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Effects of Different Planting Densities on Photosynthetic
Characteristics and Yield of Different Variety Types
of Spring Maize on Dryland
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Abstract: [Objectivel Effects of different planting densities and different variety types of spring maize on physiological
characteristics and yield in Weibei highland were investigated. The aim of this study was to determine the suitable maize varieties
and their planting densities in dryland. [Method] Field experiments were carried out by using spring maize cultivar Yuyu22,
Zhengdan958, Xianyu335, and four planting density treatments including D1(52 500 plants/hm?), D2(67 500 plants/hm?), D3(82 500
plants/hm?) and D4(97 500 plants/hm?) were designed. The changes of photosynthetic characteristics, leaf area index(LAI), biomass
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yield and yield related traits of spring maize at different growth stages were observed. [Result] (1)Photosynthetic rate (Pn) and
transpiration rate (7r) decreased with the increase of planting density, while LAI increased. Pn decreased by 1.32 pmol CO;m™>s™,
Tr decreased by 0.297 mmol'm™s™ and LAI increased by 0.181 for each increase in density of 10 000 plants/hm?”. (2)The number of
productive ear was remarkably increased with the increase of planting density, but the kernels per ear and 1 000-kernel weight were
significantly decreased(P<<0.05). The kernels per ear decreased by 45 and the 1 000-kernel weight decreased by 12 g for each
increase in density of 10 000 plants/hm”. The yield of three maize varieties was the highest at D2 density. In treatment D2, the yield
of Yuyu 22, Zhengdan 958, and Xianyu 335 were 10.52, 9.59, and 9.14 thm? in 2015, and 11.37, 9.73, and 9.77 thm™ in 2016,
respectively. The average yield of three maize varieties was increased by 21.9%, 19.5%, and 7.5%, respectively, within two years,
when the density was increased from 52 500 plants/hm’ to 67 500 plants/hm’. The average yield of three maize varieties was
decreased by 19.8%, 15.4%, and 7.7%, respectively, within two years, when the density was increased from 67 500 plants/hm? to
97 500 plants/hm®. (3) The stem diameter, and ear length of spring maize decreased with the increase of planting density. The ear
length decreased by 0.86 cm, the stem diameter decreased by 0.09 cm for each increase in density of 10 000 plants/hm’. The lodging
rate of Yuyu 22 and Zhengdan 958 rather than Xianyu 335 increased with the decrease of stem diameter. (4)The harvest index varied
greatly in two years, the average performance was 2015>2016, and the varieties showed that Xianyu 335> Zhengdan 958> Yuyu 22.
Water use efficiency(WUE) and radiation use efficiency(RUE) were increased with the increase of planting density and then
decreased. [Conclusion] The optimum planting density of different variety types of spring maize in Weibei dryland was different.
Yuyu 22 was 72 500 plants/hm?, Zhengdan 958 was 74 000 plants/hm? and Xianyu 335 was 73 200 plants/hm”. Yuyu 22 had high
stability and high yield. The optimum planting density of different variety types of spring maize was 72 600-74 000 plants/hm?. Low
density was recommended for thin planting varieties, and high density was recommended for close planting varieties.

Key words: Weibei highland; maize; variety; planting density; photosynthetic characteristic; resource use efficiency
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Table 1 Changes of photosynthetic characteristics at tasseling stage under different planting densities and different variety types of

spring maize

mi A B JeEr & Photosynthetic rate (umol COm™>s™) #53H % Transpiration rate (mmol-m™>-s™)
Variety Density 2015 2016 2015 2016
%E 22 DI 31.442.9ab 27.7£2.2b 6.60+0.33b 6.2240.23¢
Yuyu 22 D2 30.6+2.6abc 25.7+2.1c 6.18£0.31¢ 6.08+0.37cd
D3 28.54+2.3de 25.942.1c 5.80+0.28¢ 5.77+0.25de
D4 25.442.1F 23.7+1.8d 5.25+0.23d 5.45+0.25¢f
26 958 DI 30.8+2.5ab 30.0+2.6a 6.77+0.37ab 6.06+0.29cd
Zhengdan 958 D2 29.842.5bcd 28.242.3b 6.73+0.35ab 5.93+0.28cf
D3 27.242.2¢ 24.322.0cd 5.39+0.24d 5.7620.27de
D4 24.5+1.9¢ 24.142.0cd 5.20+0.28d 5.11+0.28f
SF 335 DI 32.242.9a 30.143.1a 7.02+0.38a 7.374031a
Xianyn 335 D2 30.6+2.8abc 29.3+3.0ab 6.69+0.39a 6.9240.20b
D3 28.842.6¢de 27.9+2.1b 5.25+0.22d 6.0320.20cd
D4 24.121.7f 25.743.0¢ 5.01+0.21d 6.0120.25¢d

