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Abstract The objective of this study was to clarify the growth characteristics of the maize root . Root box experiments
were conducted to collect root distribution data. Moreover, influences of difference N-fertilizer treatment and different
plant type on root growth were analyzed with WinRhizo software. The results showed that the maize roots composed of
the roots of diameter <C1.00 mm,between 1 and 2 mm and >>2 mm. At the condition of pot cultrue, the length percent
was over 80 % ,and area percent over 50% ,and volume percent was over 20% in total root of the adventitious root and
the first branch of roots (diameter << 1. 00 mm) which was the main area of root absorption of water and fertilizer.
Different N fertilization strategies had different effects on maize roots. Base fertilizer increase had impact on maize root
number and root total length and increased the roots (0-20 cm level) number and total biomass,and increased all the
geometric parameters of the roots(diameter <C1.00 mm). It was beneficial to improve the water and fertilizer uptake
efficiency. Conversely, base fertilizer increase had impact on all the geometric parameters and total biomass of the roots

(diameter >>2.00 mm) . It was beneficial to promote the root downward growth and increase the root robust degree.
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Growth trend had significant difference on maize roots with different canopy-type. The root growth quantity of flat
canopy-type was significant more than the compact canopy-type’s at early growth stage. The root growth quantity of
compact canopy-type was significant more than the flat canopy-type’s at late growth stage and the roots growth was
more vigorous than the flat canopy-type’s. The changes of compact canopy-type root configuration were more beneficial

for the maize growth than the flat canopy-type at late stage and raised the output of production.

Key words maize; root architecture; N-fertilizer treatment; plant type
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Table 1 Soil characters of experimental soils
Ef pH  ANEEE/ SATE/ syl Exigy DR A R/ HEAEES R/ BAU O &
Year (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
Organic Total N Total P Total K Available N Available P Available K
2011 7.35 17.27 1.52 0.62 18. 05 86. 85 21.63 257.00
2012 7.08 20.18 1.45 0.57 37.38 54,27 19. 80 261.50
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i R R ARA I RS R .
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Table 2 Root length and composition of XieSi corn and ZhengDa 619 in different growth stage

A I I it BRK/ TWER/ #2/mm Root diameter
Growth Varieties 10° em mm <1 1—2 =2
stage Total root Average M AR/ i WRKE/ LiE§S WRKE/ RE
length  diemeter  10°em WU/ 10°em W/ 10°em  Hoffl/%
AT i 2 % K 5.55 a 0.71 A 4.7a  84.30b 0.7l a 12.9a  154.3a 2.78a
Elongation XieSi corn
stage EX 619 5.48 a 0.56 B 4.8 a 88.10a  0.56 a 10.3 b 88.5a | (o)
ZhengDa 619
HES ) ML EA  19.60 b 0.59 a 17.3b  88.10a  184B  9.4a 499.8b
Grain filling ~ XieSi corn
stage EK 619 27.90 a 0.62 a 24.1a 86.50 a 3.04 A 10.9a  734.5a 2.64a

ZhengDa 619

TE R R A 3 A5 AP 8 R 9 T (6] — W05 TR /N TR R [R5 2 X4 [ AG eA ] P=0. 05 5 P=0. 01 K285 . FRE.

Note:Data are the mean value of three repetitions in the same treatment, data with different letter in the same column are significant

difference at 5% or 1% levels(Duncan method). The same as below.
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Table 3 Root area and composition of XieSi corn and ZhengDa 619 in different growth stage

ﬂiﬁ[ﬁ'gﬂ r'i—l"er‘:F ,‘é\ﬂ% E}H/le 252 /mm Root diameter
Growth stage Varieties Root Area <1 1~2 >2
AR TH AR/ [IagA MR m R/ T R e TRV [
10° cm’ i/ % 10* cm’ Lt/ % 10° cm’ A/ %
71 122 E K 1104.4 a 517.8 a 53.4 a 311.7 a 32.1a 140.2 a 14.5 a
Elongation XieSi corn
stage
FK 619 874.6 a 458.0 a 59.1a 241.6 a 31.2 a 75.8 a 9.8 a
ZhengDa 619
e 22 £k 3352.0B 1735.3b 58.7 a 764.2 B 25.8 a 458.8 b 15.5 a
Grain filling XieSi corn
stage
FEK 619 5151.9 A 2 605.8 a 57.0 a 1270.8 A 27.8 a 692.4 a 15.2 a

