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High Yield Canopy Structure of Summer Maize in North China Plain
HUANG Shou—bing, XU Li—na, TAO Hong—bin, et al.
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Abstract: Canopy structure has strong effects on photosynthesis and grain yield in maize.Chemical regulator is
one of the most important factors that can regulate canopy structure. The aim of this study conducted in 2009 was to
improve canopy structure of compact maize under high plant population density condition, and explore summer maize
yield potential, using compact maize hybrid zhengdan958, and plant growth regulator JinDeLe. The same four treat—
ments were conducted within three planting densities which were spraying 2.25 mL/L JinDeLe(EC) at the 6®eaf stage
named T1, spraying 2.25 mL/L EC at the 6"—leaf stage and spraying 1.5 mL/L EC at 12"eaf stage named T2, spray—
ing 1.5 mL/L EC at the 6"eaf stage and 8"eaf stage, respectively, named T3, no spraying as contrast named CK.
The results showed that there were different plant types under different chemical regulations. There was no significant
difference between T1 and CK. Plant type T2 was a flat type with bigger leaf angles, smaller leaf spacing of ear layer,
and shortened plant height and ear height. Plant type T3 was a small compact type with reduced leaf area, smaller leaf
angles, and shortened ear height, but plant height was not reduced significantly. The results of path analysis among
yield, rate of canopy light interception, and yield components indicated that overcrowded canopy was one of the limit—
ing factors to yield improvement under high density. The preliminary conclusion is that ideal compact plant type
should contain low ear height, small leaf spacing below ear layer, small leaf angle and large leaf spacing at ear layer
and above ear layer, and a perfect sustained performance.
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15.0 kg/hn®, 6 H 24 HEER, 10 H 6 HISGR, 248
#7105 d

1.2 WWEIR 5751k

Syl zz ], RER R 2 kRS . REGT
=, BCPE(E.

TR TR R (LAD) : 43 BIAE R TTHA ORI 1 309
22 3 RESE 3 AR SR R 3 R,
PUTHR- P R B8 (B o LAI= BLRRRHEIRR x BAA7 i
FANRRER / B T MO AR . BRI =K X BE X
AEEEN 05~0.75), AR LFEGEDL F2+E
=MDl E B =,

WEEIEE TR 5T LAI-2000 I,
ANINXGEER 3 B A STRER , 43 3l T H R
W\CHAETVE SRR, 122 R R TR |
AR JRENE .

1 =i E R W51 AN o [B11 B a2 5 s P 5T
R 7 3 N EUCREALER (=) FE L E =1L
) FEFEEE=HLUT), 2R BB

PR B NXKIGR 12 cnv’, BRI SR
L PP E Y 20 B0 FLER = /XK
SR E B/ SRR x 20), ME KR THE &
(% 14% S/ EITE 5.

1.3 HdEohr

Fr A 3RS B Microsoft Excel 2007 #4787
A0z, S F SAS version 8e R GLM(General Lin—
ear Mode) R #E 777 22 04 AR AT RN RIA 3H7

2 RS

2.1 B RKRIBHARGEMIFHIE
211 BRE EALE

Wk AT e AR ) B A G o, (E TR TR
KRBT RIEEEEEA, BRSNS R
TERRRIETEIRBE ) , BRI R r] 2B 5 o
FIE 1 A, T2 RO S . S E R E
T HAGTE, 2 5 R s R A T3
CFREIREESE 90 000 K Ane® 255N SHABC I 2
SPE A SHEA (T AERR YN ZE R T
o T1 AR S FEO S S MR AR B =
75000 Kk hn’ .90 000 £k /hnt 255 N 56 A 2 5.
2.1.2 MERRTEE LA BN

FHERRIESUE E MRS E A, EEN
FFRIRRE R RIS . bR B FARD



M B RS A M I TR BRI 5T 4o

FAL 958 TEIE B % L (60 000 ~75 000 Bk hnd) Fick  FEE A £ 5, (BHEFIEER T CR©0 000 R A
MERERGRIN, N E e DS R YE IERERRSN .

