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Effects of ridge planting on the photosynthetic characteristics and yield of summer

maize in high-yield field

MA Li"**, LI Chaohai" ™, FU Jing', GUO Xueliang', ZHAO Xia', GAO Chao’, WANG Lei’
1 College of Agronomy, Henan Agricultural University/Regional Center for New Technology Creation of Corn of People's Republic of Ministry of Agriculture,
Zhengzhou 450002, China

2 Institute for Horticultural Plants, College of Agriculture and Biotechnology, China Agricultural University, Beijing 100193, China

Abstract; China is the largest producer and consumer of agricultural products in the world. Maize ( Zea mays L. ),
including both spring and summer maize, is one of the most important food crops in China and the world. Photosynthesis is
the process of converting light energy to chemical energy and storing it in the bonds of sugar, and is the most basic plant
physiological process directly related to crop yield. Therefore, light is an important factor affecting plant development,
especially at late developmental stages. As a C, plant, maize is recognized as a high light-efficiency crop and its production
potential is very high. Thus it is important to study the photosynthetic characteristics of maize. Traditionally, most maize is
conventionally planted on the flat. Compared with flat culture, ridge planting has the advantages of increasing the soil
surface area conductive to the acceptance of light, and it can improve the soil structure ofthe plowed layer and raise soil
temperature, which is propitious to plant growth. Moreover, ridge planting is beneficial for irrigation purposes. However,
little information is available on the photosynthetic characteristics of ridge-cultured maize. In this paper, flat and ridge
planting methods were compared with determine the superior planting method for promoting the formation of photosynthetic
products and increasing summer maize yield. The experiment was conducted in the experimental plot of the Xunxian
Agricultural Science Research Institute during 2006—2007. Comparisons of the photosynthetic capacity, dry matter

accumulation and yield of summer maize grown by ridge culture and traditional flat culture methods were analyzed. The
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findings provide a theoretical insight into the physiology and ecology of photosynthesis for popularizing ridge culture of
summer maize. The results indicated that photosynthetic rate (Pn) , leaf transpiration rate (7r) , and stomatal conductance
(Gs) of summer maize were higher in ridge-cultured plants compared with those of flat-cultured plants, and their diurnal
variations were represented by single-peak curves, which all reached maxima at 12:00. The diurnal variation of intercellular
CO, concentration (Ci) was opposite to that of Pn and represented a reversed parabolic curve. The Fv/Fm ratio and ®PSII
were increased by ridge planting relative to those of flat-cultured plants. Compared with flat planting, the leaf area at late
developmental stages of ridge-cultured summer maize decreased more slowly. At the jointing stage, dry matter weight did not
differ significantly between treatments. However, at the silk stage, leal and stem dry matter with ridge culture increased by
13.5% and 23. 6% , respectively, compared with those of flat-cultured plants during the development of summer maize
plants, and the difference declined with maturity. The leaf area index increased by 6.4% and 3.7% at the dough stage and
maturity, respectively, which could efficiently increase potential light capture. This finding demonstrated that ridge planting
extended the functional period of leaves, which is particularly important for accumulation of photosynthetic products and
their transfer to the grain. The thousand-grain weight with ridge planting was significantly increased by 8.7% and 6.0% in
2006 and 2007, respectively, compared with flat planting, and may be the main contributor to the yield difference. Ridge
planting increased yield by 9. 6% compared with flat planting. Consequently, ridge planting is beneficial to achieve

maximum grain-filling capacity.
Key Words: ridge planting; planting pattern; summer maize ; photosynthetic characteristics
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FRE IR
1 #R5HE
1.1 5 XA

T 2006—2007 AF 77 R 4 9 BE 1712 E AV B2 0 58 sl 56 FH 7R AT, 32 DXL T 2 e ¥ vh s (350417
N,114°33'E) i 61.5 m AP35 13.7 C,2a P E B RAERK B AMEAEDLME 1, Hf 2006 4%
Fiime A7 H kW7 A1 H, mb22807 A 31 B,k 9 A 25 H ;2007 4EEF I8 6 H 10 H,
WA 7T A7 B k2208 A S B WGk 10 A 1 B X5 o £, MOS0 HEFE Ty 8, #1395
— 3, R AR ) A R T ISR T AL 1. 63% KA A 76. 1mg/ kg, AL BE 29. 6mg/ ke, WAL
B 92. 1mg/kg,

