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Characteristics of runoff and the dissolved nitrogen and phosphorus loss in

sloping land with planting sugarcane of lateritic soil

YANG Renxiang, QIU Fan, ZHENG Jiashun, ZHAO Zigui, LUO Luo, LI Guifang”
College of Agriculture, Guangxi University, Nanning 530004, China

Abstract: The characteristics of soil loss and nutrient loss in sloping land are quitely different among different areas of
China, and crop patterns also have significant impacts on these indicators. The objectives of this study were as follows: 1)
to explore the characteristics of soil erosion and nutrient loss in sloping land with planting sugarcane of lateritic soil ; and 2)
to analyze the impacts of sugarcane growing stage and natural rainfall characteristics on soil erosion and nitrogen and
phosphorus loss characteristics. This research based on the in-situ observation test of runoff plot and measured the loss of
runoff,, dissolved nitrogen, and phosphorus in sloping land with planting sugarcane. The amounts and concentrations of
nitrate nitrogen ( NO;-N), ammonium nitrogen ( NH;-N), and dissolved phosphorus ( DP) under individual natural
rainfall during May to August in 2019 and 2020 were observed. The results showed that: (1) in 2019 and 2020, the
runoffs , nitrate nitrogen (NO;-N) , ammonium nitrogen (NH}-N) , and dissolved phosphorus (DP) loss were 1111.3 m*/
hm” and 3269.4 m’/hm*, 1.39 kg/hm” and 15.60 kg/hm*, 0.37 kg/hm” and 1.02 kg/hm’, 0.20 kg/hm’ and 0.27 kg/hm’,

respectively. The runoff and its dissolved nitrogen and phosphorus loss in sloping land with planting sugarcane under 2019
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and 2020 were both concentrated in June, which accounted for more than 45% , and NO,-N was the main form of nitrogen
loss in runoff, which accounted for more than 79% of total nitrogen loss. Besides, the times of individual erosive rainfall
were 18 and 23, and the erosive rainfall amounts were 407.8 and 668.0 mm from May to August in 2019 and 2020,
respectively. (2) The amounts of dissolved nitrogen and phosphorus loss and their concentrations in sloping land with
planting sugarcane showed great fluctuation under different erosive rainfalls and stages of sugarcane growth. There were
obvious differences in the annual distribution of erosive rainfall between observation period of 2019 and 2020, which were
both concentrated in June, which accounted for more than 35% of total rainfall. In the early stage of sugarcane growth (from
May to June) , the losses of dissolved nitrogen and phosphorus and their concentrations showed an upward trend, while in
the late stage of sugarcane growth (from July to August), they showed a fluctuating downward trend. (3) There was a
significantly positive correlation between runoff and rainfall and maximum 30 min rainfall intensity, meanwhile, there was a
significantly positive correlation between runoff and the loss of nitrate nitrogen (NO;-N), ammonium nitrogen (NH;-N),
and dissolved phosphorus ( DP). The results can provide a theoretical basis for clarifying the soil erosion characteristics of

sloping land with planting sugarcane in the lateritic soil region of southern China.
Key Words: sugarcane planting; natural rainfall; lateritic soil; surface runoff; nitrogen and phosphorus loss
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1.1 ARSI HESL

WFZE XA T PRI B 36 X T, iR g0 s o T
PR P A R 3 M (108°17738"E, 22°50759”
N) (B 1), WF5EIXJE WA 2 KU X A7 2 [
1304 mm, FALRFEWAER T 5—9 H, Ik 4N &= 1)
70% 247 ARSI 22 °C ARSI MIRHEE N 79% , sk

KWK D HRRRR T

IRy IRLL iﬁéﬁj@’* ILYEZSIEA N~ T i w £ 1l R IRREE
Ei‘] 1.2—1.3 g/Cm ’/\ %z’g}i/ﬂ: ]‘iﬁ‘m %‘2 1, Fig.1 Schematic diagram of test area

F1 AT EEAREUMER
Table 1 Chemical and physical properties of experimental soil

Ay H TN/ A% NO3-N/ B 25 NH-N/ 25 TP/ FHHLE OM/

H
Year (g/kg) (mg/kg) (mg/kg) (g/kg) (g/kg) 3
2019 1.24 24.74 13.13 0.64 6.58 6.74
2020 2.26 60.04 12.35 1.49 6.98 6.97

