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Effects of horizontal structure on canopy vertical structure, microenvironment and yield of
Triticum aestivum

XIONG Shu-Ping', CAO Wen-Bo', CAO Rui!, ZHANG Zhi-Yong', FU Xin-Lu', XU Sai-Jun’, PAN Hu-Qiang",
WANG Xiao-Chun?, and MA Xin-Ming"

Key Laboratory of Regulating and Controlling Crop Growth and Development (Ministry of Education), College of Agronomy, Henan Agricultural University,
Zhengzhou 450046, China; and *College of Life Science, Henan Agricultural University, Zhengzhou 450002, China

Abstract

Aims Canopy structure of crops is an important factor affecting crop yield. The microenvironment of a commu-
nity reflects the change of microclimate in the canopy, which is closely related to the canopy structure and crop
yield formation. The aim of this study was to optimize the cultivation measures and improve the production po-
tential and yield of winter wheat (Triticum aestivum).

Methods A field experiment was set up to be composed of two row spacing modes, R; (equal spacing, 20 cm +
20 cm) and R, (wide and narrow row spacing, 12 cm + 12 cm + 12 cm + 24 c¢cm), and three sowing rates, D1 (low,
120.0 kg-hm™), D, (medium, 157.5 kg-hm?), D5 (high, 195.0 kg-hm), then the canopy structure, community
microenvironment and yield performance of winter wheat under each treatment combination were analyzed.
Important findings For the diffusenon-interceptance (DIFN), mean leaf angle (MLA) and leaf areaindex (LAI)
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of each layer of the winter wheat canopy, R, was greater than Ry, especially in the middle and upper layers of the
canopy. For the MLA and LAI of each layer, R, was mostly significantly greater than R;; Under the same row
spacing, the LAI of the high seeding population dropped rapidly, and LAI of the D, seeding rate and the middle
and lower MLA were significantly higher than the other seeding rates at D,. Winter wheat canopy temperature and
community CO, concentration decreased with the increased sowing rate, while the relative humidity increased
with the increased sowing rate; Under the same sowing rate, the row spacing of R, had more cooling and moistur-
izing ability than that of R;. The average temperature and relative humidity of the overall canopy decreased by
0.06-0.5°C and increased by 1.85%-3.15% compared with Ry, respectively. Under the same sowing rate, the
1 000 grain weight and grain number per spike of R, were significantly higher than that of Ry, so the grain yield of
R, was also significantly higher than that of R;. In conclusion, the horizontal distribution of crops can change the
vertical structure of canopy and community microenvironment, which is conducive to grain filling in the late
growth stage, and increase the number of grains per year and 1 000 grain mass without reducing the number of
spikes, so as to achieve the purpose of increasing yield. In this experiment, R,D, was the best configuration for
canopy structure, community microenvironment and yield.

Key words Triticum aestivum; horizontal distribution; vertical structure of canopy; microenvironment; yield

Xiong SP, Cao WB, Cao R, Zhang ZY, Fu XL, Xu SJ, Pan HQ, Wang XC, Ma XM (2022). Effects of horizontal structure on canopy
vertical structure, microenvironment and yield of Triticum aestivum. Chinese Journal of Plant Ecology, 46, 188-196. DOI: 10.17521/
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Fig. 1 Field diagram of different row spacing configuration (R) of Triticum aestivum.

RL AFIKCBEA /N ) B A 1 (7 P B b 22)
Table1 Basicseedlings of Triticum aestivum in different trestment (meen
D)

ITERRCE e

HEART

Row spacing Sowing rate (kg-hm?)  Basic seedling (10*hm™)

configuration

Ry 120.0 214.95 + 4.65
157.5 297.15+ 6.00
195.0 365.40 + 5.85

Rz 120.0 22350 + 8.85
157.5 291.60 + 10.65
195.0 358.35+9.15

Ry, 20 cm + 20 e T AR I Ry, 12 cm + 12 cm + 12 cm + 24 e 7 AR
R, 20 cm + 20 cm row spacing model; Ry, 12 cm + 12 cm + 12 cm + 24 cm
row spacing model.
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Fig. 2 Triticum aestivum canopy stratification diagram.
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Fig. 3 Effect of horizontal configuration on leaf area index
(LAI) of Triticum aestivum (mean = D). FS, anthesis; AF1, 10
days after anthesis; AF2, 20 days after anthesis, AF3, 30 days
after anthesis. Ry, 20 cm + 20 cm row spacing model; R,, 12 cm
+ 12 cm + 12 cm + 24 cm row spacing model. D;, 120.0
kg-hm™ sowing rate; D,, 157.5 kg-hm™ sowing rate; D3, 195.0
kg-hm™ sowing rate.

