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Effect of plant density and nitrogen supply on nodel root number
of maize of different varieties
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( College of Resources and Environmental Sciences, China Agricultural University/Key Lab of Plant-Soil Interaction, MOE, Beijing 100193)

Abstract; [ Objectives] Brace and crown roots play dominant role in supporting plants and water and nutrient
uptake during the whole growth period of maize. Plant density and nitrogen ( N) supply are two important factors on
maize growth and yield production, study their effects on the growth of brace and crown roots will provide base for
the choose of proper cultivars. [ Methods] In this study, 10 maize hybrids, crossed from female inbred lines
GEMS30, Zheng653, Mol7, B73, CIMBL153 and male lines Wu312 and Wu312 derivative lines, were grown in
filed under two plant densities (60000 and 80040 plants per hm®). Three N supply levels of 0, 120 and 240
kg/hm® were designed for the two densities. The variation of the number of brace and crown roots was counted by

hand after the whole roots were dug out. The pulling resistance of the stalk was measured at the same time.
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[ Results] The grain yields were lower in high plant density than in low density, and lower in N O or N 240 kg/hm”
than in N 120 kg/hm®. N application rate, plant density and their interaction significantly affected the number of
brace and crown roots. At high plant density, the number of brace roots was decreased by 3 -6, the pulling
resistance was decreased by 14%—29% , while the number of the crown roots was not affected. The highest number
of brace roots and crown roots, as well as the strongest stalk pulling resistance were obtained under N 120 kg/hm’.

There was genotypic difference in the number of brace roots in response to N supply and plant density. Two hybrids
crossed from B73 as the female parent were mostly sensitive to N supply. Under 0 and N 120 kg/hm’, the number
of brace roots was positively correlated to grain yield regardless the plant density. Under high plant density without
N supply, the number of brace roots was negatively correlated to grain yield. Under low plant density without N or
with N 120 kg/hm’, the number of crown roots was positively correlated to stalk pulling resistance. The most
satisfactory number of the brace and crown roots, the stalk pulling resistance and the grain yield were obtained
under low planting density and N 120 kg/hm’ supply. [ Conclusions] In suitable production condition, more brace
roots are good for high pulling resistance and high yield, but under stress condition, excess brace roots would

inhibit the formation of maize yield. So the response of brace root number to siress should be considered for the

choose of hybrids to obtain target yield.

Key words; maize; nitrogen supply; plant density; brace root; crown root; pulling resistance; yield

WAEEYR S0 KOIWERSE. RA
HAERZINLMHEREENE, I HREE. Ko
FIPREE" . WP, EXRZ WK ERZEE
ROFR) MR T BBV AR B AR R, FESLALR AT K
o BERYRERRFEERENERD , AEXE
PR SRR AR AR KT AR R B B BT
22— (AR B T AR R R4 K
SRERSEES  BRRRNEK, HTE
=g, AVEEDY, M REE T R A
MFSHES R BA¥E R ETR(K
AR R RS AR D EEBEEAS . BHit
RN FARAKF ZAEEALET e b L T REE
AL S, AT BY AR AR R ZE TR R RIE A,
NAEFEEBEPRERR, FHMESEF 2B, REHT
BlSF R BRI

BREEIRANE IO AL, WX
B TR R B, RE R R, ok B
RRER)BESEREENER D, &
Saengwilai %" FYBFST H K LB NE BERIRT
FRTRE L BRI MRS58 R AN £k
TREE R GRZ BEIT, X 3 b AT R 20
EMERFEAR? UASFE&IRANM? Hit
FBAFEAA 10 N RRH S, 2 MR 3 HRE
ALBRAMFT , T 5 RARAL X b R T 5
REERIRN, LRSI ME LR, A EKRRE™
FAGEE ELR TR T R B R

1 MBS HE
L1 ResH

R AT B L E 2K B 38 & GEMS30., Zheng653
Mol7. B73. CIMBL153 ¥4, PIE 312 ( Wu312)
FHERSEEFER Wu3l2 -1 HAARARLH 10 33
REZHE, HP SRR RBEPEREKEEXR
HULFER R REERBAH B EASRER
fit, 1 312 5| B p ER A A B Fp SRR IR
L2 It