BN, T3 (PR bR R BREE R T & FE8 1 R R R AL M e AR e R B
A F IR NS T HADG IR, 2 REE 75 000 Bk hne FHE228950 , 13 4038/ T H A,
75 000,90 000 Fk /hn? 2 FOR I THEK IR BE/KCE T2 PR I . B AR
o T2 4MFEALE 60 000 FR hm? 2 NHEARTEEE  BCRBRIRERR, BRI NIRRT ;
TR fEA T RGER ISR TE T e 22 BER T oK ER A ST
Febh, ARG T2 AR ST HIFREEPFEIR,  CK(60 000 ¥ hm? BRIN T2 AFRAERGE R~ AR
AT RIEERENR. T 4EE KOG, I, i 13 OEESEE NEEAIEH

300 Ok T
- = OFE T2

Ch R ] mBEE
g % 200 OFkE K
% - BFEATE T
=250 DAL T2
¥ S BFEAE T3

100 = = o
® 5 mFEfrE CK

50

O 1 1 ]

60000 75000 90000
SEBE Fk/hm?) D ensity
HE:T1 24 6 R EBTE EC U] 2.25 mLA; T2 24 6,12 M RIS BIH-EMHE ECIAF] 2.25 mLAL 1.5 mLA; T3 24 6.8 HH/RIEI5BIH-H
et EC1RA 1.5 mLA; CK 5 Bt o
Notes: T1, sprayed with 2.25 mL/L EC reagents on the leaf surface at6 leaves renewal; T2, sprayed with 2.25 mL/L and 1.5 mL/L EC reagents at 6 and

12 leaves renewal, respectively; T3, sprayed with 1.5 mL/L ECreagents at 6 and 8 leaves renewal; CK, control blank, no spraying.
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Fig.1 Changes of plant height and ear height of the summer maize with different plant types
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Table 1 Changes of leaf area index(LAI) of the summer maize with different plant types under different planting densities

4 PR RERLE MBEAIEDA b
O i Whole plant Ear layer and the above
(FF hn?)  Treatment
Desity WO AT W RN RN msl WP oA
Jointing stage 13-leafstage Silkingstage Mid—fillingstage Maturity stage Silkingstage Mid—fillingstage Mhturity stage

60 000 Tl 1.63a 2.97a 3.89a 3.25ab 1.4b 2.59a 2.69 a 1.26b
T2 1.69 a 2.99a 3.82a 341a 1.3 be 2.60 a 2.49 ab 117 ¢
3 1.48b 2.84b 3.68b 3.15b 1.2¢ 1.97b 2.24b 1.11d
CK 1.68a 3.06 a 3.66 b 3.32ab 2.0a 2.38 ab 2.66a 1.69 a
75 000 T1 2.09 ab 3.35ab 4.91 ab 3.54 ab 1.4 ab 295b 2.75 ab 1.42b
T 2.06 ab 3.42b 4.62b 3.55ab 1.6a 3.25ab 2.87a 1.58a
3 1.80b 3.34 ab 453¢ 3.61b 1.6a 3.14 ab 2.56b 1.56 a
CK 2.46 a 3.54a 525a 3.82a 13b 3.85a 2.87a 1.30 ¢
90 000 Tl 2.10b 3.78b 5.19ab 4.00 a 1.9a 332D 3.25ab 1.61b
] 240b 395a 5.10b 4.03 a 1.0¢ 3.59 ab 3.32ab 0.66 d
3 2.13b 3.79b 4.78 ¢ 3.99a 1.8 ab 3.12b 3.03b 1.82a
CK 2.70a 3.98a 5.22a 4.06 ab 1.6b 441a 3.41a 151 ¢

2 AR NEFERRERBE 0=3), P<0.05, TR,
Note: Different lowercase letters indicated significant difference at 0.05 level (n=3). The same below.
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Table 2 Changes of canopy percent light transmission of the summer maize with different plant types

REBICHE%)

RERLZZEIEE (%)

