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Effect of Precipitation and Fertilization on Maize Farmland Nutrient
Budget and Fertilizer-Nitrogen Use Efficiency in Low Reach of
Liaohe River Plain

MA Qiang, YU Wan-tai, ZHANG Lu, SHEN Shan-min, ZHOU Hua

(Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016)

Abstract: [ Objective] The objectives of this paper are to elucidate the effects of nutrient-water on the nutrient budget of N, P,
K and the fertilizer-nitrogen use efficiency in farmland soil. [Method] The effects were studied by the information of long-term
field trial and meteorological observation data. [Result] The quantity of nutrients uptaken by maize were more significantly
influenced by fertilization than precipitation, and increased by two or three times with different fertilization conditions. It was also
possible that the deficit of soil nutrient appeared with proper precipitation, even under the best fertilization pattern. N fertilizer
resulted in higher deficiency of soil P; and the fertilizers of N and P resulted in higher deficiency of K. Nutrient deficiency in soil
were getting smaller with manure application. It is easy to occur nutrients deficiency with precipitation condition improvement. The
appropriate precipitation can improve fertilizer-nitrogen use efficiency significantly. [Conclusion] In Low Reach of Liaohe River
Plain, soil nutrient budget in maize farmland was influenced by water and fertilization conditions obviously. There was a high
possibility that the nutrient deficiency would appear in normal precipitation year. The use of recycled nutrients in the farming
systems with appropriate amount of fertilizer applied according to the soil nutrient supplying ability not only could produce high crop
yield, but also beneficial to the balance the soil nutrient budget and improve fertilizer-nitrogen use efficiency, so there were no
significant surplus of nutrients which may emit or leach out of soil into environment.

Key words: Low Reach of Liaohe River Plain; Maize; Long-term field trial; Precipitation; Fertilization; Soil nutrient budget;

Fertilizer-nitrogen use efficiency

ks BEA: 2007-07-19; #E% HHEA: 2007-12-05

ESWME: ExRAREFEILETH (40701067); P EBFERATRADE TREZ T MBI H (KZCX2-YW-407) FIEZFRHE RIS (2006
BADO05B01)

TEHRN: B % (1978, T, WA, ByERWITR, W AR AESRGKS . 70 E . Tel: 024-83970366; E-mail: gma@iae.ac.cn.
WIE#HF K (1964-), Y, LB, BEFTH, W05 RN A REETR R, Tel: 024-83970366; E-mail: wtyu@iae.ac.cn



1728 SN IS A = S 41 45

0 35

U5 SO Ab A R G IR 7 BP0 Yy
REife. PRIE MBS RE AL T1. REFR
GEn] RREEEAE RN, [N e R IRIE Dk
JE 7 W v 3 A X IE AR TR AR e AR b i BLAR AR
LRV AR IR, AERRGITE A, — 2R
HIFRPWCSORAT, RS IR 7 W AR A T Eg gk
BURAER. B, R ORI KR DR
ABEFE, R T RARN ARG RIAFAL, W11
ALy AR ka Sy, B NSNS AL ) L
A EE, ARBTG5 S, S LR K
M HEATRTEX. UATAWTFEE ] LS L
IKIPAAT I IR I WSt LA A
JEAE NS 18857 53 WS I S B B2 0, AT Sg g 4y
TEAR AR A Bis SR R EERE, S8 H IR A AMY
Y AL AR S AT AR i 43 EL 4™,
EXHEDBE R AP, AL TR, bl
SERAT AL, NI R i R i
IR G 2 R LR A (A S AR 5%
SIRBCON L B % oy AEAE DA g 43 O S A St 3k
TR PRI RS H AR F AR 20 ™ A . vl L,
THEHE L5 7K 53 A3 D0 ADCERAS AR K 97 23 2 7
RO, I 2GR AR S RGN TR ST
AT RLY R ILP st X B i R 209 X 10*
ha, &I TARE T X TR IZHIX FARMEY,
PR T AR I A A0 SRR IR (1) 50%, (B4
FERTHTRAE) 649170 1% ik — X 51 1 3= 42 0 FoK0%
PERIANEAE P4 1, AL T 381 Jg v [
BEPLPH AR gt — 41 ST 16 SRR IR
W8, g5 E IR A GOWM DR, DA R I 6 R S
ANTR] R 7K A6 A 08 K Ml SR IR 0 RS RS Wi D DN
R R FOR M R P SOIR DL LA R AT
WEST,  IFARIEHIETT ST R0 B R IUT e B A 0L 5 i A 1
FEME 5. LRI gk I OB 1) ] 5 AR 48 7 AN ] 7K -
HEZ& AT TR b TR S W SOIR DL A A 2 11
SN, DLERSRESEAR LR, D d TR I 2L
H AR AL R IR KU S AR -