BRI ZE LI P B R K2 b P S Bl #EA T, 52
Wk FAL4 40°06', R4 116°117, 1 ARl
R RZE 1,

FHABX HRX BT, B A, BER
Blab3E, FIEALHEBE 3 KF, 40518 N O, 120,
240 kg/hm* (43 HIiCHE NO., N120, N240) , 5 5F ab3
H 2 A4 fEB (LD) & 60000 plant/hm’, 475 0.5 m,
BREE 0.33 m, &% (HD) % 80040 plant/hm’, 47HE
0.5m, %I 0.25 m,3 RKEE, 8NMX N5 HX
(BRI E | 3 A7 8) /DR ERN 10 o’
1.3 HEER

AN 2014 4£5 § 19 H, ZEIEH F P,0,5 90
kg/hm’ | K,0 120 kg/hm®, Fl/5#% i 55 8 EoR #E47
AR BB 2/3 MEE, 173 R E#HITE
M. 7 A aIBEmEmD>, B TR, RKEK,



1120 HEYHEFSERZR 2%
F1 LEXWHTREMBEAER
Table 1 Basic physical and chemical properties of soil in Shangzhuang experimental station

RKFE FTALR (mg/kg) HHH (mg/kg) B Rk (mg/ kg) AR (g/ks) -

N supply Nmin(NO, +NH, ) NH,AcK Olsen-P Organic matter P
NO 11.0 60. 7 25.9 8.0 7.2
N120 15.0 62.9 23.6 8.0 7.4
N240 30.3 65.7 17.1 10.5 7.2
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Table 2 Variance analysis on the number of brace and crown roots, stalk pulling resistance, and grain yield of

different maize cultivars grown under different nitrogen and plant density

AR SRR i b TAREC T TAREL EIRE kv R
Source of variation Brace root number Crown root number  Stalk pulling resistance  Grain yield
HALFR Nitrogen 277°"" 292°°° 403727 " " 334052517 " *
2% J& Density 481°°° 38.7° 25273°°* 5314086 " *
fh A Cultivar 1489°*° 1649°*°° 1963°*° 51265822°°*°
RALFR x B FE N x Density 205°°* 104°°° 1309 2240296
RALFR x FiFF N x Cultivar 658°°° 6047 "¢ 1391°° 11153231
BB RE x (A Density x Cultivar 120 124 312 4200747
RALFR x FBE x fh A N x Density x Cultivar 341° 145 803 8301079
B (Note): % —P<0.05; % %— P<0.01; % % %—P<0.001.
2.2 #HEAE, BEMNFRERREXRMETR  KF.

HEMYR

F3 FB, B ARZE N120 K EF BB K
fH, H N120 K P31 = REE B & £ T N KF,
5N240 K FFREBLBELER, BRELRGT,
M b5 IR AR N120 7K F 35 B & KfH, Lt NO =
N240 /K BEWEM4 ~5 4&; BERHT,NI20 5
N240 K FH BB LB EZR, HBEET NO

