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P& A& V=2l E 2 &/ NX BEHLE
10 #R B KA 105°CRF 30min /5, 60°CHET- %2
fHE, Jramatir=g.
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1.4 $EFRITE
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Table 1 Variance analysis of nitrogen accumulation in the whole plant and each organ
2018 2019
R BUH O E eI ReEO\ISE RRESE BRI R RN Ro\rom dbESE
Position Item  Seedling Jointing Big flared Tasseling Harvest  Seedling Jointing Big flared Tasseling  Harvest

stage stage stage stage stage stage stage stage stage stage

L F 4.04 4.55 21.07 36.59 35.58 10.81 8.16 21.41 9.73 9.15
Whole plant P * * ok ok ok ok ok sk sk sk

Z£ Stem F 2.40 7.70 15.67 9.91 20.40 6.02 16.69 17.52 64.25 2.52
P ns kk kk Kk Kk Kk Kk kk kk kk

I Leaf F 4.88 3.40 17.41 14.24 55.51 12.30 3.06 13.41 5.84 13.27
P * * sk sk sk sk * sk sk sk

£ Bract F 22.23 8.42 9.84 1.72
P sk sk kk ns

A Ear F 9.91 20.41 2.18 7.08
P sk sk ns sk

FFRL Grain -~ F 19.40 9.15
P sk sk

Hlifh Cob  F 88.95 222
P ** ns

“x7 RE P <005, EZFREH;, 7 REFP<001, ERHEE; “ns” REP>005 EZFAEE, TH
“*” represents P < 0.05, the difference is significant; “**” represents P < 0.01, the difference is extremely significant; “ns” represents P> 0.05, the
difference is not significant, the same below
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ARNGFRIRIR 005 KFEREE, TR
The different lowercase letters indicate significant difference at 0.05 level, the same below
1 FAEEEKETENEREKREARRARE

Nitrogen accumulation of whole plant in silage maize under different nitrogen levels
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Table 2 The average accumulation rate of nitrogen in each growth period of the plant g/d
2018 2019
REFE o — 45 WE— R\ — S — Wi — B — R — e —
Treatment | Sondtin | FWINEUN i e WS KOS o3k
eedling- . : . . L : :
oinfing stage Jointing- Big flared- Tasseling- Seedling- Jointing- Big flared- Tasseling-
Jo £ stag big flared stage tasseling stage  harveststage  jointing stage big flared stage tasseling stage  harvest stage
NO 0.02 0.01 0.06 0.01 0.02 0.03 0.06 0.01
N8 0.03 0.07 0.04 0.03 0.02 0.06 0.08 0.01
Ni2 0.04 0.07 0.04 0.03 0.02 0.06 0.07 0.02
Nl16 0.04 0.06 0.10 0.03 0.02 0.06 0.09 0.01
N20 0.05 0.07 0.08 0.04 0.04 0.07 0.06 0.01
N24 0.03 0.07 0.08 0.03 0.03 0.09 0.07 0.01

T & Y A B B B T ORI AL B, (i A
b T IE) 22 S AN 2 s USSR ZE I FE N16~N24 b7
MR R R m T A E B NS fI N12 4b 2,
BANEFEHPE 2 FMA R REE N6 b8
e, RN 115 10.82g, M2 SEIAEME
0 HIAE N16 Fl N24 AbFE R e, 23508 1.53 Fl
1.50g, H. 2019 FE0-7E N16 A B A R LR 2=
KT N24 4b B,

i R AR R R R TR,
HEIH N20~N24 b B T HAR S0, 2 FRRE
B, 390N 0.41 AT 0.56g, W5 R R & KT
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73 AL NO AL PR 7 HY 86.47%~105.71%A1 47.00%~
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BIRERT NO A (R 3D, Hi N12~N20 4
PR T HFRL R AR R, 1 Rl 1 50 3R A R B
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Seedling Jointing Big flared  Tasseling Harvest Seedling Jointing Big flared  Tasseling Harvest
stage stage stage stage stage stage stage stage stage stage
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Fig.2 The accumulation of nitrogen in each organ of the plant at each growth stage
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R > > 25> flh >4 (R 3) , REFAZBE I
Fi R R B EE ] 2018 F1 2019 45 - Ab B (1 °F- 1)
2> 91 70.85%F0 71.49%, & m T HALRSE,

Lt AL A N8 AT N 12 &b BEOFF b 480 2% Lo 9 4
3N 75.66%F1 71.89%, Ji it 25 Jifi 28 a2 A 14
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=i WA AR N T e
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Table 3 Distribution ratio of nitrogen accumulation in various organs under different nitrogen levels