[AFIARNG PR R AR 22 5+ 3% (P<0.05). A

Different lowercase letters in same column mean significant difference at the 0.05 level among different treatments. The same as below
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Table 2 Regression equation between mean LAI of growth
period and planting densities of spring maize

A B )= 757 R
Variety Regression equation

#BE 22 Yuyu22 y=0.1733x + 0.6482 0.9290%*
FB#. 958  Zhengdan 958 y=0.1845x + 0.4193 0.8956**
567 335 Xianyu 335 y=10.1845x + 0.4704 0.9025%*
V35 Average »y=0.1807x + 0.5126 0.8760%*

RN (P<0.05) R, MR (P<0.0D) M. x: W,
Jitk/mm?, T

* represents significant difference at the 0.05 level; ** represents significant
different at the 0.01 level. x: Density, 10 000 plants/hm®. The same as below

£33 BEEKBKLA 5FEEMOAXE

Table 3 Regression equation between LAI at tasseling stage
and grain yield of spring maize

mh [EEpspid R
Variety Regression equation
%E 22 Yuyu22 y=-1.7006x" + 14.176x - 18.973  0.8211**

#8958  Zhengdan 958  y=-0.6641x" + 5.7962x - 3.2701  0.6766**
JEE 335 Xianyu 335 y=-0.7378x" + 5.8476x - 2.0564  0.8986**

P Average y=-0.8335x" + 6.9101x - 4.7622  0.6711**
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DI, D2. D3 1 D4 5K E Ty 5.25. 6,75, 8.25 M1 9.75 Jib/hm®s R[]
D1, D2, D3, and D4 denote the plant density of 5.25, 6.75, 8.25, 9.75x10* plant/hm?, respectively. The same as below

2 FEXMKRMAREEHAMHEREH (LAD MEME
Fig. 2 Effect of planting density on the leaf area index (LAI) of testing varieties at different growth stages

T opi g2 mps @mos 2015 30
st 25t
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%E22 Yuyu22  ##.958 Zhengdan 958 4335 Xianyu 335 %E22 Yuyu22  #£¥%.958 Zhengdan 958 %5335 Xianyu 335
PR EAN )N SRR R ) — SRS [R]85 ) 722 53 2 (P<<0.05)

Different lowercase letters above the bars mean significant difference at 0.05 level under different planting densities in the same variety

3 MEZEENTREMMEREFRERTHRRARHFM
Fig. 3 Effect of different planting densities on biological yield of different variety types of spring maize
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Table 4 Changes of grain yield and its components under different planting density and different varieties types of spring maize

