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Characteristics of Sediment Content and Phosphorus and Nitrogen Loss in

Surface Runoff from Different Grazing Grasslands

FAN Cairui', LI Changyou', SUN Biao', SHI Xiaohong', YANG Fang', GAO Hongbing'
Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010018, China

Abstract: Soil erosion is an important cause of grassland soil fertility loss and ecosystem degradation. The process of and
degree of damage caused by soil and water loss will differ under different grazing systems because of different vegetation
coverage rates, and this information is also important to instruct practices and governance polices for ecological and
environment protection in the grasslands. The study area, the Hulunbuir grassland, located in the Inner Mongolia region of
north China, is dominated by sandy soil and has been subject to grassland degradation and loss of area. In this area, we
used different stocking rates to select three grazing system—free grazing, rotation grazing, and no-grazing systems—and
then chose one grazing grassland in each system. We collected soil samples, and investigated vegetation growth conditions in
all three grazing systems. We also assessed soil total phosphorus and total nitrogen. We uses a rainfall simulator to simulate
two rainfall intensities—0.74 mm/min and 1.50 mm/min. Each rainfall intensity in the same grazing pasture two rainfall
experiment, In each simulated rainfall experiment, we collected all the runoff in order to test runoff volume. When the
rainfall began, we collected runoff samples every 3 min for a total of eight times. We tested runoff, sediments, total
phosphorus, and total nitrogen of each runoff sample, and assessed the mechanism of phosphorus and nitrogen loss via

rainfall runoff. The result shows that the stocking rates had important effects on reducing surface runoff and sediment
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between different grazing grassland types. The no-grazing system had the most reclining function and free grazing grassland
had the least. With respect to silt content in runoff, free grazing was the least effective system and no-grazing the most
effective, suggesting that no-grazing grassland would best reduce soil erosion. Tolerance of rainfall intensity differed under
different vegetation coverage. The runoff coefficient was reduced 25.0—45.7% for the no-grazing grassland under the two
rainfall intensities; that of the rotation grazing grassland was reduced 13.2%—20.2% ; and the free grazing grassland was
reduced 7.5—12.4%. Runoff nitrate concentrations were influenced significantly by rainfall intensity under the free grazing
grassland ( nitrogen loss significantly affected) and no-grazing grassland ( phosphorus loss significantly affected ). Moreover,
the nitrogen and phosphorus loss curve followed a power function distribution. Soil and nutrient loss were mainly controlled
by runoff volume and silt content in all three grazing systems. The nitrogen and phosphorus loss in sediment were highest
under the no-grazing grassland. The rotation grazing system had the lowest enrichment rate. The greatest loss of nitrogen and
phosphorus was observed in the free grazing grassland. Nitrogen in sediment first increased and then decreased with
increasing grazing intensity. The distribution of phosphorus loss in sediment was contrary to that for nitrogen in the three
grazing types. Enrichment was observed in the loss of both nitrogen and phosphorus in runoff. The free grazing grassland had
the most significant effects on the main influences. Accordingly, these results could provide vital baseline information for
choosing grazing methods and grassland management practices and could facilitate the reduction of nitrate runoff losses and

encourage the development of adaptable grazing methods.

Key Words: different grazing systems; simulated rainfall ; total nitrogen; total phosphorus; sediment
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Table 2 Runoff coefficient in three grazing grasslands

TR H H K Free grazing 4 Rotation grazing PRHL No grazing
Rainfall intensity/ BB R I B R HIE A LA
(mm/min) Retention No retention Retention No retention Retention No retention
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1.5 0.159 0.171 0.129 0.146 0.106 0.133
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Fig.2 Characteristics of runoff and sediment under different grazing grassland
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Fig.3 Chang of nitrogen and phosphorus concentration in runoff
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Table 3  Fitting process of nitrogen and phosphorus concentration in different grazing grassland

IRl A R 5 S e BRI TEERR B
Nutrient Rainfall intensity T Power R? Exponential R?
types /(mm/min) ypes function function

SA 0.7 XM y=1.725x"017 0.83 y=1.736e -0 0.92
Total nitrogen LM y=1.401x70131 0.72 y=1.382¢70-036x 0.64
7Y y=1.225x"17 0.79 y=1.19¢7 004 0.63

1.5 XM y= 1.779x7018 0.87 y=1.759¢70-05% 0.83

LM y=1.504x70-1%3 0.86 y=1.494¢70-045 0.84

7Y y=1.311x"%5 0.63 y=1.289¢70-041x 0.56

R 0.7 XM y=0.486x"00% 0.94 y=0.484¢ 70024 0.93
Totalphosphorus LM y=0.316x"%19 0.91 y=0.314¢70-031x 0.89
7Y y=0.44x700% 0.95 y=0.436e70-02% 0.88

