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BE EHERERG TR THEEAR ST ERXRE=EMWRFAKSFIHKER, EXE B85 45’ (GClycine max cv.
Ludou 4) 7E[Rl—BEAR SR BE (3. 09 x 10° #k/hm®) T 5 434 5=, BIATEE x #REE4- B4 A:18 cm x 18 e¢m,B:27 cm x 12 em, C:36
em x9 ¢m,D:45 cm x7.2 cm,E:54 cm x6em, Z5RFH  BERS AR 00E K G778 K S RRIE R 4 SR (WUE)
A B K2 EERT D.E LM (P<0.05) , KAtk IR T B EE R ETIEMR, BHRE IR B L ERERE TR
B R AT B K E (RWC) K (Pw) BB S () M4 TR 2R A TREEE, Hd A B 43 RWC. . Yw 1 ¥ 1
FEEH BERT D.E 43, E LK Yw 78 B Z K IET B BB BALT HAbAL 3 WUE 517BEEfAHK(R= -0.935"),5
FEEIEMR(R=0.997"") K A B A3 WUE B3 & FHAMLIE(P <0.05),D.E fbHK BEMKT B 4HE(P<0.01),
BR GARARAE XS #4957 4370 1 Ab HE W] B0 7= B A R 3R B K RO, TR B v B 7 i, B /K 43 FH AR

KW H AR B 0 ; 7= BA A K A ARRAE s K 43 AR
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Abstract: One approach to improve summer soybean yield and water use efficiency (WUE) is to identify appropriate crop
population distribution pattern. The objective of this investigation was to investigate the effect of different population
distribution patterns on yield, yield components, and WUE in summer soybean. The experiment was carried out from June
to September in 2007 at Agronomy Experimental Station of Shandong Agricultural University. The summer soybean ( Glycine
max cv. Ludou 4) was grown under 5 distribution patterns with the same plant population(3.09 x 10°plant/hm”) . The row
spacing(cm) plant spacing(cm) was A; 18 cm x 18 cm, B: 27 ecmx12 cm, C; 36 cm x9 cm, D; 45 cm x7.2 cm, and
E: 54 cm x 6 cm respectively. Yield, leaf water character, and water use efficiency were affected by the population
distribution of summer soybean. The yields in case of A and B were significantly higher than in case of D and E (P <
0.05), while no significant differences were found among other treatments ; The number of productive pod, seed per plant,
and 100-seed weight declined gradually with the increase crop spacing; The yield had a positive correlation with seed
number in main stem (R =0.994" ") and 100-seed weight( R =0. 893" ); Leaf relative water content ( RWC) , water
potential (Ww) , and osmotic potential (Ws) declined gradually with crop growth, The average of RWC, Ww and ¥s in case
of A and B was all significantly greater than in case of D and E, Pw in case of E was obviously lower than other treatments
at noon in the daytime ; The WUE was negatively correlated (R = —0.935 ") with the row spacing, but positively correlated
(R=0.997"") with the yield. The WUE in case of A and B was significantly higher than other treatments (P <0.05),

EETE : B E 5 IR & T RI% By B (2005CB121106)
& H HA :2008-08-20; 1&1T H #§:2009-03-24
* W iNAE#H Corresponding author. E-mail ; yhchen@ sdau. edu. cn

http ://www. ecologica. cn



12 3 WES &R X B R AK S AR RER B e 6459

and that of D and E was significantly lower than in case of B (P <0.01). These results indicate that the summer soybean
population with relatively uniform distribution would improve the yield components and leaf water conditions, consequently

develop high yield, and increase WUE.

Key Words: summer soybean; population distribution; yield components; water character; water use efficiency

VEM A = e — AR AR, —AE Y B R A W3R s M B R S M AR RIS 1 o e BBk T
R/ NFIAMA R A PR ) SRR R 5 IR R R A At ST A BRI BE R0, AR/ R SR BE MR U, 1
WIREAA R 3 A s A S B A R B RBUMAR W3 4, EE WS H PR LR K F5 0 R4t
=B Hrh K EEMAEKSEPREENEER T, RER SEMAEFIWEEREY , EXITER
IKBEZ AT TR VY , K AU K AL SRR, T B e n A B A2, g i =g

