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Abstract: [ Objectives ] Root architecture and anatomical structure of maize decide its nitrogen use efficiency.
The study on the renovation of root characters of maize cultivars released since early 1990s will provide a
theoretical basis for selecting new variety of maize with high yield and high nitrogen use efficiency.

[ Methods ] Field and pot experiments were conducted, and 8 maize cultivars promoted since 1980s were used
as materials.They were Yedan 13 (YD13), Nongda 108 (ND108), Zhengdan 958 (ZD958), Xianyu 335 (XY335),
Jingke 968 (JK968), Zhongdan 909 (ZD909), Denghai 605 (DH605) and Denghai 618 (DH618). No nitrogen
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application and N 236.25 kg/hm® were designed in the field experiment, N 4.5 g/plant (HN) and 1.5 g/plant (LN)
were for the pot experiment. Roots and plants samples were regularly collected, some root system indices, dry
matter, nitrogen accumulation and distribution were determined. [ Results ] The yields and N accumulation
amount of recent promoted maize varieties were higher than those of the previous ones. The average yield and
N accumulation amount of the cultivars after 2000°s (JK968, ZD909, DH605 and DH618) were increased by
14.7% and 11.7% under high N treatment, and 16.1% and 20.6% under low N treatment. The root dry weight,
nodal root number, root length, root surface area and root volume showed trends of decreases in the first and
then increases over time. The root dry weights of the1990’s varieties (ND108 and ZD958) were decreased by
54.2% compared to the1980’s variety (YD13) under the high nitrogen level, while the root dry weights of the
varieties after 2000’s were increased by 23.2% compared to the 1990’s varieties and still lower than that of
YD13. The number of seminal roots increased gradually with change of the varieties. The root cortical
aerenchyma (RCA) for root cross-sectional area ratio increased with change of the varieties, but the number of
cell files (CCFN) and cortical cell size (CCS) had no obvious tendency. The D95 (Root depth above which 90%
of root length is locatted) of the cultivars after 2000’s increased by 23.7% compared to those before 2000’s,
indicating that the depth of root penetration increased. There was a significant positive linear correlation
between the N accumulation and D95 and RCA% under same nitrogen level, while the correlation between the
N accumulation amount and the root respiration rate was exactly opposite. [ Conclusions ] The nitrogen uptake
and use efficiency of modern maize cultivars are significantly higher than those of previous one. The increased
number of seminal root is beneficial to maize seedling growth. The root volume in the deep soil is obvious
increased. The increase in RCA% of current maize cultivars leads to reduced root respiration which is beneficial to
the increase of yield.
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Table 1 Basic information of experimental materials

FSediis AL HEAFDY

Variety Parental combination ~ Validation year
13 YDI3 i 478 x T 340 1989
A 108 NDIOS 178 x # C 1991
HBH. 958 ZDY58 58 x B 72 1996
JiE 335 XY335 PH6WC x PH4CV 2000
Rl 968 JK968 5724 x 5192 2011
FEL 909  ZD909 #5 58 x HD586 2011
i 605  DH60S B 351 x DH382 2010
HiF 618 DH618 521 x 5% 319 2013

1.2 R

KHERE : RAMKIKRETT, RENEKX,
WE WA ENEAKN-, 435028 236.25 kg/hm* (HN) Fl 0
kg/hm? (LN); FKaFCOHEIX, FE% R 52500
plant/hm?, 17 60.0 cm, #R#E 31.7 cm, /PNXK 10
m, 9% 6m, HE 4, BT 20154 6 7 10 HF%
F, 10 A 6 BHYHm= .,

AR5 RS 1.5m, HAE 20 cm ) PVC
B, HRIATIE 66 cm HEF, HIADT (45%). HEA
(30%). BIRA (20%). KIZL (5%) W HLBIR S5
FEJE 2 N RIS, FERERI 10 em AMMENE . 12
PR IKFE: 4.5 g/plant (HN), 1.5 g/plant (LN),
AHEN T BREK, B EE S RER . WK T 2015
iE 6 H 18 HIEFN, T 8 A 23 H T Ky (vT) it
Wik
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(V12)., #fiE®) (VT). LA (R3). B (R6) HL
FE o HUREIS B /N IR B R VEAE R 5 Bk, HRIRZE
FEooME R BERE . RPRL. BERD. BrtsrF, T 105C
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HER; ARVORRBEUT AR AR R R 5
AR B EFR
1.3.3 MAEEME KHIRE T (vT) E/0 X
PEPGE SR RERAR 3 ¥k, LA KA L, 32
Bk 60 ecm (f78E, MR B4 30 cm), FE 30
cm (AN —ANHEEE, FEARRT/E 4 15 em), R 40 cm +
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Table 2 Effects of the nitrogen treatments on yield and its components of different maize in field experiment

SERREAL - THiE Frh AW "
fﬁ;ﬁ Vuj]ri*iy Actual4ear Tz\lo. Graffji?rz car 1000-kernel weight Yield2 Biomaszs H:i?iﬁfex
(x10"/hm") (g) (kg/hm®) (kg/hm”)