TN: 4 & Total nitrogen; NO;-N: fif & & Nitrate nitrogen; NH}-N; £ #& % Ammonium nitrogen; TP; 4= B Total phosphorus; OM; A #L 5

Organic matter

1.2 ik

TG SR AR Tt /N DX A7 S A7 ORI 32 | TR SR B AR TR , R B[] 2 2019 4F T 2020 4 5—8 H ( EEAIEH
RERZFI I 0 SEI AR . AR/NXIEK 5 m, GERE 2 m, S SR T U B M RS b Y R A
HERES I JE — A 15° LR, 2% HAb W 58 X ik 06 11> ,ﬁﬁ%%%ﬁf&ﬁﬁi&ﬁﬁd@ﬁﬁ&ﬁ 10°,
P/ INX BB EE K 11 K E AL 22 B R E AL Al T U8 F AR R 3T AR i e v . B e b 34
L% 2., [53% F S5 HAh T ) 8 R i 504 > M A B ST IR A T

F2 WIE4E

Table 2 Experimental treatment

4y Ve K ity Ao Al H 4] it X S
Year Crops and varieties Planting date Planting method Fertilization
B - ,
2019 o 5H8H B AL (N)360 kg/hm? , BEHE (P,05) 90 kg/hm?,
H:H 05136 I B BT R
v o PSRRI g ,0)75 kb SIS RAE AR 3090
2020 - 4HS8H +IBHE 70% it FH , B A 43V S A ite
HeHi 42 5

1.3 FEARES ST

B A SRR AE AR , I 8 0 /N X SR AR 46 DA K IR R A N R S IR Y s A s,
500 mLER A SRPICR R AR AL BRI /INXCR AR 3 0/, BES S BIVE T 4 CUKARTRAR, JTAE 48 h M 58 ke,
TR S S AR AU RE I e 0, BRI PU BT 26 7™ 5 . R0 3 AR OBk o 12U IX P S e i i - =X
IO RS (S 12 h NREE) 3145,

TR PRI o, I AR 3 P A MR ( DP) A (NOS-N) FIEEAS A (NH, -N) S8 hr . ol itk
(DP)@H%U}E(&(J?@%MS pm JEMEUE ) 28 K, S, 0,403, SR J5 FH 284053 O BE T (H-5 . UV2600, 7 Hl .
HA) WE S TS A (NOS-N) AL A (NH -N) S840 FH 3 U8 28 % SR sh A7 o A A (B85 AA3 7 it 1
) AT
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1.4 B thorik
FIH SPSS 19.0 #4755 AU AR M 5 8 22208 s AR Origin 2018 1 Excel 2013 #E47 EI R 2

2 BRSO

2.1 TR b IR AR I VS A S R I O AR

AN [ s ST JE 395 b 395 T A8 O i S R S A B IR R AR AE B AN R] (3R 3) o 2019 4F, M i 728 U Bl it R
1111.3 m’/hm?, Hith 6 A B ERK, 5 50.0% , Hk 2 5 H (23.7%) #17 H (20.0%) ,8 H &K (6.3%) .
5—8 A HAA AR ETERE T B2 94 1.39 kg/hm? [0.37 kg/hm*#10.20 kg/hm?* , HAE A N HI4
AT 25, 2019 4F 6 A MHAS A B AT E i R i3 B 2w T AT 64, 40 505 5—8 4%
TR BN 69.1% 58.4% 1 56.6% , WA, 8 H IS A R LA Z M ARSI 35 W5 K, A b7 5—38
HIRBEN 4.7% 4.8% 1 4.1% . 2020 4 5—8 H W miAR s AH A 2 225 ZUR T i P it 2% 6 240 1
3 269.4 m*/hm* | 15.60 kg/hm” . 1.02 kg/hm*#10.27 keg/hm*, 6 F BUAR & AR Ak A UM ] v vEm i 2
ALY W T HAA 4y, 435 5—8 H AL MY 45.7% [73.4% 62.1% 1 66.9% ; Hovk & 8 H , 705l i Lt
35.6% .12.3% 26.3% 1 17.7%

R3 FOAREREMRREABRSEARRAE

Table 3 Runoff, dissolved nitrogen and phosphorus loss in sloping land with planting sugarcane of lateritic soil

