREVERMRE XS 7 f KoK o R RICR RO SE IR, 452 R3RH , “ 20440 14877 ik i35 5 T P4 5 it A K dk (RWC) K3 (W ) FI
W J KK I3 AR A Bl A 77 TR A ik S AR R 3 b A FR AL B RWC  Wio R J1 7K P 7 23 ) FH 03 9 - 2 B3 I
FH i TAEATEE A 204407 FAEALB]; 5340, “20+40” 10 # 14 AE T 0 4 i 4 /N 22 B Bk i /b BB K A, DT v 7K 23 1)
R HEAKIEIN T A /INAE 7 i R R A 5 7K S 24 K R AR, AR T /R FI IR B/ 145 MR ] 22 57 . “20+407 3
FETENEIK 135 mm Z50F T BEOR IR B SUEAFATRETI K 25% o iR, & /N2 “ 204407 16 1 1T BIC36 I 7 7K 0 BR DL, 4 i 2K 23 1)
FHRCR S e i

RG] : A /N2 PRI AR OMRFAE 5 ARG M %R

Effects of planting patterns on water use efficiency in winter wheat

QI Lin, CHEN Yuhai* , ZHOU Xunbo, LIU Yan, GAO Huijun
Agronomy College of Shandong Agricultural University /National Key Laboratory of Crop Biology, Tai'an 271018, China

Abstract: One approach to improve winter wheat yield and water use efficiency ( WUE) is to identify appropriate crop
planting pattern. The aims of this research were to compare planting pattern in wheat, evaluating yield and WUE. The
experiment was carried out from October in 2008 to June in 2009 at Agronomy Experimental Station of Shandong Agricultural
University. The winter wheat experiment consisted of 3 planting patterns and 3 irrigation schedules under the same plant
population density (1.8 10° plant/hm®). Row spacing were 25 cm (A), 20 + 40 cm for flat planting pattern (B) and 20
+ 40 c¢cm (double lines in the furrow with 20 cm spacing, and 40 ¢cm between furrows) for furrow (C). The three irrigation
schedules were used at jointing, heading and filling stages respectively; the amount of irrigation was 30 mm, 45 mm and 60
mm every time. Changes in relative water content (RWC) , water potential ( Ww) , WUE of leaves, soil water storage, yield
and WUE were investigated in field experiment during the growing seasons of winter wheat. The results showed that yield
leaf water character, and WUE were affected by the planting patterns of winter wheat. Yields furrow planting pattern were
significantly higher than those of flat planting patterns (P<0.05). The yield had a positive correlation with relative water
content (R=0.902"") and water potential (R=0.571). The relative water content (RWC) , water potential ( Yw) and
WUE of leaves decreased with growth stage, and the average of RWC, WYw and WUE of furrow planting pattern were
significantly higher than those of flat planting patterns ( P<0.05). Moreover, furrow planting pattern obviously increased
soil water storage and WUE, and reduced the water consumption. The irrigation enhanced yields, improved water
characters, decreased WUE and differ in different platting patterns. Planting pattern and irrigation not only significantly
effected WUE of winter wheat, but also had interaction effects. The furrow planting pattern not only had high yield, but also
saved water 25% compared with flat planting patterns. These results indicated that the winter wheat of furrow planting

pattern is the best planting pattern in the amount of irrigation 135 mm, because it improved leaf water conditions, increased
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yields and WUE.

Key Words: winter wheat; planting patterns; water character; water use efficiency

PEARAR A 7= AN IRy 2 T Zonfk, IRGETT, UL AR A/ N Bl D 2 AT 3 300 AP
EUR, FEFPE 5 J09% B0 RolE S AT A e A 7 e ey T 2 A KRR A Kt R b i
B IR IR T R A2 06 A1 40 T 9% 40 1 TR AR AR IRV M X K 43 3 R A /N A7 7 e R )
5, B AHIFFE AN I 7K SRR X 7K 2 S AV E AR PN 7K 43 5 Bl e R 0 AR B A7 32 21K 43 v i
Py HOK S R AR R B RN, 385 8 9 B8 ) i3G5 R FAE P i = A BT RE I 415 U HAE T 5
RSB REIIE R,

