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Effect of Fertilizer Levels and Tillage Methods on Nutrient Loss of Red Soil Slopes
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Abstract: Red soil is the most important soil resources in the subtropical region of China where there is a relatively serious soil erosion caused
by unreasonable utilization and heavy rainfall. Nitrogen and phosphorus losses with runoff are the main contributions to water eutrophication.
In order to study how to reduce the nutrients losses and improve the nutrients recoveries, a field experiment treated with different application
rates and different cultivation methods was conducted on the typical red soil sloping upland in 2008. The results showed that the optimized fer—
tilization treatment increased the radish and the peanut’s recoveries for nitrogen fertilizer by 15% and 3.3% respectively, while had no effects
on the both crops’ recoveries for phosphorous fertilizer. Ridge culture treatment improved the peanut’s recoveries for nitrogen and phospho—
rous fertilizers by 12.15%~12.77% and 1.24%~1.28% respectively. The volume of runoff was positively correlated to rainfall amount signifi—
cantly with a correlation coefficient of 0.86. Single ridge culture treatment reduced the total volume of runoff by 0.43x10° L-hm™, while ridge
culture combined with straw mulching treatment reduced the total volume of runoff by 0.14x10° L-hm™, compared to the single ridge culture
treatment. Except the control treatment (CK), the concentrations of TN (total nitrogen) and TP (total phosphorous) in runoff were no signifi—
cant difference between other treatments, while the soluble nutrients, such as NO;—N, NHi-N and soluble phosphorous, were different be—
tween treatments. The concentrations of nutrients in runoff varied with time, which were mainly influenced by the fertilization, farming activi—
ties and rainfall. The total loss of nitrogen and phosphorous with runoff was positively correlated to the total amount of application. For red soil
sloping upland, both nitrogen and phosphorous lost by adhering to the soil granular with the runoff. NO;—N and NHZ-N were the two main
forms of soluble inorganic nitrogen loss, accounting for 10.53%~12.48% and 6.19%~8.33% of total nitrogen respectively. Soluble phospho—
rous accounted for about 29.38%~40.74% of total phosphorous.
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1.1 BEil Ao

W 5 7 FILVER AR & BN TL I 4 Rl A
B AR AL ERIR X, P B AR 116°34758.37,
Jb45 28°11'9", BIFHHRBIESMREX, FHKIE17.7
°C, MK E 17104 mm, £4ETTFER 271 d, #IEH

RS, W B 7°, HIERAN YT
BRI KT R PHE R IR MR S
ML 13.25 g-kg™, &% 0.87 g-kg, FHAS A 1.37 mg-
kg™, AR 34 mg-kg, W% 0.53 g-kg™, AW 5.4
mg kg, HR4H 65.84 mg-kg™,pH4.95,

1.2 REigit

R ILBE 5 AAEEE AR+ B (CK) , 7
FUbE NS+ B4 (CA), DAL B AL+ 3 B4 (OA)
PEALHEAE + 18 3% 224 (OH) , LAV AL + 1 5 2BV E +F5 FF
B (OHB), KAk 3 REL , FEHLHES .

