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Regulating effect of row spacing on the population of late-sowing winter wheat. XUE Ying-
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Abstract ; In order to investigate the effect of row spacing on the population of late-sowing winter
wheat, a widely planted cultivar, Jimai 22, was sown with row spacing at 12, 20, and 30 cm
(denoted as J12, J20 and J30, respectively) during 2011-2013. Canopy structure and environ-
mental factors under the canopy, individual plant traits and their variations, yield and yield com-
ponents were analyzed. The results showed that the population’ s leaf area index in treatment J12
increased significantly during the late growth stage, the light intercept increased significantly and
the loss of light leakage decreased apparently. Compared with J20 and J30 treatments, within J12
population the maximum temperature decreased by 0.9 and 2.5 °C, and the relative humidity in-
creased by 0.3% and 0.9% , respectively. The variation of individual plant traits in J12 treatment
decreased, spike length and spikelet number increased significantly, and the variation of grain
yield per spike decreased, which increased the stability of the population yield, and increased
the grain yield by 7.8%—-24.5% , compared with J20 and J30. It was concluded that narrow row
spacing (12 cm) benefited the grain yield of late-sowing winter wheat in the areas with water
shortage in the North China Plain.

Key words: row spacing; late sowing; winter wheat; environmental factors; individual plant
trait.
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R E AT, th TR — S0
B 2 S R SEBR AR 77 vl i i O R A 22
SRR ISR I Y BLAC IR BT R ™
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Fig.1 Rainfall distribution during winter wheat growing seasons in 2011-2013
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R1 2011—2012 F1 2012—2013 EEHE LT EF /KRR

Table 1 Nutrient content of top soil in 2011-2012 and 2012-2013

AR 25 Tl R A LB pH
(g-kg™) (mg - kg™") (mg - kg™") (mg - kg™") (g-kg™")

2011—2012 0.92+0.06 57.820.6 44.6+0.2 91.00.6 10.7+0.2 7.80.1

2012—2013 0.85+0.08 55.4+0.4 45.5+0.3 88.3+0.4 9.5+0.3 7.7+0.1

L2 JREDH FTT ik

1.2.1 JEZEH EE/NX P RS A, A H]
CI-110 56253 B A e 6 2 i AR 2 5 ) b UBOeE 22 &
BB RTUAR N 5 36 B RAEBOE N 12°,5 KT
FAE S35 13° 25° 37° 49°F1 61° I % i ] £ 4
T B A5V i f0 IR 5 Sk e AT b R 22
1 em &b, BASALEINE 5 45, #3RAE BEME A CL-
110 FRAF AT MRS IO 23 A, AT AR B LU 2248
SEFIHFf ( mean leaf inclination angle , MLA) U}
A5 o BB ( transmission coefficient for diffuse
penetration, TD) A [R] KT A P9 B 35 58 5 i 1 R 4L
(transmission coefficient for radiation penetration, TR )
A A SR RTFC R B(K) s Horp i AR £
(leaf area index, LAI) M4 b mh 819 3158 (9K ZE K,
1992) ,

1.2.2 BHATEAERNZRNSEEN 7825
P AOARTC DI, 00 301 A P S ) TR 2R, Tl
PR Ry 25 A BRAT 18] (456 2 T 7 (B B 10 em) |
il FHWTV LR AR 20 ) TNHY -4 BUPREE Mok
HR VR FHURH X 00 B A% B, 7 R (3 /AL
PR ERF (AFE]EIBE A 10 min) SEFT7ESE W {45
H i sRA [R5 I 8] J2 T BB A (°C) (AR
TBE (RH, %) AOEEESGRS (pumol - m* - s7') , [A]
AN S22 B R 3 AN EER, RE R TS
JE TR BB BE (4 LU ABVE ARG (. B TP
R XTI AR B N A TR A Y LB e — B, A
R 20122013 4 52 1% 3R 5% PR 3R Bl S 1 1A
3T,