A4 fh Pk AL FURL S ThiE s (e R
Year Variety Density (x10* #/hm?) Ear number (x10>hm?) Kernels per ear  1000-kernel weight (g) Grain yield (thm?)  Harvest index
2015 BE2 D1 51.87d 575.8bc 282.2a 8.43de 0.53b
Yuyu 22 D2 66.76¢ 564.9¢ 279.0a 10.52a 0.51be
D3 81.68b 471.4d 253.0¢ 9.74b 0.45de
D4 96.53a 349.9¢ 243.9de 8.24def 0.40f
i 958 D1 51.98d 596.3b 262.5b 8.14ef 0.52b
Zhengdan 958 D2 66.96¢ 594.6b 240.9¢f 9.59bc 0.57a
D3 81.68b 467.2d 231.4g 8.83cd 0.48cd
D4 96.43a 375.4¢ 210.5h 7.62f 0.42ef
%K 335 D1 52.03d 643.5 250.2¢d 8.38de 0.53b
Xianyu 335 D2 66.69¢ 570.9bc 240.1ef 9.14b 0.50bc
D3 81.84b 474.0d 234.7fg 9.10be 0.50bc
D4 96.43a 396.8¢ 215.7h 8.26def 0.44e
2016 BE2 D1 51.23d 635.7a 292.7a 9.53be 0.42bc
Yuyu 22 D2 65.29¢ 627.8a 277.5b¢ 11.37a 0.44b
D3 81.64b 510.6d 242.0f 10.10b 0.39cde
D4 92.62a 465.8f 215.7¢ 9.31cd 0.38ede
i 958 D1 51.66d 570.1bc 272.6¢ 8.03¢ 0.41bed
Zhengdan 958 D2 65.69¢ 560.5¢ 264.3d 9.73be 0.41bed
D3 80.66b 502.3d 234.4f 9.50bc 0.39cde
D4 92.74a 439.5¢ 214.2¢ 8.73d 0.37¢
%K 335 D1 51.28d 639.4a 281.0b 9.21cd 0.50a
Xianyu 335 D2 65.92¢ 579.6b 255.7¢ 9.77be 0.48a
D3 80.63b 484.1¢ 239.8f 9.36¢d 0.44b
D4 94.37a 465.2f 209.5g 9.20cd 0.40cde
F1iA fhFP Variety 0.054 0.483 8.399%* 5.626% 2.026
F-value ¥ Density 1222.939 ** 33.619 ** 28.400%* 10.134%* 1.091
fhFf X % VarietyxDensity 0.115 0.400 0.289 0.798 1.277

2.5 MEEEWMAFMMPEEEREREBREE G335 AL ML,

k2N A

2015—2016 SRS B 0 5 TR KA RJE 5 25K
MR BKFIRTE KM W2 6 Prr. &
T 22, FBHL 958, SGEK 335 7E 4 AN N KRR
KI5k 2.28. 2.204 2.16 cm, FHEFMAE S5 1K,
B K SR AR SE S 2R B #d N, B D11
KE| D4, HE 22, HH 958, SGk 335 FEEBZEM 2
SESPE 4 k> 0331 0.51 A1 0.38 cm, SRR 1
JifRMm?, FEFEZERT- I/ 0.09 em. B L2
AU, Bk 22, KR 958 [RIfR R B, WA
I 1 ER/Am?, BRI 5%, (H &R 2

BEMAE % FERE R, &4 K R R R T
FPEREEIN 1 JTHR/Mm?, BT 0.86 em. 7EAH
[ RN, TR R TE & 22> 56K 335> F 3
958, 4 22 AL 958 7F D2 % & F RS iK1,
KT D2 % FEIN R 2 B INARFR TR K, 26K 335
7t D1—D4 % 8 FRF KB WGk, A 958 Flsk
T 335 FEFEIIK: D4 % 55 D1 %R 2 4335 0 0.25
cm 1 1.38 cmo
2.6 MEZEENAEMMENEREREZREHHAYE

EREA )
BEFRT 25 B8 0, 2015—2016 4F 3 AN K S FlK
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Table 5 Regression equation between grain yield, yield

components and planting densities of spring maize

T QE| A [ =52 R
Item Variety Regression equation
Fe BE 22 y=-0.3456x" + 5.0740x - 7.9906  0.6778**
Grain yield Yuyu 22
FBHL 958 y=-0.2850x + 4.2600x - 6.3459  0.7489%*
Zhengdan 958
JE 335 y=-0.1289x7+ 1.9053x +2.3750  0.6954**
Xianyu 335
e y=-0.2531x" +3.7464x - 3.9872  0.6699%*
Average
MRk %R 22 y=-46.603x + 874.76 0.7607%*
Kernels Yuyu 22
per ear JEE 958 y=-41.337x + 823.26 0.8420%*
Zhengdan 958
K335 y=-48.503x + 895.46 0.9428**
Xianyu 335
T y=-45.481x + 864.50 0.8338**
Average
THE KBE 22 y=-13.573x + 362.58 0.8614%*
1000-kernel Yuyu 22
weight JEE 958 y=-12.353x + 334.00 0.9067**
Zhengdan 958
R 335 y=-11.310x +325.66 0.8051%*
Xianyu 335
P8 y=-12.412x + 340.75 0.7302%*
Average

