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B, A

1500305 2 HPESCHI B el bk 5 A ARl 2 e AR R T 2T 158, EPRaKJI| 402160)

FRE”, MHR, KT, BRE A

(1 FRACAA K AEBTIRGIREL B, IR IREE

B OE: L OCURE5T BRWFCOHREAR, W T AMELIL(TI). 100% FEii R ZAAT(T2), B 1 1 iR TE(T3).,
37.5% RFE+62.5% HRIRFBMALIE(TA) ., 70% RE+30% BHLTLHE IRIEEMEAH(TS). 37.5% RE+30% AHLTLHLEIRE
+32.5% FERIRRBMEALFL(TO)N 134T R . FERERN AR . K™ 5k B A BRI R AR BRI S sz, A4k
T BRI A S TORERAEE T . B T1ARBS, T6 AbH SR . SRS B AW RAL, BRETIAL, 3 i) T6
PRI | SRR B T R E s Hom S 11 428 kg/hm?, 37RO 24.82%, FUIRACASER K AU A 77 13
. Wik, BIRTEFTRERKITARAERI R0 37.5% JRE+30% APLCHLURIRAE+32.5% 5808 2 it .

KR FK; AT A R

HRESZS: 2102080 XEkFRARRD: A

Study on Optimum Nitrogen Fertilization Method of Spring Maize in Heilongjiang
SHAN Dexin"?, SUN Mengrui', LIU Xiao', XU Zhenxuan', LIU Lu', GAO Jianan'

(1 College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China; 2 College of Landscape

Architecture and Life Science/Institute of Special Plants, Chongqing University of Arts and Sciences, Yongchuan, Chongqing
402160, China)

Abstract: In this study, the corn variety of Leyu No.l was used as the experimental material, 6 treatments were designed which
include T1, no nitrogen; T2, 100% base urea; T3, 100% urea with 1 : 1 ratio of base fertilizer to topdressing; T4, 37.5 % urea +
62.5% controlled release urea; TS, 70% urea+30% organic-inorganic compound fertilizer; T6, 37.5% urea+30% organic-inorganic
compound fertilizer+32.5% controlled release urea, and then the effects of above treatments on soil nutrient utilization, the uptake
of nitrogen, phosphorus and potassium by maize, maize yield and its components, and nitrogen use efficiency of maize were
investigated in order to find the optimal nitrogen application method for spring maize in Heilongjiang. The results showed that for
T6 treatment, the contents of soil ammonium nitrogen and nitrate nitrogen were the lowest except T1 at the maturity stage,
nitrogen accumulation and dry matter weight of corn leaves and stalks were the highest in the other three periods except the
jointing stage, corn yield was 11 428 kg/hm? increased by 24.82% compared with T1, and the agronomic efficiency and the
partial productivity of nitrogen fertilizer both were the highest. In conclusion, T6 was the optimal nitrogen application method for
spring maize growth in Heilongjiang.

Key words: Corn; Nitrogen fertilization method; Nutrient content; Yield
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W, A EYE R BN AR R R, B
T AR AR A #4  FIRRV hy Se pot  IRLst, Al
HEAHAN R AR 4 5 B R ok b AN R
HT R R R 2, BT LA 2y A, B2 A
FHRABCERD ., B MY 1, L3
FAEBIF TR BRI, HIARAG BN S A2, 3k fifi
X R g 7 AT B W) ) L HE SR 23 BIR i A 5 e 2
RA T AN R, SRR S IR (4 [
T TR MR R 2 T , ST EAO A
ES QIR PR

AR AR VTR RN WFFEN G, TEB N

T R T A T 7 DX A IR R A 1] R A R Al
I )N DR AS [ UL B 0+ %
A, TARTYRR . FR, 7 FRIFIH]
RIS , DR e AR TR ERUE R R
A, SHACRLS B IS B IRIE IR AR S5

1 HREH%®

1.1 ik R

I FH A T 8 e VA e R V5 T 2 7 DX AR R A
FHeph——1a] FHAR3%(126°54'36.778"E,, 45°46'17.96"N),
THOR R A, HIEAREEPERT L 1.