. HRERB R R R R WO GRAE # 85 F 1977 T
?;ﬁ) T ﬂf . Plant nitrogen Grain nitrogen Distribution ratio of nitrogen in various organs during harvest (%)
car reatmen accumulation (g)  accumulation (g) 2% Stem - Leaf #ilt Bract ¥E4E Grain il Cob

2018 NO 2.37c 1.72b 7.96a 15.53bc 1.47¢ 72.33ab 2.71b
N8 431b 3.26a 6.72a 14.06¢ 1.63¢ 75.66a 1.94¢
Ni2 4.43b 3.30a 6.63a 14.77¢ 1.70c 74.56a 2.34b
Ni16 5.0la 3.44a 7.79a 17.82ab 3.81a 68.66¢ 1.91c
N20 5.12a 3.53a 8.09a 17.16bc 4.18a 68.04c 2.52b
N24 4.54ab 3.15a 7.28a 19.77a 3.20ab 65.84c 3.71a

2019 NO 2.27b 1.65b 7.30a 13.72b 22la 72.57a 4.20a
N8 3.44a 247a 6.52a 17.07a 1.92ab 71.07a 2.78b
N12 3.63a 2.6la 7.34a 17.33a 1.33ab 71.89a 2.11c
Ni16 3.80a 2.69a 7.66a 17.92a 1.54ab 70.53a 2.35bc
N20 3.53a 2.53a 8.45a 16.26a 1.23b 71.55a 2.51bc
N24 3.83a 2.73a 7.18a 17.13a 2.03ab 71.31a 2.35bc

ANRNGFEERR 0.05 K PFEREE, TH
The different lowercase letters indicate significant difference at 0.05 level, the same below
ERE RS T RIZERIOVN > >80 GE JIEHE NO APt 297.02%M1 177.36%, it BT
4) , MMRZE 2 SEI7E N16 N FIZRR K, 70 RIEREFEEMZNRRLEE, HN16 LHRA
R4 TERARKFETEFRBENARESRR

Table 4 Nitrogen transport status of vegetative organs under different nitrogen levels

Fekr ENy upr Kb FE Treatment

Index Year  Organ NO N8 NI2 N16 N20 N24

B E & Nitrogen transfer amount (g) 2018 ES 0.19¢ 0.54b 0.54b 0.76a 0.52b 0.76a
i 0.49bc 0.60ab 0.81a 0.64ab 0.62ab 0.56ab

A It 0.14b 0.19ab 0.27a 0.17b 0.19ab 0.15b
M 0.82¢ 1.33b 1.62a 1.57ab 1.33b 1.47ab

2019 E3 0.19¢ 0.32b 0.32b 0.53a 0.35b 0.31b

- 0.76ab 0.70abc 0.46¢ 0.58bc 0.65abc 0.85a

K 0.20d 0.36¢ 0.47ab 0.37bc 0.50a 0.49a

S8y 1.15¢ 1.38abc 1.25bc 1.48abc 1.50ab 1.65a

98 F 518 % nitrogen transfer rate (%) 2018 ES 50.61b 65.04a 64.75a 66.07a 55.34b 68.72a
i 57.11a 49.88ab 54.76ab  41.77abc 40.71bc ~ 37.26¢cd

& 79.81a 72.79a 78.05a 47.43b 46.94b  49.62b

Rk 58.11ab 57.56ab 60.99a  51.56bc 46.57¢c 50.49¢

2019 E3 52.38a 58.99a 54.18a 64.66a 54.58a 53.41a

i 70.90a 54.32bc 41.96¢ 45.59bc 5337bc  55.92b
ey 80.04b 84.74ab 90.42a 86.48ab 91.90a 86.29ab

Pk 68.58a 61.20ab 56.54b 58.98b 62.26ab  61.89ab
RSB TR 2018 ES 11.48cd 16.51b 1633b  22.07a 14.81bc  24.52a
Contribution rate of nitrogen transport to grain (%) - 28.98a 18.49b 24.26ab 18.63b 17.47b 17.93b
K 8.20a 5.75ab 8.04a 4.90b 5.46ab 4.88b
&i 48.66a 40.75a 48.63a 45.60a 37.74a 47.33a
2019 = 11.60b 13.45ab 12.18b  20.0la 14.69ab  11.44b
- 46.17a 28.58bc 17.89c  21.47bc 26.74bc  31.13b
It 12.31b 14.80ab 18.05a 13.84b 20.52a 17.78a
it 70.08a 56.83ab  48.12b  55.32ab 61.95ab  60.35ab
K FE %1 Harvest index (%) 2018 72.52b 75.66a 74.56a 68.66¢ 68.04¢ 65.84¢