VRE S EVEZRATT T b FTERABOE K AUR BR T-V8 N, 28 A T 5 22 Sy BRAE T P, DT TS &%
RTINS A R, Tokm REGERRVNIGREL oK 20 e T2EL I, B
52 EAR EG  VEWE XA 4 AL FRAS AR S M R AR A RATF ST I, <20 +40 7 S rh R R AR X 0 BRI 2K &
SREE B /INT S AT REAR B 0 A AR Fec i L & INAZ BB K R A N R RE K R RE K S, TR i T Ak
HH 280, FEAIR T 2608 528 & 1 LU ], S BOE MK 5 R R R ; BR K AN H Re e 7 i, iR B — e R |
PR R R DI T4/ N AR X O 5T 22 5 A W) SR A S AR 45 & Tt ELOG TR s X 5
WX A/ N A K G FRAE RIS 3570, AR SR AN IR A R AR =X 5 40 [7) o) JIAS () i R R AR 25 6, o B AL
77 3 55 TR 6 A% /N2 T K A AR L B 7 s K 43 R R SR A 5 ) 46 Rl AE 5 3 7K i al A7, BiF 9 ol
FBE 5 KR ZR | ISR A /N2 7 KRR AR R A — 2 B B S AR A A R S0 HF
1 #E5RHZ*

1.1 MES5EItT

G T 2008—2009 A7 LR AME R 2F AR 2F LB B K A AT, K A AR . 3mx3m,, RG24 %
TR <R (36°10'N,117°09'E ) , 1A + | 1 3HHZE (0—20em) AL & & 16. 3g/ke, BfF A 92. 0mg/kg,
A 34. 8mg/ kg, HALET 95. Smg/kg;0—60cm )2 pH6. 9, 1. 50g/cm’ , H [A]FF/K 5 38.6% .,

RIS 3 PR 2,3 FEIEAL B . 3 FhRIREA 3 3 A 25em ZEATHE(A) CPAE“20+407 (B) Al
204407 (C) (JAJETFE 20cm , I TR FE 40cm , 2275 1Sem, FEIWJEFD 2 15/NE ) 5 BN FIAE 7 s =K HD . 3515
IK—A R —EROK BRI K i3 3 K 205008 :30mm (1) 45mm( 1) 60mm (1) 4 RHEE , H#EE
HAE IR TE VA B SRS KA s, 2k B IR RN, &/NZ (I i R o 5 22 22, F 2008 4 10 A 14
H ¥ 180x 10* Bf/hm® #E 47 N T 5545 50 M 4% A Ei it A3 HLIE 120 m’/hm? , 4% & 225kg/hm’, P, O4120kg/
hm? | K,0105kg/hm? , ZUIE 53R AR 15 16 AE WG Vit T, YR 76 /M T PR AR it AL, P45 38 it A ; % B0 A $4 4801
HE 3 A

F1 2008—2009 EL/NELEEHEETE

Table 1 Monthly rainfall over the winter wheat growing seasons in 2008—2009

45> Month 10 11 12 1 2 3 4 5 6 J3E Amount

[ M & Precipitation/mm 20.4 4.9 0.3 0 12.1 25.7 45.2 42.8 71.3 222.7

1.2 W B &7k
1.2.1 M AXT &K S (RWC)
TEA/NEBRE(4 H22 H) S A1 H) JHEG A7 H) JE35 A 17 B) FEEdi (s A 26 H)
FE, T 8:00—9.00 BFEURE B /NXH 15 AN FRZE U 3 7 Bk R 6 8 4 R i i R T 8, TR NS K
R AR S K& (RWC) = (B -5 ) / (1A -5 ) x100%
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1.2.2 iRk

R 5 2% R 2 st 3 ) i e A 5 7K 22, FH Psypro 88 s K S8(SGI 22 I 7K 34 (Ww)
1.2.3 WK AR R

TEA/NEPRIE G E A BIINE . T 9:00—11:00 JH LI—6400 S48 58 it 2R I ZE s %

R 7KK 2 R FHRICE ((umol/ mmol ) = S 6 5/ 25 11 3 %

1.2.4 THEFIKE

/N FEA R CNC503DR B 17K /34300 5 387K 53, B 10 em — N2, 3 12 2K

FHE KR (mm) = X (AGixZi)

K, 4600 R+ — Z IR E KSR Zi A HIR)Z R (mm) 50 8 BIERR . AREH 120 em Y
F K
1.2.5 FEREHUKSFIHRCR

F2009 4F 6 H 10 HYCHR, 2BR/INX IO AT B o BRI A , HEATSCe =, D= T ARk 2m? | SR Je b AT
AR K R AR (WUE)

WUE =Y/Eta

o, Y HERA A R (kg/km?) | Eta HAEYIFE/K 5 (mm)