ZhengDa 619

2.3 AEAEXRBHREERREEAEMNSFH

f e 4 n A, ST B OK B AR R IR L F
13 em’ DL b, ¥ 5 B% 1 OK B RR AR &R K LA 3
50 ecm® DL b, IER 619 $&77 HHMR R AT L L 22 &
KW /N AH FE 7R R A ) 4 2 o Tl 22 oK . 4%
o o I I AR 2R AR AR A s Tk I . TR AR AR
R EA<] mm PR ZEB LR R B
TR 20% DL bW HARAE 1~2 mm 22 6] A & L 1)

TE 33% ~46% . F#2>>2 mm [ 2 Ll 7E 40 % L
Fo 2 ARl A i 22 ORI A 45 S AR X 3
FLIE K 619 /&, fH A ik 8 2 FKF . 122 K
KM H A <1 mm R ARMEBEIEK 619 K
57.1%, H A2 >2 mm MR & KB L IE K 619 K
59. 1% i 22 4R 3 100 3K 5 22 &
KUER MW HARTE 1~2 mm Z 8] R R AR IE K
619 1% 67. 4% , 22 53K 5] 5% B FH K.
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Table 4 Root volume and composition of XieSi corn and ZhengDa 619 in different growth stage

GR-LE it i BAAER fZE/mm Root diameter
Growth stage Varieties 10° cm?’ <1 1~2 ~2
Root volume
WA/ HF R AR LN AR ARTR A
10° cm? H i/ %% 10° cm® i/ 4 10° cm? H A/ %

HAT IfiL 22 K 21.9 a 6.20 a 21.3 a 11.20 a 38.6 B 11.70 a 40.1 a
Elongation XieSi corn
sage K 619 13.2 a 4.81 a 25.4 a 8.58 a 45.3 A 5.54 b 29.2 b

ZhengDa 619
I R I 22 £ A& 53.2 B 20.00 b 24.2 a 26.40 B 32.0 a 36.10 b 43.8 a
Grain filling XieSi corn
sl k619 83.5 A 31.40 a 23.6 a 44.10 A 33.2a 57.50 a 43.2 a

ZhengDa 619

2.4 AEEXRBMORRBINEEDH

FEZR 5 Al DL B, 4K 0 R OK BROBR AR R A
HIKF) 18 Z LA b HEJR O OK SRR A R B A
)48 LA . R M 22 oK R E AR R 1
B e IE K 619 £ 9 4. Hik 8 8 3 K F 1% &
T EA L IEK 619 £ 0. 83 g A A B
FIEK 619 i Fh 57. 2 cm. (B A ik 8] 8 #& K,
TERER BRI IE R 619 9 EMR Bt th il 2 £k £
8.34 5% . MA BT EM M 22 £ K& 3. 26 g, IEKR
GLORTMIMARBE S MZ T ARZFIXRR S5UH

x5

55 KT B A ) P A ROAR R R A
i .

TEF A LA T 2% dh B2y B 48 %0t 1. 39 ~
146, Horp AE 4807 1 1E K 619 #4970 JE 4E 4 LE 1L 22 &
KN 500 HakE) 5001 BE KT 2 AR I AR AR
AR IIAE 7 500~9 600 . FE H R 301 I 34 ) 4415
IR 3~5 1. MRA P BEE K WITE 13 700~
15 800 HEI I X B P WA 4 A5 L0 L. 7EE
HBIE K 619 iy 7r BB i 22 £ oK K 41,806, H.
BE] 50 EKF.