2019 72.57a 71.70a 71.89a 70.53a 71.55a 71.31a
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FIT 2B E Wiz, AR 2018 424 N12 4b#
s E RO, 2019 53 AIFE N24 F1 N20 bR 4%
BERK, 2018 FEFERELARKIZE N NI2
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AL BRI SR T 2018 4F, {HAE N16 &bBE T 2 43
REEBE SN ARKEE. 583 H, AN—
JE BN IFA — 8 Rede mAr R B R S o ke, (3
REEEREGERNEARZRRENEREENEAR
iz, MNNEREHFRNERSE, —RearrE.

BRI R T HEFRBERIZERT), 2
MR R LIRS FIa &I, 2 F358 N16 &t
FREIE R A, 43 WA E] 66.07%F1 64.66%, 117 N20
FTN24 S AR 2= PR ZE I B R IS R0 &
it ZE A 3 I R e AR R AR T NO AL, BT DL
NENE 2 FECHE R KR R e 2, i 2 I
N12 Ab PRI IA BV 7K, Fis 245 7 78.05%
H190.42%, SE IR E AR IS A& AP R 2%
RARE.

B IR E MR R e R DTk 32 B AR
TEZERIMH, N16 AbHE T 22 R R X b 1 51
R I s I 25 it A B ) DR R I T NO Ab 2,
BEHWHEETEMNTTRE (R4 . BERBE
BEIBIRFRLI DTk A5 AL B B) 22 AN B3, HIgLL

NO Kb HE DTk B =, X U B N BUIE RIS 15 5%
wEFzE SR ARRRER G, RN
EHESINE FEAS H AR IS 2R EIN, BRn 7
MRAFRIAE 5 B & [FAL .

2 4F NO b EE P WORTE B, A it LA B
It 5 e 2 %) 38 S SR R B = I S T v S B AR
%, Hr N8 Al N12 AP o Ta B8 i T FI4E
P N16. N20 A1 N24 4b#H, 2 4535 LL N8 A1 N12
AEE B, 3N 75.66%A1 71.89%, it Bt A &
o AR T R AR T OGR TR EL
23 ARIARKENEHKTERAZFAREN

Al

5 R, FALHARS T RAE R 2 A AR
AT EZERN (P<0.05) , F£WHZHALL
R A B R EE T NO AR, 2 057 N20
HMIN16 4B R P2 & e, 18 31.50 Al 27.09t/hm?,
I3 A EE NO Ab T 56.16%F1 30.03%.

2019 A7) it 0 A0 3 1 S AR = ) F %A%
T 2018 4F, {H 2 FF R LA N i A =1
BT R R, o N12 FN16 AR TR AT ()
FNEFIH A, N16 4 FE 2018 4F I BNEA FF %
S8 NE A 2B 7= 77 A G RE IR AL 2R Sy i) A 43.65%
127.70%F1 1.57%; 2019 4453514 24.08%- 112.86%
A11.19%.

x5 TERFKFTERTERARZFAER

Table 5 Plant yield and nitrogen utilization efficiency under different nitrogen levels

SR 1 R

Year Treatment Yield (/hm?) Nitrogen agronomic efficiency (%) Nitrogen partial factor productivity (%) Nitrogen absorption efficiency (%)

Ff o gm R S AL
2018 NO 20.18b —
N8 31.46a 94.00a
Ni2 28.18a 44.46b
N16 30.65a 43.65b
N20 31.51a 37.77b
N24 29.96a 27.17b
F 16.89 12.69
P ok *%
2019 NO 21.31b —
N8 25.55a 35.32a
N12 24.47ab 17.58a
N16 27.09a 24.08a
N20 25.71a 14.66a
N24 24.69ab 9.39a
F 2.35 1.69

