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Analysis of canopy light structure of maize with different
planting density and soil water conditions

MA Dongqing'?, TONG Ling"?,WU Xuanyi'?, LI Dezhi"? YANG Shengju"*, WANG Lu"’
(1. Center for Agricultural Water Research in China, China Agricultural University, Beijing100083, China;
2. Wuwei Experimental Station for Efficient Water Use in Agriculture, Ministry of Agriculture
and Rural Affairs, Wuwei, Gansu 733000, China)

Abstract: The canopy light structure is related to crop photosynthetic production. To explore the effects of
planting density and soil water condition on the canopy light structure of maize, the “Xianyu 335” , which is com-
monly planted in the Shiyang River Basin, was used for field trials. Two plant densities, 70,000 and 100,000 plants

- hm™, were set with three water conditions, sufficient irrigation ( W1)and slightly deficit irrigation ( W2) , and
moderately deficit irrigation( W3). AccuPAR plant canopy analyzer was used to determine photosynthetically active
radiation at different levels of canopy and the change of canopy light structure indicators during growth period were
analyzed. The results showed that the light distribution in the lower canopy of field maize was better than in other lo-
cations, and the light structure index value was about 1.1 times of that of the upper canopy. On the whole, increas-
ing the planting density (100 000 plants - hm™) enhanced the ability of light interception, and the photosynthetic
effective radiation interception (IPAR) was 34.02~39.38 MJ » m™ - d™', photosynthetically active radiation inter-
ception rate increased by 0.40% ~4.67% at the lower density condition from heading stage to filling stage. Increas-
ing planting density (100 000 plants -+ hm™) caused significant degradation of the light structure at the population

scale and unbalanced attenuation of photosynthetic effective radiation in the canopy. The extinction coefficient (K)

Y75 B #3:2020-03-16 &[5 H #7:2020-03-30

BEE&WA B R E SO AR (2016 YFC0400207 ) ; 23 25 AT ML (ARl ) BHIF& T2 25 35 H (201503125)

EEBNT: BT (1995-) , %, IWARTE T A 5T AR BF5E 05 10 R 1 7K S I 38 54T R . E-mail: donggingloc@ 163.com
BIEIEER AL (1979-) , &, LT RAMN, FUZ, FENFEFKME RIS 5HHARBITT . E-mail: tongling2001@ cau.edu.cn



260 T XA 5T

o538 &

was 83% of that with the low density (70,000 plants -

hm™). At the jointing stage, the photosynthetic structure

indicators were improved at low planting density. With the growth period, the photosynthetic radiation utilization ef-

ficiency of the lower canopy decreased by about 50% with the dense planting at the heading stage, especially, in

dense planting (100,000 plants + hm™) , which was related to the senescence of the leaves of the maize from bot-

tom to top and uneven attenuation in canopy. Under dense planting conditions, water deficit led to an average re-

duction of 3% in radiation utilization, and various light structure indicators of the canopy were greatly affected by the

soil water conditions. Therefore, to improve the canopy light structure of field maize, it is very important to ensure

adequate water supply in the middle and late growth stages under dense planting conditions.

Keywords: maize; planting density; water deficit ; canopy ; photosynthetically active radiation
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Table 1  Planting density of maize in field

Ab ¥ 1T/ cm R/ cm R/ (JIkk - hm™?)
Treatment  Row spacing Plant spacing Density/( 10* plant « hm™2)

D1 40 35.7 7
D2 40 25 10

R2 EEFHAHEXEKNESEKE
Table 2  Irrigation treatments and schedules during

the whole growth period of maize

b K E Irrigation amount/ mm SR
Total
Treatment o6_0] 0612 07-07 0719 08-02 08— 14 08—30 irrigation/mm
Wi 24 4 74 51 76 6 44 392
w2 14 27 49 & 76 51 45 326
w3 n 21 37 73 76 38 49 305

1.2 MEMmMBEAZ*

1.2.1 k&AM ARV, WK%
INDK B — 0 A R I E X, AR BRI A
W PRI A = EREM KA, THT
13 : 00—14 : 00 fdi fl AccuPAR # %) 7 JZ 43 #7 1X
(3£ Meter 7)) #HATIRE . 5 BAEY 0] £ AL
A AR AR R e R R A, I HR S R
2 R v 0 A TR S A7 T S T )2
(B TER 2 0.05 m) | Hr &R FIIE 2 (725 Hi T 0.05
m) A R A S TR R A 2 (R ) A
JRJZ . 3 EL 7 1) DA T #1568 IO 3 N300 5 = AR
HE BRI 43 2 0K, D2 A9 7K ST 9 LA ke ) B
M FTAT I (FAE 5 m)) W2 KB R 80 em, LA 20 em
R BEX TRIAEER 5 A0 65 A7 ] 55 R ) 00 7 7 325 4H
], SEHCS AN A, TR B 58 B 7 B R AE
AL E 3, — A A BRI 2 A Horh e 2
TS A A 25 48 O B A% AR AR
5 25 SRR FldE AR

IPAR = PAR, , x PAR,
FIPAR = IPAR/ PAR,_,

X IPAR g5 2 G AR & (M) - m™ - d71) 5
PAR, W& R UOLAE A RS (pmol - m™ « s7) 5

FIPAR it |2 a5 AR (%) .

