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Effects of Plant and Row Spacing on the Root System and Nutrient

Absorption of Dense Corn Planting Population
WANG Hong-yu, ZHANG Ying—jun, JIANG Xing—fang, LEI Ming, HUANG Shou-bing,
TAO Hong—bin, WANG Pu, LIAO Shu—hua
(College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China)

Abstract: This study focused on effects of plant density and plant spacing configuration on corn yield. In field

experiment, two planting densities (high density, 100 050 plants/ha; medium density, 67 500 plants/ha), and two row

spacings(40 cm and 60 cm) were used. Grain yield increased with decreased row spacing as well as with increased
plant density. Yield increased by 13.9% from 67 500 to 100 050 plants/ha. Yield increased by 1.0% from 40 c¢m to
60 c¢m row spacing at 67 500 plants/ha and by 26.1% at 100 050 plants/ha. Under high plant density, reduced row

spacing increased root length, root surface area and root volume in both horizontal and vertical directions, and in-

creased above— ground plant accumulation of nitrogen, phosphorus, potassium, and dry matter by 4.9%, 8.1%,

25.8% and 4.5%, respectively. Root traits, plant nutrient content, and plant dry weight all were significantly positive-

ly correlated with yield. In conclusion, reducing row spacing and increasing plant spacing at high densities can fur-

ther improve corn yield by reducing inter—plant root competition and promoting uptake of soil nutrients.
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The effect of plant and row spacing on corn yield and dry matter weight of aboveground parts during spinning period
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Fig.2 Distribution of roots in 0~60 c¢m soil layer under different plant and row spacing(2011)
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Fig.3 Horizontal distribution of roots under different plant and row spacing(2011)
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Fig.4 Nitrogen, Phosphorus, and Potassium contents of corn plants at the silking stage under different plant and row spacing(2011)
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Note: The shaded portion represents the 95% confidence interval of the fitting curve. The same below.
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Fig.5 Correlation analysis of N, P, K content and dry weight and yield in corn shoots during spinning period
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Correlation between the root system and the N, P, and K content in the 0~10 em soil layer during the spinning period of corn

¥=0.1064x + 66597
R:=0.768%+*

¥=06710x + 440,00
RE=0657%%

¥=42301x+4068
R =0.670%%¢

¥=00188x +225.07

¥ =0.1158x +191 82

¥=T70716x+10141 ,

% R=053200 RE=0.4330%¢ RE=0414%
ha-

=11}

%

=3

LR perpw———" ¥=03400x + 98846 ¥=25.012¢ + 865.22
~ = 03105 - Ri=0242¢
£ 52000 ®=0310 B=0175
W 5
N
— %1500
°

Ea

500 L . . . . L . . L . L . .
0 50 100 150 500 1000 1500 2000 2500 15 20 25 30 35 40 45
& (m/H REER (em/H) BB (cm’/H)
Root length Root surface area Root volume

7 EXMZBARRFESH IR HSENEXE

Fig.7  Correlation of N, P, K content between the layer root system and the shoots during the spinning period of corn



3 T  RRAT IGO0 R B AR R SR A R 79

3 gEESiTE

31 AEZETER/MTENEXFTERTWHRR
ZHT

T K 7 I 2 R 5L e 1 0 R R AR Y
PO FEANE RS U/ N T YA A AS [ R b g
T KR R R X R A R TSR o B
B W R AT 76 cm J/NE] 51 ¢m, 7]
fif KPR 4%, RS T (67 500
BRMm?) T, W8N TR XS FOK P A IR T R
BE£(100 050 #k/hm?) T, 9/ M7 23 I 35 4 & E oK™
O 21.4% . TR T R B R R E A
SR Bil 2 % B 38 0 K BRI
R (1D B NS s W aata c%-A1 (I L+ 1 DN/ SR
A R R AT DG s M T R AR R R OK T
JEFL R, ARG A T A = % A T
Y/ I A AR R R b R R R, )
R 4.5%FN 2% PRI, e 5 % BT AT LA o ik
AN I K % A S KRR (8] 8 5% 20 4, AT Ry b I
TP 2 (1) 355 3 RE Btk T A S, H
FE T B R AR B
3.2 ARAZEE TR/MTIEN EXKRRAIFM

