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1.1 AREXEHR

it R B E R 4 IR 5 R R AL 2%
F W M, WL M T BRSO B B X
(34°17'51"N, 108°00'48"E) , i% Hh [X J& & 4 K it ¥
TSR HEAR 524 m AR 13°C AR SR K &
632 mm, FEERET AR I H, FELE
1 400 mm, & F 5 B, HHERR 12,8+
Kt )E, Lo e B . g |
LRHEET 1990 4F 156 I 4 i B2 1 39 LA 2L Mok
NAH PR 6.3 g kg™, A 0.8 g kg, &
0.6 g kgfl , A4 22.8 ¢ kgfl R A 61.3 mg kg7l s
B 9. 57 mg kg ' LA 191 mg kg ', FIERE
1.3 gem ™ RHI/INE-FAR—AERASAERE .,

A0 V5 K i it AE b BEAL R - (1) KT (19 4F)
ANHEAE (NF) 5 (2) K 7 FHACIE (NPK) 5 (3) K H4
HLICHLEL it (MNPK) o /NX BN 196 m® (14 m x
14 m) . BRAEAE /N FZ FhORE T, NPK A 334k 24 10 1%
B R it P 43 A N 165 kg hm ™7, P 58 kg hm > #il
K 69 kg hm ™, 7& T K /sl WA 11 3] NPK 4b B 38 jiti
N 188 kg hm >, P 25 kg hm "1 K 78 kg hm %, H
RN IRER  BRIE Ry B R PR W IE Oy i W MR 4% . MIN-
PK 4b 31 AE /N 22 A A7 bt FH 2R IR, B i A B B

NPK 4b3ARTE , {H 2 H b 70% N 2ok I8 T 4+ L,
R H AL 30% (4= BENE i) P AT K Rt A AC &) ,
04 JIEL 0 0 1S ) it FH 5 NPK A FRAR [R) , oK 2% il ad A
HUAEH A P A K 5755 78 £ K £ K ZFE 9, MNPK
Ak Bt 2 B 5 NPK b BAH ]
1.2 #HXiAwigit

R AR X BT, 3240 B R = Fh K B [ e
B4 4%, Bl NF,NPK il MNPK 4k 3 - 3 H 0 ~
20 em - 2 REARHAL M BT UL 3R 1 R Ak 3 it H AR
(+N) PRt A AL #E (- N) , BEHE 3 K. KA
X W 7, P PVC & K 63 ecm, N & N
24.5 em R BT 46 B (2009 4/ 22 FAE FT) 4 PVC
B 60 em FT A F AL FAR N L 5 /N X 1,3 em B 7R
WERZ F, K+ NABEFHNO~15 ecm +)2 -1
W 2 N 165 kg hm = 9 B TR IR K [ 358 51 ROk
T4, -NAEATEAN . BRANEZ A, 4 H A
ACNE Tt FH 5 4% 3C 1.1 75 fr iR ) NFONPK #1 MNPK
b HEAR [
1.3 {EYHEEEER

/NAZ T 2009 4F 10 A 18 HHEM  #Fh & b -
HE 30 A, A5 /N B JE E] & 20 Bk, EOK T 6 H
18 HAEEAD 5 1 AEHE 3 Ko, MBS R 2 1 Bk, &
KT 7 NPK A1 MNPK 4b B 4 fF A5 4 4 v 4%
N 188 kg hm >, P 25 kg hm *>#1 K 78 kg hm ~*38 jifi
WhR SUH5 PR E B ER A, NF ZbHE N+ HORGE AR

x1 KEFREEELE T EERELER

Table 1  Soil properties after 19-year fertilization management

- A HLEKR o W HRER AW A
R+
s Soil organic C Total N Mineral N Available P Available K
Experiment soil code . . . . .
(gkg™) (gks™) (mg kg™") (mg kg™") (mg kg™")
NF 8.5+0.5 0.92 +0.01 5.6+1.8 1.4£0.6 166.6 +4.6
NPK 10.6 +0.3 1.21 £0.01 13.3+2.3 49.2 1.9 243.8 £38.0
MNPK 13.6 £0.3 1.52 +0. 04 29.1+7.8 80.9 +10.3 322.4 +£35.1
1.4 HmRERFTE e A W A W B R S TR AR IR PR D