MeERRIERKX 619 REIEERPHIRRAHEH

Table 5 Root topological structure of XieSi corn and ZhengDa 619 in different growth stage
R it WEHHE/ % WETE/¢ FAEMRKE/om M4 I/ I RE/
Growth stage Varieties Adventitious Root dry Adventitious Fractal 10° 4~ 10° 4~
roots quantity weight roots length Dimension Tips Forks
EL R 1L 22 % 2k 26.0 a 3.18 a 737.2 a 1.46 A 7.56 a 15.8 a
Elongation XieSi corn
stage
1E K 619 17.0 b 2.35a 680.0 a 1.39 B 9.61 a 13.7 a
ZhengDa 619
TR IfiL 2 >k 41.3 a 12.80 a 2221.5a 1.44 a 33.80 a 55.8 b
Grain filling XieSi corn
stage
1EK 619 49.7 a 16.00 a 2 167.5 a 1.45 a 42.30 a 79.1 a

ZhengDa 619
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2.5.1 RJeiz F 7y XabAk 2 K E R 5 A 433 0
26 6 A1, 441 0 3L P A AR R KR L H A
2 ASAb BRI 150, 5% .57, 8%, HikE 1%y
W i K. 3 AN HE AR, ERIE HA<] mm [
HRZR B A 2 A4 B R 162.406.59. 2%, H
HEMAAA B LR 500 W E KT, HEE 1~
2mm ZJH MR WK E A 2 b
76.7%.81.0% . FEHESRM . AL R R KE
Hofth 2 AN b3 E  67.5%.60. 7%, HikE 1%
(A 5 3 K. <1 mm H AR MR R K H A 2

b PR 86.1%0.76.0 %, Hak I 8 FKF. H
B>2 mm R R DK EEIE L E /D
59. 8% , HLIKF) i /K-, S Hr & W, 78 Bt i —
FE I RUIE Az T3 b 2550 ) AR R K R i A IS Ak
FAK YRR EKEMEA<] mm REKEH
/N TSP i i A A R 5 A Ak B R O RO DR R
AR B AR<] mm MR R KWK T it AR
FMEILACAL B, BAR AR R R K AR —E
1 22 5 AFR A BE o M R B K Y e 7E 3 A Ak
HEMMERE 2 ANAETNHARE., LR IIR
W, AU iz 5 10 & 52 e A R A B B AN 52 1) A% AN [+
AR BEAE SR R KBy L),
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Table 6 Effect of different N-fertilizer treatments on maize root length and composition in different growth stage

EHEY AUEAE BRK/ PHER/ #R2/mm Root diameter
Growth N-fertilizer 10* em mm <1 1~2 ~2
stage treatment Total root Average . . . . .
, MAEKE/, WK  WREKE/ WK RERKE/ Bk
length diameter ) ) )
10° em L/ Y% 10° cm L/ %% 10° em /%
LR R 2.91 B 0.55 a 2.45 b 82.7 a 0.43 a 16.5 a 27.9a  0.83a
Elongation S 1 i A 4.62 B 0.51 a 4,04 a 87.7 a 0.42 a 9.1a 149.6a 3.25a
stage
T 7.29 A 0.48 a 6.43 a 88.3 a 0.76 a 10.4 a 98.4 a 1.32 a
TR A 19.60 A 0.63 a 16.90 A 86.0 a 1.97 a 10.2a 749.8b  3.78 a
Grain filling 5. g s 11.70 AB 0.69 a 9.08 B 77.7 a 1.65 a 13.9a 100l.4ab 8.32a
stage
AN 12.20 B 0.72 a 9.60 B 77.3 a 1.67 a 13.3a 1198.5a 9.42 a
2.5.2 RIEEEFXITABERLAMNREZDRE FER,

oA % m

FEFR T honl LR B, R I Ak 3 Y
FR AL b H A 2 AN A B 1300 4% 1 49. 3%, 5
FAEAE AL 2 Rk 5Y R B E KT HER<
1 mm (AR A b o 2 A4S Ak B R 156, 5%,
73.5% , SH AL B 2 Ok B B E KT, 7R
S ey, R IR AL BE A AR R L B AR <1 mm 1
R AR AR W 2l e T 2 AR, bk
B 7 i 4 — S i RUIE (032 5 B R AR R

P, i A A PR OK R T AR R R T A B
/N V- A it IES R R R A Ak B T G R O AR R
TR B S K O A it IR A L IR b B, HL
BN AR A T AR R T R B A B A TR

