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Effects of organic fertilizer on nitrogen and phosphorus loss in
flue-cured sloping farmland of red soil in central Yunnan
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(1 College of Ecology and Environment , Southwest Forestry University s Kunming,Yunnan 650224 ,China;

2 Soil and Water Conservation Workstation s Hongta District of YuxiYuxi,Yunnan 653100,China)

Abstract: [Objective] Under natural rainfall conditions, the effects of organic fertilizer application on
runoff, sediment,and nitrogen and phosphorus loss in sloping farmland of central Yunnan were studied to
provide basis for rational application of fertilizer and soil erosion of slope farmland. [Method] In this stud-
y»the sloping farmland of Erlongtan watershed in central Yunnan was selected for 6 different treatments of
CK,TI1 (0.25 kg/m*), T2 (0.50 kg/m?*),T3 (0.75 kg/m*), T4 (1.00 kg/m*) and T5 (1. 25 kg/m*) with
same organic fertilizer. Four natural rainfalls were selected to study nitrogen and phosphorus loss and run-

off and sediment characteristics under different organic fertilizer applications. [Result) (1) Under 4 rainfall
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conditions, there was no significant difference between runoff and sediment in different treatments, while
rainfall and rainfall intensity had great impacts on runoff and sediment. (2) With the increase of organic
fertilizer,the concentrations of TN,NQO, -N and NH, "-N in runoff under different treatments decreased
with the order of CK>>T1>T2>T3>T4>T5. Dissolved nitrogen was the main form of nitrogen in runoff
and NO; -N was the main component of dissolved nitrogen. (3) With the increase of organic fertilizer, the
concentrations of TP and PO,*  -P in runoff were significantly reduced in the order of CK>T1>T2>T3>
T4>T5. The concentrations of TP and PO,* -P in runoff showed a decreasing trend along time. (4) In the
process of 4 rainfall events,the contents of TN and TP in sediment decreased with the increase of organic
fertilizer. (5) The total losses of TN and TP in slope farmland were reduced with the increase of organic
fertilizer. The main loss of total nitrogen was runoff and that of total phosphorus was sediment. [Conclu-
sion] The agricultural activities should be reduced or avoided in rainy season to reduce nitrogen and phos-
phorus loss. The output of nitrogen and phosphorus should be controlled under heavy rain,and can be re-

duced by increasing the application of organic fertilizer and reducing the application of chemical fertilizer.

Key words: organic fertilizer; flue-cured sloping farmland;runoff and sediment production;nitrogen and

phosphorus loss;red soil in central Yunnan
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Table 1 Fertilizer applied in different treatments kg/m*
[ai A HLIE Organic fertilizer
4t E e BIE P& oA P& o i ai R 3 & 6L
Treatment Base Seeding Top Pure Pure & Pure Pure
fertilizer fertilizer fertilizer nitrogen phosphorus nitrogen phosphorus
CK 0.09 0.015 0. 24 0.038 4 0.019 2 0.00 0. 000 O 0.000 O
T1 0. 09 0.015 0.24 0.038 4 0.019 2 0. 25 0.012 5 0.006 25
T2 0.09 0.015 0.24 0.038 4 0.019 2 0.50 0.025 0 0.012 5
T3 0.09 0.015 0.24 0.038 4 0.019 2 0.75 0.037 5 0.018 75
T4 0.09 0.015 0.24 0.038 4 0.019 2 1. 00 0.050 0 0.0250
T5 0.09 0.015 0.24 0.038 4 0.019 2 1.25 0.062 5 0.031 25
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Table 2 Effect of organic fertilizer application on runoff and sediment of slope farmland of red soil in central Ynunan
W5 FE AT R H 91 Rainfall date

Index parameter 06-27 07-26 08-04 08-09

[#% ¥k /mm Precipitation 30. 81 11. 05 35.62 32.24

[ R 8 B /(mm « h~ ') Rainfall intensity 24.02 7.42 11. 31 10. 82
CK 3.55+0.02 a 1.95+0.17 a 5.05+0.35 a 6.0940.36 a
T1 3.63+0.25 a 1.43+0.12 a 5.58+0.35 a 5.8340.50 a
) T2 4,11+0.32 a 1.7540.07 a 6.27+0.54 a 6.1240.46 a
ﬁéi’ﬁ%gkg[; m*) T3 3.78740.23 a 1.85+0.12 a 5.69740.57 a 5.9140.31 a
e T4 3.74£0.17 a 2.3140.19 a 6.1040.06 a 5.33+0.28 a
T5 3.42+0.21 a 1.8540.01 a 5.75£0.29 a 6.1740.19 a