F1 EARFGLIERERBEHER

Table 1 Basic physiochemical properties of soil in Xiangyang Farm

+ e pH IR (%) AP (g/kg)

Bl At A (mg/kg)

A W (mg/kg) A (mg/kg)

2t 6.96 8.69 14.74

214.67 41.76 180.33

1.2 ik 1EY

HERIEY A Bk, MR R E—5
1.3 it

AR AL R 2 (7 N 464 g/kg). AHLTEHL
SIRIE(E N 15 g/kg, P,05 100 g/kg, K,0 50 g/kg).

BERIRE (F N 462 g/kg; BRI 4 N H); BiEGE
FHBEIR —4#% (& P,0s 460 g/kg, N 180 g/kg); APAEE
FABRFRER (B K,0 500 g/kg). 5T [EE P,0s Fl K,0
FHEIA 75 kg/hm?, HRIEFR> & B TR IL RIS &
TG b B R SR o R AN 2R 2 IR .

x2 ARERGERBMA. PTG LR kR 7%

Table 2 Types, proportions and application methods of nitrogen fertilizers under different fertilization

Lb HH AR A IR A (%) it HE %
(kg/hm?) IRZ AW EIRAL FERIRE

Tl 0 0 0 0 -

T2 200 100 0 0 100% Fjifi

T3 200 100 0 0 B 11, R EE AR
T4 200 375 0 62.5 100% FLjifi

TS 200 70 30 0 100% Hjiti

T6 200 37.5 30 325 100% Hjiti

St R O HERR M, HEBR LM R T, 125
KHBEHLX 4IRS, 3 WES, it 18 A/hIX, /)
XK 80 m?, £F/MX N 1.6 kg; P,050.6 kg; K,O
0.6 kg RN THLERE &/ NRALE LI, £
KR I ZEVERNARE, 475 T IE SR BT 78 TR it (T B 24
13 cem), RIGHE L2, ZHEEZ 60 cm. RAAT
FohHERh, FEMIEE 5~7cem, 2 Ki/7C, AL
25 cm, FEFEE 6.0x10 F/hm® . H 5 7E = -39 [A]
i, RO 1R, ASIREE T 2017 4F 4 H 30 HEEF,
2017 4 10 A 6 HYHk.

14 MEMHESHZX

TEREARARFR AT SO0 Ry,

M U R SRR RN AR

IR S A I . S/ NXCRE “S” TER
££0~20cm )2 RN, TRS) . B S50 g fif 4
TEEEOKESE, AT REESA . mASRMNE; H
AR, WHES, 5 20 Hf, 45000 43984 240 |
AR A, RIS A A ECR I AA3 Al sh sy
BPASGIN 2 ; A3 250 R P B TR IR S — SR B BT L (i )
FE 5 AR B RR R 3R - SO G  E .

FERRFE ffh B4 1 4 A 5 = 4 A AR B I/ NX BUE
FRFHERY T KA, B ARILEE T 5 SRS RE L
105°CA&7 30 min J5T 70°C P4t T ZEE, LT
&y AW EMM PR 0.5 mm G, H
H,SO,-H,0, THA,, ez . B, M &a.
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AL 1 m < 1 m HENECAFCRMERRE 5 7R, 1K
PRILFAREE, 30 A | gtk | BRI H
R, T N
1.5 #HiEaE

I B % Microsoft Excel #FF7353, K
SPSS 23.0 #4775 245017 -

RNER R R AT - AW A ™ J1=Hit
R iR N 1 s AU AR 2 38R =it & X FF AL
PR AN it Xk ) R

2 HBR5HH
21 AREEEARXW L EENFSSENHIT

TSR AR AT, AP E KR E
I A, 3 eh ) TOHL AR B B ORI, AT
L i R BB AR A R A . A AL (T AE 4
AP S A A R AR 100% it )R R AL FH(T2)
5 100% iR & HESE 12 1 2R3 (T3)7Edk T A
R I S A S A Y, T T3 AP K
MW AR TIB AL, PR AR R A A R T3 4k
PRI A A B W T T2 40385 37.5% JRZE 462.5%
PR RBCMEALFE(T4) . 70% JRE +30%AHLEHLE
TR AL L AL BE(TS) . 37.5%IR & +30%A HLIGHLER R
B +32.5% 45 B¢ PR 25 Be it b B (T6) 7 5 15 11 Je R
Ml RS A SRR LS . A

TP S RN S A B0 R AL b S AR
Py Rt R IR BERRE T - th 3% 3 A RDEAL 7 X

#3 ATREERARTLIRENFSEEL L (ng/ke)