x1 BEERERFTEBRESEHS

Table 1 Climatic ecological conditions in period of summer maize growth

2006 4 2007 4
3 IR/ C FA R Ht/mm H AR 450/h iR/ C R R Ht/mm H AR 450/h
Period Average Amount of Hours of Average Amount of Hours of
temperature precipitation sunshine temperature precipitation sunshine
6 A A] Mid Jun 28.4 3.2 10. 1 24.4 15.8 8.7
6 H 4] Late Jun 25.8 88.9 8.1 26.1 24.4 8.8
7 A 141 Early Jul 26.4 81.9 7.6 26.6 1.2 8.7
7 A A] Mid Jul 27.6 31.0 8.2 26.1 64.9 6.1
7 AT Late Jul 25.0 33.1 6.9 24.7 33.9 7.4
8 H ) Early Aug 25.6 44.7 9.0 26.2 5.6 6.6
8 A 4] Mid Aug 26.1 17.0 9.0 25.1 9.7 9.2
8 H 4] Late Aug 23.2 164.5 4.2 23.8 42.7 6.3
9 A _FH) Early Sep 19.9 30.0 6.9 21.4 27.6 7.8
9 A ] Mid Sep 20.4 4.2 7.2 21.7 0.3 6.8
9 AT H) Late Sep 20.9 7.5 4.9 18.6 10.2 7.8
10 A 1] Early Oct 20.4 0.2 3.5 14.3 2.4 6.7

1.2 kgt
IR 2 MEF, 435128 Z84F (Ridge planting, RP)

FISFAE (Flat planting, FP) 3 ZREE . /NXTEFHN 13 m — 50cm «—| |
x4 m, /NI EIE 0% .20, 24 A Com ] N e
YRR R FH SE 28 AT AR, 94T 50 em, AE4T M 33 em, 53cm 30cm

FRIF 30. 6 cm , %5k 78750 K/ hm* , = E Rk, 2%
M54 83 cm, ZE1H P 53 cm, 287498 30 cm, 2815 15 cm
(B 1), FOKRREF T 2810, A F 1Rt I 0 - 1 100t
TX53%& 15000 kg /hm* ,N P,05 K,0 & &R 15% W AL 1650 kg/hm® , KBIWL LT 38it fR % 600 kg/hm?,
WIS Ot J T R 1) 5 1A T
1.3 e H 57
1.3.1 EREE

B RE/INX T SE 5 B AR, ZESRTT 0T ik 22 09 T SRADY e S R 0 e e TR AR P AR AR
AR AL

E1 ZEHEHEAR
Fig.1 Chart of ridge planting
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(Bt R AR5 ) 2 FRAMIE | BB 3 0 i FFRLRIZE AT (BRI R FOFERLAR ) 3 340
1.3.3 /S EE

A3 HIAE FORIR I k220 B/ NIX I 3 bk, BRI R A [ 7™ CIRAS- 1 U HE 050 & /E N E 2 48
FEICE A (Pn) AHMIIEIBE CO,WIE (Ci) ZEMEHR(Tr) LT (Gs) o SR HIIERRALNS 6 F REIFit,
I 22 S0 2 A A R A
1.3.4 JOEBHE

K YL Hansatech 24 R A7 1 FMS2 2 ik il i 205 SGAN, 23 BIHE FORIE I k22 ) /N IX 38 3 8k,
M ERMEDENCB) T1B 8 Fo . Fm Fm' (Fs, W ERBAIE 1.2.2, 5 PS [ i KOG F RO Fo/Fm = (Fm -
Fo)/Fm PS I SEFRYefb2#80R @PSIl = (Fm' - Fs)/Fm'

1.3.5 =SFFREE L E RS
Wk E] 6 17, BEATHELRI 20 Bk, BSRIE, BORIAR TR, SR 5 08 0= 1w, OGR BY AT R A 2 FF R Bl bIL
TR AR 10 % Fh

1.3.6 Zithik

K H Excel B8 AT PE B B RAR G TR 22500 W B 21 T 48 o0 AT

2006—2007 4F: 2a FME T LA LFE bR, B KBOHIE , D0 IR, By~ Mk S T B AR SR 2a il
A, HAYIR I 2007 4 Frim s 5175097
2 HER55H
2.1 ZBAEAR R K T RS B e R S
2.1.1 Xt ARARE R

