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Effects of narrow row spacing and uniform sowing on canopy environment,

individual plant traits, and biomass production in late-sowing winter wheat
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Abstract; In order to investigate the effect of row spacing and seed distribution patterns on canopy environment and biomass
production of late-sowing winter wheat in the North China Plain, the high-yield cultivar, Jimai 22, was sown in late October
2011—2012 and 2012—2013, with three row spacings (10, 15, and 20 cm) and two seed distribution patterns ( random
and uniform distribution) within the row. Canopy structure and environment, individual plant traits, biomass accumulation,
and yield components were measured. The results showed higher total leaf area and canopy relative humidity, lower canopy
temperature, and canopy light leakage in narrow row spacing and uniform seed distribution than in wide row spacing and
random seed distribution respectively, under the same sowing rates. With reducing row spacing or improving seed uniformity
within the rows, individual plant trait variability decreased, ear distribution uniformity, post-anthesis biomass
accumulation, grain weight per ear, and finally grain yield increased. Grain yield in 10-cm row spacing was higher than that
in 15-cm row spacing and significantly higher than that in 20-cm row spacing; the yield in uniform seed distribution was
significantly higher than that in random seed distribution in 15-cm or 20-cm row spacing. Based on the comprehensive

study, it is concluded that combining narrow row spacing and uniform sowing is an effective approach to increase grain yield
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of late-sowing winter wheat in North China Plain.

Key Words; wheat; row spacing; canopy structure; microenvironment; yield
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Table 1 The nutrient content of topsoil in 2011—2012 and 2012—2013
B A AL

H
AR ﬁfé\ Alkali-hydrolyzable Rapidly available Rapidly available ﬁmﬁ
Total nitrogen/ . X Organic matter/ pH
Year (/ke) Nitrogen/ Phosphorus/ Potassium/ (&/ke)
i (mg/kg) (mg/kg) (mg/kg) o
2011—2012 0.92 57.8 44.6 91.0 10.7 7.8
2012—2013 0.90 55.4 45.5 88.3 10.1 7.8
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Table 2 Two kinds of seed distribution in different row spacing and treatment code
1THE Row spacing/cm 10 15 20
TTNAIF 5370 JE 2 Seed distribution FiEHL ¥4 FiEAL ¥4 BEHL ¥
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Fig.2 The patterns of uniform seed distribution in different row spacing
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Table 3 Canopy analysis of different row spacing and seed distribution treatments(2012—2013)

T L YA OSSR ARAER B R E N R A ANTF] £ BE I G R AL

Kb 3R I Mean leaf Transmission coefficient Transmission coefficient for Light extinction
Leaf area o . o . L. . ..
Treatment index( LA inclination for diffuse penetration radiation penetration( TR) coefficient (K)
index
angle( MLA ) (TD) 13° 25°  37°  49° 61°  13°  25°  37°  49° 61°

10R 750 b 63.90 be 0.07 b 022¢ 0.19a 0.13¢ 0.05cd 0.02bc 0.4la 0.42ab 0.54b 0.75a 1.08a
10A 8.10 a 60.20 ¢ 0.07 b 0.15d 0.15a 0.1lc 0.04d 0.02¢ 043a 045a 0.63a 0.75a 1.09a
I5R 6.90 ¢ 69.70 ab 0.11b 0.26bc  0.21a 0.17abe 0.07¢ 0.03abc 0.34ab 0.40b  0.53b  0.74a 1.07ab
15A 750 b 65.30 be 0.10 b 0.24bc  0.19a 0.15bc 0.06cd 0.03abe 0.37a 0.40b  0.53b  0.74a 1.08a
20R 6.70 ¢ 76.20 a 0.17 a 032a 0.26a 0.22a 0.18a 0.05a 025b 0.35d 0.50c 0.73a 0.99h
20A 6.80 ¢ 70.70 ab 0.16 a 0.28ab 0.24a 0.20ab 0.12b 0.05ab 0.26b 0.36cd 0.50c  0.74a 1.06ab
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Fig.3 Variation trend of relative light intensity at the bottom of canopy for random seed distribution treatment in different row spacing

(2012—2013)