BRI AR/ N BT, SR/ RS IR S5
H3E 50, /ANXE T 24 m*(K 8 m, T8 3 m) , BRI HA
22 (K 2m, 7 1lm, 5 1.1m),

FIAE S BRGNS MR, B b RFP R
BEBE b, F 2007 4 10 A 21 HEER, 553, %5
& 10 kg-hm?2, 4780 35 em, #5578 1 2~3 cm, £k
AR, T4 A 23 HIE HAY & ¥ MEHETESE
N.P;05.K,0 4351k 96,180 kg-hm?, &AE 75% 43k
HE \25%M8GE AL , BT 4 BB AR NE ; DA it AT >R FH © Uk
RIEH” N P,05.K;0 5754 69.18.54 kg+hm™, FE
T5%MEERE 25% B NE , BERE 23R ABEEAE , #9 AL 75%
HFEAE 25%MGB AL . 35~ F 2008 4F 4 A 23 HIkk,
K BB o R0 R Ry B 552, 4%4% , 1THE
45 em, BREE 15 cm, 3EFPE 230 kg -hm2, 3% HFE 4k
FR AR, M ZEEA PR ZET 10 cm, ZEFE 50
Cm,%iﬁ’ﬁ 2 1?711‘;%,%%%%3@)3[5% N\P205\K20
G394 135.,90,135 kg-hm?, AL S0%MEEAL  25% 7
BB 25%7E T $H B i , BEAE 2T ASCEAE , S e
HHE E AT B RS A S REAE R R 1/3; Ak
RE 2 7E 5 R0t HE LAt b SR BV R I | 34 R
N.P,05.K,0 435124 108.97.5.135 kg+hm2, FHE 65%
HFERE | 15%7E 1 138 5 . 20% 16 T &1 338 it , B 4
BREER , FAE T5%MMFERE . 25%7E T 4T 8E M . 74T
2008 4 9 A 6 Hkak, HERAEEHR A TN IR E H5
BEREA NS AL
13 BmRESHE

RN ECR AR R R THE, AR A oK R
B B B 9:00 10 % FEF R I RAEREAKFES; B3
IKEEE R AER TR R B B4 9:00 R4, &M
B RO 2 45 /1N X A28 37 i P 7K TR S AR I A8 37 i v AR BT
BRwmE, R AABREER KRS, AR
AT R TR R AT SRACOR P 5 SR KA
AT KAE B Bt i B VK AE TP R AR AR
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(ST ER)IRA R RIS = K8 MRS
JATE 50 CHBEFE 3z XUL 3~4 h, SR /5 BT 100 CHY
MEAR P 1~2 h ZEEEE ; EAEWORE &/ NXHE 5 S
FEDCRE DT EEFEMRIR A H L0 =, 43 SR S IS FT
PRAMTE 105 CHET 3~4 h BIEE . LT 5 fkk
FEG S E AR B AR5 A R B AL B T
53 IRE
L4 MEFZE

AR M B (TN )W 2 B R KRR S,
W BURE 10 mL SR F AR I B BR £V 2 (120 °C, 200
kPa {7 40 min), 2536 (GB 11894—1989)
W 5 AHA R (NO;-N) £ 8 U 4Rt U8 , SRk A 5841y
e ¥k (HI/T346—2007 )W 5E ; B 25 A (NH;-N) &
FEPEIRARIT RS R A K IR 46 TS (GB 7481—
1987 )W %€ 5 Bl (TP ) € RiTKe AK AR 257, 0 7 IR L
FE S 25 mL SRS R ERHHTH 2 (120 °C, 200 kPa K7
40 min ), SRR S5 Y66 EE B (GB 11893—1989) & ;
AV AR (STP) 28 0.45 pm JE G i BRI &
(120 °C, 200 kPa 143 40 min ), 5014 H o0 12,

FERRAE S E ™ 2 FCR B IR - SR K IH & T
[RZEBZIE, 2R AmMBR-SEKIEENHEE L
BPIME .
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WRFUK PR BRI E SR FUKRBSRRZ M, HE
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P=Y CixVix10°
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P RA . BERIREE kg-hm?; Ci 5« IRERTE
KPR BRREE , mg- L7 Vi 5 | ARTKAIAAR,
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1.5.2 FRopHR R