TR LLHE, DIFNRIUAR, > Ry, HEE#E &AL
KIAFE: EDFEFE T, EifE L2 FE, 178N
ErnE, R E N2, T ERANRE, £D,
HBET, B8z LR Tz, TihERZEREE, T2
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HE. TEATERE 2 7 53 (p < 0.05).
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Table 2 Effects of horizontal structure configuration on diffusenon-
interceptance of Triticum aestivum (mean + SD)

ATHERC & g EE 2 TE

Row spacing  Sowing  Upper layer Middle layer Lower layer
configuration rate

Ry D, 0.282+0.003° 0.122+0.004° 0.038 + 0.001*

D, 0.272+0.001° 0.109 +0.002* 0.035 + 0.003"™
D;  0.253+0.004" 0.084+0.001" 0.029 +0.001*
R> D,
D,  0.287+0001° 0.113+0.002° 0.038+ 0.001°

0.312+0.005* 0.129 +0.002° 0.041 + 0.001*

D3 0.259+0.002° 0.095+0.006° 0.033 0.001°

R F 86.73" 15.32" 15.61°
D F 167.57" 124.99" 29.78"
RxD F 1363 1.24 0.03

Ry, 20 cm + 20 cm{T Bt Ry, 12 om + 12 cm + 12 cm + 24 cmAT R
3o Dy, 120.0 kg-hm 2% Dy, 157.5 kg-hm 2% &, Ds, 195.0 kg-hm 2%
& FFIARF/NE FEER R 2 7 3% (p < 0.05). *, p<0.05; **, p<0.01L.
R, 20 cm + 20 cm row spacing model; Ry, 12 cm + 12 cm + 12 cm + 24 cm
row spacing model. Dy, 120.0 kg-hm 2 sowing rate; D,, 157.5 kg-hm 2 sowing
rate; D3, 195.0 kg-hm‘2 sowing rate. Different lowercase letters in the same
column meant significant difference at 0.05 level. *, p < 0.05; **, p < 0.01.

R3 KT LRI EXT AN 2 U B A (P BB AR AE )
Table3 Effects of horizontal structure configuration on mean leaf angle of
Triticum aestivum (mean + SD)

ATHERCE Elian EE HE TE
Row spacing Sowing  Upper layer  Middlelayer  Lower layer
configuration rate

Ry D;  6569+045° 5875+0.18° 53.30+0.43°

D,  66.47+0.36" 6146+0.04° 57.00+0.30
D;  67.71+046* 5950+0.10° 5542 0.27°
R> D;
D,  6757+0.14* 6237+047* 57.79+038"

66.53+0.03" 59.96+0.09° 54.92+ 0.20°

Ds 67.63+0.14* 60.95+042° 56.80 +0.17°

R F 12.05" 56.59" 51.39"
) F 2534 90.23" 117.60"
RxD F 397" 0.93 1.99

Ry, 20 cm + 20 cmfTHEART; Ry, 12 cm + 12 cm + 12 cm + 24 e T #E A
5. Dy, 120.0 kg-hm 2 Dy, 157.5 kg-hm 24 Ds, 195.0 kg-hm 2%
o FSIARFENG 7B FoR % 5% & % (p < 0.05), *, p<0.05; **, p<0.0L.
R1, 20 cm + 20 cm row spacing model; R, 12 cm + 12 cm + 12 cm + 24 cm
row spacing model. D;, 120.0 kg-hm™sowing rate; D,, 157.5 kg-hm 2 sowing
rate; D3, 195.0 kg-hm™ sowing rate. Different lowercase letters in the same
column meant significant difference at 0.05 level. *, p < 0.05; **, p < 0.01.
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Fig. 4 Effects of horizontal structure on canopy temperature of Triticum aestivum (mean + D). R;, 20 cm + 20 cm row spacing
model; R,, 12 cm + 12 cm + 12 cm + 24 cm row spacing model. D4, 120.0 kg-hm‘2 sowing rate; D,, 157.5 kg-hm‘2 sowing rate; D3,
195.0 kg-hm sowing rate.

100 1 2 Upper layer r 712 Middle layer

FHXHZEE
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24 cmATHEAE R . Dy, 120.0 kg-hm ™% &; D,, 157.5 kg-hm 24 &; D5, 195.0 kg-hm 4% & .