1 #MRERZE
1.1 iR

w7 g vk B A A R vt 0 T R 3 J b
i, VRBHTIFZ) 35 km, L3EOGWIERIE, TIEA BT

S 221gkgt, 2R GE 08 gkg!, RS E 106
mg-kg™, HAER SR 88 mg-kgt, pH 1H 6.7. ulilX%
AR KRR 650~700 mm, EKAKZE (5~9
O BEAKL A EERFIKIN 80% AT, AEATN K AR
RIS %) 18%, 4 RIZEAMIX KA R KT 2K
KT (6~9 ), 733l : 75 28%; K7 42%:
FKRAKHAET 22%.,

1.2 R

RIGLGT 1990 4F, | TR, & aT
SIHP B, DRCR AR IR E . nTEERREG L B, WE
4] 1993 4FELUG B~ EER AT /0T . iREe L 12
ANKCER, ARUHFFCR AT 8 ANMEEE, ke 1. X}
H(CKD , AjlAE; 1. &3 CERIE , BRI
S5 80% A, K L AREAT A E R TR FEFE I — -2 M
JEEPE, SRR P IR IR [ A AL B TIL N, %
JIE 150 kg N-ha™* CHERER IR ) 5 IV, N+HEER, SUIEH]
R AL V. NP, ZAEH R,
WAL 17.9 kg P-ha™ (1990~1996 %) , 1997 4 )5 4k
b 25 kg-hat IR A S ERRES ) 5 VI NP+IEFF, N.
PHEFV, E¥FI; VI. NPK, N. P &RV,
TR AE 60 kg K-ha™ CHEELGBEERER 5 VI NPK+EER,
NPK [V, fEFRA L. #&A0P 3 IREAL, 20 ml Ak K
Tk, IFE e U A TR e, ANXHIRY 162
m?, AT IR A AN KX = R (R34
1.3 MRAZ*

FRAEMAT b T AT SRR AT W 23, R AT
FEFFL LA ISR 7, (AR AEFR . 4y
fil JE AT S AT ey TR E BURE R OR A,
SFTHTHE— DRI T0°CHET 4~6ho W7k
MY ARG R YRS MYARE S 5 ORI S
filt, FHEE LY MW EEN RN, JJak
JEiks ARHFESE . FEFT =R & 75 23 R B T 5 %
SRR AERIR] A e BB Hp 2 i e e B 0 el A
Fei CTED) RO EE I e 4 Rk S i

H AR 53 4t (B 43 AR Jyax A
DR 2200 TR AR B 7 W s, g A R AR
W (5 H1IHZE9 H30 H) BkERDN 4 A
AR (<400 mm) , SFKAE (400~550 mm) , FK
4 (550~650 mm) FEH4E (>650 mm) 4, [&] A
FH 2 2 BN 45 [ 7K SR Ay K AR KR AR AT e 28
HOEREA TG DT, giitink 1.

