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R [ bR AT BE D B ot Bk T B A 4 T S R M BN

P 5o 3B, A B, AR TR
(AR B A AP R TS, % 271018)

FEE - LI ] (2006—2007 45 ) LA, 047 T 3 b & T2 5T, i T AR B (LAD) D6& B B8 ST (PAR) G RER| S FIAE bR
FATRIEIFIE, KT B HE 45 (Glycine max cv. Ludou 4) 7E[F] — % (3. 09 x 10° #k/hm* ) T i% 5 FhikiTRERCE 7 2, B
F7EE x ¥REE43 514 18 em x 18 em (A) 27 ecm x 12 em (B) .36 ecm x9 em (C) 45 cm x7.2 em (D) 54 em x6 em (E) , 45323
B, K B AEAE B 18 T4 A b R BRAT BE AR Rl P2 A2 25 53,2006 F1 2007 A K 2 5 & A0 3 T 9 R 20 BIAESE b UG 55 70 KA1 90 K
KB B, FEFG 28 80 KN 100 Kt , A AbFRLE E KRB S35 21. 6% F134. 0% s ARER T Y IR RE O REfTEEMASE £
v, AR LAT BEATEEY K WRBEBDE T RS, b, A F B AbBE LAT RIVELFRE , LAT A XL EL 14K . JBREFI A
REEFTREMRAREAES A F BABEREES T ELAE(P<0.05), EREEARKTERE T, AL BRE S RHERX
FREUSrHIH 0.9417 F10.926 " (2006 4F) ,0.995° F10.892 " (2007 4% ) , FEATEEAE /)N PAR 37 5 R FEAR B R AL RER R B F
=i, A F1 B b3 = B & T E LI (P <0.05) , HHIEKGEMFRIFMT AEMRAEX 55070 T BB B AL 1
FNHESRSCHIR , HE T 52 = RHAOC REFI IR A1 4

KR ER S BAALS I LR e RE R =R

Effect of different plant-row spacing on population structure and PAR

interception in summer soybean

ZHOU Xunbo, YANG Guomin, SUN Shujuan, CHEN Yuhai
Agronomy College of Shandong Agricultural University/State Key Laboratory of Crop Biology, Taian 271018, China

Abstract: Changes in aboveground dry matter (DM) , leaf area index (LAI), photosynthetically active radiation ( PAR) ,
solar energy utilization efficiency, and configuration of plant were investigated in field experiment during the growing seasons
of summer soybean ( Glycine max cv. Ludou 4) in 2006 and 2007. The summer soybean experiment consists of 5 planting
patterns under the same plant population density (3.09 x 10° plant/hm’). Row spacing (cm) x plant spacing (cm) was
18cmx18 cm (A),27 cmXx12 ecm (B),36 cm x9 cm (C), 45 cm x7.2 cm (D), and 54 cm 6 cm (E) , respectively.
The differences in dry matter weight under different plant-row spacing were observed. The DM of all treatments reached
maximum at 70 days after sowing ( DAS) and 100 DAS, however, the DM of A treatment was 21.6% and 34.0% higher
than that of E treatment at 80 DAS and 100 DAS, respectively. Accumulative priority of DM at different portions of the
whole plant increased with widening of row spacing. The LAI of all treatments decreased with row spacing widened, and that
of A and B treatment had higher value and longer time than the others. The solar energy utilization efficiency of different
treatments generally increased with row spacing increased. For different plant-row spacing of the summer soybean
population, number of grain per plant and 100 grain weight were positively correlated with yield, and correlation coefficients
were 0.941" and 0.926 " (in 2006), 0.995" and 0. 892" (in 2007 ), respectively. PAR transmittance rate decreased,
interception rate and solar energy utilization efficiency increased with a narrowing in row spacing, and thus yield increased.
The yields of A and B treatments were significantly higher than that of E treatment (P <0.05). The summer soybean

population of relatively uniform distribution improves population structure, and increases the PAR interception, solar energy

EEME : EEKEAERBTIR T RIBE BT E (2005CB121106 ) 5 111445 18 452 KL 75 7 4R S0 = P 1 ) 2 BE B
U5 H H8:2008-11-03; 51T H #1:2008-12-24
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utilization efficiency and yield under rainfed agriculture.

