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Effects of Fertilization on Nitrogen Leaching from Hillslope Cropland of Purple Soil

WANG Tao'?, LUO Gui-sheng', ZHU Bo!, LUO Zhuan—xi', ZHANG Jian'

(1.Key Laboratory of Mountain Hazards and Surface Process, CAS, Chengdu 610041, China; 2.Institute of Mountain Hazards and Environ—
ment of CAS, Chengdu 610041, China)

Abstract : Nitrogen leaching is an important route of nitrogen loss, whose mechanism in flat cropland has been documented. However, it is
unclear how nitrogen leaching takes place in sloping cropland. Field runoff plot experiments were performed to monitor nitrogen leaching in
sloping cropland of purple soil. Results showed that NO; =N contents of the leakage in three fertilization treatments, i.e. N(N), N with P(NP),
N with P and K(NPK), ranged from 10.17 to 21.88 mg- L', which accounted for 85.8%~90.8% of total nitrogen in the leakage. NO;-N leach—
ing exhibited obvious seasonal patterns with a rapid increase in the beginning and a gentle decrease in the end of the maize growth stage. The
estimated total amount of NO;—N leaching in the maize growth season in difference treatments followed an order of : N>NP>NPK>CK. The to—
tal leaching of NO;—N for the treatment N was 44.31 kg-hm™, whereas that for the treatment NP and NPK decreased by 47.62% and 54.23%,
respectively. Therefore, nitrogen losses by leaching could be reduced through rational fertilizations in cropland of the hillslope. The estimated
total amount of NO;—N absorbed by crops in different treatments followed an order of : NPK>NP>N>CK. The total N absorbed by crop for the
treatment NPK was 93.02 kg -hm ™, while that for the treatment N and NP decreased by 23.8% and 10.6%), respectively. The difference of
crops absorbing N ability could be the main reason of the effect of fertilization on nitrogen leaching in sloping cropland of purple soil.

Keywords: fertilization; purple soil; nitrogen; leaching; sloping cropland

RRMKELH T EP AR ELERRZ
— R O KRR TS e iy R it A
fH PRI KAH 5%~41.9%8 51 ks 7E A~
K, B R KRR B i LT, fa S N 2SR,

We#s B #1:2008-07-08

HEE&WA . MK HARF R4 (40571093 ) 5 i FEIRF B v #6417 3hi1-51
(KZCX2-XB2-07-02); [ 5 Jk il AT 52 % Ji& i1 4 (973)
(2005CB121108 )5 H FE ) 2% B Jic 0 LLy 1 o 5 5 A5 00F 5 o
NA G54

EFBRN F H(1978—), B, BhERAFIE b, = BRFSE 7 1) - AR 2 TS
Ye 5+ 4% . E-mail : wangt@imde.ac.cn

HEEE R I E-mail:bzhu@imde.ac.cn

L, BRI F R IR A i B HAL B — B DR AR 2
[l N AR TR R P, H T, P AR R 542
TAHE A SRS 2 R s B bl BN 4L, OF
SRS T RHRL Y SRR R T (S A K R
WAL, B 5 2 i FURES s 12 0 1 e 1)
T PRk 2R AN A I 5 B AU RO — 2 (2 B ) 98 T e
ik, AF B A L5 TS5 HAR L, AR A A S + 4

REMIE A TIRANSE, P sr A B (GE A7 R
[ 0-11

FEL A A R 2 9 T g K
R TR 7 T B2 4560 T % e



5 28 45 4 1] AR

Bo% o2 R 717

it AR HEHE 7 30 AL B AR A T - e R R /Y
SR AR EE R AHE - A I R R TR A
PO RGBT TEHGEAR D o 5200 B i LA
A B ORI RO TR R A g FLEBR
KOABRET . SO IR R R IR R A DU %
DX HBEROK BB TR AR L™, T HL ) eI i DX TR JZ M
TOKRHRRER TG, FIAT, 55 0 E3Bp i A R L
il BT AE , BT AT RS 5 (0 L B A R M
RAEEALHN, SET RO AR MR
R IWFIE A HE , (H O E T K SCRAE B9 2 0™, i
H 320 N TR OIS, X [ AR R 261 F
IS DR AR R B2 DR 2R CRe il 2 R A A4
SN ) Z RGEWEST . M, A SGE I B MR/ XK
%y, BEFEENLTT H O S B R R B R
DU A 56 5 - IX B AR FH 3R 008 B0, b /KBS R
TS RLR A PR TR B2