R 2856 37 40 A W IO 6 K = T A A T R
U5 MR RGNS Ve e 2 6 AV E
X oK e ELA T R Y B A R,
FORAR FR A TR AR R AR A AR AR
BIA BT T R 2230 FORAR R R 1) 5 HE
11, 5K RFS SEIFoTd5 1, ek 22 30) , Bt 2 P RG34
FEF T 0~ 10 em 12 N IR R HARFE AR T R4
L HXF 10 em PAF )2 R A K, A5
i, PR (67 500 BR/hm?) B AU T R PEIRTE R
i T (100 050 BR/hm’)o e LSRR, 98y
TN T KAE TR T A AR o045 BRI R A B
RS, JCHXTHEZ AR R A2 SV B B
33 FAEFTETB/MTEXNR. B FHIEN
=]

i 22 7 4 49 Jo RS R ) T oK TR R A T
B, R B AR T RO R SRR R
TRV e R AES RGN A&
FEWRTEAE T3 A2 118 SR, B AE ) £
FEAET R Z ™ BT LLRRE KRR R 3K S
WAL ST 22 X = s R R . AFSE e, B
B RGN AR [H] 1Y) 3 PR T , BRPR A 7R 53R
S bl Uk, RN E AR A B A
R ER R S RS AN B A AN

AT TSR I/ INT I BB A% 2 il Rk [B) 1 5 2 G
PR E AR RORE B AR AT AT RS, W
A E N EI B, BT IO R A B
Bt A ENM, ARG &0 /MR
S TR AR A B TR TE R B L
AN B B ) WO SOCR B O I 2 (25.8% )0 /D AT
BE DA AR FR A S [R] C AR RS i 1 AR RNk
JZ IO ~ 10 em) TR FIHIRCR , S T TR
M ERAY A B PR R
AR B R R i K ) — I
Jita , 3 TR TR ] P S A, 0 7 B AN A 5
Wi o A5 AR RICARFNFR 53 S5 5 ARG T
T U T AR R K R AL, RIS N T RR
AIRAL B RN 23 (841 JR) , S2 R AR 1) ) 5 4, A1
THRENKE IR TR e T 5
AT I, T B g oK i PRI el 3l 2 15 fin 2%
JEE VR IV T I I A5 Al FET ) A5 R i, 0 P EORAR
FRAREAE F IR 22 W 57 500, 248
TR R EE T
[1] DUVICK D N. Genetic progress in yield of united states maize(Zea
mays L.)[J]. Maydica, 2005, 50(3): 193-202
[2] ASSEFA Y, CARTER P, HINDS M, et al. Analysis of long term
study indicates both agronomic optimal plant density and increase
maize yield per plant contributed to yield gain[J]. Scientific Reports,
2018, 8(1): 1-11
[3] ASSEFA Y, VARA PRASAD P V, CARTER P, et al. Yield respons-
es to planting density for United States modern maize hybrids: A Syn-
thesis—Analysis[J]. Crop Science, 2016, 56(5): 2802-2817
[4] 1] A6 BTG RERE 45 | A TIERCE S PR A R TR Y
SR . Ol B, 2020,48(17) : 24-27
TAN H, HUANG A H, ZHENG D B, et al. Effects of row spacing
and planting density on maize yield[J]. Anhui Agricultura Science,
2020, 48(17): 24-27. (in Chinese)
TR VRV REALS I 00 S REER0N SIAHIA] . E
B2#,2000(1):30-35 .