Key Words: Glycine max; population structure; PAR interception; solar energy utilization efficiency

BERGRINAE FEEFEYZ —  BEREA RS E AR BN, B AL SR e 5%, AR
REREHEERSHEEYAR . AXRER T H0EHRET, B5EEA—3" R RbkAT B 8 s
TR R E B, ST R NMETE S R A e 1R AP B— B R, — A B — R R o =1
BAE BRALN . AT HRES) , B2 T A5 AR 5 A 5 T AR SR (A P ) 32 B, 2> [ 4 2
KRG G Rz S, HERY R 2R LA SO B AL AR G, [FI, BRI OE 65RO A7) IR BE AN A
i = 1 Co e oW N [ 03 0 N N [ e o R Fi Ly NS D G R = T N D A= S w781 I - 5= i
FHEAFELRER R AER S, B TR MR SZ B R 8 A4 B s e kM MR A KRR B S5
S 4t T 2 P 25, N TR MR T e 20 ™= 21 o A S K IR A (0 PR IR T 2 2 L G AR ) 2 B
AU TR T AR B SR, 2R K R — R R . IR EREAKFEEE 69
Ay, EUR SR R 3 RIE ILARE B AR K R E R T4 KK TR A, 638 5% B AT X AT BT
5, NRBE A BT B R G RHAZE M OEEER DLREF R E ML, 7850 R AR 1, AL A5,
B2 B A 2 X B R O ARA T BE L B AR X, 5 K A PR B VR A P P R B e A, W SE A R T ™ =
RCRIE & EC S e T H R R 25 BT AR — @ ISR
1 HREH=E
1.1 A5 atol 5l it

IR T 2006—2007 FE7E I AR AOMb K2R S# S0 Bl 3647 o I b TR LT R SF (36°10'N, 117°09'E) ,
J& TR I 1 KR S5, 1971—2007 42 (8], F-34E H B8 2610 h, < 12. 8°C , 4EREFI & 698. 5 mm; + 3%
HHZE(0—20 em) HFH YL 16. 31g/kg 2R 1. 12 g/kg BRAE A 92. 98 mg/kg HRBE 34. 77 mg/kg . HH
95. 45 mg/kg; A5 PR LK 1,

RIS ATEEY AN E R E KRG M i BT 4 5, T 2006 46 A 12 HAI 2007 £ 6 A 13 H¥%
3.09 x 10°#k/hm” \FgLAT [ 347 N T 4% , 7E Rl — B BE T 3% 5 MORRIFTHE, BIFTHE x ARBE 4> 51K 18 cm x 18
em(A),27 em x12 em(B) ,36 cm x9 em(C) ,45 cm x7.2 em(D) ,54 em x6 em(E) , /DMXEFHH 4 m x2.5
m,3 REL, FEVLHES . £ F BEAHEK,2006 4 F1 2007 4F 6.7.8.9 H A HIFERN & 7514 130.5.142. 1,
152.0.15.3 mm #1203.4.,120.4.186.0.29.3 mm,

F1 R HRAWEER
Table 1 Soil physical properties of the experimental site

TIEWE AHE HEEY/ S ESF 5 HRUK R
Soil depth (cm) Bulk density /(g/cm’) Field capacity /% Wilting coefficient /% Available water /mm
0—20 1.48 36.4 7.2 34.80
20—40 1.49 38.3 7.5 36.44
40—60 1.53 41.2 8.2 37.22
15 Average 1.50 38.6 7.7 36. 15

1.2 JETH

(1) THBAR RS WS B (LAD) ,#&F0)5 20 d JFAREURE, A= B 30 a4 10 d B 1 W, F T BoRmi A7t
i LA 10 em O 1R K, LRI AL B R 3 #k,3 IRE R, 78 105C T ARF 8SC T ZEE, T
W) R S 25 AR (6] 75 B A T BB W T4 B 3 25 28 Ak i IR SR FRRR BRI AT

(2) B H RIS (PAR) , S5 3R PEITY Y IE K (8:00—17:00) , ] Sunscan (3£ [E WESCOR A #] , &tk
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HR) AFE R R EAT X A LIE X )2 EJ7 MRm 172 FIZERRE) PAR A SRS, B 1 h JlE 1
W, 2 d 9 PAR Bk R B 5T R ARG R HE.