Ay Ay 12342 Runoft/ A A NO3-N/ B A5 NHL-N/ AR DP/
Year Month (m®/hm?) (g/hm?) (¢/hm?) (g/hm?)
2019 5 263.6+5.4ab 283.42174.6b 62.9+2.6b 51.1x17.8b

6 556.1+151.5a 957.6+265.9a 215.5+55.8a 111.6+7.7a

7 221.3+78.9ab 79.3+59.1b 73.0=14.0b 19.327.2b

8 70.3+43.3b 64.8+15.3h 17.9+11.4b 15.2+10.1b
2020 5 394.3+1.9¢ 897.1+270.5b 94.0+12.1¢ 20.4%2.5b

6 1494.2+39.4a 11442.621094.2a 635.3+41.4a 181.7+26.2a

7 218.1+11.5d 1332.2+335.0b 24.8+0.9¢ 21.323.2b

8 1162.9+13.7b 1924.3+135.0b 269.3+5.2b 48.1%5.7b

FRBHE R BB AR AETR 22 RSN [F) TR B AL BETE 5% 7K F b 22 5 1.3 ; DP . WV P Dissolved phosphorus

WIS XFFEIX 2019 45 AT 2020 47 5—8 H AIRE I RFAE 4387 il A1 (Bl 2) ,2019 4 5—8 H R & i 625.0
mm, FEEPRIE6 A7 H(162.4 .187.8 mm) , 2020 4E 5—8 H R EHE N 869.0 mm, Hid 6 AN EHRE
(283.0 mm) , Hk fy 8 1 (238.8 mm) , BRI AEAF A A4 3 A AN (], 25 S50 T A58 O B A AN AU U R R IE AR AT
WA A E R R ZEFHRFZ —,

552019 AEAH H, 2020 4735 T AR I L A 7S L B AS R T VS PR B O 2 R B A B IN T 194.2% ,1026.0%
177.1% 1 37.7% , Hor RS 25 000 2% i A 38 85 oA B 4, 2020 4F4% H Al 25 R0 2% = 2 2019 4F A9 3—30 fi5 A
A5 R W RE M TR AR I M F2 o i ok U RS B SR I k  FETE R Y AEPR 22 57 . 2019 4F 1 2020 4Ffil
BERA R HBMESRTRER 79.0% 93.8% , % 2019 4E 7 H,2019 4E 1 2020 4E46 H il S AR RAEE
AR R G I 78% , RWIMH T XIS R R MR ISR N . RIS REER 2019 5 2020 4F
6 AU AR AR EAA BRI e 2 T A T 0y, PRt 7R AR 2T b D AR P e R R
FE A4 35 43 2K TR
2.2 YR AR T MR 30 i A0 37 B I A A R 9 0 T AR AR AE
221 RHERHE

Ry i — AR AR T S M TR AR I SR AR AE , X 2019—2020 4F 432 foh PR I T T 3 1 42 0 B R 35 0 i Ak
JEIFTRAS T, 2019 41 2020 4F 5—8 H Ik AR IMERER 41 37, Horh 2019 4 18 1(3.0—56.4 mm) ,2020
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222 USRS AR KR

P 4 WFSE XA A R A BRI T IR PR S A AE , b P 4 AT, 2019 4E IR BT 25040 1 FE RE S M 3% i 4%
TMASAM KN T 1.0—492.2 o/hm’  FEAE N RIUH BTGB A8 7 A LG SRR R RAL
(<40 g/hm?) HAE PR (BT 4) o URBERNT , iF A 20 B AR b R R EL AT B S 09 e s i, e i 5—7 A Re b
Tt,7—8 AP sh FR#a% fiemih 7.44 mg/L(7 H 4 H) , f ALK 0.07 mg/L(7 H 11 H) , 2020 K&
M PSR MR B 32.5—3129.7 ¢/hm’ e Ry R AEFE 6 A 3 H , fEMZ AT, SRR A E RN IR
SEREINAEE FEIL 2 5, FION IS PR, 2020 4E RIS PSR E LR KR 6 AR 7 A
SRR S, T 5.8—11.5 mg/L, 11 5 H A1 8 S E MK EHAL, AT 0.4—4.1 mg/L,