FOMRRBUME R ()RR, URARRA
B, HE AT

RIETER (% )=H AEAL PR R ik =X Fa Ak
HRERFRE )/ EEF Ex100%
1.5.3 FRopFIHR

FAFABERAZBEIE .. A, R
FEEME

RHEFFZE (% )= (h EAL BEAE R AL 2R R e -
FR b FHLAE AR AR TR IR )/E R Ui F X 100%

Hrp,

B MEWFSRNE=2 MRS M ER

TEAE M RT3 L B =0 A K PRL ™ B P RLFR 43
SRR RIS R

R B A B VAR S 'S %—U
LR,
1.5.4 AR

B i X B 3% A SPSS16.0 #il Microsoft Ex—
cel 2010 4bFH

2 HRMTE

2.1 HERB SHMEXTEM IR 9 B A &0
2.1.1 FEAEXTE b33 WOBoR] A S

Mz 1TUER, SEEAEERHEE (CK)M
b, % N TR R BN 330~495 kg hm?, 257 7
=, FBTHEAEA R FRE S MXTABERE RS,
AT RS RIS Y N R E R,

TN HEES AT , RALAERE (OA ) 5 # #LEAE
(CA)LRES, XT38 N TR REA 0, X R R
BEABEREF AR A B, HA 8RR
BMARAAE, RERKERS T 6.75 kg-hm 3%
I 15% , REFIARES T 153 ME DS RAED
S B AL et R FE AR 1 3E 24 RIE B Y R A
[Widea=lwop N s e =gl -2 i a: S e:)
N R E ORI , R AT B R R FR T S R
B o DAL HEAE 5 % FERG AR L35 , R AR FE AR ] , diont
B MR IRBCR RS AR/, [R1E Fh A Sl Y
SERE S8R, T2 M BEAE 42 F R EE, A 8%
LA BTN SRR I DL T A 2 RUBR:

®1 FNEVERFSBREFA

Table 1 Radish biomass and nutrient harvest

BN RE TRl kg hm™ HEASHFI FH /%
Qb3 >
kg-hm N P N p
CK 975a 31352 2.145a - -
CA 1395b 45.00b  3.735b  14.19a 8.55a
0A 1 470b 51.75¢c  3.765b  29.52b 8.73a
OH 1 305b 51.90c  3.735b  29.66b 8.60a
OHB 1 440b 51.90c  3.765b  29.77b 8.70a

I FR P AR T ERREZRAEE, AT ERRER
B (P<0.05), T,

2.1.2 JENE-SHFERS 2L A 3R R R R i
M3 2 FTLAE ), S AL AL B R 7B A SERFIFS AT
TYRHRER L E R T X (CK), IR '3 hn
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325~795 kg-hm™, TENRHHHESRMET , RALHEAE(OA)
H5HEHMER(CA) R, B R TR BERERE
B EAA s B AR ARG R A FE R _E A 284 R 5 B
BEWIEAFER T YRR E, W TR Y%
MEE, ERTYHRHBEWIN 510~540 kg-hm?, 3
K 18.9%~20.0%, TENAHEBHES/ET,0A 5 CA |
B A TR AR AR R I E S TR R
BEAR I, MARF AR EMHEERS 33 1MF
a7 R B BRI F AR AR, R
EHTFRALHEIEE T 20% %2 18 8 i e S
gD o PRI, 21358 30 b A6 AR FE B AR A5 T, 8L
/1> SR R ) [ s 348 e S ) R 4 R AL T 2R
W FE R B ROER

FERALHEAE 54T , B3k 22 4E (OH) A 3 254
N7 7 (OHB) , B Z S HHE B R S AL A A B
Sy B AR RS, A 3R R SR 43 ) 3
1.45.2.80 kg-hm™, Mg RN 1.4 kg-hm? 24
REFDF R PIIRE 12.1 F112.8 NE 4, B
ERNFARERE T 13 MNES AL, FERZME
METELR, BFRFRAMRETL, BEBEN
BEFRARCRI A, RIS T ok A s
UG (555 B8 B T IERMTE R, e A e R

PR, TEREMEZEAERLRE L #E AT 3 (OHB) 5 oE 5
(OH)AH b, EA: SRS FNASFT 7= B B AR 9 55 73 I i
BYERAHBES, X5 MEFF O/N LBAL, 58
K2 WD IR IARBER A B 5

DR N Bl e 2B RS R AR B AR A B R A7 40
FIFZR, (BRI A B 55 0 F) FH BB, Bt
B4 ZBF RN 4% 4 . — BB T , EAMEY EA
BRI BEEE S . ARISTEA: BB R B, 7T
A5 i - A A B BRI AT X B A [ 2
RETRREFA K
2.2 HERB SHMEXTHIRZRAI I
2.2.1 BERIET A5 ECAFAE

