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The effects of planting patterns and densities on photosynthetic characteristics and

yield in summer maize

ZHANG Qian, ZHANG Hongsheng, SONG Xiyun, JIANG Wen "
Shandong Key Laboratory of Dryland Farming Technology, Qingdao Agricultural University, Qingdao 266109, China

Abstract: In China, maize ( Zea mays L.) is the third most important cereal crop, after wheat and rice, and is used as a
staple food for humans, livestock and as raw material for many industrial products. The Huang-Huai-Hai Plain is the most
important maize production region; however, in recent years, during the maize growing season, especially during the
pollination period, extreme weather, such as heat waves and overcast or rainy weather, has frequently occurred in this area.
These weather events seriously reduced maize plant biomass and grain yield for the current conventional uniform row spacing
pattern, especially with an increased plant density. Crop row spacing can influence the canopy architecture, and optimal row
spacing can improve the group structure, increase sunlight penetration, reduce competition between strains, and promote
the individual plant growth, which contributes to a high biomass and maize yield. The objective of this study is to further
explore the effects of planting patterns combined with plant densities on the photosynthetic characteristics of summer maize.
Field experiments involving four planting patterns ( three-row strip, four-row strip, five-row strip and the control
conventional uniform row spacing pattern) under two plant densities (67500 and 82500 plants/hm’) , using the ‘Zheng-Dan
958’ cultivar were conducted in 2011 and 2012 in this region. Under both high and low plant densities, compared with the
control , the strip planting patterns decreased the leaf angle of the 1% leaf above the ear, and the leaf angles of the 1" and 2™
leaves above the ear were smallest under the three-row strip pattern. The SPAD value of ear leaves was significantly

influenced by treatments in both years at the flowering stage and in 2012 at the maturity stage. At flowering stage , the SPAD
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value was increased under strip planting patterns, and the highest and lowest values were observed using the three-strip
pattern and the control, respectively. Photosynthesis ( Pn), stomatal conductance ( Cond ), and intercellular CO,
concentration ( Ci) were all significantly affected by the treatments, but the transpiration rate ( 7r) was not. Pn was higher
in the strip planting patterns than the control, increasing by 51.3%, 37.7%, and 45.7% under the three-, four- and five-
row strip treatments, respectively. Among all treatments, the three-strip planting pattern attained the highest Pn, Cond and
Tr values. The grain yield was also increased by the changed planting patterns, and the average yields were 16.7%, 6.1%
and 10. 7% higher in 2011 and 17.2%, 12.1% and 10. 6% higher in 2012 under the three-, four- and five-row strip
treatments , respectively, compared with the control. At the maturity stage in 2011, no difference in the percentage of barren
stalks was observed among the planting patterns, but a significant difference was observed in 2012. The conventional
uniform row spacing pattern had the highest percentage of barren stalks in both years. Among all the treatments, the three-
row strip planting pattern with a high plant density (82500 plants/hm”) produced the highest grain yield in both years.
Thus, the grain yield of summer maize can be mostly enhanced by using a three-row strip planting pattern, especially under

a higher plant density.

Key Words:; Zea mays L.; Strip planting pattern; Photosynthetic characteristics; Yield components

TR FEZARAY) R B E 0%, FIEEY—R, 3ORE 22— 72, AR AR
T BRGNS T EORAE R TR DR B, ok A BRI RE )
R, ANTE BRI S F 2 R WA R TR IR A9 A K 7 AT S B30™ AR, DR R ATF 5 6 K g 7 96 7 17 LR AR 45
HFRAERTIA G . FOKREZ RIS R R RO St SR R R R 2~ A 5E
JEBERAT ) A K R AR T K R )2 D) B B e T B A 32 3 A R R i 4 2
PRI e >0 I R 2 R S K SR SR A A OB Y e B R WS R I B G A %
(RGN, AR SRR 1A T T R AL REHOR 2 1 A2 i A B T d R, B Y e KA Uy X
EWRFE R BS AE AT R AR EE , SEAR AT R R Bt RS R MR R BB, M nad KUz et v b 1]
e AR AR A KR E T AR I, AT Sl Ry R /N R I e, nT 5S4 R A T
PRAONE , SENAE (A XUz, (25 D/ VR (ST A B RO G RE T, B IR RO, HLARAT Sl b
PR 3R R ZE R, vt TR TGRS RN Ry A AR [ 2 B AR AR R R R A
B A BRSO AR 0 1 R DT FEARIE B T 0, R S AR LA 47 Sl b i 75 385 8 B AR N BIETE X Bt A7
R RS, & 1 il el i 7 ORGSR TS 2450 S Aot G 3™ 7, S BB K ™ R A —
SE M