(3) MR A5 B(% ) =S TR ek AW 7= (k) kg) | H R AEYIAPRL i (ke/

hm®) , 3.8 NE K G A B A S 2847 AR b A B 5 B (MI/hm?) | B TRk < 5 o (BE IR B 4t 500
m) $2 ik,

(4) M7= 52%F, 4531 F 2006 429 H 26 H 2007 49 A 25 Bk, B/NXE 2 m? BT, 42 H 10
MR =523 KEER

(5) KL ERL G, BoKERR TR LR AR vl 324t , 156 804 5k A SPSS11. 0 244t it
43#H7(Duncan’ s 3% )
2 BRE5SW

2.1 FRTETF FORBEHEEL e e
FEEHWE, KRG TR BAS" WA (E g | 20 S y

1), P, RGBT THRE,AB.CAMET 5[ LT A

MM BRI, R A BT RERAE bsm E5°°) Fakls

FHRE R, HAHEH0 K06 F) A0 K 200 H 0 f

(2007 4E) ,A K34 43 Lt E AL H S 21. 6% Fi §10— / op

34.0% , MIXHEMFEN FESTORBEREGHN - 0 o 5 % 5 o 5 o

2, r [HA 51K - 0. 8417 (2006 4F) 1 — 0. 9432 (2007
), BRERY, AFEMRATIEAE T X Zm T T RER
£ ,E L3 T 5t H AR AT BE BRI OB RE AR 2K
2007 &AL AR T ) i E B B = T 2006 4 4% b 38

5P 5 R EL Days after sowing/d

E1 20062007 FERKFFAELREHITET TURARNDS
Fig. 1 Dynamics of DM accumulation with different plant-row
spacing for summer soybean in 2006—2007

AR B, 222 B g 2007 4R A 2 Y T 4K 2006
g 99. 2 mm; R 40 R TWEPUENE K, H THEME S 70 X (2006 4F) 190 K (2007 4 ) K2 WEE )5
TR, RYITE R RERT AT E R AR B, EROLE TR R (8], J5 8 T 9 R T W BOR A
WAL BT o

AFREETYRRBEERRI (A 2) , F BRI A” BB, BT YR EEEHAE 20—60 cm 40, H
H1,2006 4 ZAEHTE 20—50 em 4b, T 2007 4E0 FZAE AP 1E 30—60 om 4b, FIF AL TR 1/3 B E
b, R TY R REOANEE, BEFRYBEZ K T H T 805 2 A0 B w0 (8 0 B = BEA —2, A &b
B H BULE 20—30 em B C.D ZhFRUE(E I i) EFEMH 10 om, E ALHHIEAE H BLTE 40—50 em, REATTHIIN K HREE
BAE , MMAETEGHEN, FBCE SRR R A, T R RE LRI N A BB
2.2 AFEBATEE T M HAREECE

2007 44 AR A T AR IR R (LA BB T 2006 47, FF7ERRFI /G 20—50 d PR b 752006 R4 KZFTT,
B AL BRI S 2R 50—60 K H Bl (E, Horp , A 71 B AL BER BB E , MU EHF2E20 20 d J5 IT 4R T I, T
C.D.E fB7EREFIE 60 d A ARRE M TR, /BB X E T 24 K, E AL EERF /G2 80 KELEE 70 X
THET 40.5% , GLETZAL B A T 8, R T A, A B F C ALBRSF-2y LAT 05 3.5, D.\E &b
BOFH{E N 3.052007 FAERZY, KA H LAT ¥ 2B N7 BRI AAR 1L, A2 TN LATIF 9 A >B > C >
D>E,A BRGS0 K B AL BAEREF G2 60 K HABAIRLEREFNGEE 70 KIRBIE(H, A AbH LAL B
/PSR 20 K70 KA 100 KAh, HoAtuif 8] 3 2 2 & F C.D.E 43 (P <0.05) ,B Ab3H LAT BRigFi /5 26 20
K40 KA, HAt T (] 39 825 T E 43 (P <0.05) (& 3) s T WL A F1 B AL FR7E 2006—2007 £EE30RHF T X
B LAL TERE TR S AL R IE] LAT 2259 K, B AEBRFEATREY R WRBEI D>, LAT A R R #
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Fig. 2 Change in DM accumulation with height differing in plant-row spacing for summer soybean in 2006—2007
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Fig. 3 Change in LAI with different plant-row spacing for summer soybean in 2006—2007