43T 2008 AW 5 H KR R A BERT H 8 (B
1), T FEEPTE 3—7 A, EHRRKKA B 6
H,%&HA 321 mm, AW HEE 13d, HELIERER
ZWEN B, HENRZ7E 30 mm DL, K H
MEy 98 mm; 1—2 A RE A RN H I L, (HEIK
FENE/DN, HIRARE G = i TERN B R A 7,
IR AR Z AR BB AR B A B SR
S S R AR R K AR B P A b R AR I HL R
PR 5 24 K B AR, B T R BN S PR
R

R2 HEEMERFHSBEFA

Table 2 Peanut biomass and nutrient harvest

i Ry RISFABRNR kg b prappy g RFFSE SRR kg hm? R 2R 1%
kg-hm? N P kg-hm? N P N P
CK 2 4452 83.85a 498a 1 620a 17.40a 1.02a - -
CA 2 700b 105.00b 6.80b 1 800c 29.85¢ 1.76b 18.12a 2.63a
0A 2 700b 105.90b 6.87b 1 800c 30.15¢ 1.76b 21.42b 247a
OH 3210¢ 127.35¢ 8.22¢ 1 695b 28.65b 1.77b 33.57¢ 3.75b
OHB 3 240¢ 128.70c 8.21c 1 680b 28.20b 1.74b 34.19¢ 3.71b
350 18
200k ] OARF - ABKHE 16
— 114
250 & L& |
£ 1=
£ 200} \’/ {10 B
i m
2 150} 18 B
& lg &
100
14
piEnE [ ] [] h
0 . . . . . . . L1 . . 0
1 2 3 4 5 6 7 8 9 10 11 12

H {3 /month

B 1 2008 £ AREMES MR BL
Figure 1 Monthly rainfall and rainfall days in 2008
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I
£ 100000}
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[ & /mm
B2 fRESHREMREXY

Figure 2 The correlation between runoff and rainfall

2.2.3 HAESHHES R TR

AR YR MR MAE A R T B RSB TK , BITE
A BRI LR AE 9 IRIR K . S AbBRAR I B B2 7.47x
10°~8.42x10° L+ hm™, H: A AN} BE (CK) 42 I B
K, X5 R AL PR B S 6, MR R
T, BE VR IR K X b 1T A B 2 o IV P, T ELBE i T
Rk ABIEA], 38 KRR A B B ME R, AT
DT HRRRE, RS L, IR 2R
& T 0.38x10°~0.95x10° L-hm2, [&{KiEE K 4.5%~
11.3 % (3 3); ALHEAE (OA ) 5 % B AL (CA) Hudk,
BRREEEABREER,

%3 FELEMHRERAE

Table 3 Runoff total amount of different treatments

gz FEIIEL B MIR/10° Lehm™
CK 9 8.42a

CA 9 8.06b

0A 9 8.04b

OH 9 7.61c

OHB 9 7.47d

ZEEMETELE BT HEAE, AR TR
AT HAMREK L, B 1k H RS, SRS KA BB
71, B REE 2B A AR AT, TR IR i 2B AE R B T
RAER P RBR R, FZE(OH) 5
fE(OA) L3, R B B FEAIK 0.43%10° L-hm™?, FEAIKIR
FEIRE] 5.3%, 2BV E+T5FT 78 532 (OHB) 5 IS HHE
(OA) LhE: , i M B FEAK 0.57x10° L-hm™, B IE B
BB 7.1% TERSZBEAESRMET AT 2] AR TN

KR AR S, B —E M M E R, R T 2R
Rk, R L7 25 4032 (OHB) 5 0 35 (OH) Mt , 723
HEFK 0.14x10° L-hm2, FREIEE N 1.8%,
2.3 ARIMEIZRAKPFESRETH