HRUKF YDI3 5.00 ¢ 712.18 a 332.66 ¢ 10157 £ 19641 ¢ 0.52 be

High Niinput ND108 5.04 be 711.16 a 33118 11625 ¢ 24103 be 0.48 cd
ZD958 5.11b 649.29 f 360.05 d 12200 d 22090 d 0.55 ab
XY335 5.11b 662.29 ¢ 371.50 ¢ 11688 ¢ 27750 a 042¢
-4 Mean 5.07 683.73 348.85 11418 23396 0.49
TK968 529a 671.25d 419.40 a 12962 ¢ 25442 b 0.50 ¢
ZD909 5.26a 684.26 ¢ 359.96 d 12973 b 23213 cd 0.56 ab
DH605 5.04 be 710.15 a 377.52b 12863 b 23261 cd 0.55 ab
DH618 5.04 be 689.16 b 368.61 ¢ 13572 a 22812 cd 0.59a
SF-44 Mean 5.16 688.71 381.37 13092 23682 0.55

IREAT YDI13 5.00 £ 682.17b 303.01 d 8843 f 17696 d 0.50 ¢

Low N input NDI108 5.04¢ 688.26 2 31291 ¢ 9336 ¢ 18584 cd 0.51 be
ZD958 5.16b 646.27 ¢ 337.48b 9755d 19055 cd 0.51 be
XY335 5.08d 635.19 f 339.35b 9930d 24071 a 041d
SF-44 Mean 5.07 662.97 323.19 9466 19853 0.48
JK968 5.08d 649.15d 376.78 a 10714 ¢ 20160 be 0.53 abe
ZD909 522a 646.17 ¢ 340.30 b 11090 b 19196 bed 0.58a
DH605 5.1¢ 674.04 ¢ 341.88 b 11462 a 21015b 0.55 abe
DH618 5.16b 683.31b 338.41b 11133 b 19657 be 0.57 ab
-4 Mean 5.14 663.17 349.34 11418 20007 0.56

AR SR Sources of variation

EUKF N level (N) NS o ek o gk NS

ST Variety (V) sk sk ook sk kot Hokok

T (Note) : [FFVEIRFARNG FREFIR MR 2RI 5% BEAF; = 43K 0.001 BEAKF, NS LR 0.05 KFALE Values

followed by different letters in a column are significantly different between varieties at the 5% level, ***significant at the 0.001 probability level, and

NS indicates not significant at the 0.05 probability level.
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Fig. 1 Effect of the nitrogen treatments on root dry weight of different maize varieties
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Different letters above the bars are significantly different between varieties at the 5% level.]
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Fig. 2 Effect of the nitrogen treatments on total root number and seminal root number of different varieties (soil column)
[ (Note) : JrkE EAEIFRELR R fh Al 25 55 5% B3 KF

Different letters above the bars are significantly different between varieties at the 5% level.]
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Table 3 Root morphological characteristics of maize varieties at VT stage in pot experiment

S R Z K Root length (m/plant) MR MIFH Root surface area (m*/plant) R ZAFH Root volume (cm?/plant)
Variety HN LN HN LN HN LN
YDI13 1166.88 a 1668.54 a 1.84a 2.56a 21577 a 344.52 b
ND108 877.42 ¢ 1193.16 d 142 ¢ 2.07c¢ 135.11 ¢ 308.50 ¢
ZD958 839.61 cd 1089.61 e 1.08 e 1.53 f 116.52 f 203.86 f
XY335 927.55b 1278.73 ¢ 1.20d 1.65¢ 147.55 de 23743 ¢
S35 Mean 952.86 1307.51 1.38 1.95 153.74 273.58
JK968 786.71 ¢ 1319.25 ¢ 1.54b 2.12 be 165.80 ¢ 299.93 cd
ZD909 787.70 ¢ 1176.47d 1.16 de 1.91d 139.13 de 230.32¢
DH605 811.90 de 1292.20 ¢ 1.22d 2.24b 153.91 cd 278.67d
DH618 955.24 b 154547 b 1.58b 2.63a 191.10b 370.44 a
-1 Mean 835.39 1333.35 1.37 2.23 162.71 294.84

AR 52K JR Sources of variation
fﬁ/kxiz N 1CV61 (N) skokok skokok skokok
I‘II_I"14:1'I" Variety (V) skkk skokok skokk

1 (Note) : FFIEEE G AR/NG SRR AL HL A 22 5538 5% 7KF Values within the same column followed by different letters are
significantly different at the 5% level; *** {3 0.001 3 /K Indicates significant at the 0.001 probability level.
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Fig. 3 Effect of the nitrogen treatments on D95 of different
varieties (field experiment)

[FE (Note) : #EF FAYAR/ING FRER R S E] 22 5235 5% 7K
Different small letters above the bars are significantly different among

cultivars at 5% level.]
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Fig. 4 Effect of the nitrogen treatments on root segment respiration rates and total root respiration rates
of different cultivars (pot experiment)
[ (Note) : 7tk B F R AP RI 22 571K 5% W% K-F

Different letters above the bars are significantly different between varieties at the 5% level.]
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