VAR, B AR REAR 10 M IE 2248 TP 2E R %5 B S HATHRIE AL B X HE A K R BRI AE A
Rk R R R o SRR SRS R B, BEIR S A R R /N 2E B 43 BE SR AN A bk /NIRRT R i
B, XEa B RN, KEAT B, B TR A B T S G TR, M T A, B Tk
BEFIFIR , R TR P i A B . Ethredge” IR0 BUHE"S SR 5N o, S NP 25 18 L 45 /IMTHE 9 K
FREE , B F F RGBS K, David® 1 Jason" SR B, B FREAKKR & H X FR8E K1)
AEMFE LIS AR AR RESR . TR T —MREE I SR, 7645 1 X OHGE B B — R BB . FEE I Rh
MR B AT MRE R R ESHEM N EETFRMEE " . BAT, AXMRASEAGTHEKR
TRHRM TRV B R R 2 KoK AR IR BB oS B M LARAE > o ASBF S e 3 AR R AR 4%
HF B TR TAREE, B AR R BEAR A 288, 58 T B R SRR S A0 X 7= 2 B HAR B R 38 At oK 434
AERRZ I, B0 T PR VR R 53 A 32 K 4 R AR AT AT 1
1 #R5H®%

1.1 #et 53t

RIETF 2007 6 A ~9 AFEILARRN KFER LI EHAT . G FRETHRISE(36°10'N,117°09’
E), R3RRUpE 1, HIEHHZ (0 ~20em) AHLE S EH 16. 3g/ke, TlAR A 92. Omg/ kg, HAS W 34. 8mg/ kg, 3
4 95. 5mg/kg;0 ~60cm 1 )21 pH /6.9, 25T K 1. 50g/cm’ , H [AfA T K B H 38.6% , 1971 ~2006 4E,
SEAERETT R 701.6 mm, R GAEKE 6 ~9 AMENILARA W Z, HEFERE L 5 FEENRR 60% ~
70% ,—AFEy A 420 ~490mm 2007 4 6 ~9 AFERIE A 539. Imm, L HFIE . RIHAEFENE LE 1,

R RTHEAEY A /NE , B RGN E T4 5, £/NEWGRE, T 2007 46 A 14 H#R L E
U 3.09 x 10°#k/hm® #47 N T8 3% . @ JARATHREE , B8 5 RN R FOBE (R0 A 2880, BATHE x MRIE 2
HA A:18cm x 18em,B:27¢m x 12¢m, C:36cm x9em,D:45c¢cm x7.2em,E:54cm x6em, /NREFH 4 m x2.5
m,4 WER ,BEVLHES] . £ FHRIAEK .

F1 2007 ££6~9 ARTEER
Table 1 Monthly rainfall over the summer soybean growing seasons from June to September 2007
A #} Month 6 7 8 9 S Amount
[% i & Precipitation(mm) 203.4 120.4 186.0 29.3 539.1

1.2 s RO
1.2.1 B RARE &k (RWC)

(7 A 4 B 10d W5 1 K. F 8:00 ~9:00 BEUE, A NKIER 3 A B0, AU B E M2 i
87 K EE BRI E TR,
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1.2.2  MHKFEMBBEH

FURE 7 YR 0 g B A [l AR 5 7K &, A Psypro 88 sSUK SN & M 7K 3 ( Pw) , B Vapro5520 3% He
T E M B BEH(s) o
1.2.3 mR/K#EHEAL

F2007 48 A 19 HilllxE, B 8:00 ~17:00, &/NFllE 1 1K
1.2.4 %fp

BAVPNXEC10 #REF, BRRT E MRS R B 25 RO RR A8 2RO A BoRi  A
BE EYESE,
1.2.5 KRR

F 2007 £ 9 H 25 HIEE, RBR/ DX AT X Wi FE AR, Of B AR MR R0 1 wp IR B A, (AT Sl 7=,
FEEAUR 2m? SR AT B A A W', B KR SR (WUE)

WUE =Y/Eta (1)
XA, Y RN 2T 7 B (kg/km®) |, Eta JVEY#E/KE (mm) o
VerEE/K B (mm) Eta =AW +R - SI - Q (2)

AW g 3k 8BS B (mm) ,R RFEFT & (mm) , ST g 137K B8 (mm) , ST R FHETTA
HHE
SI=W-FK (3)
Arp, W oy L3R K &, FK Sy HEEIRK &, Q R & (mm) RS SE BRI & 42 W 1K B, R SCS 12
FasAs e HH RN -

Q=(R-0.28)%/(R +0.8S) (4)
KA, S R ffEKE (mm) , HiTHER N
S = (25400/CN) -254 (5)

