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Genotype Differences in Root Characteristics by Maize and

lts Relations to Nitrogen Uptake Efficiency
QU Jia—wei, GAO Ju-lin, WANG Zhi—gang, YU Xiao—fang, HU Shu—ping, SUN Ji-ying
(Agricultural College, Inner Mongolia Agricultural University, Hohhot 010019, China)

Abstract: Two maize hybrids cultivated in pots experiment to reveal genotype differences in root characteris-
tics by maize for the response of nitrate concentration and its relations to nitrogen uptake efficiency at four nitrate
levels. The result showed that ZD958, a N efficient variety significantly higher than ND314, a N inefficient variety
in root dry weight, root extent, root length, root surface, root volume, NO. of branches, fractal dimension and root vi-
gour at three nitrate concentrations(0.08, 0.8, 4.0 mmol/L). Each index of root morphology gradually increased with
the increase of nitrate concentration, when nitrate concentrate from 4.0 mmol/L increased to 8.0 mmol/L, the differ-
ence was not significant. Under the condition of nitrogen supply, maize in order to uptake more nitrogen by increas-
ing root mean diameter and forming density branches system. Path analysis showed that root length and root volume
had the largest influence on nitrogen uptake efficiency. Thus, Nitrogen efficient varieties of total root length, root vol-
ume was significantly higher than that of nitrogen inefficient varieties, that was a major cause of nitrogen uptake effi-
ciency differences.
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i, AR 22 SN 3 . ND314 AR IE i 3K T Z2D958,
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Table 1  The change of root dry weight, shoot dry weight, root/shoot and root extent in different nitrate concentrations
rs s WRFHi(g) AT Hi(g) ML HRME (cm)
THFRAEVRIE( mmol/L) Root dry weight Shoot dry weight Root/shoot Root extent
Nitrate concentration
7D958 ND314 7D958 ND314 7D958 ND314 7D958 ND314
0.08 0.13d 0.11¢ 0.14 ¢ 0.12d 0.90 a 0.87 a 733a 4.67 a
0.8 0.17 ¢ 0.15b 0.17b 0.15¢ 1.02 a 1.00 a 6.00 b 4.83 a
4.0 0.20 b 0.18 a 0.19b 0.18 b 1.05 a 1.04 a 533b 5.17 a
8.0 023 a 021 a 0.26 a 0.24 a 0.89 a 0.88 a 550b 5.00 a
i A 26.732%%* 22.935%%* 0.361" 22.781%%*
TR LR 38.400%* 30.855%* 1.567 2.281
AR ER 2.289 0.073 0.044 5.53 1%+

TE A R P RN 25 5 135 (p<0.05) , #7822 A 35 (p<0.01) , *FRoR 22 53 .35 (p<0.05). T 3K[Al.
Note: Means within each column followed by different letters are declared to be different(p<0.05) by the ANOVA protected least significant differ-

ence(LSD) test. ** means significant at p<0.01, * means significant at p<0.05. The same below.
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FH 2% 2 A 1, ZD958 il A 4 Bt il FiR &k e 88 114 344
I FEBIE AR AR ER R EE M 0.08 mmol/L 3
1] 0.8 mmol/L B AR THGHIE i, 341 A 48.22% ,
75 5 B PRER R E M 0.8 mmol/LIE N3] 4.0 mmol/L
Ao MR K 38 W 34.96% , 22 57 1 3 R Eh e B A
4.0 mmol/L 14 i1 ] 8.0 mmol/L B i H K 14 1%
3.36%, 22 5N B3 . ND314 SR K ARk R )7

ZEHT AR5 ZD958 AL, MGV B 21 ok B AR
KA BG4 591 M 59.95% . 25.64% F11 7.85% , Hil§ R h
WM 0.8 mmol/L ] 4.0 mmol/L B B K 35 i
/NFZD958 . WA i Tl 78 N [ A R R VR AR 1 T+
MWK ENAEO0.1~02 mm BRH N &K, HKE
0.2~ 0.5 mm BHHN MR, 7E>1.5 mm 25N TR
K dme N A i Fofr (] ) 3 PR 78 2 53 SR AR BN AE O ~
0.5 mm R AR K

R2 AEHEBHRRETBRKMZERIRKHTL

Table 2 Total length and the root length of different root diameter in different nitrate concentrations

il il TR ER ML SR (em) AR (cm)
Hybrid (mmol/L) Total root The root length of different root diameter
Nitrate concentration  length 0~01mm 01~02mm 02~05mm 05~Imm 1~15mm  >L5mm

7D958 0.08 810.61 ¢ 160.04 ¢ 272.07d 180.02 d 145.02 b 30.62 b 22.84 a
0.8 1201.48 b 177.72 be 52829 ¢ 281.06 ¢ 215.99 a 33.87b 11.22a
4.0 1621.46 a 274.07 a 75331 a 368.86 b 178.69 b 29.32b 1721 a
8.0 1675.98 a 203.07 b 686.09 b 48273 a 229.96 a 55.03 a 19.10 a

ND314 0.08 630.24 ¢ 113.56 b 22228 ¢ 166.90 b 102.50 ¢ 15.45b 9.55 ab
0.8 1008.10 b 158.29 a 44299 b 203.86 b 176.11 b 19.56 b 7.30b
4.0 1266.57 a 169.79 a 484.21 ab 350.86 a 210.27 a 3140 a 20.08 a
8.0 1365.97 a 168.91 a 51448 a 429.15 a 197.89 ab 40.92 a 14.61 ab