SEI(H Average 3.71+1.47 1.8641. 80 5.74+1.45 5.914+2.06
CK 4,484+0.28 a 1.0940.09 a 2.65+0.15 a 2.4740.25 a
T1 3.65+0.14 a 0.91£0.05 a 3.04+0.19 a 2.1940.19 a
T2 4.21+0.35 a 1.2740.07 a 2.31+0.16 a 2.3640.16 a
PR/ (g e m) T3 4.8740.16 a 0.9340.01 a 3.0540.25 a 2.24%40.22 a
Sediment
T4 3.984+0.28 a 1.04+0.05 a 3.02%+0.21 a 1.9840.09 a
T5 4,23%+0.17 a 1.11£0.14 a 2.85+0.12 a 2.114+0.14 a
F-HME Average 4,24+1.20 1.14=40.97 2.82+0.67 2.2340.92

T - 5 90 B0 S5 R[] 5 B 278 AN [R] 4 B ] 22 S A Ji 2 (P>0. 05) .

Note:Same letters indicate insignificant difference between treatments (P>>0. 05).
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Table 3 Effect of organic fertilizer application on nitrogen concentration in different runoff of slope farmland of

red soil in central Yunnan mg/L

fatr Index H# Date CK T1 T2 T3 T4 T5
TN 06-27 2.7440.05 a 2.414+0.11 b 1.8740.10 ¢ 1.4040.07 d 1.33+0.11d 1.2840.12 d
07-26 2.45+0.02 a 2.04+0.16 b 1.7640.06 ¢ 1.5440.05 d 1.3140.01 e 1.224+0.11 e
08-04 2.284+0.12 a 1.904+0.08 b 1.864+0.01 b 1.5740.01 ¢ 1.0240.13 d 0.4640.04 e
08-09 1.3440.03 a 0.9540.02 b 0.6740.04 ¢ 0.4140.03 d 0.26+0.01 e 0.1540.01 e
NO; -N 06-27 2.31£0.03 a 2.04+0.13 b 1.5340.03 ¢ 1.1140.02 d 1.03£0.03 d 0.97+0.02 d
07-26 1.8640.02 a 1.4740.02 b 1.334+0.12 ¢ 1.0840.09 d 0.91+0.02 e 0.83740.03 e
08-04 1.58+0.13 a 1.31£0.06 b 1.324+0.10 b 1.0240.07 ¢ 0.7040.04 d 0.3040.01 e
08-09 0.9240.03 a 0.65+0.02 b 0.47+0.02 ¢ 0.26+0.02d 0.16+0.03 e 0.09%+0.00 e
NH, "-N 06-27 0.37240.06 a 0.3240.01 b 0.24740.01 ¢ 0.1940.01d 0.1740.01 d 0.16+£0.01d
07-26 0.33740.04 a 0.2740.00 b 0.22740.01 ¢ 0.1840.02 d 0.1540.00 e 0.14740.02 e
08-04 0.2840.03 a 0.2240.01b 0.1940.00 ¢ 0.16+0.00 d 0.11£0.01 e 0.0540.00 f
08-09 0.16+0.01 a 0.124+0.00 b 0.08+0.00 ¢ 0.05+0.00d 0.03+0.00 e 0.01+0.00 f

W« TRVAT B0 5 B AR TR 77 5 26 78 S [ Ab BB JA] 22 53R 8 38 (P>>0. 05) AR A [A] 7 B /R R [A] AL F1 ] 22 57 @ 35 (P<<0. 05) ., F %[,
Note:Same letters indicate insignificant difference between treatments (P>>0. 05) ,different letters indicate significant difference between

treatments (P<Z0. 05). The same below.
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Fig. 1 Effects of organic fertilizer application on NO, -N/TN,NH, " -N/TN and PN/TN of

runoff in slope farmland of red soil in central Yunnan
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mg/L. BT T5 4L, 06-27 FEFRH#E A 24. 02
mm/h, W] g T H A 3 3 B R . 18 W] 22 A T i R 42
I BEAR R Y TP Bri v 23 n. BEE
Jiti A 8] 1) 28 K, 6] — b 3 TP PO, -P i ik
AL RS — B0, B 2 B R B A VLR E
JH 51 d B (08-09) . & 43 TP J PO,* -P Jfi &8 Mk Jif
B A, 40 Bl 06-27 1 47. 63% ~ 60. 39% F
64.44%~84.56% . MK 2 AT LA H, K [F A
PO’ -P 5§ TP Jit i ¥k B (% b i (PO, -P/TP) 2ly
23. 11 % ~77.30 % . 13 B A [) b B0 A2 300 6l i o 2
BELIVARABE y F . BE A AL B R AY AE KL PO, -
P/TP S5 s =T B, B a4, T e
FEBR R