ZHANG ] E. Discussion on the eco—environmental effects of crop

[5

—

community structure and its optimization[J]. Ecologic Science, 2000,
3(1): 30-35. (in Chinese)

[6] Z=H K, 1 52, K EHE, 55 . KA et 2N S i i AR ™ 2
KA. RER R ,2010,43(16):3296-3305 .
LL'Y D, TANG L, ZHANG Y P, et al. Relationship of PAR Intercep-
tion of canopy to leaf area and yield in rice[J]. Scientia Agricultura
Sinica, 2010, 43(16): 3296-3305. (in Chinese)

(7] % B, 5 4, FHOE . ATHEREC X FORB OS2 25 5t
BAFPER I . PEHERl 1, 2014, 23(8): 6672 .
LIANG Y, QI H, WANG ] Y. Effect of row spacing configuration on
canopy environment and photosynthetic characteristics of spring

maize populations|J]. Northwest Journal of Agriculture, 2014, 23(8):



80 £ ok B 324

66-72. (in Chinese)

[8] MARSCHNER H. Marschner’s mineral nutrition of higher plants|M].
Academic Press, 2011 .

(9] JEITEE . 2 B B EAE A R o i) S A S T A X 43 114
WAk . AR, 1983(5):9-10 .
ZHOU D C. The main physiological functions of nitrogen, phospho-
rus and potassium in plants and their absorption of nutrients[J]. Bul-
letin of Biology, 1983(5): 9-10. (in Chinese)

[10] KARLEN D L, SADLER E J. Dry matter nitrogen, phosphorus and
potassium accumulation rate by maize on Norfolk loamy sand[]].
Agronomy Journal, 1987, 79: 649-656

[11] ALBUQUERQUE A W, SA L A, RODRIGUES W A R, et al.
Growth and yield of sugarcane as a function of phosphorus doses

and forms of application|]]. Rev. Bras. Eng. Agric. Ambient, 2016,

20(1): 29-35.
[12] Fr a8k, Eoefe, Rberk . KESHIED] . btk 19956):
16-17 .

YU G W, WANG G H, LIU X B. Soybeans and potash[J]. Beijing
Agriculture, 1995(6): 16—17. (in Chinese)

[13] B E . FOKAR ZR R 25 B2 1 S5 N M B PR A1 22 5 (D] . Ab st
T AR, 2020

[14] DA . ZAE AR SE REXS AN ] 5 R0 R A R SR i 52
We[D] . FPK : PR K2, 2018 .

[15] 25 U i 260 R8s LA oK o B2 3R 43 s o
By BEASEMD] R TR AR R, 2017

[16] 7 A&, B, oK T, 45 RFATT 200 e IR B oK
R . A 2441, 2012,27(4): 191-196 .

QI H, LIU M, ZHANG W J, et al. Effect of deep loosening mode on
soil physical characteristics and maize root distribution[J]. Acta Ag-
riculturae Boreali-sinica, 2012, 27(4): 191-196. (in Chinese)

[17] A4, SR, BB, 55 | FERERRAS 7] 7K P 28 b 7 B AR

XL R T AN TR AR 2] . AEPI°74, 2016,
42(12):1805-1816 .
XU Z H, LIANG M L, LU D X, et al. Effect of cutting roots vertical-
ly at a place with different horizontal distance from plant on yield
and grain storage capacity of summer maize[J]. Acta Agronomica Si-
nica, 2016, 42(12): 1805-1816. (in Chinese)

(18] J& B . FPAE %5 B0 FORAR R MR 52 M) . SRR, 2017
(7):20-21 .

ZHOU Q. Effect of planting density on the morphology of maize
root system[J]. Modern Agriculture, 2017(7): 20-21. (in Chinese)

[19] #fE I, KA ST, K ETT, 55 . PHIL R X oK T T D B

7 AR BT TE )] . S RG24 FLARRLAIR,
2014,29(5):559-561 .
YANG H S, ZHANG R F, ZHANG Y Q, et al. Study on high yield
and high efficiency cropping modes of wide row and reduced tillage
for maize in west Liaohe River Plain irrigated regions[J]. Journal of
Inner Mongolia University for Nationalities, 2014, 29(5): 559-561.
(in Chinese)

[20] &4 il sk B, % P AT R R TYRMRS
IS Em[)] . FOREE,2017,25(3):73-79 .