1.2.3  BARRMIRFN - A B R E /N s
B TEA AL P ST N IR ARG 1 m BOREBL, Dy Tk
B I BRAS I RE I, J12 4P (| Y 4 17,120 i1 J30
PEREHEI Y 3 17, REALFE 3 IR E & R, 78 R Ab
PR BERLIE O L, BRI RO BEHLAR R 20 4~ )RE
BB, TR SRR R 2R R /MRS R A
KL AR (FR2R) T HE AR kg A, Be
A AR BIE 5 (kg - hm™) = WOREEEL
(10* - hm™) x BB Ex TR E (g) x 1070 (Fk FE B,

1992) . BEASAE /N X PP EERE 2 m® IR I =, L
13% &5 7K R 52 pr e
1.3 BdEorth

fdi 1] Excel % FREEFNVEEL, ] DPS 7.05 %%
b PR ST M7, 32 F Duncan #2257
PEAT T 225y B F 2 5 b

2 ERESH

2.1 AN MR A /N A SR 2 A5 R 1 52

WA AR 251 A B SR A 5 )23 A B 48 1 (3R
2) M, 12 em ATHEALH (J12) (AT AR £ (LAT)
2 R T A A A B J12 A S (MIA)
LT J20 F1J30,J20 5 J30 AhBRIE TG B 25
B TR RIATEEBER A i LAL 1 MLA fA7ERC KR5S
VESREOR T 04T ) 1) 18 R 0 3 2 RE(TD) 1
b PR ] 2% 57 0 2, J30 B e T H A AN AL (J12
F1J20) X T EHIER A& REC(TR) )12 #EAK S
A BTGRP TR BB KT HALPI AN b 2 (120 1
J30) ; B 13° 1 49° AN A BB RIS A 25 541, J20 3
fils 3 4> K T A 75 B A TR (48 W E KT J30, X
FEARI LN AT R E(K) , 7E13° 25°

x2 AREITEHEBGEERANBEERESHT
Table 2 Canopy analysis of different row spacing popula-
tions at filling stage

5 H J12 120 130
LAI 2.61£0.34a  1.722026 b  1.2420.08 ¢
MLA 64.98+7.75b 79.38+7.6a  83.75¢4.33 a
TD 0.16£0.03 ¢ 0.34x0.04 b 0.43%0.01 a
TR 13° 0.45£0.08 b 0.68+0.15a  0.76+0.08 a
25° 0.29+0.03 ¢ 0.59+0.10b  0.73+0.06 a
37° 0.18£0.04 ¢ 0.46+0.03b  0.55%0.01 a
49° 0.12+0.03 b 0.30+0.08a  0.38+0.01 a
61° 0.08£0.03 ¢ 0.18+0.04 b  0.24x0.03 a
K 13° 0.37£0.03a  0.24+0.09b  0.21+0.05 b
25° 0.43£0.03a  0.35:0.05b  0.33:0.33 b
37° 0.58+£0.06 a  0.50+0.03 ab  0.49+0.02 b
49° 0.75£0.02a  0.72+¢0.01a  0.71%0.02 a
61° 1.06£0.04 b 1.1220.03 ab  1.13+0.02 a

TP EE N 3 ANTEE T, 25 W48 45 7 B )5 1 7 B3R R 1T HE
Ab 3R 22 57 & KT (P<0.05) . T,
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Fig.2 Changes of relative quantum value at the canopy bottom of different populations (2012-2013)
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Fig.3 Changes of temperature at the canopy bottom of different populations (2012-2013)
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Fig.4 Changes of relative humidity at the canopy bottom of different populations
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Table 3 Comparison of single plant characteristics of different row spacing populations