FH TS0 A R KA T S, SO R KOG 4% /N2 FE K f: 18 52 e mT 226 AN 308 1 1) 8 A R I e
I, SO FRAR U T Z AT, MR A FH K A 7 R

Eta=AW+I+P

P AW R HE K E AL E (mm) T AFEEE (mm) |, P R FENE (mm) .
1.3 SE¥R55 0

WK 255 5 0kl 2822 T Aol K 5 i ( BEAR I b 500 m) 3243 5 3K 30 50 % JH EXCEL 1E &, ] DPS %3k
T8 Hr (LSD %)
2 GHRE5LSH
2.1 PR A% /N AE T I RE X5 7K o 5 M)

A /NFZTHEE ARG 5 /K G AR B AR A A 0 S B T R A (R 2) o TCIRAEMR R RE K S5 T 4 LA 20 +
407 VARG e, SEATIE B AR, ELYAE 0 TARATIE , AN EWIN, A B C3 R ERIZC RWC SEXE 53k
90.7% \91.3% M192.2% ,IGRE LTI H 1.7% i8R 255, EBARMEAL X GRS BH B2 ma i - A X5 7K
ARG RENS I R S R AR X K

F2 MEERHZNEEM AT &K BRI

Table 2 Effects of planting patterns on leaf relative water content in winter wheat

Kb AT 7K Relative water content/% SEH{E
Treatment PRt FS filfE HS JF4E FLS T FIS A MS Mean

A 1 96.46d 94.89d 86.64e 87.61e 81.63h 89.45e
| 96.81c 96.37¢ 89.31c 87.76de 83.59f 90.77cd
I 96.89¢ 96.71bc 90.03b 88.24d 86.96b 91.77bc

B 1 96.52cd 95.038cd 87.74d 88.17d 83. 12fg 90. 12d

I 97.64b 96.97b 89.43¢ 89.52b¢ 83.70f 91.45¢
I 97.68b 97.15ab 89. 74bc 89.61b 86.75hc 92.19ab

C | 97.69b 95.78¢ 89.03¢ 89.41c¢ 84.61e 91.30¢
I 97.72b 97.42ab 90. 14ab 89.76b 85.61d 92.13ab

Il| 98.53a 98.17a 90.54a 90.65a 88.36a 93.25a

PR R B IE R R 7E P<0.05 KF 1225 B35 LSD i 5o it; FS: $RIEHI Flag stage; HS: Hli## ] Heading stage. FLS: FF £
Flowering stage; FIS: TEAE I Filling stage; MS: A{ZJY] Mature stage

RWC b SRR 520, 3 R KA RWC FXME 590 90.3% 91.5% F192. 4% ,3 FHEAR AT T FE

http ; //www. ecologica. cn
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B e K 2EHE 70000 1.85% \1.48% F1 1.36% , HHILRW], BERE K 380, 4 /N A2 RWC 328 Tt 5 v
RSN T PP AR 22 00 AR AR =X o] A /K S ) e R 2504 R 1. 5% F1 2. 1% 5 Ui PR K B0 T4 Nz
TP AFDGT 257 7K 2k 118 5 M e g - AR ASE X
2.2 FAEAR A /NG T K B 52 )

KN TR K S (W) W AE B R AR LRSS RWC MIL( 3R 3) , RIBEE B bRt o SBHWTIRAR, TFAE
191 Yo T R BE K, SR IR A /N T K W ], TCIRTEARFE K ST, FiE AR ] P B4 SR
R “20+407 IFE>“20+407 FAESTFA TR, H ARSI B B 9 VA e 2 T AR TR, A EF I, A B LC3
R 72 Yo 239 —-1.13 MPa . —1. 10 MPa Fil—1. 06 MPa, V&% 7 3 Fe 5547 15 R0 <20 +40” AR 5 6. 2% FiI
3.6% ¥k 2R ULHITAHE AL FRBENS I 1 412 2 A /NA LI K 34

5 RWC AHE, Yw W2 RE KR, 3 KR T Yw FE 2% -1.18 MPa 1. 11 MPa fl1-1.03
MPa,3 FhE K S0 T A A = ) i R 228520 510 0. 11 MPa 0. 06 MPa F10.05 MPa, Hjl 2601, BEE /K & 44
T, A /N o B HT D  E R U/ TR AE R ) 22 R IR ASE X ) RN IR K R R K 22 (E 4390 0. 07
MPa 1 0. 15 MPa; Ui BV 7K X5 T4 /N2 L R 13 7K 2t 8 52 Ml gk o T BT AR =