Table 3  Soil available nutrients under different fertilization

BF, BR T1ACBRAN, T6 AbFAkZS A & e HiAth 4 4
Ab P A AR

)

b3 AR AR
HATH PN EE TN A HATH PNUIUNEE G I IR
T1 8.54¢ 7.81 ¢ 7.29d 6.57d 10.73 e 9.30d 5704 5.52d
T2 9.76 b 8.89b 8.42¢c 8.14 be 16.07 d 1552 ¢ 13.74 a 11.84a
T3 9.05 be 8.79 b 9.20 be 8.53b 18.74 ¢ 1552 ¢ 12.76 ab 9.20 ¢
T4 1234 a 1125a 1024 a 9.04 a 19.92b 18.99 b 13.31 ab 10.32b
TS 12.85a 11.37a 9.22 be 8.56b 28.26 a 23.99a 12.30 be 10.26 b
T6 12.62a 1120 a 9.63 ab 8.08 be 28.13a 23.02a 11.32¢ 9.15¢
Ak B A 3wk A
L aLE PNUIIUNEE G HES Y I HATH PNCIIUNEE G T IR
T1 2831 ¢ 22.32¢ 13.54 d 8.86 ¢ 170.33 b 156.15 b 127.65 d 108.22 be
T2 29.16 ¢ 24.15b 13.56 d 9.51 be 169.03 b 158.23 b 150.16 a 115.64 ab
T3 29.32¢ 21.39¢ 15.56 ¢ 9.03 be 168.03 b 164.32 ab 136.04 be 105.65 be
T4 31.21b 22.65¢ 1573 ¢ 10.23 a 170.50 b 162.65 ab 148.16 ab 117.13 a
TS 33.56a 25.65a 19.57 a 10.17 ab 174.03 a 161.13 ab 139.56 be 102.35 ¢
T6 33.14a 25.13a 17.12 b 9.55 be 173.65a 168.03 a 134.13 ¢ 103.16 ¢

T RIS BRSNS 7B R A R 22 578 P<0.05 K355 T I

Bl # FAKLE B I HEE 45403 1 P g A A
T g ES A S AR, B>
(% 3)o T1 ALPRAERS BT HIRA SRR T2 5
T3 AbPEARLL, AT 3 DEHI TR K 2E R, BEBUET,
T2 AP A A B = T AR T4 5 T2 &b
HA L, A3 RIS AT EYE T T2 43, 1
FE SIS AR T T2 A0, X nTfESE th TR ReIR
FH I AEAG 3 o 2 (0 TEHL R A P AR, -
HARZA B P b LA B3 R R TS 5 Té6
AbFAH L, P AR R T RS A A
M, ORI, To AbHUH & W AERAR, R

T6 Ab3 A HIETCHLA S ST B T1 34N A 4
AL B

RS RS AT BT B
T3 ALHICIFERT WA & il SR e A LA
PR, BT T2 AFE; T4 AbHt FERIRE
I B Tl e & 3P LA AR T6 ik
PR A A K 3 R e ) Bl B B, HAE AL
BB e IEHLA R B R AL, X IEREE R R
e £z /)N o

NS SO S AR GGR 3)RTLLE L, BEE
B[R] A RS | B KA 1 T DA A SR SR a1 Ak
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VERFRGY, M EBREIEIR. T1 ~ T4 BRI AUE e b e &, BEERA KT

[, PRI A% I 300 b A Rl S B O R 225 5%, (5
FH 25 Ak BHUAS G - S8 rP A kel 5 e T REAN TR, He A
SRS T5. Te ALBhBEIEA E Ik H T
PLICHLUI IR , e ST SR e 0 79 Ak B - 8 oAy 2k
W SR e, RPN SO A AT BT IRl
BIYIIE T1 ~ T6 454k 2 -+ 3 Ay Al 5 18 070 B 1k
2E5E . HIMCAT UL, i 4 FECHE 7 00k L 3R A RO
AR, A HLICHLE TRAL -5 3858 AR St A
REAS SN 338 P A Ot &5 6, O R AR KR it
FERRFRIT

M-SR S R A (R 3) RIS AR
W AL, SR i R A B A A e I
RS T1 ~ T4 ZEERFIRITARN, HIAERS D
e b S 2 R AN B TS K T AbBRALKY
TR R R IR T A HLTCH LR IR AL , TEm I 31 3
P A A IR 7, 7E I P B B AL
HMIGo R, ir 4 P ECE s O 98 rpos e (52
WA, WA HILICHLR S AL UL RO IR RE RS e