HE D D, YANG H S, ZHANG Y Q, et al. Effects of widening row
spacing and shortening plant spacing on try matter accumulation

and transportation in spring maize[J]. Journal of Maize Sciences,

2017, 25(3): 73=79. (in Chinese)

[21] £ 8, Frohn, £k, % %X £ K7 5 (>15 000 kg/hm’)
S H =R R T R RE R (] . R RO RE 2 2012, 45(16):
3437-3445 .

WANG K, WANG K R, WANG Y H, et al. Effects of density on
maize yield and yield components[]]. Scientia Agricultura Sinica,
2012, 45(16): 3437-3445. (in Chinese)

[22] TESTA G, REYNERI A , BLANDINO M. Maize grain yield en-
hancement through high plant density cultivation with different in-
ter—row and intra—row spacings|J]. European Journal of Agronomy,
2016, 72: 28-37.

[23] SHAPIRO C A, WORTMANN C S. Maize response to nitrogen rate,
row spacing, and plant density in eastern Nebraska[J]. Agronomy
Journal, 2006, 98(3): 529-535.

[24] ZEmEE X B 2RV, A5 . RRIDIAI 9 BT oK T LR 3Bl

250 52 Wi K AR J ST (D] . MRS 2R 4R, 2010, 36(12): 2143
2153 .
LIX L, ZHAO M, LI C F, et al. Effect of sowing—date and planting
density on dry matter accumulation dynamic and establishment of
its simulated model in maize[]J]. Acta Agronomica Sinica, 2010, 36
(12): 2143-2153. (in Chinese)

[25] 4 %% . W RRRATIERC B B FORTE RS PUBlE 2™
SEREZIALD] . FEL : PU)IA RAE 2019

[26] SRS . ATHEX R A FURRE K™ B B2 D] . A AR
%,2011 .

[27] SKRGERN . BRATHE G S X KA KT MBI RE S W52 [D] .
PRAE bl R, 2011

[28] HAMMER G L, DONG Z, MCLEAN G, et al. Can changes in cano-
py and/or root system architecture explain historical maize yield
trends in the US maize belt?[]]. Crop Science, 2009, 49(1): 299-312.

[29] EHRVY . Fhl 2 X KRR R MR [)] . Al SR,
2019,39(17): 107-108 .

WANG Z X, Effect of planting density on the morphology of maize
root system[J]. Agriculture and Technology, 2019, 39(17): 107-
108. (in Chinese)

[30] 5KPEFS . ANRI i 25 BE X 75 T KA B R i B 58 [D] . K5
IIPER?,2014 .

[B1] RaME, B 4, 4 R RIS T B B

R R FE D] . oK RH,2017,25(5): 128-135 .
HOU Y P, YANG X D, YANG J, et al. Research on characteristics
of nitrogen, phosphorus and potassium absorption and utilization of
maize under different fertilization modes[J]. Journal of Maize Sci-
ences, 2017, 25(5): 128-135. (in Chinese)

[32] POSTMA J A, LYNCH ] P. Root cortical aerenchyma enhances
the growth of maize on soils with suboptimal availability of nitro-
gen, phosphorus, and potassium|J|. Plant Physiology, 2011, 156(3):
1190-1201.

[33] FREITASM A M, SILVA D V, SOUZA M F, et al. Levels of nutri-
ents and grain yield of maize intercropped with signalgrass (Brachi-
aria) in different arrangements of plants[]J]. Planta Daninha, 2015,
33(1): 49-56.

[34] FRIFLL . A7 REICE X B9 R v S KM BT U AR 1y 5 i
[D]. KB TR Al R, 2015

(TR KRR F)