P (K /hny) gh 3 Percent transmission of bottom Percent transmission of ear layer
Density Treatment PG NS 22 143 HES 22 RES
13-leaf stage Silking stage Mid—filling stage Silking stage Mid—filling stage
60 000 T1 8.8b 56a 7.5 ab 12.4b 11.8b
T2 8.7b 5.0b 6.8b 119b 14.9 ab
3 10.2a 5.7a 8.3a 20.4 a 174 a
CK 89b 5.7a 7.3 ab 14.7 b 12.5b
75 000 T1 6.8 a 29a 50b 11.0a 113a
T2 6.6 a 3.1a 54a 7.3b 9.8 ab
3 6.3 ab 29a 55a 8.0 ab 1292
CK 5.8b 2.4b 48b 7.3b 79b
90 000 T1 4.7 a 2.0 ab 41a 7.4 ab 7.0 ab
T2 39b 22a 39a 5.4 ab 7.1 ab
T3 48a 2.0 ab 38a 8.4a 85a
CK 4.2 ab 1.8b 3.8a 29b 6.5b

2.1.4  BHARESIR R T

FHEE 3 FESCHT AT R0, BEAOC IR EGR 2 L) S
TR E(LAD 255 1 (LA) 2% B 2 18 R AE OC
(r=0.765 0.r=0.623 6); FFHIFTEEL S (L) 2T
FHER (r=0.864 4); ZES M (LA) 5Pk = (PH) (T
5 (EH) . T3 R4 (L) TRV EE (LS) B B EAH o, H
L, 5FTRHS M TRIBE RO AR S R B R, o Bl A

r=—0.976 2 M1 r=—0.956 2; M= 5 TR EAE AT
(r=0.818 7), HUE M TRIEE AL, BT ER R
HEArERs T 519 AR 2SN, St
(LL)H 8 5B A (7=0.688 4); 15 (A4 S H- A BE .
5 RS 250081108 r=0.930 7 F1 r=0.431 6, 2%
i 2 ED S

3 MRS SR FARR DT
Table 3  Correlation analysis among components of canopy structure at silking stage
[KIZ& Factor LI LAI LA PH EH IL LS LL LW

LI 1.000 0 0.765 O** 0.623 6%* —0.153 1 —0.0257 —0.066 6 0.123 4 —0.147 0 —0.448 7**
LAIL 1.000 0 0.1618 0.170 0 0.331 1* 0.1857 0.304 1 0.864 4%*  —).277 4
LA 1.000 0 0.811 3** 0.614 8**  —).976 2%*  —).956 2%* 0.252 8 0.397 9%
PH 1.000 0 0.700 6** 0.818 7** 0.764 1%* 0.458 1 0.457 9
EH 1.000 0 0.651 7** 0.620 2%* 0.688 4** 0.184 9
IL 1.000 0 0.930 7** 0.343 0* 0.431 6**
LS 1.000 0 0.250 7 0.277 4
LL 1.000 0 0.284 8
Lw 1.000 0

LI MG RREGR S LAL AP RRIEE , LA AM-ZE3 5 PH ARk EH ARENTIE IL A9 AHS; LS AMRIER; LL A Lw AR

Tio *x * SBIFEIRIE 0.01.0.05 KCEERTE,

Note: LI, light intercepted; LAI, leaf area index;, LA, leaf angle; PH, plant height; EH, ear height; IL, internode length; LS, leaf spacing; LL, leaf
length; LW, leaf width. ** and * indicated significant difference at 0.01 and 0.05 level, respectively.
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Table 4  Yield and yield components of the summer maize with different plant types

BERE (KK ) i 7 77 E (kg/hn) FEEI(RE i) Tk ok THLE ()
Density Treatment Yield Spike No. Seed No. per spike 1 000—kernel weight
60 000 T1 9051 a 60 837 a 533.9b 290.2 a