122 AERBHAAE  WEEERERICE  f sy

JEIRE o b i Bl A R
RUE = B/IPAR

K RUE R Z4a R (g - MI7) ;B il |

TP (g) .

1.2.3 HARERH&

FHU(K)

Wi Beer /A" HE HIHOG

K =-1n(1 - FIPAR) /LAI
2, LAT Do it 11 BAE 280 FIPAR O e 2 6 S AR
(%),
1.3 HiEAESSH
% FH SPSS 19. 0, Microsoft Excel 2010 I
Originl8.5 AT BCPE AL B4 B A0 2R 2 , * H
Duncan % HASAb R E] (4 25 5 ( P<0.05)

2 SRS

2.1 AEMEZTEMIEASEZGTARELRKE

FHARRX BRI EWIEIR

AT TR 2 & R S DA e 1 3
R JE R B R bR, it 2 H g R, AT B
HACFRRD AR AR R R (B 1), Z28ab
AR PR B L RN R 2 A, X
FRIRGRAR KRR BE bl T4 ) L3R ok g &
JEFF ARG AR5 )2 T EB )2 B 0 OB & A AL
BRSSO SCEE AR R (HAE T B
IKALHER R EB 5 2 1Y IPAR FIPAR K WS AT |36
2, M RUE i, 33X R WY vp 5 /K AfE R &85 /20t
REMUIRBE ) T BE (XL G A a2 A K, 6
SERIFEAR T K 5 RUE B % B30 5 B &, AH 7]
IKAT AT v B B el HAB A TR, A TR 2 0
JEEAMENE, ¥ TR, 0 RUE L BE %
JEE T R ) D R AT e R e A FE RO G AR RE T T R
JITER, 1 5 W AR RIS & TR R A I 7 B
JeA PRRAR A — 2, IPAR X %58 B iy 137 PR 7K
ISR T 25 5 78 0 A K 5 58 5 5 K kA
T EESEZE Y IPAR 5% U I, T AR GEJE IPAR
T LA 2 (B A B K AR N LR 2
IPAR T A R W] W i 25 FE 00 . 5 IPAR AN,
FIPAR TEFU MK AT 5% B iU L, 7K 4375 ik
M A R, bR R 2 rh Y SR
AR 2 AL B0 AL . IPAR (FIPAR FE% K2 i) =2 3 [l
WIEE 2% SRR AR R T, 1T K DU DA AR 2 18|
WA R XS YERE AR MO B0, [RFRARTE AR % 3 T
M ASAEAE — 8 TR BE Ui T s % BE A AR AN F T RE
PR RUEE T #8562 0 R #R AR ) i B2 7, (M Bk R
JE I 1 R i e 2 RE AR RE 1 R

IPAR FIPAR K 5% 7K 41 =7 Bt i 52 il X %% 5 171
5[ —%E T L P ERA RN ES A —
Pk, S HEVRTE R — 85 B A5 AR AL AR R]
PRI AR BT Bifi 7K 43 =7 SR B A 2 1 ik
JIN T e 2 B 45T B 7K 43 5 IORE B A in S T
T S BEATR , 365 22 75 7K AT DA A AR O e R i ST



262 T XA 5T

o538 &

O U
DIW1 DIW2 DIW3 D2WI1D2W2 D2W3
Ab #E Treatment

0.8

0.6

0.4

0.2

O U
DIWI DIW2 DIW3 D2WI1 D2W2 D2W3
4b P Treatment

[ FJZ Lower canopy

100
aA A

aB

95 aABaBaB B aA¥s } A aA A
90 a

85

80

75

70

65

60U

DIW1 DIW2 DIW3 D2WI1D2W2 D2W3
Ak HE Treatment

aA
aA bA
bA T
bA
aA bA
aB B
a bA
bA

0 u
DIWI DIW2 DIW3 D2WI1 D2W2 D2W3
4b ¥ Treatment

Il | = Upper canopy

FIPAR/%

S v r o =
o
>

RUE/(g » MJ™")

S O o O
[ A -]

TE AR NG FBE IR [l — K o3 ST 25 BE AL 3] 25 57 8. 3% (P<0.05) s Al RS 8 3R R A
— B BT RS AL TR 25 57 .2 (P<0.05) , T Al
Note: Different lowercase letters indicate significant differences among density treatments under the
same soil water conditions (P<0.05). Different capital letters indicate significant differences among water
treatments under the same density conditions ( P<0.05) , the same below.
I EHHKBEERBRLEMIERR

Fig.1 Canopy light structure indicators at jointing stage of maize
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Fig.2 Canopy light structure indicators at heading stage of maize
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Fig.3  Canopy light structure indicators at filling stage of maize
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