Fig. 5 Effects of horizonta structure on canopy relative humidity of Triticum aestivum (mean £ SD). Ry, 20 cm + 20 cm row spac-
ing model; Ry, 12 cm + 12 cm + 12 cm + 24 cm row spacing model. D;, 120.0 kg-hm™ sowing rate; Dy, 157.5 kg-hm™ sowing rate;
D3, 195.0 kg-hm sowing rate.

www.plant-ecology.com

©U 00000 Chinese Journal of Plant Ecology



RRIBUESE: KPS B BN &/ N R TR LA L O S RO 193

~ 600 _FJZ Upper layer 600 hJZ Middle layer 750 TJZ Lower layer
0 700 |
%n 550 550 ; 650 L4
gé 500 500 2(5)8 4
6% 450 : 450 500
o § 400 400 450
S 400
S 350 350 ' 350
® 300 00 e T B e
«' h %. q . &.\\'. ‘\(\;. ‘\l\)' DA DGO (\'.Q%S.Qq'.Q &?\‘\'9‘\(‘;%?\&?\6?\6. ‘\(\.'Q\%.Q (\'. %.Qq'.Q\Q'.\‘g.Qxf\;%.Q\N%.Q\S.Q{\'%.

it %l O’clock
= RD, ~-RD, & RD, - RD, —x-RD; —o RD;
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24 cmfTEERE . Dy, 120.0 kg-hm™fF&:; D,, 157.5 kg-hm 2 #2; D, 195.0 kg-hm 2 i .

Fig. 6 Effects of horizontal configuration on canopy CO, concentration of Triticum aestivum (mean £ SD). Ry, 20 cm + 20 cm row
spacing model; R,, 12 cm + 12 cm + 12 cm + 24 cm row spacing model. Dy, 120.0 kg-hm™ sowing rate; D,, 157.5 kg-hm™ sowing
rate; D3, 195.0 kg-hm™ sowing rate.
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23 KEHEMEEMLNEFERFEMHEAER U EY, BHBRES, B =S R ARIE GRS
yEA W%, 2004), JELSGEH MM RS, BEftm

HRAT I, ANFKFSHEE N ANZ M SERER SN B (MRS, 2003). LAIEMLAGE
K. MR, TRLEE L R A BARDs RyDs. S5 T /I 32 0 R Ol 8 S R AL 1Y) B A s (2R A W 4
RoD1FIRD i K. TEMIFATERRCE F, /NEMEE  2009), HK/NEm/NEZREAROGEERAE T, i sEm
WE BRI, MARKIEOM TR AN BERE  SBRERIAR, ERER] IR 5 TP A g /1Al
BRI FRAS, NERRL - B LD & T &k, SR VIR (M E #5E, 2009; sk EESE, 2014). £
MORHL, THRFUR AR B R 2R Z AR5 (2003)I N, fE/NEHERIIML ARG 5 5 0

F4 KV LERIEC BT AN 7 B I CP S (H AR A 2E)
Table4 Effects of different horizonta structure on yield of Triticum aestivum (mean + SD)

1T ERRCE i S A Pt TR TR B

Row spacing Sowing rate Spike number (10*hm™) Grain number per panicle 1 000 grain mass (Q) Grain yield (kg-hm™)

configuration

Ry D1 580.03 + 10.05° 4257+ 0.05° 4468+ 0.02° 8 080.69 + 142.68°
D 691.11 + 2.55* 4214+ 0.08" 43.86+0.20° 869518+ 7.14°
D3 707.53 + 18.37° 41.45+0.11° 4253+ 012 8503.09 + 84.99°

Rz Dy 589.20 + 7.48" 42.90 + 0.08° 45,05 +0.10° 8 268.27 + 23.68"
D, 694.20 + 17.01° 42.26 +0.08° 44,36+ 0.05™ 8883.83 £ 57.74°
Ds 705.87 + 19.05° 41.98+0.18° 43.44+0.35° 867343+ 27.22°

R F 0.19 28.35" 32.06" 1851

D F 92.86" 9333”7 116.22" 73.13"

RxD F 0.15 389 2.25 0.20

Ry, 20 cm + 20 cm{T B 3; Ry, 12 cm + 12 cm + 12 om + 24 e T iR Dy, 120.0 kg-hm 2% D,, 157.5 kg-hm 4 i; Ds, 195.0 kg-hm 24 & . [FFIA
[A/NG FRR IR 2 7 B3 (p < 0.05). *, p<0.05 **, p<0.0L.

R, 20 cm + 20 cm row spacing model; R;, 12 cm + 12 cm + 12 cm + 24 cm row spacing model. D, 120.0 kg-hm‘2 sowing rate; Dy, 157.5 kg-hm‘2 sowing rate;
D3, 195.0 kg-hm‘2 sowing rate. Different lowercase |etters in the same column meant significant difference at 0.05 level. *, p < 0.05; **, p < 0.01.