2009 4F 10 H 50 5 4f & 2010 4F 10 H X5 45
WCAE/ANE R W (ET) PRI (FT) (3K 8 (HT)
T A AL 3K 301 R 45 /N 22 i b S0 AR bR R R T ok B
BRCELFER R B I H e R &, 5 R/AINEM
MRAE B R, ) 56 (B2 2 em) SR 4E H AR (0 ~
15 em) B 4 FE R A IR A FE, I - ERLAE W
AEYREAMY AR &, DNEME KRR G #%
10 cm — )2 R4+ H P 0 ~ 100 em - 438 51 i B 5
WE FIE S AT =

PR AR AT 0.5 mol L' K, S0, B (K + 1
4: 1) JRBh 43 B A A2 5 ML B 4 R AR R — WL
KT AT R e

REHE N BRI FEEY S K WE -
W AR B (EOREER R W AR &) , Hit
/N

REM N (kg hm ) =4 FH TP FHE(g) x
Mo F S AU (g kg™') x 10000 (m*) x 10 ™°/ff X
A (m’)
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Fig. 1  Mineral N in soils under different long-term fertilization managements without (a) or with (b) application
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RS N T 90.8 mg kg ' F166.3 mg kg ',
MR350 R 429% F183% (&1 2) s BRib 2 b, i At ik
FH T /NE WK MNPK (%) SMBN &4 (18 2) o
TR T, /NEZ I AL NF (1) SMBN 5 &3 i
FhE TR 2) 5 W3R 20 TFAE 0, ATt
ZAb PR NPK ) SMBN 77 # i 2514 /11 28.2 mg kg ™',

B4R 133% (18] 2a) , {HjitE & 4k 1L 7 NPK f SMBN
ERBFEMEARS1% (F 2b) 5 A i 40 3145 4 &
MNPK £ SMBN & £ J6 3515 4k (8 2a) , it A &
J& MNPK ) SMBN #5456 F M5 1Tk, 3k 5 5
FFAE W R A1 82. 0 mg kg ™', B iRk 56% , FF 48 11 $ ik
ARIIHG 1 30. 4 mg kg™ HEiE A 47% (] 2b) .
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Fig. 2 Soil microbial biomass N in soils under different long-term fertilization managements without (a) or

with (b) application of N during growth of wheat
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Fig. 3 Nitrogen uptake by wheat in soils under different long-term fertilization managements without (a)

or with (b) application of N during growth of wheat
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Fig. 4 Applied N use efficiency of wheat in soils under Fig. 5 Nitrogen uptake by maize in soils under different

different long-term fertilization managements long-term fertilization managements without or with

application of N
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Table 2 Grain yield and biomass of wheat and maize in soils under different long-term fertilization managements without or with application of N fertilizer

EX7/hy
1EW) I AT Yield (g plot™") Biomass (g plot =)
Crop Experiment soil code R i 2k a4t B R i ek a4k B
No application of N Application of N No application of N Application of N
/NF Wheat NF 5.2+0.3¢c 4.7+0.7¢ 15.3 0. 3¢ 12.8 £0.0c”
NPK 27.9 £2.6b 35.9+3.7b" 69.8 £2.6b 87.4+6.9b"
MNPK 38.2 +0. 6a 49.9 +4.4a" 104.2 8. 6a 130.4 +6.8a”
E Kk Maize NF 0.99 £1.3b 18.6 +0.7b" 47.5 £3.5b 76.8 +0.8b"
NPK 103.4 £5.0a 106. 1 0. 2a 322.0 £30.8a 320.9 £7.9a
MNPK 111.0 £12.9a 105.1 +£10. 4a 332.8 £31.6a 308.2 +£25.2a

TR BAE P E + AR fE2E (n =3) o [/ — 5 AN T3] /1

HFH(p<0.05), 7 —FF N « Xm0 E (p<0.05) Note; Values are

means + SD (n =3). Values affixed with different lowercase letters within the same column and values with # within the same line are statistically signifi-

cant in difference at p <0. 05

2.5 ®IEXKEAREMEELE O ~100 cm F HFH
SERSENRMm

FE TR A B (E 6b) .
+ 30 ~ 100 em ) Y A A

it FH 0 E XF MNPK
R A I

i AE 35 v /N 2 W R NF RO ~ 6¢) o
80 em )R AR T it (K 6a) , Hi 30 ~40 cm T FRWCR 5, il %04 BEXS NPKOHT MNPK 4 3