ATLVE Y, T RAR AR H AT e S e K T[]
AR KL, TR K I SR GVE R R L, W



6 4] B oA IR AN KR A A BOK A SR O R TR 1729

&1 TIDAE R XBREKFRERERKSREFEZHE (mm)
Table 1 Potential evapotranspiration during maize growing season in typical precipitation year in Low Reach of Liaohe River Plain

1997 B4 2004 “F7KAE 2005 F7KAE 1995 54
Arid year in 1997 Normal precipitation year in 2004  Higher precipitation year in 2005 Flood year in 1995
R 7Kt Precipitation 357 460 605 763
A e 2
PRI 575 514 469 476

Potential evapotranspiration

SRR, MRS FRE, REWRARGEKR 2.1
TRIREK, TR Z, RUTGRIE0E. #5F
FAFARITAED AR, JELABIAE, AR K W] 9,
XK W O B PR, A R REZR
RIS o 1 R I R, AR AR KT 1R A
FAFMENIE L, AP A TR A Bl

b/ 8= PO IE S S —{:UEA )

T T AN ] K A S5 25 b B R OK P ) g8 o TR

(£ 20 nfUFEH: WTKS, Ak LT &K,

K R A T A& BRI 464, AR L

SRR P R R, BROKT K 2 2 B AT R oK

PR W TR, WARRKER, s mgEsitas

Hio I NPK AL FIRT NP+ R AL AR BE, BT 1 25 5 g oK
N PR IR E AR A4 B b3 WP AOR,

2 ERSI W BT ACHE S W K, AR

%2 TRBKESMERLEERFLTMTEE (kghad)

Table 2 Oven dried grain yields of maize with different fertilization treatments and precipitation

A Q) FAKAE(S) KA () IACT
Treatment Arid year Normal precipitation year Higher precipitation year Flood year Weighted average
[ 2380+761Aa 4150+1210Ca 3730+1290Ba 2660+ 1320Aa 3520a

I 3370+871Aab 5760+ 1440Ch 5270+1040Bb 4240+929Abc 5000b

i 3600+787Aab 67801646Cc 5740+904Bbc 3030+1810Aab 5400bc

vV 4130+1345Ab 8210+555Cde 7250+480Bde 4670+920Acd 6740d

v 4190+673Ab 7590 +459Cd 6560+ 707Bcd 4640+807Acd 6300cd

VI 4460+ 745Ab 8400+534Ce 7200+479Bde 5530+ 754Acd 6980d

VI 4270+971Ab 8430+583Ce 7560+610Be 5410+423Acd 7060d

VI 4800+1180Ab 8700+429Ce 8040+627Be 5910+ 287Ad 7470d

Fi 5 M BUE I ARG HILVERG P EhiuE %, KEFRARE, RRKGFMARFELIE -/ RN EREE: NEFEARR, FREs
[l 51 i A 2 5 s W MK P<<0.05. R

Figure in parenthesis is the number that appear in different precipitation years; Average + standard deviation; The significances different precipitation and
fertilizer were showed by capital letters and small letters, respectively; the significant differences were showed by different letters in table; significant at P<<
0.05 level. The same as below
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Table 3  Average quantity of plant nutrients removed by maize from soil in different fertilization treatments and precipitation