2019 AR S AR 7E 0.3—83.6 ¢/hm” Z[H] (1 4) , AR ER , P i e i K F 50 o/hm’ AR RN
A3 W EBERAES A6 H,6 A LGRS T &S Z K BT 30 ¢/hm®, 2019 4RI A2 P8 S A
W AR/ N(0.2—1.44 mg/L) ,5—7 A RS R IE BAA E S Psh EIHES 7Eib 2 )5 WA B AR
2020 AE T S0 T B A AT R B TE 6.8—302.2 g/hm? 2 [d], Hirh 3 3/ S 25 A i 2 1t 100 g/hm? 6
23,8 1 13, HAWRKER N ESAREA T 20 g/hm’, H 2020 4E4R7 A # S B B SUA T 22 514
K5 H 11 HFI 6 H 14 HEE LM CHEESR R 0.7 mg/L F10.8 mg/L) , HiAYIT R 2 25 R M HI7E 0.1—
0.5 mg/LZ 0], H 7—8 A#ASFWEMN BT 5—6 A,

2019 AU FA RN T FE I 3% T A2 3 P Rl A PR IR S B E 0.1—59.5 ¢/hm* Z [B] (&1 4) Bk 5 H 28 HAll 6
H 29 H 3 0 SRR KT 20 o/hm® IAh , HARFERN T il iA B 29K 10 ¢/hm’, 2019 4F
ATV R I SR (0.04—0.41 mg/L) , 2020 4E IR A5 B nl B i 5 S 0.6—121.4 ¢/hm* 22
6], WA HERAE 6 H 14 B BRILLASE  REET T AT T i 2k AR 22 )R K ¥R T 25 ¢/hm’, 2020 4F4%
TP T R B AE 0.01—0.33 mg/L 2 (0], H AR B 22 8/ 25 Bl AL IRFER T, 2019 5 2020 4R iH A
R VEAS AL TS R I i BV B R 2 B AR A, BLXAE 6 A BB S . X TR A AR
RV PRI S W B U B B A e, Lk sh o
2.3 IRCTEEAE IR AR IR SR A AR i 5 R RRE S B DG AT

SRR 243 BT T MR TR A I B VS A A R AL K (R S e R 2R X 37 S R T AR TR I M A8 I 9 2K 5 AR R R
TESHGIAT TAHSCAIHT (R 4) o e 4 n 0, Hl RIS b A2 30 12 5 9 T F AR K 30 min [ 3 (1)) R EL A
W S 25 TEAROCOC AR | 1T 55 A W D77 B RN ST SAT W 3 (1) TG Jd 35 DG 3R, 2 v oo B KR o2 T A2 o5 ol I b 395 1T 48
F LSRR A S AR T M T i S AR A A A B A LR K 30 min AR BE (1, ) BRI RN
W 835 IEAH DGR, SRR DT B RN S4 W 3 (1) AR b SR 38 A DG 56 2R, 3 T AL T 0 3 25 R O 2 i
L7 I T A4 T e S v o T A T S

R4 ERRBBSEHREESHRBAESBHEXIT

Table 4 Correlation analysis of runoff and dissolved nitrogen and phosphorus loss with rainfall characteristic parameters

£zt @é?ﬁ% ﬁ%ﬂi% ﬁ%ﬂilﬁ ing . / I
Index Runoff Rainfall Rainfall duration

f&Ji Runoff 1 0.833** 0.259 0.203 0.801 **
iHAZ NO3-N 0.713 ** 0.412* -0.112 0.380* 0.449 **
A NH;-N 0.762** 0.627** 0.091 0.189 0.641**
AR DP 0.570** 0.502 ** 0.023 0.196 0.548 "

n=37, * F/RWFMK(P<0.05) , # = FRMW L ERIE(P<0.01) 1 F1 Ly F/R X3 AN 30 min FEFT 35 5

3 itig
3.1 H BRSBTS R R B R TR
PRI 5 e R b A% B RO I R (M T PR3 ) AR 9 v, 2020 A A B b 38 T A U B A

http ; //www.ecologica.cn



2%

(T/3w) /uonenuasuo) (Yt (7/3w) /uonenuaouo) (T/3w) /uonenuasuo)) (Yt

14

S 0 S 0 .
o — — —

TSI
v

20204F

POOOOBRRRRAAAKRKRRAPE LXK AXAKARKKRKARNA]

sk

v

POOBSIEIRKKKN]