1 #R57EE®

1.1 Rt

IG5 T 2011 450 2012 4E7E F 5 Al R~ e M 53k (35.53°/N, 119.58°/E) #£47, 2011 12012
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T, B R 2, B XD A B3 IRE R, R SRR IR (B G ARATIE) L =477k DUAT— AT
1T —5 =R AEAT SE s R 7 =2 B R T 5 85 BE (67,500 Kk/hm? ) FITES 5 (82500 #k/hm?) 5 /NX HIFR 71.5
m’, FEHETR I AR SRR (750 kg/hm?) N P,0, K,O fit bl 22-8- 12, F KA K WIEABAE, EkEEA4
BFWATH MR, A0 1,

http ; //www.ecologica.cn



414 A AR Rl T ORI BE X B B KOL B A K™ B 5 R 1237

1.2 MEmHS a
G R A P SRR 1 B L A $ % $ % % $ $ % %
HE (REHE/INX A3ESE 3 4T)  SAT Al WUAT Al AT B T R

70 cm
— AR 20 ) USSR R 3 Bk 3 Bk 4 Bk S Bk

b
IRE R REAL R REAE LT P I Ay (NI RE Az ) %%% %%% $$$
Bt fE (LOV) , it [ {ELAR 9 5 i LOV = (90° ~ i 55 55 100 55 55 100 55

55 cm

1) x TR SRR/ PR R R RO ik ©
TEIT: 22 1RSI F AR 43 2000 5 X (SPAD-502) %%%% %%%%
55 55 55 120 55 55

W f T0 v PR R J& I it SPAD fH; 7Emt 22 )5 35 d, 55 em

9.:00—11:00( KBETCIR) , FIH LI- 6000 Y& A 1L #4774 ’
55 55 55 55 140 55 55 55 55cm

(Ci) G B AR(Tr) S5 BEC S H6 PR 8 5 MU 45
AN/ ] 2 ASfr il g 7 i (R 5 m) BRI i E1 FEsRER
%$%§§ }J\ Fﬁ LI& %$‘$ ':F' Fﬁ L iZ@EX 20 $$ ’ R q: , ;'jé ﬁl , 3 + Fig.1 Graphical representation of the planting patterns
a: W MAETT N em;b: AT ER 2 MHEE
SIERT R T GAC2100 BHIK AN MM THT 1o os a1t 100 e o s A
g " /T 55 em, II—HFFE 100 emje; PUAT—HEFR 3 AN /IMTHE

KL KED) 55 cm, Hl—HFE 120 emd: HAT— A2 4 AHE/AMTHE 55 em,
13 %&?Eﬂiﬂl—ﬁﬁj\*ﬁ ﬁﬂ*?ﬁ;ﬂu 140 cm

IR R ] SAS9.0( Duncan S il 2215 ) K Ak PR G AT 8s AL B 7o
2 HREHS

2.1 PP BT RO ZEFFIE S A5
P e 77 5] E A B T AR HE L 2011 4545 Pk 7 =] B 07 5 0 25 57 39 A8 (B 2 T 2012 4R BR =5 K1 Ak
SR E KT (3R 1), 2011 4580 2012 4R35k HAT—H i 73X MR RS e i, ) IRAEAT R
P 7 3R A1 5 2012 457 2 119 (R 3 g X R AEA T B AP O s dee I, T =47 — s Al 7 Ut Ay =X )
MU AR ZE AR B (05X RS TREFP A 7 =CAH BL , #4017 E iy i 5K 2R3 Bk, U HOR e =
WK T, BEEIR AL bR 2011 AEFEAL A0 Ak o R = RN AH % 2 41 25 S5 38R 3R 21 B KT (R %
FEAKE T MR AL 2 T AR RN AR B, R 2 W K E R R A 3 R 2R
& EACE TR 2 55 3 R M B TR AR R S B AR ORI AR A (B
2011 4FRA ) JC i 35 520

F1 MEAX FEXNEREREFESHZT

Table 1 Stem morphological traits of summer maize in different planting patterns and densities in years 2011 and 2012

PR/ em T/ cm ZEH/em A B (2012) /em

Pt 7 = I/ hm? Plant height Ear height Stem diameter Internode length
Planting patterns Density Bt 3
Plants 2011 2012 2011 2012 2011 2012 o “l