K, CN HET &5, I B NS
1.3 RSt 50407

RISEAE R H EXCEL /£, Fi DPS 8447485047 (LSD %) o
2 BERE55WH
2.1 HREBMAORE AR5 =8 XA B 2 R

RK2EERGHWEMEMER, JUEL A HHEEZN T EREN=BER-BWRER, &4
HF=BERNB>A>C>D>E, i A B EERT D.E A3, KR T EEER, FEWmW
I, FZ2h% B 3L D.E A3 MER 16.57% ,17.96% , ik BEES A BB EET D.E 434
Hobigt A B .C AbHE R E 2R A LB EERT D A, A 1B AHR BERTE A3, #—FEIF5T
KU HEETEMNM K, FEMEWRERE TREES Hdh, “ES5TE_FEBEFRMHRX(R =
-0.925" ) ; FERBGTELEBERMR(R = -0.8817) , /r b B R.E STHEER BE AKX (R =
-0.982"", -0.965"") . BPBEEFTREANK FREEWIN , 7= 5 PR AT A i R 2 32 2000 L 40 BORL B0R B R EE Y ]
BN, AN, FRRB G EERBEFMR(R=0.994") b ARES B2 B EEMHE(R =
0.945*,0.893" ),

BHAN MR RES B B E XA MR, X LR R A B RE R = 2R MEFE, A B A EZX
BHIHI S D EAHERBEER, S C MK BEER  RFEL B MTEH B R E & 1T
K, BBU/NMYHEHE

BRI KREERERKBES —EMEm, WTUEH, A BLAHEKNEYEEERT D.E LM, HEET
BRI, MRS 3 SRR 22 , B AL BRI AR W B2 M T e, e b AR IO AR R L ZE ML A BB LA R AR L AR 4
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/D S, o A Btk B = T E A3
AR AR R F 2R MR WA R T X 7B BRI , 3o AR B8 A K IR T8 FRAE R R

x2 BAEBGRRSGXMNERHAMEERNZW
Table 2 Effect of different population distribution on yield and yield components in summer soybean

FX
W mE e oof zmem %0 apww weE P
i RER EYE T EL7/h .
Plant Stem Number g Seed . Seed 100 seed . Yield
Treat K . Productive Productive R Biomass )
height thickness of number of number of weight ) (kg/hm?)
-ment pod number . pod number (kg/hm*)
(em) (cm) branch . main stem branch (g)
of main stem of branch
A 71.4aA 0.76aA 4.2aA 20.6aAB  38.1abAB 16.9aA 31.4aA 18.4aA  7745.68aA  2615.6aA
B 71.1abA 0.76aA 4.1aA 21.6aA 39.4aA 16.6aA 31.1abA 18.3aA  7784.26aA  2668.0aA
C 69. 8abA 0.73aA 4.0aA 19.0bBC  34.8bcAB 16.1aA 29.5abAB  18.2aA  7129.01abA  2339.9abA
D 69. 6abA 0.72aA 3.7aA 18.4bcC  33.8cB 15.4aA 28.3bcAB  17.8aA  7041.52bA  2265.2bA
E 69.1bA 0.68aA 4.0aA 17.9¢C 33.4cB 15.6aA 26.6¢cB 17.7aA  6859.87bA  2195.5bA

[EFAAEEINE 5 KEF /0 HR 5% F1 1% 1 B F/KF; T Small and capital letter in the same column indicate significant at 0. 05 and

0.01 level, respectively; the same below

2.2 HREBEARSE T AN S KRR

MR AT S K B (RWC) OB T M Rk RE ST SRS . FEE 4 B SRR Mk RWC Bk 2 Tt 1 H
ZFETR RN RWC B T EIFH (£ 3) o EERSIN, 54350 AB 43 RWC BIB & T D.E b3, BHE
I B KEE S, B4, ALVB.C.D.E 438 RWC ) F31E 45K 88. 16% .88. 91% .87. 52% .85. 99%
85.41% , 5, Dk B b3 i, B AL FE L D.E b5 3.39% 4. 10% ikt BEER . RUARES
i B R AR A KR

®3 EAEHEREXHXHFHENSKEHHM

Table 3 Effects of different population distribution on relative water content of trifoliate leaf in summer soybean

AbPR AT 7K & Relative water content (% ) T
Treatment 07-04 07-14 07-24 08-03 08-13 08-23 09-02 Mean
A 96.36a 87.32ab 99.26a 80.76bc 85.98a 83.47ab 83.99a 88.16bAB
B 96.52a 89.27a 99.61a 82.58a 85.67ab 84.43a 84.29a 88.91aA
C 95. 64ab 87.27b 99.21a 81.19ab 84.96ab 82.90abc 81.48b 87.52cB
D 95.34b 86.20b 96.91b 79.94bc 83.46bc 81.03¢ 79.07be 85.99dC
E 95.03b 85.64b 95.13cc 79.58¢ 82.29¢ 82.03bc 78.18¢ 85.41dC