T iy 225007 LSDAG I , f—F AN FRE3 R 22 5 .35 (p<0.05) . FK [l
Note: Means within a column followed by different letters are declared to be different (p<0.05) by the ANOVA protected least significant difference
(LSD) test. The same below.
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Table 3 The change of root morphology in different nitrate concentrations
s TR A (mmol/L)  HERTHTR (em’) AR (cm’) R B AR (wm) IR IMELEEL
Hybrid Nitrate concentration Root surface Root volume Root mean diameter ~ NO. of branches Fractal dimension
7ZD958 0.08 102.70 ¢ 537¢ 290.27 ¢ 348 ¢ 1.62 ¢
0.8 14491 b 6.43 b 306.40 be 502 b 1.65b
4.0 177.12 a 7.63 a 328.72b 659 a 1.69 a
8.0 188.86 a 791 a 353.80 a 682 a 1.72 a
ND314 0.08 92.76 ¢ 4.03 ¢ 348.29 cd 245 ¢ 1.58 ¢
0.8 111.57b 521b 360.37 be 481 b 1.62 b
4.0 14241 a 641 a 375.89 ab 513 a 1.65 a
8.0 166.42 a 7.00 a 393.22 a 532 a 1.67 a
GrEE Sl
i Fb 183.422%* 212.410%* 93.251%#%* 406.522%* 73.335%%*
AR LR e i 361.809%%* 239.217%%* 200.960%* 739.112%* 89.073%#*
RS E LN 9.638%* 1.385" 10.629%* 0.607 1.381
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Note: Means within different letters were declared to be different(p<0.05) by the ANOVA protected least significant difference(LSD) test. The same below.
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The change of root vigor in different nitrate concentrations
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Fig.2  The change of nitrogen uptake per plant in different nitrate concentrations
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AR W22 A 2, ZD958 Y BARR AL & Wi i
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ZEARK . UITER BT  BEREIRER MR i 3g i,
ND314 bR 0% Wl i K s T ZD958, K T
4.0 mmol/LEJ#THaE .
2.6 ARBHMESRARSEBIERZBHXER
WHR R MR A R R SRR E KBV
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Table 4  Correlation analysis between single plant nitrogen uptake and index of root

1 b B TEs RIS SHAEC MRFRIES AR HRAAFR &R EHAE IIAER O
Index Nitrogen ~ Root length  Fractal Root Root Root volume  Root mean NO. of Root weight
uptake dimension vigour surface diameter branches

e 1.000

i3IS 0.936%* 1.000

IR 0.943 % 0.953* 1.000

AR 0.853% 0.882% 0.863% 1.000

AR 0.940%% 0.978%* 0.944% 0.921%%* 1.000

HRARFR 0.9527%% 0.956%* 0.954% 0.873%* 0.959%+ 1.000

WRVHER 0174 0.232 0.215 0.362 0.254 0.169 1.000

IR 0.898# 0.967 0.933:% 0.8277% 0.9267% 0.941%% 0.207 1.000

MR 0.904%5 0.901%%* 0.925% 0.767%%* 0.8827%% 0.890%* 0.201 0.918%* 1.000

TE R ARMEAE 0.01 K B3
Note: ** meant significant correlation at (p=0.01).
Py & STy POVl LV ey &S IRV ERy €& SEhEaS
I, AR 2R IR A AR R R

FE7R PRI S RN R AR WK, RS
WA KRS (XT) 0 B 4R B0 (X2) AR R T
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Y=— 3.609 + 0.004X1 + 5.420X2 + 0.041X3-
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X8>X2>X3, Horr, X7 A (E, BAIAMRE 73T 4%k

HRZR TG T AR AT AR 0k 8038 A RSO3 R Wi e
R, JEIEAA S5 X3 EARAE AR/ (B R Bl ad X1
X5 FRTRIEA R AR K X7 09 B R R S/ A, d i
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Table 5 Path analysis on the relationship between nitrogen uptake efficiency and root index

¥

Factor —X1 —X2 —X3 —X5 —X7 —X8
X1 0.547 0.081 0.047 0.581 -0.521 0.305
X2 0.521 0.085 0.046 0.580 -0.503 0.314
X3 0.482 0.073 0.053 0.531 -0.445 0.260
X5 0.523 0.081 0.046 0.608 -0.507 0.302
X7 0.529 0.079 0.044 0.572 -0.539 0.311
X8 0.493 0.079 0.041 0.541 -0.495 0.339

3 ghit5itie

FRA A FIE IR AN 0.08.,0.8 4.0 mmol/L,
BF, AR MR RS AR R AR ARARER Bk oy
YRR AR Y W T AL E K A, &
W R I ASFE bR B R SRV T (R G g kg, 44
PR ELH M 4.0 mmol/L 4 N3 8.0 mmol/LE, 22554
2 UL 4.0 mmol/L 2 PR 1 il ot 1) 5 3 il R 32k Tk
J¥ . 7E 8.0 mmol/L Y ik BE R PR ER AL P T AR R Y
R RONEREL SN E NP s E ANy 7413 LN N £
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HRZ BT 5 LB T R, AR A 4 32 B ] 5 AR L Fh
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