The 2 The 3

ZATHE CK 67500 235.17 227.78 107.50 102.33 2.65 2.52 8.18 10. 94
82500 242.27 230.78 122.17 102.56 2.63 2.32 8.22 10. 88

=47—Hf7 Three-row 67500 248.83 239.22 115.00 102.78 2.78 2.79 6.39 9.61
82500 252.83 242.56 115.83 114.22 2.68 2.80 7.47 10.93
P47 —H7 Four-row 67500 244.67 241.11 111.00 103.56 2.82 2.59 7.28 10. 00
82500 248.67 235.33 121.83 108.56 2.57 2.69 7.48 10. 17

HATF—7 Five-row 67500 253.33 247.56 124.50 114.44 2.83 2.73 7.39 10. 28
82500 255.50 248.56 118.83 116.11 2.80 2.53 7.21 10. 60
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R/ em NI/ ecm ZEH/ em T[] (2012) /em
S Y L/ hm? Plant height Ear height Stem diameter Internode length
Planting patterns Density bR B3
Plants 2011 2012 2011 2012 2011 2012 o ;
The 2 The 3
T4t )72 Patterns E4THE CK 238.72 229.28 114.83 102.44 2.64 2.42 8.20 10.91
ZAT 7 Three-row 250.83  240.89  115.42 108.50 2.73 2.79 6.93 10.27
PUAF—# Four-row 246.67 238.22 116.42 106.06 2.69 2.64 7.38 10. 08
#4774 Five-row 254.42 248.06 121.67 115.28 2.82 2.63 7.30 10. 44
LSD ns 9.16" 4.27" 8.26* ns ns 0.47" ns
B Density 67500 245.50 238.92 114.50 105.78 2.77 2.66 7.31 10. 21
82500 249.82 239.31 119.67 110. 36 2.67 2.59 7.59 10. 64
LSD ns ns 3.02 % ns ns ns ns 0.41*
FHE 5 S PatternsXDensity ns ns * ns ns ns ns ns

LSD: Least Significant Difference , £/~ /N & 2 ; B EKFEH P=0.05, * B3F ns: AEE
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Table 2 Leaf angle (LLA) and leaf orientative value (LOV) of summer maize in different planting patterns and densities in 2012

R REAL [ 55 2 it R 5 1 REAL 55 1 REAL T 55 2 it
Planting 2 g{‘./hmz The 2nd The 1st The 1st The 2nd
patterns Density plants leaf above ear/(°) leaf above ear/(°) leaf under ear/(°) leaf under ear/(°)
LA LOV LA LOV LA LOV LA LOV
E1T1HE CK 67500 18.89 65.75 20. 44 60. 37 19.11 54.92 20. 56 54.16
82500 17.33 60. 71 20.22 58.01 19.22 56.12 21.11 55.84
=47 —1¥ Three-row 67500 17.33 66.32 18.67 61.71 17.67 56.64 20.78 56.19
82500 17.33 67.01 18.33 59.44 16.89 57.15 20. 33 54.78
PYAT—4l Four-row 67500 17.78 62.31 18.89 56.04 18.78 54.65 20.78 56.11
82500 17.67 62.53 19.00 57.05 18.22 57.08 20. 67 55.20
H AT Five-row 67500 19.67 65.90 19.67 58.40 18.33 55.40 20. 89 57.26
82500 19.00 60. 41 18.78 56.36 19.22 54.30 21.00 56.30
P72 Patterns SEATHE CK 18.11 63.23 20. 33 59.19 19.17 55.52 20. 83 55.00
= AT—7f Three-row 17.33 66.66 18.50 60. 57 17.28 56.90 20. 56 55.49
P47 —4 Four-row 17.72 62.42 18.94 56.54 18.50 55.87 20.72 55.66
AT Five-row 19.33 63.16 19.22 57.38 18.78 54.85 20. 94 56.78
LSD 0.72 = ns 0. 67 * ns ns ns ns ns
% Density 67500 18.42 65.07 19.42 59.13 18.47 55.40 20.75 55.93
82500 17.83 62.67 19.08 57.71 18.39 56.16 20.78 55.53
LSD 0.51 = ns ns ns ns ns ns ns
Pt 77 % JE PatternsXDensity ns ns ns ns ns ns ns ns

LA : Leaf angle, FRMJeffy; LOV ; leaf orientative value , 27~ I [i1] B

2.3 P # X R E K SPAD {HAY R
& 2 ] & W A SPAD {E 78 FF 7830 I8 3 5 T ], 2011 4RI A6 300 2 pli 23t SPAD fH (B = 47—
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Fig.2 The SPAD value of maize in different planting patterns and densities
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Fig.3 the photosynthetic characteristics of summer maize at 35 days after silking in different planting patterns and densities in 2012

Pn ; Photosynthetic rate, 27~ Y65 # % ; Cond ; Stomatal conductance , 278 L fL 5 & ; Ci; Intercellular CO, concentration , % 7~ M 7] CO, ¥ & ; Tr.