2.3 HREBERREDAITH F KRB BRI

MK (W) L T AEYIK 535 BRIGFREE . iR 4 P, MR Y BEARAR (L H 5 RWC tHl. ATLLE
B RERERE S Bt Yo, EENEFTR BN, AB.C.D.E L3 Yw ¥ FE 550
-0.87.-0.85,-0.90, —0.95 MPa 1 —0.92 MPa,A B Zb¥Ef Yw b FH#EKE, D E A HEEBAE, A B 4
FEYHIEE D AP 9.79% (12.23% AR BEER

F4 BREBRETRES G AKBHEE
Table 4 Effects of different population distribution on leaf water potential in summer soybean

IbpR 7K #« Water potential (MPa) FHE
Treatment 07-04 07-14 07-24 08-03 08-13 08-23 09-02 Mean
A —-0.80a -0.83ab —-0.63bc -1.12ab -0.81a -0.88b —-1.00a -0.87aAB
B -0.82a —-0.80a -0.59ab -1.08a -0.84ab -0.83a -0.97a —-0.85aA
C -0.79a -0.86bc -0.54a -1.14ab -0.98¢c -0.99¢ -1.03ab -0.90bB
D -0.86a -0.91c -0.67c -1.29¢ -0.99¢ -0.88b -1.07be -0.96¢C
E -0.84a -0.92¢ —-0.64bc —-1.20bc -0.86b -0.85a -1.10¢ -0.92bBC
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GBS (W) BT Y R XKW RE D . TR, v BIARE R v (KS) . BT H4 H
M9 A2 HSNAB A ws #BE ST D.E LB ENER A, A B.C.D.E LB ¥ §-FH{E 25 4
-0.97,.-0.96, -1.02, —1.07 MPa #1 - 1.07 MPa, I} B £b¥ Jy& &, ik N A.C b3 ,D . E Zb ¥ &K, H
HLE ALBREE A B LB HIE 10% \11% B BEZES . LA ESRUEH, A RBAR 0 T730F 9 Rk $o
BEHEABEES,A B LB KRG T HAdAE 2

x5 BAREBFRELSGXHFEEEHHN
Table 5 Effects of different population distribution on leaf osmotic potential in summer soybean

Lb 3 B %EH Osmotic potential (MPa) M
Treatment 07-04 07-14 07-24 08-03 08-13 08-23 09-02 Mean
A —-0.88a -0.85a -0.77a -1.19b -0.98a —-1.00a -1.13b -0.97bA
B -0.87a -0.86a -0.78a -1.17a -0.99a -1.02b -1.06a -0.96aA
C -0.87a -0.90b -0.80b -1.24¢ -1.12b -1.10c¢ -1.14b -1.02¢B
D -0.93b -0.97¢ -0.87c -1.33d -1.15¢ -1.13d -1.14bc -1.07dC
E —-0.89ab -0.98c¢ -0.93¢ -1.25¢ -1.16¢ -1.11c¢ -1.16¢ -1.07dC

2.4 ERGBHEANFE AT B 7K H 2R 300
MEERERH(E 1), M5 Yo BEET[E]ZE 4T 2L
A5 RN R A e 3 i H T, 11:00 ~ 1300
A, 2B AV BUARAE . B AR [F] 4 A B 5
Yw W H A4, A B.C.D.E 5 #47i = Yw HARLHY
SEJE SR —0. 87, —0.83, —0.89, —0.90 MPa I
-0.92 MPa, H:#p, B 4bFE L D E £33 575 8. 57% |
10.62% ,i kB EES . HRIERA, 78 HZMHIET B
Bt E B E I SAR T H A, HH H AR K, 3K
0.40 MPa, ¥ %) 43 i i) A B kb3 H AR IE /N, 40204
0.20 MPa,
2.5 HERGBAEARE S K 53R R 20

——A 8B —4—C =D —%E
[5f ] Time
08:00 10:00 12:00 14:00 16:00
-0.60 T T T T T

-0.70
-0.80
-0.90
-1.00
-1.10
-1.20 b

ik 3
Leaf water potential (MPa)

