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Study on soil nitrogen balance of spring maize continuous
cropping in semi-arid area of Jilin Province
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Abstract: [Objective] The study was done to guide nirtogen fertilization of spring maize in semi-arid
area of west of Jilin Province. [Method)] Two-year field experiments in semi-arid area of west of Jilin prov-
ince were carried out to study the effect of different fertilization modes on maize yield,nitrogen uptake and
nitrogen efficiency. Meanwhile the soil nirtogen balance and translocation were also evaluated. [ Result]
The results showed that single-dose application was influenced by annual rainfall amount,and the denitrifi-
cation was subject to appear,yield and nitrogen efficiency were unstable. The basal fertilizer of traditional
application was too high,which caused apparent decline of nitrogen utilization. The apparent residual rates
of nitrogen fertilizer were up to 50 percents with single-dose application and traditional application. The re-
sidual nitrogen in soil layer from surface to 90 cm were 201 kg/hm?* and 278 kg/hm?, which was a potential
threat to the safety of ground water. The yield biomass and nitrogen uptake were stable with fertilizer
recommemdation treatment and nitrogen apparent recovery efficiency (REy) , Physiological Use Efficiency
(PEy) sagronomic efficiency(AEy) and partial factor productivity (PFPy) were all high. After continuous
double cropping,residual nitrogen in soil layer from surface to 90 cm was 128. 5 kg/hm?*,and a higher yield

can be obtained under the condition of environmental-friendly. [Conclution) Single-dose and traditional ap-
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plication result in high residual nitrogen in soil layer and increase nitrogen loss. Fertilizer recommemdation

is reasonable.

Key words: spring maize;light chernozem soil;{ertilization mode;nitrogen efficiency;nirtogen balance;

residual nitrogen
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B X B BT S TR EAT L IR O R K i
PEIX, 4 HESS R N ik SR 45+, 4 1 J5f i o 10 o 48 £
pH fH 8. 02, 4 ML Ji & & 22. 16 g/kg, & A & it
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Fig.1 Precipitation in Qian’an during maize development stage in 2004 and 2005

1.2 REEiEit
FE N s i R S L W S| B 7 N = W

(CK) . 75 i I AR F8 (Opt) | 4 B > 1 i AE Ak 7
(Tra) Fl— R MHEAE AL FE (YC) , CK Ab F g AR %



58 [

R LA T AR T R R K AR R R AR AT 129

FH L B R 85 (P, O5 5 12 %), 8 BB R 6% R 41 (K., O,
50%) HAE R A . Opt 4b B R E IR &4 6 45
il 43 B B iR 4 AR L i i A SR A R IS R
FCrP B AR SR A B R A (P, O, 12%0) , 47 I8 % AR
fig 4 (K, 0,50 %) , B ERL AL ft A s 55 &8 R # N
46 %630 kg/hm® , 4% 5 1 5% F A 18 &b T [ 338 000 430 30
EE0~90 em 2 NO, N & &, iE+1Ex
PLECI I e 7 5t I8 £ R BE 38 0 5 38 1B & 4 160
kg/hm* . Tra &b ¥ (¥ JE R} FH 2 7 X 24 b ok 7 9
A Al B e 0, T B B A B8 2 A IE (NS
15%,P,05-15% . K, O-15 %) 2 f , /5 3 18 it A, H
AR IR E L F A ZE 45 kg/hm” , 38 i
ARHE 161 kg/hm?®, YC &b 33 rp Z 40 DL A AR 6
B2 — W PE Tl A B+ 5, R S bR TH R R A
FER N R R A2 A IR (N-2806, P,Os-15% .
K,0-10%) , Jifi FH & & 500 kg/hm?*,

BAPREE 3 K, ML A HES . /N X T
40 m* (4 m X 10 m), i T K & A 38R B Y &
AR, 2004 4F Sk 3 B 209, 2005 4F K PO % 21,
2004-04-27 & F, 10-03 it 3K ; 2005-05-04 % Fifr, 10~
07 Wk . 45 i Al K R R L 45 A 2L EH 8] 45 B4 il [)
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Table 1 Dose of fertilizer N,P,K application in

different fertilization treatments

JE i 4/ (kg « hm™2)

LA 6 b 2 The rate of fertilizer
Treatment
N P, 05 K;O
CK 0 81 50
Opt 190 81 50
Tra 206 45 45
YC 140 75 50

1.3 HmX&ESoWAZE

T AF 3 Pl RIS S AE B /D X 43 B 0~ 30,
30~60,60~90 cm + 2+ HEFE S, BN X 2
Bl B RIRA A VK& A 86 i FLAR 4 mm
i, R F 0. 01 mol/L CaCl, #&##&, TRACCS2000 #I
L B A AT O S A S AR G .