1.21
a
7,08
o
)
o bR
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Fig. 2 Effects of organic fertilizer application on TP and PO,* -P/TP of runoff in slope farmland of

red soil in central Yunnan

2.3 FYERAEXMEHBELDRBESENHIE
2.3.1 REALEFHALIHEMRE FLER.L4LY

PN A s A5 AR B VD P g TN & P 2 (3R B
Yy CK>T1>T2>T3> T4, T5, R % 4 HLAE A 4
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P JEAMAB

B ARBLE RO 48 %

P Vb iy TN & i SRREAE, T5 b B TN &
oA 0. 14 ~0. 49 g/kg, /& CK [ 37. 84% ~
90. 57 % . bt WA it A AT HLAC B 2 BRI TR V0 v TN &
. HUbE B 5 B (R, YR Vb TN B 8 IR I 3
e 24 06-27 [ FR 5 B2 3K B 24, 02 mm/h B, £ 40

FRYEVS TN 2 BB (0. 47~0. 58 g/kg) , il B
W TN & & 5 M EA X, 06-27—08-09, Ffi
i R B[] A A8 K, 6] — b B Vb rfr TN 5 i 348 7
FEAIK, & 08-09, & AL YR Vb i TN & 4 541K . 4351
5 06-27 928,57 % ~63.79%.,

x4 AHNEASEXNEPOLERREHHBELPFREEIENEM
Table 4 Effects of organic fertilizer application on TN of sediments in slope farmland of red soil in central Yunnan g/kg
H ] Date CK T1 T2 T3 T4 T5
06-27 0.58+0.01 a 0.52£0.01 b 0.52£0.00 b 0.53£0.02 b 0.47240.00 ¢ 0.49%+0.02 ¢
07-26 0.53£0.03 a 0.54=+0.00 a 0.484+0.04 b 0.46+0.02 b 0.42+0.00 ¢ 0.48+0.01 b
08-04 0.46+0.02 a 0.43+0.02 b 0.434+0.03 b 0.40+0.03 ¢ 0.34+0.00d 0.32+0.00d
08-09 0.37£0.00 a 0.29£0.01 b 0.26£0.01 ¢ 0.23£0.014d 0.21+0.01 e 0.14£0.01 f
SEY{E Average 0.49+0.02 0.45+0.01 0.424+0.02 0.414£0.02 0.36+0.01 0.36%+0.01

2.3.2 EBEEASHAT AL GYUEH R
TH PP AL R R VD B S BRI E 3 Ar
N

20r OCK:NTL;OT2;ET3.HT4.RATS
£a
1.6 b
1 a
_ cq —E&bc
T | H= ied
2 1.2 ] =V
D 1 %
£ os} a =7
= e aa?b ;
= &b be ¢ : =
0.4} i ] =7
=
0.0 i = o= A
' 06-27 07-26 08-04 08-09
H # Date

P 3 A3 BILAE o YL Hh 2158 005 A R
Y vb v Sl 5 B 095
Fig. 3 Effects of organic fertilizer application on TP of
sediments in slope farmland of red soil in central Yunnan
Kl 3 Sow, Bl A A HLIEFE & 038 . e v iy
TP S EFHEFRI N CK>TI>T2>T3>T4>
TS, BV A A HLAE B3 0 Je v vh iy TP 35 BERRAR

5 CK M. T5 A3 TP & & FRH T 16, 10% ~
32.71% Ul Bt A LR 2 BRI TR Uk TP &
. Pl it IS R Y A ] Ak B b e VD b
1) TP & #IF RFEAR, sam ek E 2w
2.4 BHBRAEXNEHBERRRENIT