FrRoy AL Ak 2R 2 SEAKARE FIKA DitE IBCE)
Nutrient Treatment Arid year Normal precipitation year ~ Higher precipitation year Flood year Weighted average
AN I 411450 Aa 64.7+17.4 Ba 66.5+21.0 Ba 50.9+17.7 ABa 59.5a
Il 58.0+6.8 Ab 92.5+27.7Bb 94.9+252Bb 78.91+16.8 ABb 85.8b
I 69.81+7.5 Abc 124.8+22.3 Bc 116.04+16.4 Bc 76.21+29.4 Aab 106.2 bc
Y 77.14+8.2 Acd 157.5+16.4 Cde 153.14+16.9 Cde 106.14+17.3 Bed 135.9 de
\4 84.7+£1.9 Ade 145.3+13.1 Bd 135.54-19.5 Bed 98.6£12.6 Abc 125.8 cd
VI 95.0+£12.5 Ae 169.9414.2 Cef 158.1+17.3Ce 119.94+16.7 Bed 147.0 de
Uit 91.9+11.6 Ae 167.3+13.7 Cef 156.7+17.5Ce 117.14+8.7 Bed 144.7 de
Vil 108.0+10.8 Af 177.2+145Cf 180.3+23.8 Cf 129.94+13.3 Bd 160.2 e
34 Average 78.2A 137.4B 132.6B 97.2A
W P I 9.0+2.3 ABa 12.3+2.7Ba 12.8+4.8 Ba 7.6+3.2 Aa 11.2a
I 12.04+2.5 Aabc 17.7+3.3Bb 18.3+4.7 Bbc 11.74+2.0 Ab 16.1 be
i 11.6+£2.0 Aab 17.6+£3.6 Bb 16.6+5.3 Bab 74+23Aa 14.8 ab
v 13.7+£4.2 Abcd 20.9+2.0Bc 20.7£3.4 Bbc 115+1.2 Ab 18.3 bed
\4 16.2+1.9 Acde 22.6+5.0 Bed 22.2+4.9Bcd 11.6+1.4 Ab 19.8 cde
VI 17.24+1.6 Ade 26.31+3.3 Bef 26.41+3.2 Bde 14.3+1.2 Abc 23.1ef
VI 15.741.8 Abcde 24.4+2.5Bde 25.7+2.3 Bde 13.941.0 Abc 21.8 def
Vi 18.9+4.1 Ae 28.2+4.0Bf 28.2+3.9Be 16.1+1.1 Ac 249f
¥ Average 14.3A 21.3B 21.4B 11.8A
K I 20.0+4.2 Aa 32.2+54Ca 28.1+4.4BCa 22.0+6.1 ABa 275a
Il 24.81+6.2 Aab 42.4+54Cb 35.7+5.0 Bab 33.7+4.5Bbc 36.3b
I 26.2+2.2 Aab 41.5+5.3Bb 38.0+7.4Bbc 25.2+7.0 Aa 35.5ab
I\ 31.6+8.1 Abc 50.0+6.1 Bc 45.7+6.9 Bed 373142 Ac 43.9 be
\% 24.8+1.9 Aab 42.0+8.3Bb 40.949.9 Bbc 28.7t4.5 Aab 37.0b
VI 31.2+5.5 Abc 50.8+7.7Bc 46.7+8.3 Bcd 33.5+6.0 Abc 43.9 bc
Uit 31.4+3.5 Abc 54.6+6.1 Bc 51.2+10.0 Bd 35.5+0.7 Abc 470c
Vil 38.8+10.5 Ac 68.5+9.3 Bd 60.3+15.5 Be 37.8+3.8Ac 56.7 d
3% Average 28.6A 47.8B 43.3B 31.7A
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Table 4 Average input of nutrients in different fertilization treatments and precipitation (kg-ha™a™)

74 Nutrient  EiEALEE Treatment  F4F Arid year “F-7K4E Normal precipitation year =£JK4F Higher precipitation year  #74F Flood year
AN [ 0.0 0.0 0.0 0.0

1 49.3(49.3) 40.3(40.3) 29.2(29.2) 60.7(60.7)

il 150 150 150 150

v 204.9(54.9) 203.8(53.8) 183(33.0) 226.8(76.8)

\% 150 150 150 150

\ii 202.4(52.4) 203.7(53.7) 188.2(38.2) 227.9(77.9)

VI 150 150 150 150

VI 206.5(56.5) 206(56.0) 192.5(42.5) 238.4(88.4)
1 P I 0.0 0.0 0.0 0.0

1 9.1(9.1) 8.1(8.1) 6.7(6.7) 10.1(10.1)