WK /N DX 7= 5 SR FH B R 3 U 5 o A
AN R MR RE 5 Bk 5 43 5 FF FIURERL L 43 500 Bk H:
i o St L G T S R L T A AR S A R A, U 4
O A BT R R B L PG 280 W A AT SOk L v
TRE.
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RIBLWFREE R/ Y% = GERIX LR E N, —
TRX 5% N / M E) X 100205

RIEFMB IR/ % = 100—FNE F2 W0 F] FH R —
L FER B

REM MR (REW)/% = (Uy — U /Fy) X
100%

REAEFH R (PEY)/(kg « kg ') = (Yy—
Y/ (Us—Uys

RERFZFHE(AED) /(kg » kg ') =Yy —
Y,)/Fy;

REM AT 1 (PFPy) / (kg « kg™ ') =Y\ /Fy,
KoY, Uy 4350 0 A it AL B K FF KL 7= 45 LA
R 5 Y v U AR 3R 0 Ak B KR A7 ™ 2t A
R W s Py AUER D E L PR ANE & .

FIF A K5 24 5% ] Excel AbFR S L ] SAS i ik
TFTRG .

2 R 550r
2.1 AEBEEFRMMERFTE EYENREREN

A

M 2004 EFT 2005 4F 2 AFE ARG 45 R (% 2) A
1, 56 BEOR EE L AN [ S Ak BRI N R OK Y
YR AE, 2004 4, Fok 8L Opt &b
PR . M 5 938 kg/hm? fH 5 Tra fl YC b3 2%
SN A A R DL Y C A3 B A
HEAF 13 641 F1 171, 8 kg/hm®, H 4b B [H] 22 57 i
#2005 AR E A AL B EOK R R 2004 AR
AR . YC 4L BE 2005 4F i F ok =& A 9 &
W2 A BB 2004 AE 43 W R R T 40. 6%, 54. 2% F
55. 6% ;3% St F 2005 432 40 X B RN A KL YC
Ab 3 i A9 it A ) RUNE B R B R 2 5 30UE
AL KFRLAS ] IE W 5 i 7= i R
2.2 AABERAXMEXRBRELEXRNZMN

2004 4£, & i IE 4L ¥ b REy . AEy #1 PFPy 3
PLYC 4b B . i 2005 4F W) K B Hodh RES
TR ik 70. 0%, AEN B PEPy T B B 43 51
R 53,100 32, 3% 33X F & i F 2005 4F 6 H I
MR 7T H FAS R EAT 3 R KRB R, SR
ik 223.9 mm, ffifG HEEP AR R KEMKR LR,
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52004 A 1, 2005 4F Opt 4 BRI REy B/, FE
W&k 7.5% 510 PEx Al AEy 358 & 3% &5, 1 i 43 )
K 66. 0% F1 50. 5% . 2005 4F, 3 Fi JE b B AR Fb
¥LL Opt &b B2y REy. PEy. AEy. PFPy i & s bR

®2 FEEERAAGERTE £WE

PEI\' &I‘»Tra ﬂ‘ﬁﬁﬂ/‘] REN\AE.\I\PFP\I i//jgé 2004 ﬁi
PR B, R BEE B 2 o 20, 5%, 3. 3% FiI
16.0%.

BRERERVENZM

Table 2 Effect of different fertilization modes on Yield, biomass, N uptake and N efficiency

P CF BT

W/ s/
A pis:i! /(kg « hm™2) i%i;, &ﬂiio . PEx/ AEx/ PFPx/
" (kg *hm™?)  (kg+hm™ %) REN/% . - -
Year Treatment Yield . (kg « kg™ 1) (kg *« kg™ 1) (kg *« kg™ h)
Biomass N uptake
(Dry matter)
CK 4083 b 8999 ¢ 57.4 ¢ — - - —
2004 Opt 5938 a 11 161 b 149.7 ab 56.3 18.8 10. 1 31.6
Tra 5851 a 11 466 b 131.5 b 37.6 24.3 9.1 28.1
YC 5 867 a 13 641 a 171.8 a 81.7 17.7 14.7 43.9
CK 3183 ¢ 5574 b 51.1d — — — —
2005 Opt 5705 a 10 441 a 150.1 a 52.1 31.2 15.2 31.9
5
Tra 5 082 ab 9919 a 115.4 b 29.9 30. 2 8.8 23.6
YC 3 483 be 6247 b 76.3 ¢ 27.0 17. 4 6.9 29.7

TE < [7) 5 08 5 b7 S ) 52 B 3 R ik B 506 1 22 57 35 K P (LSD K 56 o

Note:In the same column,different letters mean significant difference according to LSD test(P=0. 05).