1 HREWEEMRTE

1.1 HRXER

HF AL 5 AR FE R 22 e 5 S 0 Ak
AR AR 3 (105°27'E,31°16'N) ., iZub A TP )1 4%
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BAT T EERE I B oy 70 (550t B X 2 33
LI RE ) 1 RTINS T e AR LI/ DX AR 3N
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FRPUAT, B 1B A RS e Rl IR -5 A
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Figure 1 Seasonal patterns of NO;=N and NHi=N at soil profile
of slope land of purple soil
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HE— 40T R NOs-N BRUSE, & A
TR AR I Rt 2230 NOs-N BAE A 1
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B0 3. Bt AL (N) &b 3 S A& i de ey, A 3
(24.09+2.18 )mg- L™ HUR M A BERLi AL BE(NP ) , 35 2]
(15.67+3.21 )mg - L™; F-IR AU B4 it 40 38 (NPK)
IRF](11.91+2.13 )mg- L™, JEAEAFE(CK) BVA & i
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Table 1 Accumulated NO;=N and NHi-N at soil profile of purple soil(kg+hm™)

HERLE R Wem THEER/gem®  HEFET T 1A AP HA it 2230) N2
NO;-N 0~15 1.32 15.16 40.85 38.13 34.17 16.98 18.58
15~30 1.39 10.56 14.34 22.84 117.80 35.07 20.75

30~50 1.42 8.68 9.19 19.78 95.69 44.56 14.97

50~60 1.44 5.77 6.11 12.84 46.67 62.09 10.11

o 40.17 70.49 93.59 294.33 158.7 64.41

NH;-N 0~15 1.32 2.58 23.34 2.00 6.20 10.25 5.94
15~30 1.39 0.63 33.00 3.52 9.88 9.68 8.53

30~50 1.42 0.91 35.02 2.96 4.11 9.89 6.26

50~60 1.44 0.59 14.70 1.86 2.64 6.09 4.09

o 4.71 106.06 10.34 22.83 3591 24.82
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Table 2 Leakage fluxes from slope cropland of purple soil under different fertilizations

N B IE/K ft/mm
st ] P& /mm  SEHFIGR/mm-h? RER /b
CK N NP NPK

2005-06-24 42.30 3.97 10.7 15.78+1.36 2.73+0.67 1.38+1.11 2.41+1.89
2005-07-06 38.90 4.98 7.8 14.88+3.42 8.27x1.11 4.68+0.61 3.20+0.99
2005-07-19 53.60 10.04 5.3 25.27+5.97 10.44+3.48 9.02+3.48 8.23+4.78
2005-07-20 29.50 22.90 1.3 13.32+3.35 12.82+1.50 14.68+1.50 13.53+3.07
2005-07-24 56.30 18.10 3.1 8.76+1.40 5.09+1.01 5.14+1.01 4.96+3.16
2005-07-30 39.10 3.79 10.3 31.11+2.86 23.20+4.03 22.27+4.03 22.08+1.44
2005-08-03 21.00 3.00 7 12.44+1.39 8.99+1.39 9.89+1.39 9.48+0.53
2005-08-11 76.70 2.39 32.1 59.36+4.09 57.86+4.58 58.28+4.58 57.62+1.10
2005-08-29 29.60 1.90 15.6 13.81+1.61 4.99+2.34 4.53+2.34 4.41+291

&it 387.00 — — 194.73+23.86a 134.39+4.97h 129.87+19.24h 125.92+17.61b

{1 : Significance level (0.05 ), 22 HARZ UL TR, PR R 22 57 IR, AR R 22 52 AR B i .

d A L ITE 74.8%~90.8% 2 [A], S A & Rk
G AN 0.8%0~9.8% . FHASZA hy 5560+ Ik #FHb A 2200k
R FZIEA 0+ P HUS A AE HRIZL, R 5 7E pH
R B SRS i A R T o8 i, B e
HE H IR R DS R T, MESE & 2R, b
BT SR T e TIEA RN A & i