F 5 MK 6 WoR . 7E 4 FEm o, 06-27,07-
26,08-04 1 08-09 4% 4b 3 TN &y K & 4 il o~
6.83~12.63,2.82~5.16,3. 54 ~14. 39 Fl 1. 20~
8.75 mg/m’; TP MWk &4 %k 4. 16 ~ 5. 15,
1.24~1.46,4. 24~6. 27 fil 3. 05~4. 10 mg/m?’,
A [ B W 25 R L Bl 5 A MILAE 6 1 38 i, TN
TP B3 2% 5 2% W7 B AIG - L4540 P ) 25 5 B 25 (P <<
0.05) . #FE B H CK>T1>T2>T3>T4>T5, i}
WA HUAE FH 2 1 3 s il 3 A T R e TN A TP
MR . 7R 4 FRET b SR TN 3 2k DUAR i
o E, B sY 69.55%~90.97 % ;1 TP ik
ARV 4 o 3, R Y 51, 19% ~89. 83%,
R E, TS5 A3 TN fl TP P33 K i 48
CK 43 FEAR T 64. 8420 F1 24. 23 %6, W] 1Tt FH A #L
JEXT TN it 2K & i BEARSOR LT TP,

x5 BAHEAEXEPLEEREHIEBRTEENZM

Table 5  Effects of organic fertilizer application on TN loss in slope farmland of red soil in central Yunnan mg/m?*

Il;'a%i Rei?ice CK T1 T2 T3 T4 TS5
06-27 123 Runoff 10.174+0.85 a 8.94+0.31 a 6.94+0.46 b 5.194+0.39 ¢ 4.93+0.29 ¢ 4.75+0.37 ¢
Je?d Sediment 2.46+0.31 a 2.2040.09 a 2.20+0.11 a 2.2540.12 a 1.99+0.13 a 2.0840.09 a
B Total 12.63+1.16 a 11.14+0.40 a 9.1440.57 b 7.447+0.51 ¢ 6.9240.42 ¢ 6.83+0.46 c
07-26 121t Runoff 4.56+0.22 a 3.79%0.14 b 3.2740.26 b 2.86+0.11 ¢ 2.4440.10 ¢ 2.27+0.12 ¢
Je b Sediment 0.6040.03 a 0.62740.03 a 0.55+0.03 a 0.52740.04 a 0.48+0.03 a 0.557+0.04 a
JE A Total 5.1640.25 a 4.4140.17 a 3.8240.29 a 3.3840.15 b 2.9240.13 b 2.8240.16 b
08-04 129 Runoff 13.09+0.10 a 10.914+0.85 b 10.68+0.91 b 9.01+£0.78 ¢ 5.8540. 46 d 2.6440.17 e
JE7P Sediment 1.304+0.09 a 1.214+0.06 a 1.21+0.03 a 1.134+0.10 a 0.96+0.05b 0.90+0.07 b
S Total 14.394+0.19 a 12.124+0.91 b 11.894+0.94 b 10.14+0.88 ¢ 6.8140.51 d 3.5440.24 e
08-09 12 3% Runoff 7.92+0.43 a 5.61+0.42 b 3.96+0.23 ¢ 2.42+0.15d 1.544+0.09 e 0.894+0.06 e
P 1) Sediment 0.83740.02 a 0.65+0.04 b 0.58+0.01b 0.5140.03 b 0.47+0.03 b 0.31£0.01 ¢
B Total 8.7540.45 a 6.2640.46 b 4.54£0.24 ¢ 2.9340.18d 2.01£0.12 d 1.20£0.07 e
4t Total 40.934+2.05a 33.93+1.94 b 29.3942.04 b 23.89+1.72 ¢ 18.66+1.18 d 14.3940.93 d
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Table 6 Effects of organic fertilizer application on TP loss in slope farmland of red soil in central Yunnan mg/m?*
Il;la,?i Reﬁt}%ce CK T1 T2 T3 T4 TS5
06-27 23 Runoff 2.4640.09 a 2.204+0.13 a 2.20+0.08 a 2.25+0.11 a 1.9940.01 a 2.084+0.19 a
Je?d Sediment 2.69%0.12 a 2.5540.09 a 2.3640.21 a 2.3640.19 a 2.17£0.19 a 2.2340.07 a
A Total 5.15+0.21 a 4.754+0.22 b 4.56+0.31b 4.6140.31 b 4.16+0.20 b 4.314+0.26 b
07-26 29 Runoff 0.6040.03 a 0.6240.36 a 0.55+0.04 a 0.52740.10 a 0.487+0.03 a 0.5540.03 a
e b Sediment 0.8440.05 a 0.84+0.07 a 0.837+0.03 a 0.82740.04 a 0.76+0.34 a 0.7040.02 a
B Total 1.4440.08 a 1.46+0.43 a 1.38%£0.07 a 1.34+0.14 a 2440.37 a 1.25+0.05 a
08-04 4 3% Runoff 1.304+0.11 a 1.2140.08 a 1.21+£0.01 a 1.13+0.06 a 0.9640.05 b 0.9040.01 b
Je¥) Sediment 4,9740.35 a 4,9640.35 a 4,3740.35 a 3.9440.18 a 3.76+0.19 a 3.34+£0.09 a
S A Total 6.27+0.46 a 6.17+0.43 a 5.58+0.36 a 5.07+0.24 b 4.7240.24 b 4.2440.10 b
08-09 2 3 Runoff 0.83£0.05 a 0.6540.04 b 0.58+0.38b 0.51£0.03 b 0.4740.03 b 0.31£0.01 ¢
P> Sediment 3.27+0.26 a 3.194+0.28 a 3.171+0.29 a 3.03+0.17 a 2.8640.20 a 2.74+0.29 a
LR Total 4,1040.31 a 3.84+0.32 a 3.75+0.67 a 3.5470.20 a 3.33+0.23 a 3.054+0.30 a
41t Total 16.96+1.06 a 16.22+1.40 a 15.27+1.41b 14.56+0.89 b 13.45+1.04 ¢ 12.85+0.71 ¢
5 B+ L B AR TR R SO AR A R o T A [R] B R