2.3 AEBEEARNNEXRKKELEINTERSE
MESEEZRENF N

2004 F1 2005 4F F K W AR J5 4 3 b JE ML A 1)

M gh R 3, WK 3T LLAE .2 4F HIE AR
fy BRI FAR L B CK Ah, Hofth 3 At AE 5 50 F 0~
90 em + 2 HIEE S A F RS R A SR
15.2% ~27. 2% JHA AL FE 0~90 em + 2 Y £ ek
SRAGRY LR EFELER WAL TR L3,
TR AR S A 48 A A R o A2 it AT T 2 AN
N 3 0T LA 5% B LL it RUS W Rn T
0~90 cm LJZ2H RN B E ., 7E 2004 4k
Jo A WEARALFE 60~90 em +E WA SR BRE N
0~90 cm HJEEAA T EM 10. 7% ~21.2%,2005
%3

AR b FHE] 16, 1% ~52. 4%, i1 T 2005 4F [ /i &
BRCFHLE R, Fr 45 4 0~90 cm
TEME R BB EYE T 2004 4, 534, 2005 4
Bk CK 4bH 60~90 em + 2 A A B &5 0~90
em T EMAA SR 16. 1%, H4A 3 A
i 30% . i WA AS AR TR . AT iR, 2 4
WS LB, Tra AT 0~90 em £ EH S A&
R 2005 AR IR LA S A R E T ik
235.5 kg/hm’®, . % & T HAtlh 3 b #E., YC b3
0~90 em T2 S A B EALH 2004 4E 1) 88. 1
kg/hm* b FF5] 2005 4E/Y 153. 1 kg/hm?® , 34 i i &
ik73.8%,

FXREFEFEARAEBARXT 0~90 cm T ERSEMHESREZRENZN

Table 3 Effect of different fertilization modes on NH, " -N and NO; -N accumulation in 0—90 cm soil after harvest
kg/hm*
A Lhl Ammonium-N Nitrate-N
Year Treatment
0~30 cm 30~60 cm 60~90 cm 0~30 cm 30~60 cm 60~90 cm
CK 7.7 10. 2 9.5 6.9 3.0 1.2
Opt 8.4 10. 2 10.0 37.5 29.3 9.6
2004
Tra 10. 6 9.3 10. 5 30. 4 66.5 21.4
YC 7.3 8.0 9.0 10.9 58.5 18.7
CK 8.5 7.8 10. 2 17.1 13.0 5.8
Opt 11.2 10. 8 10. 2 39.1 39.0 50.4
2005
Tra 10. 2 18. 6 13.6 69. 3 83.4 82.8
YC 11.8 14. 0 11.5 32.1 40.7 80. 3

2.4 EAREEEENEZTE
M2 A TR AR R A R E Ay A5 R R
DREER B AR A E A Nl E F

LS EN iR = RN OB INTTR:<D) PR RN
B Opt Ab P fiz &, 5% B & DL Tra 40 B 5, 15 5
278 kg/hm” . H. R W% B Rk 5] 50. 2% . YC 4b 3
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TE 2004 AEWHR G . 0~90 em T3 BR B 1Y Now N
98 kg/hm?, M 7E 2005 4E i 3% J5 Hi sk B N, ik 201
kg/hm® ;35X FZJE i T 2005 4 [ WY & 38 0, Ry 51 2
6~7 H {53 fo 5 W 22 25 il A Y 2R3 ke B 0
TR AWK BE W W, T BBk B A . R i
rh 25 AT T =X VR A R TR R (B
[7i] A BT 1) VE ) W8 2R ek T A i G RN 45 A1 185 o i
B, 7E 2004 4E 50 h, Tra 40 2R i & & i 2

(215 kg/hm?) , {H HAE ¥y W di 19 & 2018 T Opt AN
YC i B b3, 7E 2 AR WEMER R, Tra 2 AT
1) 2R UL A R A B AR T Opt F1 YC gt b 3, H
A 32.3% .1 Opt A1 YC Jifei I 4b PR3435 5 T 50 %
AN 2 AR EREESE R T LLEH . Opt 0BT
B AVE B R i A s i 300 kg/hm? L H 0~90 em +
JZ5% B No LT Tra f1 YC i iEALHE

I EXREEEKEANERTE

Tabel 4 Nitrogen balance in maize succession system kg/hm*
AN ; -

;]’—e{:r ?:\ei Ii?d*? X CK Opt ye Tra
Jiti A & Nirogen fertilizer rate 0 190 140 215

HAfA HHT Non Noin before sowing 86 86 86 86

E‘;:?gen Wik & Net mineralization N 13 13 13 13

2004 B A Total input 98 288 238 313
YEYIW i N Z & Crop uptake 57 150 172 131

U N Z 5% B H N Residual Ny, 4 121 98 155

S&i;(;gten N Z £ WK Apparent losses N 0 18 —39 27

A 14> Nitrogen surplus 41 139 66 182

Jii /& #& Nirogen fertilizer rate 0 190 140 215

A JET Nown Non before sowing 90 111 165 120

iljlgi(:gen W 1L A Net mineralization N 24 24 24 24

2005 B A Total input 114 325 328 359
TEH L N Z & Crop uptake 51 150 76 115

/ﬁfi“:en N %588 Ny Residual Ny, 62 161 201 278
ompui N E £ M2 Apparent losses N 0 14 51 —35