FHEAHT, B EWRECEHE A3 &, K
NO 38 #1 N120 /K FF, BZF WA 3 ~6 &, M
N240 K44 T T B E 24

[ e b 55 ARk G 3 A B A E B
S Hehp) B73 x Wu312 -1 SHEE S
B IRERE N120 K4 F, 355 1R H0M N8
BE NO /KX T 13 4%, BB R 15 397 % , Wi k8%t
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Table 3 Number of brace roots in different maize cultivar under different N supply and plant density
- MR FALTEFBEY wEE AL S BE
Ttom Low density N supply High density N supply
NO  NI120  N240 LSDy s NO  NI120  N240 LSDy 45
GEMS30 x Wu312-1 12.2 12.9 13.0 2.9 9.6 8.8 6.7 7.9
GEMS30 x Wu312 12.5 14.0 10.6 3.7 9.2 10.2° 7.3 4.7
Zheng653 x Wu312 -1 11.9 14.5 6.5 6.5 4.3° 10.4 7.9 7.4
Zheng653 x Wu312 8.3 12.9 8.7 7.5 6.7 6.7 3.3 6.3
Mo17 x Wu312 -1 0.2 7.0 0.9 6.9 1.2 0.4 3.9 8.2
Mol7 x Wu312 1.6 5.3 0.0 6.1 0.0 0.7 6.3 6.4
B73 x Wu312-1 3.3 16.4 12.4 5.9 0.5° 3.7 15.3 8.5
B73 x Wu312 8.3 11.7 12.8 7.3 2.2 2.0° 12.1 5.8
CIMBL153 x Wu312 -1 6.3 15.2 11.4 3.7 8.9 11.9 8.8 4.9
CIMBL153 x Wu312 11.6 15.9 12.2 9.4 6.4 9.1 6.1 7.2
E RN R 257 B E M 4.3 5.5 4.5 3.7 4.1 7.7
Genotypic difference LSD,,
F-H#4{E Mean 7.6 12.6 8.9 2.6 4.9° 6.4° 7.8 2.5
%75 & P H¥){E Density 9.7 6.4°
£ R/IK - {H Nitrogen 6.3 9.5 8.3 1.9

H(Note): =, = % HHFERE—MFHE—BKETARBERZERES% . 1% 8 E/KF Indicate significant difference between the plant

densities within the same genotype and N treatment at P <0. 05 and P <0. 01 levels.
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Table 4 Effect of N supply and plant density on the number of crown roots in different maize cultivars
. A RULBESBEN R RULBES BEL
Low density N supply High density N supply

frem NO  NI120  N240 LSDy 5 NO  NI120  N240 LSDy 45
GEMS30 x Wu312 -1 28.3 30.7 32.6 2.9 29.4 30.7 31.8 5.1
GEMS30 x Wu312 28.4 31.1 29.4 2.9 28.2 33.1 33.3 3.9
Zheng653 x Wu312 -1 32.0 37.9 37.5 5.7 31.9 34.9 30.9 4.3
Zheng653 x Wu312 29.1 33.6 37.1 3.5 31.8 33.5 30.3 8.6
Mol7 x Wu312 -1 33.9 36.8 40.1 3.0 32.6 36.9 32.2 7.0
Mol7 x Wu312 34.8 37.8 37.6 1.3 33.3 37.5 29.5 6.8
B73 x Wu312 -1 36.9 43.3 33.1 8.8 39.1 42.8 30.3 5.4
B73 x Wu312 39.8 40.0 31.7 6.5 38.7 41.3 32.4 5.3
CIMBL153 x Wu312 -1 26.6 29.1 29.9 3.5 27.7 28.5 28.1 4.7
CIMBL153 x Wu312 25.3 28.1 31.7 5.3 25.5 29.5 29.0 4.2
E RN R 257 B E M 4.6 2.8 3.9 4.4 3.6 5.7
Genotypic difference LSD,, ,,
SE34{E Mean 31.5 34.8 34.1 2.5 31.8 34.9 30.8 2.3
£ L ¥E Density 33.5 32.5
B EKEEHME Niogen 317 349 32.4 1.7

R5 FEMHAKE, BETAERMEREZFR NS
Table 5 Effect of N supply and plant density on the pulling resistance of stalk in different maize cultivars
o e RULEE R B E [ R BE
Hom Low density N supply High density N supply
NO  NI120  N240 LSDy s NO  NI120  N240 LSDy 45

GEMS30 x Wu312 -1 117 136 137 72.9 75.8° 104 123 46.7
GEMS30 x Wu312 108 127 102 35.9 83.6° 117 85.6 23.0
Zheng653 x Wu312 -1 135 173 117 29.3 838.7° 163 92.7 39.7
Zheng653 x Wu312 92. 156 104 48.2 95.7 129 74.8 35.3
Mol7 x Wu312 -1 118 155 135 43.5 124 111 87.2° 27.5
Mol7 x Wu312 133 153 107 32.2 107 181 85.5° 54.1
B73 x Wu312 -1 121 211 140 69. 8 113 161 98. 8 47.4
B73 x Wu312 121 194 97.8 52.0 94.6 145 81.4 62.3
CIMBL153 x Wu312 -1 99.2 159 141 24.1 104 149 62.1° 54.6
CIMBL153 x Wu312 94.5 174 149 121 87.8 154 84.0° 49.2
H IR ) 22 5 B E
Genotypic difference LSD,,
SEH{E Mean 114 164 123 13.8 97.4° 141" 87.5" 11.6
95 B P #{E Density 134 109°*°
£ B AL EH{E Nitrogen 106 153 105 8.8