3.1 WHMAEBRAESTHIFE
Rof T o 5 R R B R Y K b S SR R R
TR . ARSI TR N I S0 A
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AN TR) 5 S50 37 1 W Tl R g R B 7 R R B N [ 2
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G342 AR LR F A AR L 2 VR U RN AR Ok i &
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(14 J5 PRl AT B 5 it A B A 6 . TR Ok kit 16 B 3
S5+ NO, -N.NH, "-N.PO,* -P jifi#h 212 %%
TR BLAh,06-27 K MR AL T A K T R
it FAAE B 58 9 K, 3 5 4 & R o AFLJE %
T3 W R B D Rk T BOK & SR A i A AE

ZAFF LRV TN RN TP 3 &b bt A HLAE FH & 1Y
ST (o S =l e SV W A S o e SO
A o AR E - 48 PR 485 40 1) T o 412 e 9 T SR A X 5%
53 1 W R BB 7+ DA T e IR U 1 K

ARBFFEHNO; ~ -N J& 3 SR BT 4% 148 T 3 4
B RARFZMN EEIEE . H S TN 5K E M
60.00% ~84.65% s NH, " -N 1 & ¥ 5 &/ AL 5
TN JRE W ER 6. 67% ~13.50% ., % 5k £
SEU X R B Z AR L T o 4 R — B B AU
REZLNO;, -NRE, EARKE MBI RA,
FE/N SR b, b R A2 P NO; -N f NO; -N +
NH, "-N Jfi & v B 11 80. 43 % ~89. 86 % . 1fif NH, -
N AL 10, 14% ~19.57% ., & & T g ik
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B R RS 2 R AT OB L, NO, — -N R ) 1 4
Wt E SRR, AR AR FELD
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L% 85 3 AR R e v Rl 5 30+ 4
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VL2 1 B R A R AR AL UL 2R (69. 5596 ~90. 9720)
T 2 U R A TR B R AR O R Y v (51 1904 ~
89. 83 %0) » BB UL SR AN AR A FH 8 1 1 L4 Y B
2 Ty 3 MUK PR B8 IR AL 38 2 BRAR AR S 19 A T 6
1A A AR = PR DX B A bR R B b i
WEFE I M AR U B D AR Tk e v i K R R T
AT A IR A OO A (AR b e v SR U R
B TR KR . WESIS TP ETE 5 AN 4SS
VAR L 15 & B 22 5 W IR S fE 2 B B AR AR
e T 8 I 5 38 A 0 I TR A ) A 19 DL 25D A
N PR (el A 2 B L A 48 BEOR B0 #H A
T O RS DA [ A A R A% 1R T AR IR e D
FRor e R P 22 5 . HURARI AR U b Y SO IR
SRR T AR I b R A RS A R R
o M R T A A S T R e U B
T NS S A A R AR ARSI L AR
TN.TP fk &5~ 0.89~13.09 1 0. 31~2. 46
mg/m” , 26 T AW AL R P AT AL AR AR T AR
TNLTP kit

AW FE R BE A AT HLHE 5 A 33 0 265 A8 35 B b
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T R EBUE G A — E R R GE T K AE M
e R v ) I B U N TR A N N N [
AREw A HLL AR T4 F TS AR AER
R AHUE & 1,00 F1 1. 25 kg/m® B, A HL-TC
HLIE A IS it » 7T 5 K BIR R 9 % 3t 3 A 3 o 119 R O
%o [RIRE . EI R A 4500 16 R 58 6 LR s & /D
A-BEOR” Bk BT i A A BLIE (22 500
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