LER7SERIN J12 120 130
ity FHME A A2 5 R FHME G 5 5 RAL FHIE AL R RE
CV (%) CV (%) CV (%)
P 74.80 a 72.3~71.9 5.7 74.50 a 71.3~71.6 5.9 69.30 b 66.9~70.9 7.6
el 2.84 a 2.53~3.14 17.3 2.78 a 2.48~3.24 18.7 2.69 a 2.51~2.94 19.3
K 7.80 a 7.3~8.2 5.9 7.50 b 7.2~7.8 6.9 7.40 b 7.0~7.8 7.1
INEERL 16.50 a 16~17 10.2 16.10 b 15~16 10.6 15.80 b 15~16 12.4
TERLEL 34.20 a 32~38 19.3 32.20 ab 30~36 20.3 31.00 b 29~36 23.1
pLay AN 1.10 a 0.97~1.24 27.2 1.09 a 0.85~1.28 28.4 1.08 a 0.91~1.31 30.9
HRRT 2.64 a 2.45~2.94 21.8 2.64 a 2.32~2.86 21.9 2.57 a 2.32~2.78 25.1

KR BE (9:00—14:00) P, J30 F4FH G i 3%
fIXF J12 1 J20,5 20 cm F130 em F7HEAHH, 12 em
A AR AR P 308 R Ko %) o A (R 43 ) 484 0.3 %
0.9% ., 6E)Z T 8 T FEE A0 AH X 90 2 24 15 A /N 0 30 3
YU PR PR 7 T B IR S R P, R /N A Y
SeEERRY AR,
2.3 AT AR R R R MR B AR B R
A

LA B R AR AR BARR MR & B (35 3) , & T 4R b
RSB Bt 5 1 7 B A 388 T n R A1 s For, 112 IR
FARRPER R R N B IS AR B T 120 A
J30, BEAN, AR P SRR IR (4 7 S AR B A2 A TR S AR
RZM A, 78 7 TR MRS AR v o o AR
FRIZAE SRR P di /0N, BARR REDRE B A0 A8 SR B A A, L
i, J30 A BAARREUR FE AR S R A (CV) 1581 30.9% , 1M
A TG bR 148 5 502 IRE 1 7 3 T 14 fin
B X F AL IR 2 R O 4%/ N2 B PN PR
PEARTFEAR AR SRR | AR AORE o 19 28 S5 R B T i
S P EOFEUR N BLRR 25 7= 7 10 25 57, 18T 5% 1 e 9 4
INZ BRI = 1

B AE R A R R AN 4 R OR B
AL B AT d 2 2 5 R BRI TR S P A T
BRGNS, TR A 3 A AL PR A 3 2
S R EUR AN B ) e 2 S R E AR 12 R
FOE 2 T 130, IPHAR I SC bR ik A, 112 #
FoF J20 PR 808l 7.8% F11 9.2% , )12 W& T
J30, PR IR N 24.5% F1 14.3% , 1 J20 5 J30 &b 3
B A 7 i T 3 25 57, R G T O 3 M 4 /N RE (12
em) AT DASE S MR 4/ INAZ BRAAR ) 77 o
F4 FRITEMEN>EBUEESM~E

Table 4 Yield and yield components of different row spac-
ing treatments

Ay phE OBCRRER RR THE  ERTR SRR
(x10% - () (kg - (kg -
hm™2) hm™?) hm?)
2011—2012 J12 7781a  282a  40.5a 8886.7a 8045.4a
120 751.2a  261b  399a  7822.9b 74633 ab
30 7352a  253b  397a 73844b 64624 b
2012—2013 J12 7683a  342a  37.8a  99323a 90233 a
120 7563a  322ab 3744 9107.9b 82604 b
130 7544a  3L1b  369a 8657.4b 78912
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FiL R LR G RE IR . ZEXTIE AR N
IR R W5, A AT XA IR B
{14 ] T 2 43 A o A AH S 8 (4 3048, 2008 )
AHIGE R F 2 30 245 i W O v, B2 B A B A T
ATA], BERI 22 05, 7 210 SRR AR XA [ AL BRI
FEAABT R B HEA TR ) R, BeAh, i T2 A5
FRAFATAER TR, AHIE ST FF R HEAT 5 A B AR I T
N A B A SRR DI BE T i R IR LA Te bR i
MR, A1 TS G X EiR 8 M R 2 14k
FEHLHI A TIR ARG