2.2 AREEIEAXEXKFSREA R

Bl A B I HEDE, ok REEFF R R AR
TR 4 s, 4540 B85 B e T 5 5 A BRI Y8
B SRR RN AR T K R A L, R
WU A S HE S I G023 , R R B R R R i h
KAE, FJE7E AR RIS . T1 AHE 4 4
RAEM RN THADANEE; T2 5 T3 ZhFR7EH T
AR 5 LA E R REZRALR, T3
A FEAE IR WA IR AL, (A5 L7 3 01 s dg et
A RZEHRZRBEET T2 A3 ; T4 AP Y
M R CEAF R R T T2, T3 b3, XUl
FEPRZ B A EL T HUE PR 2, BEAS i TR £
RE; TS 5 T6 kAL, PIALBEN F B ZEFF R R
SRR I T B 2 R AR KW A R LS
HESBEHDE . To WMIIELABH i KZEFFR
TR IR, Ui I FE ARG rp K AR K Fe ARt e
K 37.5% IREA+30% AHLIHLEIRIE+32.5%
i e PR R L it

®4 TRBERARTEKRMRERZEFA. #. #RRET U (kg/hm?)

Table 4 Nitrogen, phosphorus, and potassium accumulation in maize leaves and stalks under different fertilization

DA £ % a
POH ORMIWUT T FERCT O RO ORI FES RO SO RO RN
MR TI 498d  1359e  1861f 1632e 699c  14.99c 3447f 30.62c 8.7lcd 11.92d 19.92¢ 1082e
T2  5.63d  2048d  22.76e 20.11d 7.59b 22.65b 36.99¢ 3598b 820cd 1791c  27.97d 19.30cd
T3 795¢  2147d  31.70d 30.75¢c 827b 2332b  39.55d 36.03b 7.37e 17.30c  30.60c 18.11cd
T4 1042b  2633c  3724c 340lc 8.60b 2299b 4299c 36.90b 939bc 21.98b 34.74b 20.36¢
TS 1277a 3158b  4564b 38.18b 9.98a 26.99a 47.65b 48.65a 11.77a 2225b  39.25a 26.72b
T6 1283a 393la  5424a 5341a 990a 2898a 5298a 48.80a 1042ab 25.88a 41.20a 30.75a
2R T1 41.84d  167.58f  2074f 186.19e¢ 5.77c  4498c  62.99d 60.16d 43.55b 216.17b 184.60b 170.11 ¢
T2 43.16c 22923 244.84c 227.19d 550c 47.02bc 78.59c 73.79¢ 52.56a 228.40b 260.35b 177.07¢
T3 4487c 246.57d 291.66d 27029c 7.40ab 47.99bc 75.13¢c 64.37cd 45.78b 228.42b 296.95b 226.85b
T4 4745b  34036c  349.67c 270.78c 6.50bc 55.98ab  79.65c 76.98 bc 50.32a 219.28b 278.72b238.49b
TS 6793a 393.89b 404.11b 307.85b 8.10a 54.65b 90.57b 87.65ab 53.34a 364.01a 401.86a 344.97a
T6 64.64a 45540a 484.55a 341.10a 8.09a 58.65a 98.63a 91.65a 52.14a 384.37a 407.75a 356.64a

AT AE 7 AT K b ZERT B R AR AL
PSRRI, ¥R eTh e E R
Rk, HARRERMIA R oRAE, e T ol
(R 4)o T1AHAS I FOK M S ZEAF IR SR A 2y
ANTHAMAERE ;T2 ~ T4 b BB i SR IEARTR]
P = H e RHIIF B B 25 55 TS5, Te Abpih
WRAEA T A TAHPLCHUZIRIL , P95 25 YA
Ry THANA R a0, 6 it AL #RT T

PNUNWIE SRS o Al

AN AR 5 20 FoK i i S R R R AR
LS5 R B R, IS A R 2SR 2
BT, ERERIE R R KA, T E A
JRBEMRGGR 4). T1 AR B 5 S ZE AT AR R 1
T H A AN T3 AMFRAERMIW O B TIB T, T2
Ab FRTE AT SRR M WA T e R ZE AT R A R R
mF T3 AbE, Rl E, HaseT 13 4
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B, EWEBMEZER AR, SEBRESMEL, TS,
T6 Ab PRI i S ZEFF AR A R Ab T 4 I Y fe =B,
HLP (0] 0 4 3 22 5 0 ik I 6 it A Ak BEX K
W B AR R R O R
23 AREBEARXFTERERK. FEREEHE

EHF N

At AR I K T B B A& I A & T T Ab
PH(F 5), TEIRTTH T1. T2, T3. T4 AbRHE 25N
W3 X ATREE T RIEP A AR BB K
B AR T s MR T T4, 45 it A Ak BE 2% 57
W, T6 AFRTEAS WY T KT it i K.