x3 MERAMZ/NEEMKEHME

Table 3 Effects of planting patterns on leaf water potential in winter wheat

hbEq 7K # Water potential/ MPa SEHY
Treatment PEIgE FS il HS FFAE FLS K FIS A MS Mean
A | -0.87e -1.06d -1.36¢ —-1.36d —-1.52d -1.23de
I -0.7be -0.92bc -1.28b —1.34cd —-1.34¢ -1.12¢
I -0.66b -0.81ab —-1.25ab -1.27b —1.28ab -1.05b
B I -0.79d -1.09d -1.36¢ ~1.33cd -1.35¢ -1.19d
I -0.8d -0.92bc —-1.35bc -1.27b —1.33be —-1.13be
I -0.65b -0.88b —-1.26ab —-1.25ab -1.27a -1.06b
C | -0.73¢ -0.99¢ -1.27b —-1.29be —-1.30b -1.12¢
I 0. 69h -0.90b ~1.24ab -1.21a -1.30b -1.07b
1 -0.56a -0.78a -1.19a -1.19a —-1.26a -0.99a

B ARNEFEE R R E P<0.05 K L1225 8%, LSD BUE5 iT; FS: B H] Flag stage; HS: filif# ] Heading stage. FLS. JF4£ 1]
Flowering stage; FIS: H#E3KH] Filling stage; MS: A Mature stage

2.3 PRI A /N A2 TR 7K 3 ) 803 15 el

I 5 KSR 7K o0 R SR S e T I 28 B VR FH T T #E K 2 9 2B P2 RE 0, S AK - WUE J&AE ) 7= & R
WK WUE W3ERE . 3 4 nT LB i R KSF WUE B4 /INA2 A2 8 HERR A 4 8 T 528 /)N 5 JGI8 e Wik
HEKIEM T, 5T WM R KEWUE RN R “20+407 > “20+40 7 EAFE >S5 4715 ; #4425 W1 N WUE

R4 MERANEZNEEM XS T RREAE

Table 4 Effects of planting patterns on leaf water use efficiency ( WUE) in winter wheat

Qb T K43 FI L Leaf water use efficiency (pumol/mmol ) SE ALY
Treatment PRHC FS FFEIY] HS JFAE FLS HEAM FIS Y MS Mean

A | 3.53 2.87 2.55 2.14 1.31 2.48d
I} 3.69 2.77 2.05 2.24 1.49 2.45e

I 3.25 2.95 2.21 2.44 1.49 2.46de

B | 3.66 2.76 2.35 2.26 1.60 2.53d
I} 4.48 2.76 2.19 2.38 1.65 2.69¢
I 3.89 2.78 2.38 2.42 1.75 2.64c¢
C | 3.84 2.90 2.47 2.42 1.86 2.70¢
I 4.89 2.79 2.44 2.65 1.73 2.90a

I 4.17 2.93 2.55 2.55 1.65 2.78b

E R PR E R R P<0. 05 K 257 5%, LSD B4 it; FS: Yk Flag stage; HS: MM Heading stage. FLS. JF4£
Flowering stage; FIS. HEA Filling stage; MS. A Mature stage

http ; //www. ecologica. cn
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PIE “20+40" V3553 M H A TRE AT« 204407 FAE = 13.4% F16.5% Ak BEE S

A FREAR A Z 8] 9 22 5 DL RS 25 AR s, it | /KO WUE S5 8EEK WUE e —E 1220, Bl
K BRI F K- WUE T W i 28 ka3, A B C3 FrAb AL it K WUE 53512 2. 46 wmol/
mmol 2. 62 pumol/mmol 1 2. 79 wmol/mmol , FiAE J5 2 [0] 5 K 2E{E A 0. 33 wmol/mmol ;3 FFE K S5 T 1 | 7K
WUE 4354 2. 57 wmol/mmol 2. 68 mol/mmol F1 2. 63 wmol/mmol , ¥ 7K & [8] F K 22 {H A 0. 11 wmol/mmol , i
W /K B X K SE WUE B30 AS G o s X i
2.4 PAEAR O A /N - RIE K R

28/ N2 I K AR R T LA H (B 1), TCie MR R K ARG 00 | 4 /N 3K i Bl A 3 E R i 3
HER BRSO JE K WG R, AN R E K (] AR 3 TR TR] . 7R /N B A 1
BRI K R/ INRZR “20+407 V545> “20+407 AR SSEATHE , A B I8 30K & 24H “20+407 1)
&I “20+407 SEAERIZEA T 5 H 3.50% 1 7. 81% |, VA3 AL BRAE S W i 31 o & /N A 1Kk i | jdi /b4
SR