Transpiration rate , FRTEEH R
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GERET , AT PUAT— AT — 5 A 464 T SE i i 5 O G 2 (Po) B4 2 T BRAEA TR,
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HIN 6.1% 1.6% 2.6% ; % Bt 25 RT3 5 e g 325 ) D vy 288 B8 25 P23 Wl 2 oy T o A 28 B s o8 i o 5 o B
HAEXT & P A R S R B2 . 2012 AEFPE O s AR AR AR E R R R (3R 3)
S R R /L [ W= W B 15 39 YA o = B L s 7 L W = W S T VA 88 =7 A Rl 0 I R Ve a8 A 11
X RRAEA T PR AR Jr U R A A TR R RO EE )N 5 B A T A R R RS A AN 2 R
K5 % B BAR O PR e 2

PHAE N T 7 200 oK TR0 B e .35 (3R 3) |, Horp =47l D047 —af | AT — i A 5 000l s
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Table 3 Yield and yield components of summer maize at the maturity stage in different planting patterns and densities in 2011 and 2012

ZFF %% - TR No. R/ R/ T
ﬁﬁﬁﬂ: I/ Pefcijge of BT No. ke?lilfiumber ifilf (fraﬁlwi;iglgn Yield/
Planing Density barren stalks Kemel rows per row weight per ear (kg/hm?)
patterns Plants

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012
AT CK 67500 13.0 3.8 14.5 14.1 32.8 30.3 29.9 28.0 142.3 114.9 6926 6395
82500 19.2 3.1 14.3 14.3 30.6 32.6 29.0 27.2 127.4 118.2 7166 6745
=47 Three-row 67500 6.2 1.2 15.0 13.9 33.8 35.8 289 315 146.8 159.0 77192 7394
82500 12.6 1.9 15.1 14.1 32.8 34.0 28.1 30.3 139.1 148.7 8655 8003
JU17—47 Four-row 67500 5.5 1.7 15.3 13.7 322 343 28.1 31.0 139.1 141.7 7116 7352
82500 15.2 1.6 14.7 13.3 32.8 335 28.0 30.9 1347 135.8 7831 7373
FAT— Five-row 67500 6.1 1.0 147 14.2 33.4 33.7 28.6 30.6 140.8  150.5 7749 7494
82500 14.0 1.0 15.3 14.0 315 322 282 29.0 135.7 130.8 7854 7036
Fiki 773X Patterns AT CK 16.1 34 144 142 317 314 95 276 1348 1165 7046 6570
ZA7—1F Three-row 9.4 1.6 15.1 40 333 349 285 309 1430 1539 8223 7699
P47~ Four-row 10.4 1.7 15.0 13.5 325 339 28.1 30.92 1369 141.8 7474 7363
T AT Five-row 10.1 1.0 15.0 14.1 324 329 284 29.8 138.3 140.7 7801 7265
LSD ns 1.2 ns ns ns 1.2 ns 1.8 ns 143%  745% 622
B Density 67500 1.1 1.9 14.9 14.0 33.1 335 289 30.3 1423 143.0 7396 7159
82500 15.2 1.9 14.9 14.0 31.9 33.1 283 29.4 134.2 133.4 7876 7289
LSD 5.0 ns s ns ns ns ns s s ns ns ns
Fii 7 X PatternsxDensity ns ns ns ns ns * ns ns ns ns ns ns

* 0 s ALK
3 itig

FREFH G B SCE, AOTTE A, 4617 S A D7 0T IORBHR R B4 i, 5
T Ge S AT MR T A B, 4 Sl oA 0 2R B EOR R mon , BEAAR T, 25T 28 — = I W] e 4 J
(3 1) TITHESRAT AR = 25 B R HUEIIR M X 5 R A5 Y AR ) SR 450 R A SRAR L, o po )
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