11 0.0 0.0 0.0 0.0

v 9.4(9.4) 10.7(10.7) 7.5(7.5) 10.4(10.4)

A% 25.0 23.6 23.2 17.9

VI 36.8(11.8) 37.1(13.5) 33.0(9.8) 32.1(14.2)

VI 25.0 23.6 23.2 17.9

VI 37.4(12.4) 38.1(14.5) 35.2(12.0) 34.3(16.4)
B K I 0.0 0.0 0.0 0.0

1 17.717.7) 25.9(25.9) 19.3(19.3) 35.9(35.9)

I 0.0 0.0 0.0 0.0

v 19.6(19.6) 27.8(27.8) 19.7(19.7) 49.7(49.7)

\% 0.0 0.0 0.0 0.0

VI 21.0(21.0) 33.4(33.4) 22.0(22.0) 56.5(56.5)

Vil 60.0 60.0 60.0 60.0

vl 93.8(33.8) 95.5(35.5) 88.6(28.6) 114.8(54.8)

HIANTE RS RIS A s B I E 9954y Figure in parenthesis is nutrient of pig manure
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PN IR A [N, EER
e AL IE B B A A FEVIE, S0, BRAEF. FK
FBCI IR T MRS W R TR, %
MDA AR BB KB 700%, D, 354k
HUERFRX AR, REE. BER A
Pl §efy i E3E— WL

BUX DS B, Wi, BRI R HA UL
i N, R RECOR TR R IR
{H S W i A\ A 3 B SR 7 n R, T
FEANEBIOEN , oI AE PR RER Ay, TOKH +- 1
A T IR RIS A S A B AR

1~ 3 B n B /K 2 s AL w] R 3R )
TP, ANRAE R IZWE R, LR W

O 54 Aridyear O FsK4E Normal precipitation year
B FK4E Higher precipitation year w545 Flood year
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Fig. 1 Annual input and output of N in different fertilization

treatments and precipitation
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Fig. 2 Annual input and output of P in different fertilization

treatments and precipitation

e =3
= = =
T T

QF"VI 3 K budget (kg-ha™)

e
=
T

111 v v VI Vil Vil

4k FE Treatment

&
=
T

B3 ATEHEEAESMEKFGTEHREFSEL
Fig. 3 Annual input and output of K in different fertilization

treatments and precipitation
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LA RUF P AER . ARBEVI (NPK+AETEIIE) . Ak
VI (NPK) « ACBEVI (NP+IZREIIE) 25 ) &A1)
RSB, H AR =R T mir= K, nIh
AL AR

KL REEm K=, I M oK) AL
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X AT HEAE A PR AR B /K 43 2 A1 L RE S 90 42 1 &
KAEK RSN, o, AR e K B idE A
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P IR AHHE S A (R A FH St S L 5 B R PR A FE K
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BRI A R IR

3 g

H AR M A AR R PR il FH R A A 4% 20 42 50~60

Table 5 Nitrogen use efficiency in different fertilization treatments and precipitation

AL HRAE Tk ok Wi T
Treatment Arid Normal precipitation Higher precipitation Flood Weighted average
Il 20.1Ab 39.9ABc 52.5Bb 26.0Ac 38.6¢

11 8.1ABa 17.6Ba 13.4ABa 2.5Aa 12.5a

IV 8.5Aa 19.9Bab 19.2Ba 8.9Aab 16.2ab

\4 12.1Aa 23.0Bab 18.8Aa 13.2Aab 18.5ab

VI 10.3Aa 20.9Bab 18.4ABa 12.6ABab 17.2ab

VIl 12.6Aa 28.5Bb 25.5Ba 18.4ABbc 23.6b

Vil 11.7Aa 22.1Bab 22.4Ba 13.6ABab 19.3ab
“EI{E Average 11.9A 24.6B 24.3B 13.6A
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