A R A 2 R M B 9 4%/ N2 B2 TR Y
N | H A5 AR E A2 S DI OG A
FFE Hh 45 A7 I A B 568 )2 T S L B s 21K T 5 2 T
T, 2 R 5 W A T 45 (2000) AR TE A [ 3 AT BE
JE DR R 2 5 | AR AT N R T S,
AT 2T T B AT B R v G R, 2 AT R A B
(J12) AT LA 15 2% /N 22 BEAR N AB BRAZEA T [H) RA T I
() A3 A AR 350 AT PN EAAR T o 2 [B) T AR 0 el 2
FERR I T AR TR 2 T 0 TR X 1 AR
PR FEVS /I, R R R 1) T T8 88 B 58 o R A A
FEiEE G LiOEY/ I piv AN o Sl 1o s A R a1 P b R =
WP IEFE , 0O 78 F 764 5 IR IE o e i AR R AT
PESHUTEIAR GG B 22 W I 22 47 20 285 s )
30T .

BRRPEIR He A, Bk AR SRR ok (i,
J30 BRI AR S AR CV=30.9%) , R EAR T R
BB AT I o T 39 K X 0] BB R YA T I P A AR
ANA R TF AR 5 A 2 R RS R RS AR ] 9 A
S A IR 326 T 38 64T R DY AR AR A R PR 1

SRR AW AR MR B HGE
SRR AEORL R 1Y R R TR 22.1% ~36% (R
85,2012) s ARWFFE P, AN [R) AT E R 48R ROk 9 AR
SR 27.2% ~30.9% . ENA P 2 A
BT VE VIR A I SRR A IR PR AR A S B AR 55
S SR B /D, AN % K RS A A N B R A
PR R IE , 7T N RO 28 B, R A R b RN e A v
BT AACRE B R 5 14 5% i) 5 /0N (ke 482 1D 55, 1999 5
2000) . TEABFFEH,30 em 47 FH AL R B bk AOR £k
SRR (CV=23.1%) , R 55 1 78 S 72 3 /)N
TR, X5 AT AT &K R AR A A R AR
PR 45 R — 3, 7350, FE BRI BHI 5 2ttt
FRIEFE A7 243 $2 H REORE 00T DA g 2 A A A
BARR P I — R PR, D) [T 156 BH SRR AR
By S AR R SRR = A R AR K (Pedr6 et al.
2012) .

PR BRI R LA B AT R A o R
OB B TR 112 F 130 P/ 33 A ok
B W AT A B R) TR R Y 25 53 E AR R IA]
FHURTE  BORFEEIE TR 52 57 B35 30 em 17
PEAL B B AL T 12 em A70EA9 EB A
A1,30 em 17 A BEAE 1A P SRR TR 8RN R R B AR
SERB(F 3) HRTFHAM AR (J12 F1 J20) ,3X
A e MR SEA T RE AR P DX 5 22 7 K HANRUE
OIS

L5 LTI X MR A /NG 3 S /MTIE (12
em) A F T REOR A B 05 300 2k 15 45 i 0 i 1 AR AL
(LAD) SEIMBEAE 2 op B oe ok & | b It
P ARFEAE RIS A0 B IS 4 /N AR PN )
PRMEAR 22 5 E T4 oo MR A /N BRI 7

S 3k

W, EokAE, BRIRIVE, 4. 2009. BRATFE N /INAZ I e
R B= g, AR, 12(11) « 2515-2520.

IAER, m/NE, & Bk, £ 2005, TRESMT/INEERR
JiE R MR B SE TR 5. LR A2k, 24(5): 508-
512.

FPET, Bk B BE4RRG 4% 2009. 4&/NEE-H E KR
FRAEARE 2 B 7= I8 R B B IR ORI 5T R 2R 4R,
35(9): 1708-1714.

RS, FEL, S0, . 2012, /N2 - T K UG i A X6
JEAE PR AR A FH RS2 . 22 BRI, 32(6)
1102-1106.

FRRIF, XN, 1 A5, %, 2008. AS[EFAEATHE B9 R
INGE AR 2R H LR R e A B
FebRARfL. MY AR B E T, 44(1) . 33-36.