T AR B0 RN B R e BRI RER SR DL CO, MR ma AR, IR IR A VE FHA BRI, M
T2 ALIE W AR TN, Z20E 5 PR R A ok m i AU AL sh S AR L, k22 ik i KAl , Z e T
TR, PR R SRR BN ZBVE S ST W BRSO A A K HE I E AR
B, I I R BT 2B AR LA I T RS B8 03 T4 150 6. 4% 1 3. 7%, HLUS I — 3% 25 S ak 31 il 257K

®2 ZEESFERFEEXRMEREHLE

Table 2 Comparison on summer-maize leaf area indexes by flat planting and ridge planting

BT el i 22 3] TS L I
Planting method Jointing Silk Filling Dough Maturity
A FP 0.48+0.01a 6.07+0.05a 5.76+0.08a 3.29+0.03b 1.09+0.01a
ZEVE RP 0.51+0.04a 6.17+0. 16a 5.77+0.07a 3.50+0.04a 1.13+0.02a
NG FRERIRAE 0. 05 KF L2225 B3 REFREIRTE 0. 01 K225 B3
x3 ZESFERBEEERTURRBLER
Table 3 Comparison on dry matter accumulation of summer maize by flat planting and ridge planting
AEAy By 79591 Jointing w223 Silk HEIY Maturity
Year  Planting method I Leaf ZEFT Stem Mt Leaf ZEFT Stem i Leaf ZEFT Stem FFKE Grain
2006 A FP 519.5+23.6a 177.0+9.2a 2642.9+21.7B 4632.3+154.1b 2765.5+128.8a  7452.9+335.2a  12090.5+523.5a
ZE{E RP 508.6+11.8a 188.3+4.7a 2999.6+67.7A 5953.2+288.2a 2835.1x154.0a  7830.1+377.6a 12551.2+341.1a
2007 A FP 529.4+24.6a 189.9+2.9a 2854.2+44.9B 5627.6+243.7b 2911.1+56.1b 8423.8+152.0a  13707.4+147.3b
ZEE RP 542.7+35.9a 197.4£9.0a 3238.9+58.8A 6679.8+89.5a  3165.7+59.2a 8705.3+174.7a  14526.9+191.6a
2.1.2 X TWIBRA R

M3 ATRIA Y WAL B ) A SR ARt A A 3 R (9 S AN W, JE A ik 22 ST i ot 2R AT
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FEHE A I A R YT, R RZE R T B AL BEIR] 2a 22 YR | ik 22 1 2B A LU SEAR G T AR
S B, b A T B B AR 2a PR 13.5% , 25 FRR B B E K 2587 T 8 B4R HPAE 2a
FHE 23.6% , 2253 A B, B A E TYIR 2a MRS 5, YR 20 > AR, 5k Rt 223
FHLE , i ST H AR B R 22 5080/ , 2006 AF A 4548 T E AL R R] 3 22 AN .35 2007 45 B, ZB4E
R TS 8. 7% KPR R 6. 0% , 33525 55 B E K-,
2.1.3 XA

H 2a B B HORORE (R 4) , 5FAEM L, ZZ1EARR S 2a B RIMIG = 2a 73 5134 7™ 6. 4% FI
12. 7% 349387 1163. 6 kg/hm® ,SEYIIEF=IREE R 9. 6% , — 34 25 53K B i 3 sipf 2 /K, WAF B 4b 2 ]
B SRR S SRR O B 22 5, 5OPAEAR H BRI ECR TR S A3, L R B 2 22 RIS W3,
THRiTE 2a 43 BIESFAEREIN 11.5 ¢ F122.3 g, 25 5338 3 35 sl b & 35 /KO, 33X ml BB i i)™ i 25 57 I i 22

*4 ZESFEREIERFTEERER
Table 4 Comparison on yield characters of summer-maize by flat planting and ridge planting

FHedm o SR/ % TR 2L FhE/ g

(S st f 2 e Z3FF% ) i/ (ke/hm?
0 Planting Y hm Double U (7_0 Grains 1000-grain F:i/( kb{hm )
Year Ear number . Barren ratio . . Grain yield

method spike rate per spike weight
2006 TAE FP 78312.5+437.5a 0.8+0.0a 1.4+0.6a 560.5+14. la 269.1+2.4b 11877.5+239.1b
ZE4E RP 78093.6+378.9a 0.6+0.3a 1.4+0.3a 573.5+11.2a 280.6+2.7a 12635.4+157.7a
2007 FAEFP 77656.3+218.8a 0.3+0.3a 1.740.5a 517.949.6a 336.5+1.9B 12331.1+154.0B
ZE1E RP 77875.0+218. 8a 0.3+0.3a 1.4+0.3a 544.3x10.5a 358.8+3.5A 13900.4+211.6A