®3 BAESRAEETIERS.EFHEE(ng LR

H o SmALLH(%)
Table 3 Nitrogen forms, contents and ratios in total nitrogen of

leakage under different fertilizations

AR e
WE A A A
ait el ait Hhl

CK 1.1920.07¢

N 24.09+2.18a
NP 15.67+3.21b
NPK  11.91+2.13b

0.89+0.15¢ 74.8
21.88+2.39a  90.8
13.92+1.76b  88.8
10.17+2.33b  85.5

0.12+0.01a 9.8
0.19+0.04a 0.8
0.18+0.02a 1.1
0.16+0.03a 1.3

{1 : Significance level(0.05) , 2 & WA R IR PR, TR R
IRFESW A, PRI FOR 22 A A

232 BlsRMSRA SRS

[l 2y 2005 4E45 ARSI K I A AL S R R
Ak, HASZAT R JCARAL PSR TR A A A R AR
1%, A A B, B, 3 AN AN RS A A &
AL 153 BH 5 PRt U A BRAR S S A S
1.87~42.12 mg- L™ Z [0], VB P it A BRAN A 10 /e
FEIFE 2.13~28.27 mg- L™ Z[0] , AW ECHE A0 B &30
FEI7E 1.92~16.81 mg-L'([& 2) 50+ + 20, A%
IKIT R X R 2 R KRR B SR BRI T U R
N NP NPK 3 Ff b FRAS AR & i s TH A A2

YK HENIALE B9 10 mg - L™ BRiFERY = R A sk
HE BB EE 4 B R 77.8% (55.6% F1 44.4% (K] 2
THEMAS ) o AT UL, £5 60 ok b R 3k S 30X X b
T KA R ER V5 Y i USSR K, T AU B 5 it FH
DU A Sk o2 I L Ao XU o

AR IR — IR BT A P I (24-Jun) &
TAEALF(N NP NPK) B IR IH S A & P AR, 1
fXT 10 mg- L& 2), X AT RBSE FH T4 1 IRFEAS
/N, K H S BB 2 R AL
ISR MR . 25 2 IR AB =T,
BIRAE A A s b, Herp Bt UM Ak P
BASHELEERT] 4212 mg- L, LB HHERS S A
FREE(GR 1), M2 AB i+ & T e S Euk
FEF A b PSS A S s F 2R, H5  bEE
HAZ BB , 2 AR AL FE B RN S A & iR
WK ZaRa —IRFET AR AT, £ i AL HE
TS A S BB E 2 mg- L7 ity X T B 5 5 9
TSR A S A S A G (A 1) Bk, 3 F
LIS I A A A & 1 2 S R B IR,
Tt TR R R
2.3.3 MURIYR B R AR i P i A8 R S R

Kl 3 firnh 2005 4 8 H 3 H—kK it /i
SR 2 W TP 5800 - I R A A UM R A R iR R
A 7 h, BRI 21.0 mm, IR 3.0 mm-h™, 9146 +
HEE K& 27.1%  F% W 134 min BFAB PRI, 720
WA RN, M EEE T, 2R 510 min
IR B e KA o WEAE B | AR T 020 i R A1
BRI A RRFLE 24 ho AB i i
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Figure 2 Seasonal patterns of nitrate content in different treatments
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TR AERALBRFIE BT A8 K 4 RS R 2 1]
FIZE BAE AR R 55, R I A I8 T 0 2 Rk A
1% o B R TR PR P, SRR B, A8 /KR T Kt
() A, S B R SR N, TSRS
RO BE IR B i KA B R A, W mT B2 th T
TR K5 | R R o (B e, il
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2.4.1 fESAMKREZENEL

PR G5 FRA S R K B R B K i S R A R
JERTe IS o IR, ARAS DT U A R g v A Ak 3
TSRS R, 45 SR DL 4, JCRE AL PR Y 25 UM A
#£(0.0220.01)~(0.29+£0.02 kg~ hm™ Z [i], F-44 Ky 0.14
kg +hm; Bt G0 A Ak B 2 (b 2R 7 (0.1240.09 ) ~
(10.66+0.76 )kg+hm™ Z [A] , P44 4.92 kg - hm™; Z(
T A PR A A AU G S/ 7E (0.10+0.10)~(8.51+0.86)
kg+hm™ 2 [, SE-2450 2.58 kg - hm™; U0 0 C it &b 2
RS AR B 7E (0.1320.15)~(4.5840.21 )kg-hm™
], Pk 2.25 kg hm 25 FHOC AT 2RI, DU KRR 7™ I8
FA AL PR (CK N NP NPK )RS A ZU 5 R Y
FHIE ZH05 3R 0.693.0.785.0.793 ,0.604( P<0.05 ),
FeW 240 L B A S UM R B 5 P e R ) HLA
B SR P IEAHOCOC R o 1 UK B TR 7 3 45 A B S
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Figure 4 Seasonal patterns of nitrate leaching flux in different treatments
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FAHNH T 2005 4FE FORAERKFET KA AR
WG R, 3 P ARAL (N NP NPK )il 25 &k 2k 4
HAE(20.28412.35)~(44.3125.77 )kg-hm2-a™ Z[i], |5
MG 13.5%~29.5% , Horbr | U 0 e b 1
AR M B A, M (20.28+12.35 kg -hm2-a™,
17 B 0 M Ak P 285 R 2 i e g, A 31 (44,31 ¢
5.77 )kg-hm?-a™, 5 2 2= K 19 29.5% . 5 it A
JEAH LY, S it AR 20 Tt A P 2 2R R e o
I3 BIFEAIG 47.6% 1 54.2% , 33X 156 P R A BERC A
B/ Y HE A A R . 2 A R R,
BTt ZEUNE A PR A M O B i S R I R
it A 3 2 ) 26 S W 2 T RV ATt Ah B 5 S0 T i
PR A AR B A RR R, X 586t
B e,
%4 BRBEREMEEE (kg hm?) RE HHEEBEMLEI(%)