B & 3~E 7 A LAE B, 7R3 a0 R B o, o B

9.001

8.00 E gi
700}

00 & 0A

7, 800 -O-OH
f 5001
E 4,00
300}
200}
100}

O'OO L 1 L 1 1 L ]
4-22 5-12 6-1 6-21 7-11 7-31 8-20 9-9
B HAVA-H

3 FEBER EZTRK TN RE
Figure 3 TN concentration in runoff water of different

sampling times

2.001
1.80
1.60
140
120
1.00
0.80
0.60 [
0.40
0.20

NO;-N/mg-L*

BEEHBA-H
B 4 AREBER ERRK NO;-N KE

Figure 4 NO;-N concentration in runoff water of different

sampling times

0607 -+ K

0501 -O-CA

- 0A

L 040} -0- OH

¥
= 030}
|

= 020}
0.10}

0.00 1 1 1 1 1 1 1
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BUEHYVA-H
B 5 ARBERERRA NH-N RE
Figure 5 NH;—N concentration in runoff water of different

sampling times
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I, 1000F o OH
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E 0600}
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B 6 A= EEER ERR K TP RE
Figure 6 TP concentration in runoff water of different

sampling times

0.400

- CK
0.350 -CA
0.300 - —A-0A
50250+ -O-OH
£ o200}
£ o150}
0.100 | \ A
0.050 | _
ool RN
4-22 512 61 621 7-11 7-31 8-20 9-9

BUEHB/A-H
B 7 AEBREREZFRK STP R E

Figure 7 STP concentration in runoff water of different

sampling times

b PR (CK) A2 K AL B 0 R B R A T 45 i A Ak
T, R HA AR SR K TP R SR R

AT T K o 45 Ab 38 (BR CK b ) 3750k B (B
NH;-N 4P ZRAK, F IR A543 (NOs-N,
NH;-N 1 STP) Wk ETESERAESRMAT, AT
(0A) 5 EMAEHE (CA)Z T8/ B AL i HE oA
b, B3 ZE 4 (OH #1 OHB) &M BHE (OA) A B &
£5, XA RES AT A RN, B S AR, 3R
Sy R D, ZBAE XU R4S TR BCR AN B , Ti
JE B ZEE R SR SR R R, HAEYI L
WIRAT I TOHLIR o 3, WD T AT IR AR
X,

B PR B R B (B NHi-N 41 ) BB [R1HERS
HP 2 SR PR RIS i SR T Rk B TE
WEDRTH, FEW 1 Ser o R R B R 4
KL, BES R HERS , FROK TF IR HHE 55 0 & B AR A K8
Wi, MBI 5—6 H NREmIAE B DL B H I

FEOPTRITZE, Pt MR WK % 53k B2 B T 22 AL s
FEA, 1BAE 7 A T AR TK SR e B0 s P K
1B, B R BERG I 5 /5 38 M BB 26, (BB IEAE R
FERE— IR HEREA , J5 ARG N, 7T R 5 BAEEA A
K, FHEFTLIE AL+ b i P& B, BB R MR R
Wz o Mok, AT BE SRR K 3R Uk B 0% B IE 2 R
Trx B AT B LA R R AT I 5, %+ S B
R, B EERERR , R RK R E,
Y Bk A B, B, AT AR RS
Bt , SR B A (e RS ), PR
THE B B R ACRIL , LA D28 R R

KT NHI-N Wk B i 24208704k, HA)
BFCRIIR KR AR, X5 RICREEA R, IR
A T35 L NH-N, BT A 18 8
JK,NHI-N R85, XHT NHi-N 55 % 3%
W B, FERR K & BAR D, B LAR BT RE s [) 22 Ak A2
Fisk R NH:-N ¥ AR IR 3/
2.4 HIESMEXNFL MR BENF I

ARSI R M (IR 4) B LI B (CK) B
A, XX R E SRR HTRSNESR AR
Ko TEMBBHESRMT  RALHEAE (0A) 5% it AL
(CAHEMFESMABBRYAREZR, HE5EER
B IFH, TN # 4 / 0.2 kg-hm?,NO;-N i 2 5§ 2>
0.029 kg-hm2,NH;-N 328/ 0.023 kg-hm2, TP i
3 0.033 kg +hm2,STP i 2 3411 0.028 kg +hm2,
VLR AL BN T AR A 2, Fa, 1
T ALt 238 i TP A1 STP Ik B i, X S E
AT GYERE T IEREE , RSB TERE
P B ERAE AR, T Bk I 22 LA S 1 Ry o B
R, RETEBRRBES URDIERRR, H
B X R R K, V> P B R &) T AK
BRPA K,