SRR (WUE) UG NG R EEs (R 7,
LI D2 % EALEE WUE fx = (2015 4F56 % 335 L D3
B S B, D3 Fl D4 % ALK K PR - 2015—2016

*6 MEEEXNTEGMEREERRFEMEXERE

IR 22 FAE 958 JGREFI HI 2 (RUE) 4t % i 4
I sE G s AR, HI7E D3 % R IA SNl
(2016 4E74 & 22 LA D2 %% 500 , 156 & 335 b
FERINZEHTIEG N . 3 A F KA WUE RUE 5 R %
JE 2 1R) ¥ A7 70 W0 35 M 3 IR R A G SR R (3R
8) o K 22, KU 958 FI5L & 335 s WUE X %
FES RN 716+ 7.36 F1 7.25 Jikk/mm?, FHEh 7.26
Jikk/hm?s ey RUE XN % 53500 8.06. 8.44 Al
10.51 Ji#k/hm?®, “FI14 8.47 Jikk/hm?,
3 it

KPR A, — 7 TR T R
HAERTE KSR Z D, 53— 77 T TR R
WK A VIR AR B o BT T AT SR it o
FERE s n, AR [RURR BN 25 AN ], M Pk E)
—SE R PE R, A R R BB 2 5 e o v /D2
3.1 EMERNREFFERFENTI

PR T PR B PR 2 8 T KA B b A AN AT
Fe D RO, SR AR P R R RE R R LR
FUTE PR, ARG 40 3 F T KRR R
P & 22081 RTS8 L 0 lORs B 958U VR A 151
ARG 33520, SR 335 FIEH 958 MK HE /MR
FOREE R R T SIS N s B, ORI R T
RRIAK BT, AT R AR AR R —, R B
MG RE), TR AE i 2 B AT R FE R e 1) B = 1
AWFFERM, AR 3 AT KGR Pny Tr

Table 6 Changes of yield characters under different planting densities and different variety types of spring maize

Fh Variety R JEMIZEML Stem diameter (cm)  fR{RZF Lodging rate (%) K Ear length (cm) HESETiK Bald long (cm)
Density 2015 2016 2015 2016 2015 2016 2015 2016
BE2 D1 2.12bc 2.96a 0e od 19.73a 2239 2.01a 1.86b
Yuyu 22 D2 2.18b 2.29¢d 10¢ 5¢ 18.88a 21.36ab 1.16¢ 1.77b
D3 2.15bc 2.14ef 15b 12ab 17.09b 18.58cde 1.45b 1.87b
D4 2.08bc 2.34cd 20a 152 15.29¢ 17.78de 1.59 1.71b
S HL 958 D1 2.04cd 2.78b 0e 0 17.99a 19.50cd 1.34b 0.30d
Zhengdan 958 D2 2.14be 2.82b 3e 4¢ 17.31ab 18.35cde 1.09¢ 0.45d
D3 1.94de 2.06f 5d 10b 15.79bc 17.42¢ 1.54ab 0.31d
D4 1.69f 2.11f 10¢ 152 15.26¢ 17.00e 1.76a 0.38d
%K 335 D1 2.35a 2.39¢ 0e od 19.69a 22.10a 1.07d 0.87c
Xianyu 335 D2 2.05bed 2.40¢ 0e od 17.49b 18.76cde 1.36¢ 1.98b
D3 1.88¢ 2.24de 0e od 15.98bc 19.69bc 1.68b 2.06b
D4 1.84¢ 2.14ef 0e od 15.38¢ 17.39 2.08a 2.62a