Fz5 AEEBARNMERTYRENZ (/K

Table 5 Maize dry weights under different fertilization

AhPE P PSS 2 23 B
T1 19.0b 50.7d 227.0c¢c 201.7f
T2 23.5b 70.8 ¢ 346.0b 2559e¢
T3 2590b 78.1¢ 34930 279.7d
T4 26.0b 939b 459.0a 2924 ¢
T5 36.5a 97.5 ab 485.5a 306.8b
T6 39.1a 108.6 a 502.4a 332.2a

£ 6 W T A AL 7 26 T K = i K HAR B
PR RN, 2% 6 AL, T1 AP FORBE KA A/ 5
it B R | TR AR RO B R 5 4%t AL
R S e ) W T T AR, M 8.24% ~
24.82%.

2.4 AREIHEIEA R RER FH R

RE A AE 7= 0 2 A HEAS B 57 03 At FH A BL 55 43
(NEEA BN A FTEHR ), IR AL P —RETE 40 ~ 80
kg/kg, >60 kg/kg M 24 AU s Z it IB AR, A
IR PSRN R 2R /U A 7= F134<60 kg/kg, T
T6 AbFRRTFHABLNIE, X F RO =GR, HES
RNCA= ™ J1HAIE], [RIFE R T6 Ab PR .

A AT L, AT, T6 AbFH(37.5% FRZE+30%
AHLTCHUZ IR +32.5% FREIR R FChE ) FEA A B A2 n]
T30y, BERT LAV R R A R 3R v, eleste i,
ST LR R K, TR AT AR EE R R, (H K
I P15 AT AR K 7 B — AU A Rk —2b
IRIGIRIE . HARFFNCA—AFRIR AR, —AF K
RAMERZ SRR R, BF5E A Bty 200 1ok
P MV . IRBERUN (EIAAE FEE— TR

#6 ATRMEBARXIER=EREMEERRRH AR

Table 6 Maize yields and its component factors and nitrogen use efficiencies under different fertilization

AP B (cm)  FERK(em) BRI THREQE) CiEkehmd)  BTE%) AERESEKeke)  FACRE T (kg/ke)
Tl 14.7 be 0.12 ab 504 ¢ 276¢ 9156d - - -

T2 155b 0.13 ab 525a 30.6 de 9911¢ 8.24 3.77 49.55

T3 14.9 be 0.08 b 523 a 31.7cd 10 086 ¢ 10.15 4.65 50.43

T4 16.2 ab 0.16 ab 523 a 33.4 ab 10475 b 14.41 6.60 52.37

TS 17.2 a 0.21 a 516b 32.3 be 10 690 b 16.76 7.67 53.45

T6 16.9 ab 0.04 b 502 ¢ 34,6 a 11428 a 24.82 11.36 57.14

. AL AR AR S S 0 W
3 Hig

D)V AR, A%t ZUL FRAE 25 i 40 1
WA GEY &S T AERGHE, Kb, 37.5% JK
E+30% APLTHE IR A32.5% B IR K it b
BEAEPR T IATCAL A & v T A AR 3, i A AR
FH A AL BEBRASIEAC AL BE AN, 0 I 1) T KA RS

2)F KM B AR AR LR A5 A 3 R
ThimE B S, H AR IR i e, A
Frimlg, o, 37.5% RE+30% AHLIEHLE IR
+32.5% BEIR R BEZERRI T SN 3 At
MR R R T H A

3) 45 it AT Ak FEE T - S Al | s R A R ROk

4)ji AL B = B = TN AL B, 37.5% JRER
+30% AHLICHLE IR +32.5% 2 H ik 3% e it Ak 34
(TOW TP, f=ht . B3, Z0ERAE ™) Bk
SERCRB R T HABANEE, b, HOMBIETA B T K
A K B A it RO K

S 3k
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