0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02 [ mmmmapn=

0

iEROp

Relative light intensity

e e s

6:00
7:00
8:00
9:00
0:00

0
6:00
7:00
8:00
9:00
0:00
1:00

1

1

1

1

1
6:00
7:00
8:00
9:00
0:00
1:00

1

1

1

1

1

—_ e e e —_ e e e —_ e e e e e

I} 6] Time

E 4 BITENRENSHESHE5HAERER TEHENENTL
Fig.4 Variation trend of relative light intensity at the bottom of canopy for random and uniform seed distribution treatments in different row

spacing (2012—2013)
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Fig.5 Variation trend of temperature at the bottom and top of canopy for random distribution treatment in different row spacing (2012—

2013)
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Fig.6 Variation trend of temperature at the bottom and top of canopy for random and uniform distribution treatments in different row

spacing (2012—2013)
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Fig.7 Variation trend of relative humidity at the bottom of canopy for random distribution treatment in different row spacing ( 2012—

2013)
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Fig.8 Variation trend of relative humidity at the bottom of canopy for random and uniform distribution treatments in different row

spacing (2012—2013)
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Table 4 The coefficient of variation (CV) of ear numbers ( spikes/m) among six rows in each of treatments

Lby 2011—2012 2012—2013

Treatment 1 2 3 4 5 6 CV/ % 1 2 3 4 5 6 CV/ %
10R 76 72 86 76 70 88 9.5 87 83 78 74 88 62 12.4
10A 82 78 74 81 79 74 4.4 79 80 78 76 70 85 6.3
I5R 104 130 116 105 132 115 10.2 117 112 106 100 143 124 13.0
15A 120 121 114 124 126 106 6.2 128 123 109 110 112 120 6.7
20R 144 183 160 130 164 155 11.6 120 151 130 176 158 164 14.1
20A 168 165 140 150 160 153 6.7 152 128 163 134 170 159 11.0
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Table 5 Plant traits of different row spacing and seed distribution treatments(2012—2013)

MR SN /N R R Bkt
Qb Plant Spike Spikelet number L Grain weight Single plant
. Grains per ear i
Treatment height/cm length/cm per ear per ear/g weight/g
X CV/% X CV/% X CV/% X CV/ % X CV/% X CV/%
10R 71.1 ab 6.7 7.8 a 8.9 15.2 ab 12.3 34.0 ab 23.6 1.12 b 31.1 2.4 ab 26.6
10A 72.6 a 5.8 7.9 a 8.8 16.0 a 11.8 35.1 ab 23.3 1.18 a 29.1 2.5a 26.3
15R 71.1 ab 7.7 7.8 a 9.6 15.1 ab 13.5 33.1b 26.1 1.08 ¢ 32.7 2.3 ab 30.1
15A 71.2 ab 7.1 7.9 a 9.5 15.2 ab 13.0 34.2 ab 24.5 1.13 b 31.6 2.3 ab 29.3
20R 69.6 b 7.9 7.6 a 9.8 15.0 ab 14.9 33.0b 27.7 1.04 ¢ 34.7 22b 31.6
20A 70.0 b 6.0 7.8 a 9.7 15.0 ab 13.7 34.0 ab 25.6 I.11b 34.2 2.3 b 29.6

F6 WHESHHKERERRBEMBEXEALREBER)

Table 6 Correlations between the coefficient of variation ( CV) of different plant traits and grain weight per ear

PEARFE A5 Trait index Vs Vi CV sy CVigkrsy CVapm Vi
Vs 1

Vi 0.2 1

CV s 0.12 042+ .

CVignon 0.25 035" 0.38** X

CVigkim 0.18 0.35 " 0,39 044" |

o 0.377 0.29" 0.47" 0.53* 0.54% 1
FEATE Grain weight per ear -0.32" -0.47° ~0.49°* -0.51°° -0.55° ~0.55°
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R A7 i 25 ek W KO TR A A O T R RIATEE A S R I 10A > 15A > 20A,2011—2012 4FJF
10A 5 15A B~ 25 FON B3 2012—2013 45, 10A B 5 B35 5 T 15A 1 20A b3, 7E&4TFE R
P Aoy =X I) H A, o e e I R 142093 v T REMLAE YD 20 20 A O7 2K FE R AE 15 em 120 em 17HE T, A
A B P ARG R =X ) 7 o 2 S AR W KO, BRAS R U 18 4 /M T EE RN S AT N AN o A ) S v AR
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TR AR B FERORATIE N HAEBMTEE 48 R AT A RE RN S PR ORI A R K
B, AN TR Ak BRA] 7 i 0 22 5 2 2l TP B R EE A 22 5 R BRI E A 22 57
®7 FELEBRENERRSEE