Bl 1 ERERAARE G K e H 2k 020
Fig. 1  Effects of different population distribution on leaf water

potential in the daytime in summer soybean

M 6 ATLAE i, B i AR R S AR AR K B AUK 0 FIURIRCR . A AEER A /K B B3R T HiAt
AR, HADKLBE E] TG B 2 22 5% 5 B A B IK/K M FIFAZR (WUE) I, B = T C A3 iR B3 % T D.E 403,
A SCEER WUE BT D ACH R BE S T E B X EREW (R 7)), WUE S1THEE B3E MR
(R=-0.935") , 5BERBEEMK(R=0.997"") , 5EEFKEMEREARE (R=-0.728) , GRH
B FEAR RV BE AR, B A AT RER, A BB 3R = ™= &, i EL AT ASE R 7K 2 M F 2R o

3 itig

X XUHESEIA Sy, VR B 7 B o e ), BB BRTE
FH (8] 404 o7 1% 4 F e RS ™ . x— e B e T
AR A S B IR S . ATl R E
KRZHIATHREE , ZEAH R % BE S0 T, M@ T MR &
AR AR RL, BF R, LA B 4038 (27em x
12cm) FFFA = B F0 7K 23 1 F 850388 hy de v, C HHL DTG
BRI RERS . RIMEETTIENS K, vk FE
AN BRI B S R REFEEK. SRR
RS B R R SRR S N S BRLE BT

#6 BREHELRESHTHKSFARERNZIN
Table 6 Effects of different population distribution on water use

efficiency (WUE) in summer soybean

e SRR IKAI R FARCR
Treatment Total water WUE
reatmen consumption( mm) (kg/(hm~%mm))

A 439.59b 5.95aAB

B 446.47a 5.98aA

C 450. 82a 5.19bABC

D 447.19a 5.06bBC

E 449.47a 4.88bC
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W o R R AR AR KRN R TR B IR AE R BN , 1X 5 VRS /N2 BT R ke A BT T 45 R A
o BRSO /N (A Tl AR T ELBA B /N2 () ) BRI ME BB SR A K . PR R
KR AT RERAE R A RFT I ERERZESR

RT BXEMAASRE. =R KRS F AREMITEE B REXRBS T

Table 7 Pearson correlation coefficients among leaf water character, yield, water use efficiency and row spacing

i H Item RS RWC Yw Ws Y Eta WUE
RS 1
RWC -0.907 * 1
Yw -0.798 0.905 * 1
Ws -0.931* 0.973** 0.957* 1
Y -0.925* 0.942* 0.907 * 0.976 ** 1
Eta 0.745 -0.449 -0.443 -0.582 -0.671 1
WUE -0.935* 0.919* 0.887* 0.965 ** 0.997 ** -0.728 1

RS :ATHE ; RWC  FHX S /K Ww o K 3 Ws . B B3 Y. 758/ s Eta  $6/K 8 WUE . K 43 IR % ;RS . Row spacing  RWC: Relative water content
Yw: Water potential; Ws: Osmotic potential; Y: Yield; Eta: Total water consumption; WUE: Water use efficiency

HEABFFERI, A 87K E JKEMB EH AT Y AR AR AR 2, SOG4 i K
PRIVBA TR o ATRMRANRA(RT) MR EKE KB HBERE-REDEIL B E
IEAHR(R=0.9427, 0.9077,0.976 ™" ) , 57K 53 Al FRR 2 B3 sl 8% EAHR (R =0.9197, 0.887",
0.965™) , AL MBI L IE—B " o ABFFLAREY, BASM RN Hok L BIRGR (R 7) TS
Bk E IKEHMBEH R AR (R = -0.907", -0.798, -0.931" ), ¥5 53 A AR BA BT 90T J
IKGTRGE , Tk — 22 S NAB ) ZE RS FE K A & =W R R A R . 53 5b 8 TR B AR 4 MO AT AR B BUAS IR)
PRVREVAREE 2 45 , AT AR WA O RRIBI 2 2 22220 | AT B T 7 DAk 38 7= B Bk 3 PR R 257 o

RPN K SRR SZAE MRS JEMHIBE AR R AR S S ER TN o AP A, @ A
PIARIR] 97K P22 [ AL H RS RIS Y , REAE I R WK 0 R ISR, R ERIUE, 5 A5 53 A i
AR, 259 50 A B REA R B0 07 BB AORE KB, TR 5 T /R4 A9 7K 73R AR , 3 5 T s e e
TR —E o BEI RS T B R A R R, B EITKZ B,
9 IR B R KB SR SR — e AR KA o (BRI RS /K B A B B R IR R R
T B — BT, AR AT XA 2R | A R (1 AR L S 5 78 R LU BT R R, Bk o A 7 B
T FUH A W 2 i R | A A A 3R B R M4 o
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