A &1 4% Nitrogen surplus 62 175 252 243

Jii /& #& Nirogen fertilizer rate 0 380 280 430

ﬁﬁofg\en BT Noin Nown before sowing 86 86 86 86

input WA Net mineralization N 37 37 37 37

2004 ~2005 B A Total input 123 503 403 553
(&t Total) YEYIW it N % 5t Crop uptake 108 300 248 247
ﬁﬁim N % 5% 8 4t Non Residual N, 62 161 201 278

output N Z £ M2 Apparent losses N —48 43 — 46 28

A 4% Nitrogen surplus 15 203 155 306
AZERMA /Y% Apparent N recovery by crop 50.5 50.0 32.3
(ngl'w'l‘i(igf) WERMERH A/ % Apparent N recovery by soil 26.0 49.5 50. 2
RHERWBIIZ/ % Apparent N loss ratio 23.6 0.4 17.5

31 ®

2004~ 2005 4F, A B W55 T A [6) it A0 7 =
(HEFEE AL | A B >J 150 A L — vk M e B D) X oK 7=
i R R R ROCR R R AR  R H
DXCE KA X B TR R S s R R AT T
o IWENEHE T 0 7 Kok A a3 JUAP it IE 5 X i 22
S T2 LA N AE it SRR 4 R R R RN ) it R R OR
[F) . 2 AF [ ) 254 R 6K 7 o %o it 2 5 = i) e I 485
TR, — UM i I A B A oK R R A2 R R
Wi 48 K AR PR AR 573K 40,6 %0, 2005 4B RN & 4 i 5
FOI AR A 73% RPAED WM, K R EK b

R AIHE A SR 2 o M R X 3 A R S A R
FPRLIC I IE R HEHE o TR I s — U i A Ak B+ 3 o
BB N 39001, 2004 AE YA 5 £ 5% B N 8 98
kg/hm? .1 2005 4F5% B N, 7 1 5 2. k3
201 kg/hm?, B4R - 3 JCHL % B0 38 2 5k B AR
TR AR Y 89 oA AT {H 5% B BN B G 100
kg/hm*',

Jemison SR K B, WK G 1 HE T RS S A
A R AR b S U P R A A A i R R A OGO
Fo T RUREWCAR J5 S v B B A i S AR AR —
T T 2 e e R BT Y — A AR AR . B
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FEARIE R G AT IR EE A UF 1 AR B R R
HEH 90 kg/hm* ™ (HARFE S AR X A8 bR A
5 1 8 I S v 7 0 B S O AR A B e R
TR BT OR A 0 £ BE K 1 R B AR 22 7E 150
kg/hm® Z247 . WA 245 5 n] LB H L 76 2005 4
WOAR I » A% B > B AR AN — ok M i A AR B R, 0~ 90
em + 2+ HE5% BAEAS E 4 D 235, 5 kg/hm® i
153. 1 kg/hm’, #J#8 3+ T 150 kg/hm?, H & & 3 1%
Jiti A Ak ¥ - 398 5% BA AR AR PR B s 57 %0, (R IR AE
Wyt R R R B AIG X 2 2R TR R B
A BB NE ) kT, X 2R S R L A
BN H A Tt 75 kg/hm®, 75 0] B ] 5] +
AR R ER N, X SRR~ (A2
MR F VA 0 f B R R AR R T B IS A #E R AR
TR B A 28 kg/hm®, H I A 4b #EF A 52 R W
PR AE—48~43 kg/hm” ., & W jifa 0 & 38 K 51
B E i ERE A IUE T =R

VFZE R LT A 20 40 80 4L LA
K UG A T T R A A 4 JE ML AL (N T B R
SR HEFE N A AR A 3 B8 Hp o A IR Ak BT Y
TR R A RN SR AR AR PR R AR IR AN AR
0.3% ~6. 5%, [ i % JE A F % (REO 34 £4 5 7F
50% L F 52005 4EYLHR G . 0~90 em )2 A S A &
oA 128.5 kg/hm®, W I B R UL 2 % 20, I H
2004 4FEF1 2005 4F (Y FOK 7 5 1y i T H A 4b 2R, AT
DA A2 AR P X 7= ) R

LA LA B A A Al A AR5 AR TU IR T R X
BT AU it A 7 A A 3, 8k LA R
B A i X AN 2 8T ZR AR W R 1 S B i g
TR FE RIS X2 M DX A 2 PR BT T —
7

(5% 30k ]
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