Table 4 Annual cumulative nitrogen leaching fluxes and loss ratios

of fertilization N under different treatments

o Er%fﬁf?u @:SGE:\ ‘ E/EL
W el dkedE Ll ki [l

CK  1.03+0.09¢" 0.17+0.04a 2.73+0.54c¢

N 4431£577a 29.5" 0.19£0.03a  0.13 48.486.6la 323

NP 23.21+9.50b 15.5
NPK 20.28+12.35b 13.5
A R E WG B Y R = ) 4 H . B, Significance
level(0.05), Z & WS R IR IR , FREAFFR 2 50 1, R4
[ FR 25 5 R

0.16+0.05a
0.17+0.06a

0.11 24.54+9.98b 164
0.12 23.04+9.25b 154

2.5 fEAER T R E MR KHIFIM

AN TR] BR A 26 1 S 25 5 MR 00 £ 2 4 o R
FEAR (R 5) o ANFIAL FR M - F AR W A MU A -
NPK>NP>N>CK,, AH3C/MH7 %1, N (NP NPK /b3 b

x5 JFNEEYE FE(hn?) RIEYREE (kg-hm™)
Table 5 Crop yield, biomass, and nitrogen uptake of maize under

different treatments

Ab3i FERL™ e LU e O (R /L €N
CK 1.010.12¢ 4.7220.35¢ 8.17+0.36¢
N 3.40+0.36b 10.16=0.72b 70.870.69b
NP 5.27+0.89a 12.77+2.35a 83.14x2.21b
NPK 6.00£0.74a 14.49:1.19a 93.02+0.98a

i : Significance level (0.05), EA R NI TS Y N B3
IR2ZESFR TR R R 25 AN 6

A 5B IR R A O R B -0.948(P<0.01),
5 EA ISR AR B -0938 F1-0.940
(P<0.01) , 15 I WA Bty X35 K T VR Hb -
WA AE Y 0D TR B e, WA — e R LR
Fp 7 HHEAE . ARISEAEY) R 1 KNI -
NPK>NP>N>CK(3 5), 5RABEHACHEAL AR L, Fi
RARAE B E W R R AR T 23.8% , R BT it Ak BRAE
Y A EFEAIR T 10.6% . A M2 2B N NP,
NPK 4 SAVEHI A 5 A . RS AR S AR 56
ZHU 1 -0.918 F1-0.940( P<0.01) , B FHYEY X +
SRR M MRSOR AR B, R R R R R . X AT g
R R A BRIt 7 U RE B I ISR € BBk b
R E A

3 #ig

(1) %0 I A MR S BOZ X LT /KAl R
RV Y KBS R, DR =3 h N NP NPK Ab 375
U R 2 G v T T A T A A R P A o U
(1) 10 mg» L™ AR i P i U & A OB EL 81 43
W1k 77.8% .55.6%F1 44.4% .,

(2) 7 [ it JES Ak ER A 2 Wi 2 i 180 /NI
NPK>NP>N>CK., 5 A W40 it b BRAH L , St &8
A FRVEMI AR AR T 23.8% , EUBETC i A BRRE AR T
10.6% . VEPIWG A 5 1Y 22 5 1T BE SR Rt NE 2 ) 45 (6 +
B b B 2R A

(3)AN[F] it A Ak P K TR i A 2Rk Ak i R/ NI
7 :N>NP>NPK>CK 5 5 ZUEAH L, 0 Bt A1 2
e A6 Tt A B S A5 UM 2K A A0 I BRAIR T 47.6% Al
54.2% 7] W, AR BRAC Gy 2URE I I e
PebF b A Rk i
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