At

13 AN

3
<

50 TR SO S AN BRI TR S OGS R R S 7 B S 2471

F71 MEZEENAESRMEREERKS A BRI EHAEROZN
Table 7 Changes of WUE and RUE under different planting densities and different variety types of spring maize

i W FE/K i ET (mm) JaEEFII % RUE (%) KA FIFARAE WUE (kg'hm”mm™)
Variety Density 2015 2016 2015 2016 2015 2016
BE 22 D1 4344 438.7 1.2de 1.7¢ 19.4cd 21.7a
Yuyu 22 D2 448.4 497.0 1.5 1.92 2352 22.9a
D3 4338 468.0 1.6a 1.9 22.5ab 21.6a
D4 429.6 510.6 1.5a 1.8b 19.2d 18.2¢d
B 958 D1 4344 4672 1.2¢ 1.4ef 18.7de 17.2d
Zhengdan 958 D2 4545 4542 1.2¢d 1.7be 21.1be 21.42b
D3 4525 481.9 1.3b 1.8b 19.5¢d 19.7be
D4 4519 470.0 1.3bc 1.7bc 16.9¢ 18.6¢d
S 335 DI 465.8 480.7 1.2de 1.4f 18.0de 19.2¢
Xianyu 335 D2 476.8 460.0 1.3b 1.5d 19.2d 21.2ab
D3 466.8 497.0 1.3b 1.6de 19.5¢d 18.8cd
D4 462.8 491.7 1.4b 1.7¢ 17.8de 18.7cd

%8 ZEEKWUEFNRUE EMEZERIEER

Table 8 Regression equation between WUE, RUE and planting
densities of spring maize

TiH v EIZprgss R
Item Variety Regression equation
JREFIH A BT 22 y=-0.0425x> + 0.6847x - 1.005 0.9849**
RUE Yuyu 22
HBHL 958 y=-0.0267x" +0.4507x - 0.342  0.9909**
Zhengdan 958
46 335 y=-0.0091x" +0.1912x + 0.516 0.9555**
Xianyu 335
RE2] y=-0.0261x" + 0.4422x - 0.277  0.5365*
Average
KRR BE 22 y=-0.6667x"+9.5533x - 11.150 0.8494%**
WUE Yuyu 22
HIER 958 y=-0.5722x" + 8.4333x - 10316 0.7379%*
Zhengdan 958
5EE 335 y=-0.2778x* + 4.0267x + 5.256  0.4619*
Xianyu 335
P y=-0.5056x" + 7.3378x - 5.403  0.6690**
Average

A EH—B, H SR ZE AR E (P<0.05) o 1F
BAREE R, 3 ANMWMZEBEERE R, mbEEEEAN
TR, ARBEAE BRI, KA O BREIR T, 2
ERIWRSS, Je& R BRI R
W, BEAEREAADL AT DL I SR AN AR 3, BT
SRR B SR I K T BEA 7K o i e,
BB, ST = S PG AT
ORI, BEPIRE 25 B 3G 0 FOREE I 2O A A, Al
W/, BEFRTHACIE I, (AR et RPN, 1Y

KT HURMCSRAE MV AE B2 B AT o AN A (] PR AR
KNG TRbR S P /R IEA—2, W1 2016 FFE K 22
A R R A 958 e T 335 1%, (HHFH g
1o 2015—2016 TFEAN [] St ] TOKBEAA T TR 2 &
AL, LA T 22 TH R B e, Hak
AT 335, X5 AEESEPHR AR e 335
YR Rt w7 A, X0 e 5 IR
K A K.

R A = 52 A AR A RO e
HORThr B = AN R A R0 B B I e
Hb TR 7 B R OB DR 35 o 1l 5 FEE R 8 KR4 P
2%, IS s FOKRBEA = O, AREFUR I, 2015—
2016 4 i FIAILE 4 A% B R P e PRE RN 4 £ 22
>4EE 335> 5 958, KBER 958 7E 2015 4F D2 %
NPEEE TR 335, (HILARSEAR, R PR
B H P B IR G T 335 K, B RAR T
£ 335,