T2 9047 a 60837 a 547.2a 279.7b
T3 8583 b 60 003 a 531.9b 2748 b
CK 9185a 60 281 a 553.2a 290.3 a
75 000 T1 9083 a 75560 a 483.1b 260.0 a
T2 9288 a 74171 ab 520.7 a 257.3a
T3 8819a 73 893 ab 513.5 ab 2444 b
CK 9221 a 73 059 b 506.5 ab 2539a
90 000 T1 8331a 80559 b 42290 2433 a
T2 8363 a 85838 a 465.6 a 227.1b
T3 8030 a 85283 a 4243 b 2249 b
CK 8522 a 85560 a 438.3 ab 250.6 a
2.3 R BRSSP EAA R R ST THBA
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M SAS FarH RIS E T AR, HAE X, 1Y
HAECR B E E /K (P<0.004 7), X, KT Y [
IR AE PLy=0.840 559%* KA B2 . [R5 FERYIR
e kT Y WIBR AL P=0.431>30% , IHHIF(E
W Y () EEER FE AR TS R

X, 4 Y EFZS Py=—0.041 69, X, 81 X,.X5,
X, 5 Y BIEHESUN 1P p=—0.653 92 .r3P,=—0.141 33,
1P =0.366 269, Py +r,P Pt Py=—0.470 67, i
BB T B EEE AR, FERLE
R o A M| 1B 7~ AL W= G == I R - K 2o - R AK |
(-0.470 67), IABHMALE FAEE N T B AR A
R EEEE FHERIESONL S8 E A

3 HheSThe

3.1 G E KR 2R

T AL TR 2ot 7 B N B AR R 3R
ISR , a0 B R T b BRI R R D55
2020, 6 IR LI AR ks E G f2
BN IR RS SR A 0 FRAR 5 8 T R - I AR
TEEANHIE R, n] BB RS, AR e =%
2N B FAARIR S 5 12 P R - ARSI AR P
K, RN @GR R R E R REAmkE
1%, FEGI R FO B RBE /D HE58 . 12 M RIAITE EC
SRFEE TR GBI TER, AR TR AL . 8
PTG B SR A B 3% IR )N, B3t o v 2 e
18, R MOV IR, (B 8 M IEAL THERE
DA, MR 2o 7 B RRAS A —E 5
Mg o A b TS 7 B AT B TS, (H R R AL
AR, R AR M RS AR
3.2 EIORMRBESDHT

HHALSE LD RE 2T SR M A E R
LR LEIIRERY SR, AL R o SN IR
ADEREMISCRZNDE G E . TR B2 hnt 22
= FL AR P AR (R G R IRDE
RSP Sl il e e Vs ROV S b U R b



152 £ ok B 20 %

EHERHALE P E R B A R D S E RS
B RAKEFEIE IR . BHAG NS EZMIK
SEHAREE S ET, ACE T RS e
ARSI AR EEE AR RES
BT ORISR, and A bk S RIS Sk A
HRRTER AR &3, REALE IR EERRE
HERER, A IS A T B B A FOR RO SEA
EMEEE A A F R, 4 5a i R T R R
B, R RE ST MR TR B A RS A N
TR s RN R Z b AT RRFEEER N, iX AT REZRR
flrmit— P RENRED, 7E 12 MRS st
AR RO AR TR, R R 2 (8]
TN RS R R L IREIRRE TR, B
THEESHEE A TER, EPIREE TR
T s NE Z A ARHARRE 2, SR =M
Frae i eI AR BRI S PO T AR T B, 205
PR,

HHEAUR R B HIZ A X Rk BN
FHREM, AR5 A aE s N s B SEEUE R AR
FeEEE e (R SR AR IR B E . TR
HHAZER = 2B R R T SRR, 2
SRS CIRET R IEE AN B P=—0.470 67),
B R E R A e
T NS R ARIZDE A X oK S ik
— 2B HEN IR, 7E SRR T R AR A Rt 4/ VR R R T
IR WREL SRR X — TR 2 (R i
W ERHA A B R LA R RS TR E, Sl
HOIX B kR — 201,