2.2 ZBAEFRKTNE EAOCE MR P KR CO,MREE Ci 1) H AL 5
2.2.1 XPEAHESRH BRI

B2 R B ARARRARRG 206 E R HAAE S, AR T I AR, WAL B35 e B R ik 22 390 > 31y
W1, BRI R FIFEAZE T AR 1200 2247 Po ik B Bl , 2 J5 BE A (4R 0 Xz B e, i
A IR BN 12,00 Z B PHARBE2E 5785 /h 1200 2 5 22 E K, H 2B/ & T 7-1E, 8] 18.00 A4 —# 2%
SEE/IN . ANEFREE 7 A e, BT AR 221 P () SR I R B S AR UL R ZB AR R R
T RIHOLE R L

16 - 35
:Y’ 14 + —h— 30t
g 1l
5 25+
O 10}
g 20 +
Ca 15
g 6f
# | 10 +
’2’6} 4
12t 5F
B
0 1 1 1 1 1 1 0 1 1 1 1 1 1
800 10:.00 1200 1400 16:00 18:00 8:00 10:00 12:00 1400 16:00 18:00
Time

B2 ZESTERBEERLGEER Pn BEHLLILE
Fig.2 Comparison on diurnal changes of Prn of summer maize by flat planting and ridge planting
2.2.2  XHHIE] CO,HR S H AR5
MIE 3 AT AN FAE BRI F A HE] CO, M BETE 8.:00 Z )5 B ik, 12:00 X B/ AIRMH, ZJ5 T 16
BT, R ER LT, 5OE A BR BRI R, X IE RO T ORI CO, FHRE R, 18
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R FRATIIRIE 2230 Ci {HERBUN RS 224 W 2B AR GE T F R AR F AR F I CO, M TR,
FEOCEE AR R

240 - 350
—O0—
- 200 e 300 +
S 250 +
2 160 |
Ez 200 +
120 f
¥ 150 f
o)
80 t
E 100 +
S 40 + 50 b
O 1 1 1 1 1 1 0 1 1 1 1 1 1
800 10:00 12:00 14:00 16:00 18:00 800 10:00 12:00 14:00 16:00 18:00
Time

B3 ZESTEHRZEEERAMER CO,REBTHILR

Fig.3 Comparison on diurnal changes of Ci of summer maize by flat planting and ridge planting

2.3 ZEAERIE N E TR ZE SRS T H AR
2.3.1  XFzZEiEEER H AL 0

Pl 4 F2 ], BT R AN R B3 0 b B It 28 3k e H 28 AL 38 3R By AL b IR B3 i B 7, 31 1200 Bk )
KA, ZJ5 XIFUA T e ZE AR R B e Be N 26 30 55 P 284k (18] 2) — B #a %, Ak B 2BV AL PR A I
Tr {E i TR, AN A B IR BRI Tr (4 22 53 2 B — 30, (R4 0] Tr (835 30 11 Tk 22309, 35 45 300 28 1
Y Tr e A5 R E] 2. 20 F1 1. 99mmolH,0-m™s™" | 1fij it 22 W] % = B4 314 4. 01 F1 3. 64 mmolH,0-m™>s™",

25 - 45 -
é!; 4.0
“.‘g 20 r —a— 35 -
Q 30t
% 15 |
S 25t
< 10 20t
= 15|
05 | 10 -
05
0 1 1 1 1 1 1 O 1 1 1 1 1 1
800 10:00 1200 14:00 16:00 18:00 800 10:00 12:00 1400 1600 18:00
Time

B4 ZESTEERBEEREREBEE Ir BEULE

Fig.4 Comparison on diurnal changes of Tr of summer maize by flat planting and ridge planting

2.3.2 MARSLFEM HALR R

AFAF I, TR R B AL H AR R BN B VRSP (18] 5) | IR U R TR ST 2845
AR T8 GG R, TR 28 SO0 BE AR, 2R S ORI I, AR TSt A AR ORI Gs 19 HZZ {5
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Fig.5 Comparison on diurnal changes of Gs of summer maize by flat planting and ridge planting
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Fig.6 Comparison on diurnal changes of Fv/Fm of summer maize by flat planting and ridge planting
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Fig.7 Comparison on diurnal changes of ®PS 1l of summer maize by flat planting and ridge planting
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