TEALRERE 254 T , B3 284 (OH F1 OHB) 5 )it

R4 BRERBAFHSRRLE

Table 4 Nutrients loss total amount in the runoff water of

different treatments
4hg TN/ NO;-N/ NHi-N/ TP/ STP/
kg:hm?®  kg-hm? kg-hm® kg-hm®  kg-hm?
CK 1.61a 0.170a 0.100a 0.126a 0.037a
CA 2.30e 0.287¢ 0.191e 0.173b 0.056b
OA 2.10d 0.258d 0.168d 0.206¢ 0.084¢
OH 1.84¢ 0.207¢ 0.141c¢ 0.179b 0.063b

OHB 1.69b 0.195b 0.132b 0.174b 0.05%b
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PeRHE(OA) HAL , RS ML S F AWK B EHE
BTy /b, TN 3 5 082 0.26 kg -hm2 £ 0.41 kg +hm™,
NO;-N i 2 3k /b 0.051 kg -hm2 F11 0.063 kg -hm=2,
NH;-N 75 3/> 0.027 kg -hm™ F1 0.036 kg +hm™=, TP
WA 0.027 kg-hm™ F1 0.032 kg-hm2, STP 3 2k
/1> 0.021 kg-hm2 F1 0.025 kg-hm?2, X5ZB{EHRET
AR RARE R, RS ZEEAGT B ER
(OHB) 57 3 (OH) ML, i L B WSS A
RHITKE, TN Fikig /> 0.15 kg-hm2,NO;-N ik
U8/ 0.012 kg -hm™?,NH; -N 74 J#/0 0.009 kg+hm2,
EARREEEB RN AR SR, HILATH, 358
HAE Y 2BV E AV 22 B R R AR B AR
i

HI3% 5 AT, TN Jiik REUS bR ¥ 22 7 B 2%
At -+ 188 3 2B/ + 5 FT 78 35 (OHB) Wi 2k R ¥R/,
1% 0.05% 5 ‘¥ F Rt HE + I 33 B AE (CA) ik R K,
ik 0.37%. BBERLR RECE AHEHE+HBRHE(CA) 5
Ak Bt A + 18 35 224 (OH 1 OHB)AE X4 HAU), (U
0.05% %4, bt B+ #F1E (0A) H K,k
0.076% , X S53EHEBEE A K. REMRIEAEZELUTR
WEERNE, IIEETHAR S TN i 2094 4,
X 5 5 AR MU W VLA 24 R TR SR YE /)N B SR A ) T
R &SR B OB, EERE IRAT RN E
TAIEHETHVA, AR LA . TERE
PETALFRSTH L NOs-N B R A E, & TN #9
10.53%~12.48%; F:k NHi-N, & TN {1 6.19%~
8.33%, BIKH 1M F ,NO;-N 76 R4t + B k™
H, X 58 HEER R A E A EGRA X KRR
JEA TP RIREE A A RS A BRI R
U S b e, SR A0 A R P AR PR Ab RS A5
R, H NO;-N KREFAET LW, B K
BARK . T NHi-N 5 8% H 3 M, N5 R K i
Ko BERMRAEASW FEEURDEESDRE, A5
TP Y& B 60% ,STP 5 TP () 29.38%~33.38% ., 5%

®5 BABRSREABERELS

Table 5 Nutrient loss coefficients and forms of different treatments

s WERI% WMAERA%
TN TP NO:-N/TN NH:-N/TN  STP/TP
CK - - 10.53 6.19 29.38
CA 0.372d 0.049a 12.48 8.33 32.15
OA 0.299¢ 0.076b 12.32 7.99 40.74
OH 0.140b 0.050a 11.28 7.66 35.03
OHB 0.050a 0.045a 11.55 7.82 33.88

IR WD 25 SR AR —B
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