910

300 |
250 |
200 |
150 |
100 |
5

160
140
120 -
100 |-

4000 |-
3500

(WY /8) /N-_FON JO ss0T F WBe ey (zwy/8)/N-,"HN Jo ssoT Ff W eE s (qwy/8)/dd Jo ssoT T WH| & [u

il

REEREH TRBSRBER KT

Fig.4 Characteristics of dissolved nitrogen and phosphorus loss under rainfall conditions

Pl a Fil b Fom el — H A — 5
http ; //www.ecologica.cn

[T H # Rainfall date (H-H)

& 4



34 WAEFR 45 IR A PR 3t 4 T A8 O R M 25 R AL R R 911

4 3269.4 m*/hm® X HEARU AR A5 E T IS M 2 42 ol o T R, (AR S8 M A A0 0 s /N, —
J5 AT e T A AR 2= 5, 50— Oy Tt TR S b AR ik 2 A | B B A B ICRE R B B, el b e A%
Wi, 5K AT RAR L R AR I, T K B i 0% 1 A8 o v T AR e e, E RN RS &
KPR LY, H A AR R 285 T K D% A T ) 46 B 2001 B A D

Mo AR S5 IR R R R SRR R S AR O BV A AR IR AR R R B 5
Wi ARHFSE R, 2019 5 2020 A EED UGS A RN S AR R T ok Y AT BE R i T kA K
g, AR e e st ] Pl LR 7 ol e AR I R T MR A AR AT A K L R TR, R A
IR, S0 20 O AR L, R A5 R B A BRI AV P 37 2 S 2 ) b i 55, B3 L 2R R ] 41
AT RE ) St DR i g B ) b 36 7 5 B AP AE 25 5 AR A 15 T RE AR R 221 B SO0, U0 00 Py 39 T b = 5 5 i AR
R K, TR A SO R 45 A R W], R AR T s A R R R FE LI A ECN £, X 5 7R RS 5
g3,

3.2 N[ AR R IS SRR R AR U B U T R 1) S A R AIE

YEYIAR TR A=A sk 30, W5 1o e 26 5 V4 A ROIR B A TR] , 28 T 52 e 33 T b 38 42 0 S RUIE 77 0 T K
TN ARSCRFFE W, AEAR LA U RN S0, HREAE R AT (7 3 AR ) B 4 e A v T H AR K )
(B 3), B A H A K YIS 578 56 B /N (<30% ), KHB 0 P TR 25 18 A bk B 328 s 47 e 3 i, Wi i £
BRI BH ZE - HEFLIR, BHLAS /K 2 T8, A 3 7= PV B R ) i e H AR A 0, R 7 5 1 I K
(>60% ) , 5% 25 [ TE RN ZE AT REAIS T R I 2h BB AN/K G 32, DA T 164 0 1 e 428 38 76 3938 245 R i ], 38 17
KA T B, AR AR T R A H AR 0 R T AR R X A T A P B R [, AR AR iR g R
B, HEEL B 2 i 25 T N 94.7 % % 22 49.4% , T ZEFTF VR M 5.19%3% 28 7.3% , 3T KAl bk X P 1
B3 L RIS 2 I, AS () A6 B 100 6 DR R X 88 W 0T (2 328 T o ZEFF IR 55 ) RRIE R[], S 3 R AR T 1)
T4 R IE O sAFAE A S 22 5 | BB IS it 1hd P i ad R Y L MR AR IR R i A i R E AR 2 — i
FAT IR R LIS SN AT A A A RE O AR SO FT 45 B W, H R A 2E 01 1 3]
JEYR R FR A A E BRI, 3k 5 AR R AR R NS ST X ok AR AR S AR W A 5 4 SR A — K
V55 PR A TE S M M T 26 /N (<30% ), N 22 MM ST A8 R A G A v (T&1 2) DA T 5 3 B T A 0 e L3 4y
TIPSR, DRI A S b 9% P () A B A o | A A R M A7 T R A A i I A 0 K 3 2R B 3
T 8 o b R B T SR kS ™ EE Y K R IR R TR
3.3 PR TRRRAE AR R 17 AR A B SRV 75 40 T AR I 52 )