Table 7 Accumulation and translocation of dry matter in different treatments (2012—2013)

TEHT Yy 5t AL
oy Dry matter before anthesis Dry matter after anthesis -
Pos 51 FFAL
b SEE==E =g 1z OB 3SR Jaf==E=
L Total biomass/ BUREE e ht KRERL DR R A SHERi Bk Grain dry matter/
Treatment 5 Accumulation Translocation Contribution Accumulation L 2
(kg/hm*) . Contribution rate (kg/hm*)
Amount/ amount/ rate to grain amount/ R .
) ) . ) to grain weight/%
(kg/hm*) (kg/hm?) weight/ % (kg/hm*)
10R 18423 a 12576 a 2147 b 27 5846 b 73 7993 a
10A 19110 a 12648 a 2065 b 25 6262 a 75 8327 a
15R 16646 b 12006 b 2552 a 35 4640 d 65 7192 ¢
15A 17162 a 12181 a 2475 a 32 5182 ¢ 68 7656 b
20R 16350 b 11801 b 2565 a 36 4469 e 64 7034 d
20A 16636 b 11955 b 2622 a 35 4682 d 65 7403 be
*8 WMNEEAELEHNERMBEE
Table 8 Yield components of different treatments in 2011—2012 and 2012—2013
LR34 . ThLE PLi Vi s SRy
355 b kg
i § i Ear number/ % L 10° grain Theoretical Yield/ Actual yield/
Year Treatment 4 ) Grains per ear . ) R
(10*F#/hm?) weight/g (kg/hm*) (kg/hm*)
2011—2012 10 R 775 a 29.0 a 41.1 ab 9237 8045 b
10 A 778 a 31.0 a 423 a 10201 8602 a
I5R 771 a 27.0 b 40.5 be 8431 7663 b
15 A 781 a 29.0 a 41.0 ab 9286 8379 a
20 R 766 a 26.0 b 39.6 ¢ 7887 6462 ¢
20 A 772 a 27.0 ab 40.2 be 8379 7979 b
2012—2013 10 R 786 a 34.0 ab 38.0 ab 10155 9311 a
10 A 782 a 350 a 389 a 10620 9519 a
ISR 774 a 33.0b 37.7b 9757 8114 cd
15 A 780 a 34.0 ab 38.6 ab 10130 8650 b
20 R 747 a 33.0b 36.5 ¢ 8998 7754 d
20 A 755 a 34.0 ab 37.5b 9626 8391 be