3.2 MIEZEEMNASHEREENEIT

TG B AR TR A SR i, MG
IR GE R, )T REE AR AR B i A
H35 FE SR oK P BN R — . R
WEFCHR I, B RN oK 4 m, RS RT Re
SRR ROE A R, TR 2 2,
A TRE TR AT R IR A b 2 5 3 K oK B
P THAR T B A P I i, XS R )
(I T A — 30, ARG RPorE 2% 82 ] I 19 7 fR
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PN A P A /S 1 - 917/ SIS S e v/ S
K3 I A IR 28 0 T 1R K S A R K 43
R, 7K 53 il REAT R oK IR K 23 R FH 04 v
M SRI FoX6 Ko R e, #5852
TE A — 4 A K AR TR], B9 D0 A 2 B AR Y T35 T
IR e, AHFSTH 2015—2016 4FBESS 1 b0 3 AN 5
g e Amae (Pn) FIZEMBHE (To) SEEREE
i AR,

W T R O A K B A el 25 6 ) 1) T 2
PR, SR R ] 8 DG R, K
SR, (EPIEOGRES, $ECEK LA FHE
PV I v FE R IR T AR R IR KAy
M3a4r, JFH Mm% EEm TRAR TEME LI E
B A, BRI R S8k e, e, K
[ 5a el BRIEFS ISR, AN KRS )
AR, BEAE R BT, SR AR T A 2 D
TYFR Rk, & SEEmBREN . A5
TAERT L R AEIRE  —8,  NAR YT A 2l 3
3 AR AR HCT I, YA e 2 48 AN
AEE IR IRIE R, il ST 2 E SR 3 ST AR BRI
LB BE PR 25 B I K. R, B KR AN ]
BN T ARSREO R R . BEA T R G T
AR T R S TR (K 3D, 3 ANEFRAE 4
ANFIRTEE NSRBI OB SR ARG, X2
EENY RS R /S ok vl ISR USSP 20N T
AR, RIA “H”, BHAH <k, K
N YR o e AR K RS, 7RV R R
JE RS, SEMSRARRR T, BARES T RUE, H
o P a3 B K A i RE T AR T T RRS R R

AWFFE 3 A SRR IRIRAR 2 B SRR = B G R I 5
LWl AL, R R O R AR S B0, X
LT — 3800 BT O S R B, B Al
FE PR N, oK H B R SRR W D,
FORMRRBTRIR B 7 BN g5 B R K
AMERER, AR vt 2zt Rk, R R AT A
PR, ATREARFIANME T G2 P, RO ppk =
B 2 S B I B, R B ARV R N A AR
AT RS R AR ORI R E = R RA E
KA, RS e,

ARG TR, 25 8 B 5 oK
Mok k2, %E 22 RS TN 1095
thm?. 7£ D2 Fl D3 %% (R 6.75 F1 8.25 Jikk/mm®) T,
3 AN K P8 AR S 1 gt e e BRI

&, b, TR SE. WUE. RUE 5
FRERIRNE R, AT LA R R 7.26 7 F/hm?
A Ak WUE, 7.40 Jitk/hm® i BHAT &K 5,
8.47 J7¥f/mm? i HL A7 Kk RUE, 8.55 Jifi/hm® i A5
KTV IR 85, (HABFICE K V) & e K5 7 &,
T KPR B PR, B EUR AR LG . A
I, Rk WUE Sl K= SEx % R (7.26—7.40
JiBRMm®) 5 N S AR PR 2 P S . A ST A IR
AT BRI AL 1T 50 25 57 (AR K P i v FF b=
Fke 2 LA A B 22 5, X R TR S sk
KT, FKBGBAEE I ERAR Ry KIE. K
IO A s, Rk, TR0 45 3 &
FCREME A fE A

4 i

T AL R HA IR AR K SR E A B
IR SR T 22 2 7.25 JikR/Mm?, SR L RO B 958
N 7.40 JiRR/Mm?, R SR S R 335 0 7.32 Ji kR /mm? .
BE 22 fEAR BRI R R ==K, &S/
JE S e P . PSR R TR B A RE . eAE
PR IR R e B R 2 T A R AR
KT 5 B B SR FH 7.26—7.40 Jikk/hm?, %f TRkt 2
PR AR E, 0T oA 2 SR a] DURH s
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