2.5.3 ReiE F I XATAR R KR E 5 M 09 % e

8 R, PR T R I E b 3B B AR AR R DA
KEA<] mm AR ALK, B S H
FEE Ak 3 3K 3] K P WE SR R, i AT Ak
HEAMALS WA . ERE<] mm AIHEKEE 1~
2 mm W REAAE 3 MNP ER&EN. 2578
WEKF. HEARMFR A &R R
B AEAE — 2 1Y 25 55, o il B IE A 3 ROk AR <<
I mm AR 1~2 mm AR R A 5 R R GH
Ho 9 5 K B AR =2 mm MR F I AR AR AR R T AR Y
oA SR /s o 3 P R UE B AUIE A2 AR R A K
PR T BCR R L 6 AR A R AR R Y R A
TE—E 2.
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Table 7 Effect of the maize root area and composition under the different N-fertilizer treatments in different growth stage
e 5 I UL b 30 BT A fR25/mm Root diameter
Growth stage  N-fertilizer 10° cm?’ <1 1~2 ~2
treatment Root Area
WA/ [ EE T AR GNP T AR

10° cm? H A/ % 10° cm? i/ 4 10° cm? H A/ %
A5 AL 0.46 b 0.23 b 53.7a 0.18 a 41.9 a 0.02 b 4.47 b
Elongation SY- 1 it A 0.71 a 0.34 ab 52.7 a 0.20 a 29.8 a 0.11 a 17.50 a
stage HAAN 1.06 a 0.59 a 58.1a 0.32 a 34.7 a 0.07 a 7.26 ab
VU 3 AL 3.79 A 1.79 a 53.5a 0.81 a 24.4 a 0.75 b 22.10 b
Grain filling ST i ife A 2.60 B 1.14 b 39.9b 0.70 a 24.5 a 1.08 ab  35.70 a
stage TR 2.61 B 1.13 b 37.4b 0.72 a 22.7 a 1.43 a 39.90 a

®8 AELBEMNRAEEEHPHERRBEREAMBN

Table 8 Effect of maize root volume and composition under different N-fertilizer treatments in different growth stage

I U b 7 BAR AR fiZ%/mm Root diameter
Growth stage  N-fertilizer 107 em’ <1 1~2 >2
treatment Root Area
WA/ LA &R AR ZNA R R AR TH ZNA
10* em?® H/ % 10* em? H B/ % 10° cm? Lt/ Y
B35 1 AL 6.48 b 3.12 b 30.2 a 6.28 a 59.3 a 1.17 b 10.5 b
Elongation SY- 1 it A 9.79 ab 3.74 b 20.7 a 7.57 a 41.0 a 6.89 a 38.3a
stage HAEM 13.60 a 7.20 a 29.0 a 11.30 a 52.7 a 4.28 ab 18.3 ab
T B AL 61.61 a 21.80 a 19.3 a 27.50 a 24.8 a 66.20 a 55.8 a
Grain filling - it AL 47.87 b 8.00 b 11.0 a 13.30 b 18.3 a 46.00 a 70.8 a
stage LA 46.52 b 7.74 b 9.4 a 11.90 b 15.0 a 49.20 a 75.6 a

2.5.4 RAEEFH XA ERRRIBIEMG 0
M9 AT LUF I R E TR R T ESH
A AT AR R AR T Al A B EE AR AT AR AR R

B oy RO L A b B, ELIA B R 3 SR R K
o U AN R U 12 %5 W A 2R A (R A AR
A9 2B A B AR BT 0 i UEAR 2R DI REIUIHE IS

x9 FELEXNAEEERANERRRAIMNEEHZIE

Table 9 Effect of maize root topological structure under different N-fertilizer treatments in different growth stage
LRI FUE b B WMEHE/ % WETE/g AERKE/em B4 R HL/ Gr KR/
Growth stage N-fertilizer Adventitious Root dry Adventitious Fractal 10° 4~ 10° 4~
treatment roots quantity weight roots length Di-mension Tips Forks
KA HRAD 17.0 a 1.73 a 0.59 a 1.44 a 7.9 a 12.8 b
Elongation 45 3 A 18.7 a 3.27 a 0.64 a 1.47 a 10.4 a 26.8 a
stage
AL 22.0 a 2.52 a 0.58 a 1.43 a 18.2 a 29.6 a
IR R 45.5 a 15.50 A 1.44 a 1.51 a 36.5 a 90.1 A
Grain filling - #i it A 39.0 a 9.62 B 1.35 a 1.54 a 21.2 b 42.9 B
stage
A 47.0 a 15.10 A 1.65 a 1.56 a 28.6 b 53.8 B
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