3078

ARG H34E B

AT RPHT, JLINER, SE. 2013, K G A X SRR
AN 2 7 Fdh JRRR PR R . Rk TR 2 R
29(14) . 109-114.

WIARET | 23R I TT, 4. 2000. ASRIFEE Y G448 /N7
SRR E S R B A R BT IE. 1R, 26(6)
905-912.

WRE. 1999, YEWRHRZ 0S5 S A= s, A&
Hegeik  18(1): 59-65.

whooE | REL CEIRF, 2012, ANFFFAEET NETEA
38 AT 2 Bk 25 Motk 0 3 80 A28 S5 e LA 56 #r
HpE AR SO 2AR, 20(5) : 520-528.

XUME-, SAMMe, 255525, 25, 2008, 47 B I3 BE XA/
F AR 822 FEMR TR B R R . AR A
23(2). 125-131.

D, ERET, 25 Bk, 25 2003, WM E AR
IR Bl BRae i oA, RS2k, 22(1)  18-22.

MR, BRBAAT, XUREE, 5. 2011, F7HH AL E A&/ NE/H
IR B VR R G/ N BRSNS A AR S Y s ).
T EAESLL2E R, 19(3) : 554-560.

FAEEF SRIEa, Sesrds, 25 1988, B /NE S HBHA A
RshFS A8, o E Bk 2 B PG Jb K PR R 0 58 B 48 1l
(55 84E) . 94-104.

FREH, T OB, R S 2006 &N TR LR
AR IEFE SHR. hEA B 2R, 8(5) . 38-44.

WSCOF, BRI, XIS, 25, 2008, f7HEECE N ¢ 22 AR R
I\ /NG T BRI T )2 4540 S LR B i R . A R
AR, 32(2) . 485-490.

AMNEL, THARSC, HERHME, %5, 2010. /NE T 789.9 kg i
FeEHAR B, IWRARZE, 4(1) . 11-12.

WRE, 2= M), =0, 2. 1999, AS[RIRERE R A 55
FEMIECE AT, I, FH AR 3 o) i Pl MR B 2 5% B 1)
M. FHMAO R, 24(1)  18-22.

WRE, 25 ), =TT, 45 2000. A [EDEERE SR AR 55

BERILEB AT IV AN AR RO il R iR e B 5
BRI, AL AR 25(3) : 3-6.

skEA, O, EREE SF. 2009, B MR AN
ARG B I R 2. AEZS A, 29(4) @ 2035~
2044.

SRIEEL. 1992. 1Y EBIBTTEME. JUat. HIEAl H k.

AT, BARE, TR, & 2011 ARSI AT S %
X /NZE PR RS 2SR A, 31(4) : 714
-719.

A5, BB, MR, . 2013, ATECSTRERS B HOR
SRR/ N AR S AR BURE B0, VR4, 39(5) -
885-895.

Johnson JW, Hargrove WL, Moss RB. 1988. Optimizing row
spacing and seeding rate for soft red winter wheat. Agrono-
my Journal, 80, 164-166.

Marshall GC, Ohm HW. 1987. Yield responses of 16 winter
wheat cultivars to row spacing and seeding rate. Agronomy
Journal, 79. 1027-1030.

Pedr6 A, Savin R, Slafer GA. 2012. Crop productivity as rela-
ted to single-plant traits at key phenological stages in du-
rum wheat. Field Crops Research, 138 42-51.

Rasmussen [A. 2004. The effect of sowing date, stale seedbed,
row width and mechanical weed control on weeds and yields
of organic winter wheat. Weed Research, 44. 12-20.

Teich AH, Welacky T, Hamill A, e al. 1993. Row-spacing and
seed-rate effects on winter wheat in Ontario. Canadian

Journal of Plant Science, 73. 31-35.

EERNT BRI, 55,1977 A4 WA IR I, £
YA B S T/NE H A A TAE, E-mail: xueying-
wen1228@ 163.com
REHEE FRUT