DOI: 10.17521/cjpe.2021.0165

©U 00000 Chinese Journal of Plant Ecology



194 HYHEZZ Chinese Journal of Plant Ecology 2022, 46 (2): 188-196

KIMTHGHR, SR 2 FAE 2 R ik K & S BRI IE
AR, AR IS E, HLALR BRI (K KN
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RELE 5 M Fr 3
32 IKFLEEMEE XL /NERHAREME R AR
EV R E WA SR EMIERKRE . FF
KR o= BB BN, AR, 2007)iA
NTERERH G R EGT EL C, RHIANE
PR/ 280 kg-hm™, T AT R E B AT LLA Ak
AR E BRSO 1% o B2 S0 55 (2015) W h, 4ii/MT
PR HEI0AT PR RR S A Y S0 M T DL AR 2 T
EOLEE, S IAR AR, R e B L AR A A
TR Boet 2 P4 LT - #5045 (2008) i 5T NN, [F]
— A7 PR B I T N E R AR B — e =
S, I TR Ao B v P AN, el UL ) SR B
B B R IK”, COMKEENRIUN FEWRE R, &
FIRZ, FIERAG. ARIECOME ot )2 5 FIAH
X P T 3 LT ) 1) 90 AT 5 8 ST 45 (2008) A 7L
GEIRELR 8, BRI, BEE FEEOK,
H 5w 2 4% R R TG  COMR B B AIG,  AF o 16 5
T[RRI 22 BAAE [F] — 3 5 T RAT B R B RE AR
N TR JETE . COMHE KRR, X &M TR,
ITHERCEMLAR &, AR TOREER 25, JFH
RoH124 emBi A7 B & JA B2 i /N 22 B AR08 XU Y g
71, BRTHRENERFEREERE ), FIR/NERE
TRCOMKFEAR TRy, A RA 912 emZE 47 1 5 41
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W EfiEE, BA— g M REREIEH, B
WG HE AR RAT FE C B B AT 450 /R 1A AF X 8 B AR 1Y
T .
33 KEHEMBMEMENEFEREMWBE R
Al

VEY) H (R 53 B o0 A, A2 da e i K, fEfk
[EATHE . AREE A ELECE (R =45, 2001). AT
FL(TK KT SE, 2008) I\ SRR £ R T 5 5 b 5 3
8 N 3 (T B ROE  =R a f X N EE 7
A RT3 kLo A AR A (BT AR5, 2009). A
W AN RTE /N HESR v i B ) 5 2 P ) 7= e A
BOR M, AR FE A R TR b e S (X o
2009). ARERLE KEKW], R AT T, &N
K i 1 KT K, TR B B TR R A
BEAR, X5 AR R —5, FEEN, £—F
YN, NSk, BEOC 7 A7 T AR AR R AR L
&, Mimide e 7R, (H i TR R OR, AN (]
X R R K A 7R B s G IR, AT R
KA TR & FRAR, A SON et J2 28 B 45 R A4
WORSE I FT, WAEW] T IX — . [FRIE, 7EAH [F 4 &=
T, RATIRHC B ARRLEL . TR A 3 W KT
Ry IX 1F A& T AT R R & H1 12 em A= A7 BE AE FL A7 T
FE“SiATY MR ROR 24 omTE 4T R I8 KGE G
JE RS, MBI TRATHE R B P RITH EE R H
SERRIE B AR, AE FRARAN AR 8] 55 4 (1) [R] I
LR T /N RE, KN eh K AESK I [a],
MR Js 1 68 vy AL 2 R AR

ZE L RTIR, /NG I TR KT 45 R G B AR
1, /N2 ek B A5 A SRRSO B IR 7 AR ORI
U, AT 5 28 1 F N 22 777 B ) RSB 2 I 7 i )
EAH. HRE, R T12 cmBE T FE 45479 Hk”
R FI24 om B AT BE I XZE 6 E R (1 [R)I A7 7,
I EABRKIOEA TR, & FIMLA. DIFNAIHE
WIREE, TR B A e B =R, NN
RATREDER B EEM. N, EhEgaE
FERREE Y, A% RS LU 2 1IN AR 7 R AR A
TEMISE— W H R FE ML E, Mg/ N R ENS
fi, /N E 450, e 8 = & =2,
M 78 3 42 48 A BR AR B NI EE ), 1R
mE W K IRBRIRRIR AR, AR Rt
EA H . EARIR AT, DIRDLALE T2
SEK S TR R E
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