2.3 AREIBRATIE F 45328 PAR BT 5T R ME IR E H 28k

R K5 PAR &)= 5 F AR SRR EBIR PN EZE . HE 4 AT LUE 4, 76 2006 A K=+, B K
I PAR )R [T H 55 51 3 H AR HAH R, PAR i 1346 0. 9% —46.3% Z [8) 254k, /KPR E>C>D >
B> A, RPIFLE2.4% —5.7% Z 7B, BKFR C > A >D >B > E; &AL )7 5 56 5 8RR 24K B & T
*(r=-0.9971"") ;PAR B ZE B/KFEH A>B>C>D>E E55H 93.9% .92.4% .89.9% .89. 5% Hl
82.9% ,Hiip A WbFE R EE T D ME 403 ,B.C.D 4B LB EEF EMHEEEMTHELE(P<0.05);
PAR R H L2 “ V7 B4R, Z R KME B A HOL BT E M 11:00—14:00, A kb33 ARE B E
13:00, A #irJ5 #a, BT FEIREEARMK, (U0 4. 0% , B A B AR (E 3 H UAE 12:00, oA E A0 S 3T B, &
KFERIE 38.5% , 0] I, BEEATHE AN K , PAR IR R AR, R R & B S BORR PR
2.4 RREIBRATEEXTSEREF] 2R 520

2006—2007 FHFFREEREH , FEFMER FEAHRIAVIB LT , FRRG R A 3R BEAT BRI K T REAIG , Lk 7
TR R B R 1H 3770 0. 5806 F10. 7293 , 15 B 7E Rk R 45 2 B AH 26 M 32 157 2006 4F, A (B .C AL 3 Y EREF
ROk, = F¥MEL D 1 E 23555 17.2% F136.4% ,A B .C b B EE T E 43 (P <0.05) ;2007
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Fig. 4 Diurnal change in rates of PAR transmittance, reflectance and interception with different plant-row spacing during pod-setting

stage of summer soybean in 2006

LA FI B b B EET C.D.E 43 (P <0.05) ,A Al © 2006  © 2007

B AbBEAIEEL C.D B LT HER 16.5% (B S); = y=-00064 + 13598

RO TRS G A T B ARSI § : |

e %5 ol °

2.5 RRIMRATHER BX R R R gé_ ¥ . . s
LRI (F 2) 2006 4, A—D AbEOHRRS  RE V[ - —ooser 0578

BEAT A0 K T A, E b3 B35 = T D Ab3E 2007 4R, g L R2=0.5806

A—E GbE OB RO RN A TR, ok E bR E £ | | | |

T A LB (P <0.05), GiBAtR R SRR RBE Tsca) 21B)  36C)  45D)  S4E)

255 2L A AR BRI FPRLTR BT BRI BB s o el

/NTIA TS M BOTE I B, EIRTEIRE ms 20062007 S EA T REMTE TN AETH
FESE R TR EZ R (P <0.05) ;&4 A ) Fig. 5 Change in solar energy utilization efficiency with
EE %ﬁ Zglg] ,2006 55'5 A —':;f E ﬂ‘}ﬂ 2007 55'5 A.B —':;f D.E different plant-row spacing for summer soybean in 2006—2007
ReERE R E B E R, e F T8 E ER (P <

0.05) s TEATE IR, BR 2006 SFpRmSh, HoAbiSbR 2 57 B 2 IEAR, K popic SR E ARS8
£ BFE AR, KRR EAEPRI S BT 8 5 B A EZ A ;2006—2007 45, A fil B LB BIGBER T E
AEEE (P <0.05) 5 5t B BEAR BRI AT BE AN BAARTE 48R AL L REA F R PR T S 20™ & T .