H(Note): =, = % HHFERE—MFHE—BKETARBERZERES% . 1% 8 E/KF Indicate significant difference between the plant

densities within the same genotype and N treatment at P <0. 05 and P <0. 01 levels, respectively.
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2.5 FAEAHEKE, FEBEXEK=EHFIT N120 7K FREASER K, 55 19% , HH LA Zheng653 1
WERMBH B EEmTEEE L, AEREMNEE B3 ARANNZHK &R, HBZIEER/D,

FMF ,7E N120 K SF T2 & b NO 5t N240 /K 7E 10% A4 ; i CIMBL153 1 GEMS30 2 5l

BIm40% . EFGT, 2 PHREMK13% , Hp R, BB IBEE 24%~35% (3% 6) .

xR6 FRMAKE, EETFARARMEXTEHRA
Table 6 Effect of N supply and plant density on the grain yield of different maize varieties

. fﬁﬁ%‘g RALBEFBENE .E%:E. Rz BEE
Low density N supply High density N supply
frem NO  NI20  N240 LSDy 5 NO  NI20  N240 LSDy, o5
GEMS30 x Wu312 -1 2361 3677 2218 1090 1508 2762 2545 762
GEMS30 x Wu312 1623 3317 2088 720 1479 2528° 2203 1073
Zheng653 x Wu312 -1 2970 3962 3189 922 3130 3828 2674 986
Zheng653 x Wu312 2420 5043 3448 1885 3209 4369 2561 2103
Mol7 x Wu312 -1 2197 3448 2404 1433 3199 3176 2371 2303
Mol7 x Wu312 2814 4469 2412 2900 2340 3225 2205 1330
B73 x Wu312 -1 3122 4548 2698 1089 3065 3545 2745 1586
B73 x Wu312 4484 4313 3222 2274 3584 4057 3127 1963
CIMBL153 x Wu312 -1 1923 3266 2055 2532 1323 2027 1499 2234
CIMBL153 x Wu312 2814 3095 2161 1845 1244° 2133 2609 3299
E N R 25 B &, 1677 1206 1074 1379 1172 1375
Genotypic difference LSD,, ,
SE34{E Mean 2673 3914 2590 498 2408 3165° 2454 512
£ L ¥E Density 3059 2676
£ B AKEEH{E Nitrogen 2540 3539 2522 361

H(Note): =, = % HHFERE—MFHE—BKETARBERZERES% . 1% 8 E/KF Indicate significant difference between the plant

densities within the same genotype and N treatment at P <0. 05 and P <0. 01 levels, respectively.

2.6 FTREESHEH N, FEOEXES T N120 7K3F T, # B WR B SPi Bl I ) 2 B3 EM
FARHTR I, ZE NO Al N120 /K-F T, T K, 76 NO R T, piElh 5 LR EBER

RYEE-BEAFRBEEMR,7E NOKFRET, M HRETD,

EFREETRE B EAMER; FEEEE NO M

R7T THREEBEHEN S . FEMEXESH(n=10)

Table 7 Correlation coefficient between the number of nodal roots and pulling resistance and grain yield

i 5= BAHR M Grain yield SHEHL 5 AE Pulling resistance
e mEwEm T AR o B TR
Brace root No. Crown root No. Brace root No. Crown root No.
NO LD -0.125 0.726* -0.346 0.678°
HD -0.696* 0.824°* -0.720* 0. 452
N120 LD -0.112 0.648° 0. 381 0.655°
HD -0.476 0.662° -0.135 0.296
N240 LD -0.041 0.442 0.170 -0. 067
HD 0.303 0.526 0.137 0.499

H(Note): = . = % Z3HFER 5% KFE. 1% K ¥ B Indicate significant difference at P <0.05 and P <0. 01 levels, respectively.
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