TEMARASER S 28 5mgkg (K 6a), 5
it NE b BT L, B T 25.1 mg kg, it

0~100 cm FIHMSASE LR EHW,H L EFIE
BT NF 13 80 ~90.90 ~100 cm + EAA & &

FMEJE NPK £330 ~50 em + EM S A & & B (Kl 7a),
0~10 (b) NPK (¢) MNPK
10~20
20~30
= 30~40
S E
o B 40~50
2 &
8 5060
5
@ 60~70
70~80
80~90
90~100
1 1 Il 1 1
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
MEEAR

Nitrate-N content (mg kg™)

#E: NF\ NPKAIMNPRAFIREK S (1958) AHEME T KA KA MLEHLRC R 138 Note: NF, NPK, and
MNPK stands for soils under long-term (19 years) fertilization managements, i.e. no fertilization, mineral NPK fertilizers, and manure plus
NPK fertilizers, respectively

6 /N2 WK IR it AN it Ak ) A BT (] it AT L3 O ~ 100 em 1 THTAH 25 L B
Fig. 6 Nitrate N contents in profiles (0 ~100 c¢m) of soils under different long-term fertilization managements without or with

application of N after harvesting wheat
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E: NFv NPKAIMNPKAFIRERKS (1958) AHEME L3 KIHE A NE 3R ML HLACHE £3E Note: NF, NPK, and
MNPK stands for soils under long-term (19 years) fertilization managements, i.e. no fertilization, mineral NPK fertilizers, and manure plus
NPK fertilizers, respectively

BT ORI IR A it 260 it 28 A 209 4 A [ it AT £ 9 0 ~ 100 e 1) ThT iF 285 40 75

Fig. 7 Nitrate N contents in profiles (0 ~100 c¢m) of soils under different long-term fertilization managements without or with

application of N after harvesting maize
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)R A R e L A A LR S
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EFFECTS OF N APPLICATION ON N CONTENT AND N UPTAKE BY
CROPS IN SOILS UNDER DIFFERENT LONG-TERM FERTILIZATION
MANAGEMENTS IN WHEAT-MAIZE ROTATION SYSTEM

Liang Bin'?  Zhao Wei'® Yang Xueyun'  Zhou Jianbin'?*'
(1 College of Resources and Environmental Sciences, Northwest A & F University, Yangling, Shaanxi 712100, China)

(2 Key Laboratory of Plant Nutrition and the Agri-environment in Northwest China, Ministry of Agriculture, Yangling Shaanxi 712100, China)

Abstract The microplot method was used to compare soils under different long-term (19 years) fertilization treat-
ments i. e. NF (no fertilizer) ; NPK (inorganic NPK fertilizer) and MNPK ( manure plus inorganic NPK fertilizer) in re-
tention , crop uptake,and leaching of applied N. Results show that application of N significantly increased mineral N in the
soil of Treatment NF ,but had no such effect in the soils of Treatments NPK and MNPK. However, it increased soil microbi-
al biomass N (SMBN) by 4.3 and 0. 8 times in the soils of Treatments NPK and MNPK at the elongating stage of wheat,
but did not in the soil of Treatment NF. From the elongating stage to the flowering stage,soil microbial biomass N in the
soils of Treatments NPK and MNPK dropped by 51% and 56% . In Treatments NPK and MNPK, the crop of wheat used up
36% and 45% ,respectively,of applied N, while in Treatment NF,wheat rarely absorbed any of the applied N, of which
34% was used up by the subsequent maize. By the time when wheat was harvested more than 50% of the applied N had
been leached into the soil layers below 30 c¢cm in Treatment NF,and a significant portion into the 30 ~50 cm soil layer in
Treatment NPK , but little down the soil profile in Treatment MNPK. The findings demonstrate that long-term combined ap-
plication of manure and NPK is an effective way of fertilization management that could strengthen N buffer capacity of the
soil ,harmonize the relationship between soil N retention and crop N uptake demand ,improve N use efficiency and minimize
the risk of environment pollution.

Key words Long-term fertilization ; Mineral N ;Soil microbial biomass N;N uptake;N use efficiency