3 it

TEREEE BEAR R 1B BL T , 48/ IMEVIATRE , I KRR 0 IE 7 FE R, AT AR R 2 A 4 28, A 28 b e T AR T
BRI, K S REREE /N 18 T2 4 IR, Tl ARG Rk, B 3R IR A RO SR 9, 7T
RTYRRREL EBNEZRRE . AFHE A B ALKV LA B & T D.E 43, HH,2006 4 C,
D.E AbFRLERERRE 2 60 KT [, KW C.D.E ABAER TR (WERTES: | FBCAFEN) &M T LA Z3] T
Kignio HREHIHRRTERE T RAEBN Y, R LA R B B, % B PAR AR E 0L 7= B A
EERYI, AN PAR AR A BB & T D M E 43, E 403 PAR BARFREAR, B, 17K
PREEE/IMEREIR LAT TR OEAMAGH, AT RIS ', NN T KGR G, SHX
-8,

AU R, BEATHAS/IMRBESE I LAT A0 PAR Q3R L7, T LAL R EPOCREMEZ A 7, Bk
AR R SRS = B o B R ) 5 2O AR F R BT AR R 75 A 2 1 R, 1k o T B A
R BREEZE/N, 2R R (AR ) (Rl B R, RIIR R E R E SZ BMH, KRR TE 85% A ifekF
77161 0—12.7 em™, BN BEMREE 45 /MR R I FE S b I ZY , 3 53t b 304 B 7 41 B MR B
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HAEYESE S BUEA, THERAAR TR, bRAARS T EERBZEEMX (r =
0.9994 ") , IRAFEUE R — B T -~ BEEATH AN K WREEZE /T TR, b E AbBFPR ™ B L A (B AbBRAIE
26.9% \26.2% (2006 4F) F1 16.0% \17.7% (2007 4F) o FEKGEEAX FE/ IR T, Bomi VE D MATE 4 ik
FIMEA B PR, R AT EE 1B 5o 38 b 1) B, O A RGBT AR
J& SRR T B AIRICRE ST , T 00 R A AR (A A P W ) T SE B = 07 IN R E K B K R
B4 450—480 mm, BA/NEAERZH 2 5L L, R, 755E B B T il AR T B CE R 4 4, A A T
BRI R A RE T, MR R A B A EEAEA

F2 TEKTERENESERRE BN ERHY M
Table 2 Effect of different plant-row spacing of soybean on configuration and yield components

HRIR

s s 2 oawm RO ww wem e ik
Treatment Height Thickness  Branch number number per Seed number 100 seed weight ~ Biomass Yield
/cm of stem/cm per plant plant per plant /g /(g/plant) /(kg/hm?)
2006 A 49.2ab 0.72 3.5 28.6 51.2a 18.2 24.4a 1600a
B 47.1ab 0.68 3.1 28.2 49.2a 18.5 23.1ab 1583a
C 44.4ab 0.62 1.8 24.5 44.5ab 17.9 20.7ab 1551ab
D 42.9b 0.62 3.1 25.9 43.8ab 17.7 19.3ab 1362ab
E 50.9a 0.62 2.4 21.3 34.1b 17.2 17.8b 1169b
r -0.266 0.661 0.261 0.846 0.941* 0.926* 0.904 * -
2007 A 71.4a 0.75 4.2 37.5 69. 5ab 18.4 25.1a 2615a
B 71.1ab 0.76 3.8 38.2 70.5a 18.3 25.1a 2668a
C 69. 8ab 0.73 4.3 35.1 64.3bc 18.2 23.2ab 2340ab
D 69. 6ab 0.72 3.7 33.8 62.1c 17.8 23.0b 2265b
E 69.1b 0.68 4.0 33.5 60.0c 17.7 22.4b 2196b
r 0.979* 0.910* 0.055 0.995* 0.995* 0.892* 0.994* -
r RFTESHR G BARSKC REL, RFEIRE A RNEFRRR 5% M B#H %57
4 it

BB HRAT PR A 45 K AR R AL, BEARBE DB/ S S AL, B R R A, TR E .0 B8, LA T
K, MZAEFTIE (A B 4038 ) AR W LA U HAE T LATE R ERRE , R T W BT R 1. B
FTREANK PAR 3% 5 Ze 38 hin BRIRZ R, A A & B R BOIR S B, LRE R R TR, BETHEANR R
B/, B AL B 2R BB B SR MR R E AR Y B SRR SRR AR B AL, PR R AR, o, 3R
O MRRLEL A ORLE AR Y BRI B G R . 7E 2006 12007 AEBRNFEK R ATIE <27 om B E
MR ZA AT 5400 (ATHE x BREE = 18 cm x 18 em) ZEA =i R S84, TRt , 38 B iR A 7 R 24T
BE X BREE =27 em x 12 cm,
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