Wof T 2 5 e b AR R R U A SR LS M R 2R 12 YRR TR 4 P I 39 T 48 30 T 2 o o g T 348 A J
HEhn (K 3) , HEAERETTAE P R4S R AN — B, 2019 4F 8 A LUS , KFE R 3 A2 i i AR T 2020 4R, &
B AZ IR R, (H RN I AN R WA BE D AR T R A — R R Y ldn, 2019 45 7 A 9 H T it
(39.2 mm) & T 6 H 29 H R — R (29.2 mm) , {HFTE 774 427 (8.0 m*/hm® ) HBH BAK T 5 &
(191.6 m*/hm?*) , EZIEH T 7 H 9 S M DI w2 R R B R/, S 80 AR ik, PR R
IEp I X 8 AT A48 T %) 2 -5 A W 7 o R A R A LA R I S DI AR 5 oA AR B R, 2020 4F 1K
FAH N AR B SR T 2019 4F 402019 4F 6 A 25 H 5 2020 4F 6 A 24 H B AHIE (43 %0 25.0 mm
23.8 mm) (HJGE S A RTE 1 1.8 £, nTREE t T Ui, AF 5% DX 08 W A3 25, 324 252 o T 5 B0 s 2 4
P AL T IR IR AR Y T S B AR AT RSN

I8 I 75 0 245 RO D 2 1940 R M) = 0 e 2 0 39 T A48 7 0, 0B T 2 0 RO 3R A R A Y IRBRR T
2019 5 2020 RS EAS Z AT PERE I R G SR T BE R R 2 0 s ARk, HIHE 6 7 B W A g (E
(F3H5E4), FEFEZEMRX 6 HREmMAED, BRI (E 2) , 5808 4 B, M -5 S0 w2
FEOPPACRIG N, A AL B RO A BT i S M R W R AR AR SO S AL
A AS R A U ] A Ml O VA 32 TR A B k3 W 1 A8 A e I B R i B s 1 o ORI B I 33 T A A L L S
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SR AT VERR IR B S AR i S PR SRR B A ARG FR . AAWISE A R B2 B 032 30 e i 4
FRESE BRI RN MR SE R T N A AR 2 W2 R ek (18 4) , 140 2020 4F 6 A 3 HER— 0%
AL (10.4 mg/L) 1875 T2 35 (6.2 mg/L) |, JEU P AT BER AN S 20 ¥ % 10K TERE T 0130, e 1
TS R o S RIAR IR IR, MR R SE R R A5 T, e rh  JEHURRZ e b A AR 25 52055 B A e R Y
PRI A a2, DRl T A 3 o 285 e A i/ N 3 S A 95 SO A6 e R 45 AE DR R 26 AR T
B AR RS S EUR R VR EERRAE— B, A ST R, BAS AT RIAT A M ViR A B e ) 7 B e
B ARBIEFE R XA SC R I AL, AT REJE th T LA WP 5E TR R 46 1F | AR SCHE T 1 SRR, 1 R 25 1F
AR R E S, oAb, NG S (A B ) B 2 [T T AR I rh L Bk B B ki sh ™

4 ZHie

(1) RELTRE P 3t M R AR L i MV Ak A U L K A N RV PR I A 7 22 S | 220 S IR A9 20 A A7 56, 2019 4F
12020 AFAHEESE I L RAR T M IR R I AR 6 A (A H>45%) , H AR IR b 8 A 25 3 TR 44 LU
SENECHESTI%) o B, 78 H R R R b 20 R 7 e 39 1) /) 35 1w B ¥, -5 BRE AT F 1) 355 3 it A
(gL

(2) WRRER 26 PF T RELFRE 3t 3 AT A8 U0 8 e 2 RO U 2 i AL i 3 TR 3 I ) 80 o 7 3, e
Led R 30 min FEERT 3 BE 5 B EAR IR B AR HAS A SO R R AR R L R AR, T
HREA KR U], 350 AR 3T 8 A A R S T W S AR R R 2 PR T, A T P 48 1 25 R JEE 1 3 B
BRI P, Bk FRICALE H A KET(5—6 A ) & FA@H, HEARKEN(7—8 ) 2 FRa#.
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