P * ns

262.13a 2.69a
156.54b 1.85b
127.70¢c 1.57¢
105.02d 1.30d
83.22¢ 0.99¢
137.33 152.35
ok ok
212.88a 2.15a
135.95b 1.51b
112.86¢ 1.19¢
85.69d 0.89d
68.58d 0.80d
65.61 43.12
o ok
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311 HEHAEREZTANE BEBLSHEFCE
KAFEAEBN ST NEER R, EUEAS
[ (1) A B B RS R T A AN, AR KA
MERNG, bEEE PN, ERE RS2,
B IR I A FOR B 2 R W O\ 1 HA ) A Ak
FIEAE, [F) R B TR AR K M AR T AR KA, il
T R R R 2R, 1 2R A SR AR
R B NLEHECD, BRI R AR, X
— A S AT ANDSTIER— 2, HERRENZ DR
PG 257 B it K- Lo FoA R 28 R 2 e U 12,181 ACHj
Fid, AREEKCPRHER AR REE T
5o, IR 2 FEEEE MR R R ELNO
ARl 87.13%~119.34%, 51.38%~68.48%,
BTSSR, A SRR R E R oK
BHRERRRRE, P SRR, EEE]
BEXMEKREEEHAEZMRARE. AT,
N16~N24 A FAAF] T TR E R R, X—45i
L5 B R S R i S PO o B 335 AU R A
PEFIHIF 72 45 R — 5
312 B RERAEZRETAAE KEEHENH
FLRM, FOKZEEE ANy (1 203 AR B B it 50 1 1
IS g dh £k (240kg N/hm? AR, AHFFTER,
ZEHn R AR B B I it 2 T G D 2 9 S T
= E PR, Sar NSt R R AR —8 [F—HE
WA FEARE BTN AR RENEEKTH
Wi A 22 55, ASHITSE R R O NS SR AL BRI
FEEREMR, AR, N16
N20 bR T 22 R R, N24 S8 m Ut #
AR TEMEAEZR, WS N12~N20 &4
MG R TFRIE R R, v, ZHEKSEE
N16 F1 N20 AL R & R AR BRI, Hl T4
AR R LN, ISR A S 28 B AR A B I
IO B Z AP e SR B, N16 AT N20 ix 2 Ak #E
AR THEEEARNIRER.
32 ARIARKENELEKTRFEITHEN
TR EFITRE SR, ORI R R A &2 E
B Le ] — 80, 2 RUK TR AN R, Hgoff
WA ERMRRERE, AR EDE BN 65%~
70%, AT A Ak 70%L L, % 5] g ik

AVEAA R ATARP N, EREHEERA R
i B R R N 2 IS T R, A
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Effects of Different Nitrogen Levels on Nitrogen
Accumulation and Transport in Silage Maize

Wang Liping’?, Bai Lanfang'?, Wang Tianhao'?, Wang Xiaoxuan'?, Bai Yunhe'?, Wang Yufen'2

("College of Life Sciences, Inner Mongolia University, Hohhot 010070, Inner Mongolia, China; 2Key Laboratory
of Herbage and Endemic Crop Biotechnology, Ministry of Education, Hohhot 010070, Inner Mongolia, China)

Abstract To clarify the rules of nitrogen accumulation and translocation of silage maize under different
nitrogen levels, and to determine the optimal nitrogen application level for silage maize in central Inner
Mongolia, Xianyu 335 was taken as an example and six nitrogen levels, 0 (NO), 120 (N8), 180 (N12), 240 (N16),
300 (N20), 360kg N/ha (N24), were set. We analyzed the nitrogen accumulation and transport characteristics of
each treatment at different growth stages, as well as the whole plant yield and nitrogen fertilizer utilization
efficiency under different nitrogen application conditions. The results showed that the accumulation of nitrogen
in plant vegetative organs reached the peak from big flared stage to tasseling stage, and nitrogen was gradually
transferred from vegetative organs to reproductive organs after tasseling stage. Different nitrogen levels had
significant effects on plant nitrogen accumulation. Nitrogen accumulation under nitrogen application conditions
were 87.13%-119.34% and 51.38%-68.48% in 2018 and 2019, respectively, higher than that without nitrogen
application treatment. Nitrogen fertilizer increased the nitrogen transport capacity of vegetative organs, however,
the nitrogen transport rate of each organ was reduced to some extent. In addition, nitrogen transport contributed
to grains mainly from stems and leaves, and nitrogen application significantly promoted the accumulation of
nitrogen in grains after anthesis. Nitrogen application could significantly improve the yield of silage maize, and
in 2018 and 2019, the N20 and N16 treatments had the highest yields of 31.51t/ha and 27.09t/ha, respectively.
The nitrogen use efficiency of all treatments showed a decreasing trend with the increase of nitrogen application
rate. Comprehensive analysis showed that N16 treatment (240kg N/ha) was a suitable nitrogen application level
in Hohhot, Inner Mongolia.

Key words Silage maize; Xianyu 335; Nitrogen accumulation and transport; Yield; Nitrogen fertilizer utilization

efficiency
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