3 FhE KR T K EE YA 55 319mm 339 mm Al 350mm, 3 FE K 25 14T AR AR 2 0] B K 25 1
52k 36. 3mm 26. 1mm 1 13.3mm,, HLZRI KRN T 3 Sk & J0 24 LU 5 R s/
TAMER ) 22 0 PR AR ) RN K o R) R K25 (B 4300 0 25. 2mm A1 31, Tmm; BEBE K T+ /K &
BN G T AP 2 A T K AN 7K S5 PF R 3 b b R A X A 33 7k B S B (8 20 90 279, 2mm Al
336. 2mm, MK T 7K 57. Omm, M P A K 522 5 90mm . F UL AR B MK S50, &/ N2 A B T
AT 7K R o3 T Sk e i3 B R 784 R

410 —8—A ——B —A—C

390 3

II
370
g

350

330

310

290

TRk
Soil storage water/mm

270

250 I T N S N S Y Y S Y IR SN Y IR SN NN N SR RN R N
BW SS FS FLS MS BW SS FS FLS MS BW SS FS FLS MS

HE B Date

B 1 FiEEsx &0 & L Erok BRI
Fig.1 Effects of planting patterns on soil storage water in winter wheat
BW . 47 Before winter; RS ;iR 7 il Regreening stage;SS: 51 Setting stage; JS: K11 Jointing stage; FS: PRI Flag stage; HS: i
Heading stage. FLS: JF{E3l] Flowering stage; FIS: #i3¢ Filling stage; MS: Y] Mature stage

2.5 PR O A /N P i KoK 43I SR IR 5

5 I 6 nTLLAE H, i FEMRAE K 4T, 4R HLEFEK 3 “20+407 1% <20 +40 " EAE <S54 THE 16
HOKEED T KT, “20+407 4% R T “20+407 FAE M 25em 254710, H “20+40” FAE K T 25em
SEATHE ; HEFE K 3TN, “20+40 7 {4 5 VAE R 22 A B3 (A3 B KT 25em SEATHE , HbR M, “20+40”
TG AL BB NS ) 25 98Dk T SR K i U HORAE K RGO R 3 P K45 T 7= M WUE $#3R3h
“20+407 4K >“20+407 FAE>25em SEATHE, 204407 WG B A WUE SF-#{E 4 3 L 25em 54715 5
10. 6% F110. 5% , Y935 i 25 7KV, RETAIBAEPERENS W 5L M &/ NZ = 1 fl WUE

BE PR S RGN B AE K RN e R RN A R F s WUE D) i 8 10 £ 1 398 i e 2 AR, 2044077
B e 1AM KT, 43515 2 Sem EATEEZENE KA K 4500 T 08 35 25 5%, U6 20 +40 7 19 4%
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RENETE R/ DUE KIS I N 4R re i, XA/ N KR R FHRCR T 220 M B (3R 6) |, At AR =X S5 AN 43
) ik 2 R i AN K AR R FHRCR i H A A B W BARRON . ZEAT R A AERE K 54 F = ik 2 e
B, 20440 VAREAEHE T K S S H L B B £ 7, RHERER S m AT, H#E 1K “20+407 1078
HE MK ZATRE 7K 25%

*5 EERTRNEFRIAS T RREG SN

Table 5 Effect of planting patterns on yield and water use efficiency ( WUE) in winter wheat

s SFE/K i/ mm P/ (kg/hm?) IKAFHRR/ (kg-hm ™ mm™" )
Treatment Total water consumption Yield WUE
A I 339.20f 5795.9f 18.79%¢
il 294.20d 6647.4d 18. 11f
I 412.09a 7441.7b 18. 06f
B I 328.91g 6459. 8e 20.47b
I 370.51e 7304.9¢ 19.83¢
I 404.39b 7826.4a 19.35d
C I 325.75h 6507. 1de 20.95a
I 369. 54e 7491.7b 20.23b
I 401.55bc 7993. 8a 19.56d

& R [F PR R TE P<0.05 K 255 835 LSD $ii gt

®6 ZNERDFALENAESN

Table 6 Analysis of variance for water use efficiency in winter wheat

75 SRR I )3 ¥ or P P
The origins of variance SS df MS

X 20 Among blocks 0.0174 2 0.0087

FAEAR R W] Among planting patterns 21.8084 2 10.9042 583.137 0. 0000
FEBEE]) Among irrigations 5.2164 2 2.6082 11082.58 0. 0000
FAEAR R < Planting patterns x Irrigations 0.4643 4 0.1161 493.24 0.0001
R2% Error 0.0028 12 0. 0002

BESH Total variance 27.5842 26
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