FHALE IS FRIMER TS R TR, BRAOLER
IRESHHEMIEN ., MERAEEEF EMEX
(r=0.765 0%* r=0.623 6**), [N ERENE EE LA
RS/ IN LR T AR IR s 9/ NP 25 5 A 2 R N2
M5 TR . AR 2T E U
(r=—0.976 2, r=—0.956 2), KA DIEIE SKiErE
RULA b B 5 ST RR E R O TIRHR H
[RJEE, SEEGH 22 s A O RS, b i R A S A SR D
G PPFINS , B E N E TR SRR
AR A FEALIR R BRI AR KR
B EMEES N HHRIEE R B AR LE MRS TR
SIE ik
[1] FERESE, HIE S  EAH, % | B FRBEROE &g g FL

(REEH RS APEI LR D] . RS SHE RS 9R,

1992,16(4):372-378 .

2] EEM, Tadfe, #3015 .  RRAREACE N E ARt

FHIERIIFZE]] . FERAO RS, 2005, 28(2): 1216 .

BHAETS , 2kl | IR E A N A M MO R IR ]

FERAS S, 2001,22(3):28-32 .

[4] #B B, EW, FEH S AR E I R AR AR

IRBHALE RIS )] . FRHX AT, 2001,19(2): 4247,

F/DR, FEk . ERBIAIRHA S (S BRI S Rk 5] .

AR KR E AR, 1997, 1(3):250-256 .

B 4, R, DR, S5 . FRCOR AR s e RO B AR B TR

FRIFSE0] . Rz A AR, 2002, 13(1):55-59 .

TRREFE, EHRAR, AR, 55 IR NS s i e O &

VEFRBHASS F R B sEma ] . Hh AR 2002, 35(6):

632-637 .

[8] EZA, #RI, Rt , % .l Er = NERHA R I 5T

U] . PEAGRE R, 2003,23(10): 16571662 .
[9] 175, AR, TERHD, 5 | B BRSSO T B R R R
IRETRTRAERIFE ] - TR, 2002, 28(6): 721726 .

[10] B, SR ER, BAES . REF KRR RS IR SRE RNE
BAEFWLHID) . s IR EAREER, 2001,7(3): 293297 .

[11] BN, BaBtat, T 25, % RPN B TR AL
FAR AR - VEP2AHR , 2008, 34(3): 447455 .

[12] 2R, B OREZREEEEAOLAVE R TR -
iR FR 41,1998, 2(3) : 245250

[13] BorS % RG] . FARERE, 2000,8
(HT1):55-57 .

[14] HEN], HRA, EIGE, 5 . RS E K8 M E B

GEEMA . AR R, 2006, 10(4): 1415

[15] 25, AR, D5, & OBER 79 K= m M = Bk
RFERI ] . ohEAESRIZR, 2002, 10(2): 8688 .

[16] 2=, x) 45, A5k, % . RIS FE A LA A
HESRFHIMR ] . VEYEEAR , 2002, 28(3): 265269 .

7] Z& B s KT £k R S RSO 5T D)
FRERR AL KA AT 52, 2007

18] £, FREES, NG . LI-2000 BEAD W UE EEL A
INERITESEE]] - AR TRESAHR, 2005, 21(8): 7073 .

[19] Swiader ] M, Moore A. SPAD—chlorophyll response to nitrogen fertil—

3

[5

[6

[7

ization and evaluation of nitrogen status in dry land and irrigated
pumpkins[J]. Plant Nutri., 2002, 255: 1089-1100.

[20] BAERS, =T AT | ERGAIGAS R TR =5 S HAER

G . LRV RRE, 2010,38(7):53-55

[21] B¥EPE, SRORIH, G, & AR TR U = SR
BUFFFR]] . VEMIARE, 2008(4) : 7276 .

[22] X1 B5&, XUk, ZEARTT, 5 B S R ERERAT K
PRI AR, 2009(7):93-94 .

[23] B =, BEE, BN, & . KT AiEine B TRt Ak
KPR REMFR )] . TR AR AA, 2009, 176): 1074-1079.

[24] VAW A HE, 5K 7,55 . PRI B FORBHA IR R A
FISENA] . At A4, 2009, 24(3): 201207

(DTS et )