3 WigSHE®

3.1 iWie

FERh: AT REAR AR 7 SUR ST /N AL B SE AT , AR 2 52 M R R R 8 ARV TR A 7 A0 3 ) il A
R, ME—ERRHARRE T AMRE B e T HEAR™ i, MRS S MARTERR N e A TR &
P, 76— BRI T, & B AT B 50 8 45 0 A R HE A 7 X b ot v 7 i AR AR T EE i BT
XA THE S P B OC R R HETE , TR T AT A3 A8 2O 7= s m e e A7 Sl Ao iR AT RE 2
AR T SRR A A 38 WG D TERE  (HBR A TRE L 228 R IRDERUR Rl e 7/ N AR B e ) ek i 5 7 B
BUIRIOC ) I SEATRE R B A AN S, EMERE /N AR 7 b TR RN R B, A AR R A B IR 1 BR
R BE A, XA T B AR i 7 Q0 SR O F A%, AT R W], FE AR AL D4 52 DX/ W 1 R 45 1
T, 5 H A 20 em FTHEAH HOES, ATEEAE /DR 15 em FE0EAE/NE] 10 em , BEARSTH K T B AL, R
e T RS EOR N, 5 )2 A 9/, TR D0 S i /b | XSG RE ARG I, FEPR PR 1 g 250 2 R P, B
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FATHELR /N )2 A T B T AR, ) 2 v 27 i YR B R I ., T — H RPN, X — R
S H b A S A AR TE AR S0 U W38 2o i /N T RE B INA TR, Wb T AT R, AR A B A B
EIRD RS BEF T I AN B X ikt N = e [ R | e R R Al 1 =9 O U e 9 G
INZENIKARRIE A F X, A S IR R W] AT AR R B HEA 5 O R S5 48 AR S A AR K5 e, 78
ANFATEE T 47 PR 5 B 41504k 43 A b RS BEHL AL 20 A A BEAH EE RO 254 R BOA B 1R hr . 2475
B 8k, BATIEROC , HAC R I B, A RATIE T AT R P R, BEMLIE P MR D A AR 5], 2
Ty 1 BRI RIAL I TR % B IR MR A ANl R BT AN, IR R R, B M T BRI &) 43 A1 Ab AN )
15 B BRSO ) — 250, BUZ B AIPE A s T KA TRE FNBENL A AbBE . AT BER A A A R MR G 2 S
FUH G/ IMTRE AN S 4G P A A M R R | SRR R R SORT Ao T S bR A R [ A S R R AT, 1 PRk
7 S ZRRR A AR 5 TR AT X Ry B (14 488 o 2 DR S ), o RV g B P A A (4 289 S 1 T AR e RS 34 7
L, XSRS TRATE Z R R, 76 24 A0 HARE AR A S 0F T, G0 o] 3 o 12 i R J R 2 1 e e PR
il 7 AR F 3 AR PR S A0 1 25 50 P 2 i AT I Rk B () R LR AR

PRAT 25 (A1 2550 T B PR 25 F RN R | W0 SR 5 M AR I A6 7 PR B RN e 2™ R T 1. MBI A o A= 7 Pk
REE , AT AR AN S G R /N AR BT R 5 P I A B A, e A 5 P I A R B S B4, /N2 iy
W R— 7R [ AE SR 5 — R T AERTI R SR FRs 5 P e R, A8 S B T
RSB, Pl 22 IR/ RV B T AR R | R AE— Rl S, AL FT A IR R R R
BRI ENAIREE , 7= B W) B 2ok A T 605 9 5 BB AN [F] A B AL S5 9 J5 X 7= 82 B9 BTk R
64%—T75% , FEEATHEAE /IS, FEJ5 1 AR 88 B Hx 7= i ) B ik 36, 76 W] — A7 5T 38750 0 A7 kb BRAE S5 90 o
TUR TR A EE 5 Y R B 25 5 S8 T A RN Y 22 5% A FEUE B 25 . RRELFE
A RN 10A>10R>15A> 15R>20A>20R , FHXT T3 KA T HE FBEHLFD T3 A Ab B, B/ IMTRE R4 5 20 Al
Ab P 7t B S AR O R 10A AbSRA PR i AR R A X — S5 RN A MR I /N R RS R EE
M5B MR 3G /INAZ KB AR W B B ROR M R 7 1), 9K AT 58 25 SR AE R i R b oy =™ A 2 1) 1y ik
55 55 N ARAR I, AT A A e S e A B A R I AL B AR | (R S B () A 7 1 FH 5 2 i D b %
I IEZHR IR, YT AR 43 i DX 3 T Ry 1 /N 22 S IR RE R £ AR 0 sl i R WL 285 & g AT
o MR I ST 518 Al Ak W EA B S8 O AR MR /N BRI 25, ane] SR
AT A1 REAT T ZER AT .
32 45

AT IR /N A A R B B R AN AR 35 S i /M TR 38 INAT N R o3 A i 4 5 B AT DL AR e )2 4
3G ISR AR 3T R AR 2 PN AR AR RLEE |, DT 5 A A ) PR 5 5 T DA o R A 5 B I/ IV MR R &4
PR A S B | M B o N AR B 5 m] USSR A S A W d: | 38 046 J5 0 T A 72 o 7 K SRR, AT 4
A R, I AT SRR S AR T I R N2 i R AR
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