1.5 XM y=0.576x"%12 0.94 y=0.573¢70-05x 0.94

LM y=0.366x""1% 0.90 y=0.367¢70-08x 0.95

7Y y=0.492x70-115 0.92 y=0.489¢ 0034 0.90
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Fig.4 Dynamics of nutrient concentration in sediment
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Table 4 Cumulative sediment and nutrient enrichment ratio under different grazing grassland

s R SR =

Rai %Tgirg o e ;?érl—{}?(// = Sediment nutrient content/mg nutrient enrichment ratio
ainfall intensity. umulative N - " -
Types A X 24 24

(mm/min) pes sediment/g R BEN BA S

Total nitrogen Total phosphorus Total nitrogen Total phosphorus

0.74 7Y 6.81 11.93 4.29 1.28 1.43

LM 5.75 12.85 3.38 1.16 1.22

XM 3.96 9.97 4.46 1.29 1.34

1.50 7Y 8.17 15.43 5.54 1.38 1.54

LM 7.39 18.11 4.77 1.28 1.34

XM 5.56 15.04 6.43 1.38 1.38

XoF = R e R S AN [ R FR SR N B v v BRI S AT 0, WL 4, T IR, SRk O
Yy vb v B I R 3 S O B SOOI i), S AR LR 5 SRR SE A R YR
FI 5 0. 74mm/ min BEHNF] 1.5mm/min B, [ BB S SR BBERLR 50 I3 0 T 29.34% F1 29.23%,
AN T 40.94% F1 41.14% RSN T 50.83% F1 44.22% , A LLE Y, RIS E SR R A A
5T TRV /IR BT 7 A8 B AR DG, T R T 5 I, AR 5 [ A 3R 439 R T R R R R

http ; //www.ecologica.cn
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GYITIE

FERET R M R T SRR A E AR LA MR Y h 320y & s T K e R o
EAENG A TR K A R, T AN f BUREA ML AT K B B AR, T AR R 2
(5253, ik BEISURE 4340/ N 25 Sy it AR R D P v, 20 T4 ] Massey 58 A$2 T & SR A&, H
efid + R M R P R R R E RS T EE R P R S PSR

AP R B B AR A R IR 4, H ORI S RO S 1 R U SR A T
Yl e AR W B TR R A o Y, BB AR R O F RO IR R, BE RN SR R 0.74
mm/min B 1E] 1.5mm/min B, = RO 00 FUBE I & 258 B ks, H A ftoe s A B E
FERIEINT 7.7% M 7.61% 537180 9.68% F1 9.83% KGN T 7.34% F1 2.64% . BAK 7%
SRR SR RTE 1.16—1.38 Z[0), MBS0 B AR AE 1.22—1.54 Z [0, 5 82 R K/ INGA B AR 22 52 30 485 SR
B R B
2.4 PRI EBERK W E TN E

AN A B R R v T R e RV RUTI K  EBR R  S A  E RAH eE EAT AT, th S W LU
W R TR R Ve U T R i S A SE M [R e 2 | (H R B R IR R IR A A [R] =l 3 v s i R
WA BN EARR R SR L EEWRE, bR 5 8 80k BT & T HEWAHE X
FBGRFN 0.9 LU, BGRB9S ma (IR AR O o6 LR I, 3R pl T R ORI B AR
2, R AR i i R R M AR B A — R N R eV S B A R ] R AR, EE A TRY
T et B R T S T 2 T R A e B S 1] SRR &2 SR R A O R KN B R R R S R R TR,
FERZ M R R AR A,

RV TR EBEAZAB RSN, B2 T SA R AR, Hrip 2 5 5 5 U R v I 2Kk 2 1 52
Wi THE AR, | s e o g e vk i SRt &b i AR OC R EAT 3k 0.9 DL i
IRHCF I W AH G R BHIEH] 0.8 DL b, EZ i PR g i g4 KR F A s g S e for s,
H 2206 0.3 (P<0.05) AR A R ARBUNT 454 I 2R 5 30 2% o [m) ) G 2R 7 A — e S i, Ot A AR SEME B T A
R R R Y, MR RS SV E D, SR S IR U IR B B OC R BN = TR I, UL = b
R A R RV S B R RN R

®5 FREBMEHRD SE . SBRAEE DAL RY

Table 5 Correlation coefficients between sediment, total nitrogen, and total phosphorus in different grazing grassland

, MR R
3 E \;' LBk N :,M:: R R W Ek e BE LRES o
ek Ak gl NBREC GRERDRRE RUERRE T Total
. Infiltration Sediment Sediment Sediment X
Grazing types Types Runoff .. R nitrogen phosphorus
coefficients content nitrogen phosphorus . .
concentration concentration
ERZDiTi TN ik & 0.92%* -0.184 -0.519" 0.018 -0.08 0.865 ** 0.174
TP Ji ki 0.968 ** -0.134 -0.636" -0.087 -0.2 0.059 0.727"
Wk E  -0.903*" 0.165 0.934"* 0.627 " 0.696 ** 0.824** 0.842**
LU TN ik 0.923 ** -0.284 -0.508 " -0.08 -0.185 0.791* 0.321
TP Jik i 0.93** -0.305 -0.614" -0.083 -0.184 0.029 0.644
RRKE 0947 0.052 0.945 " 0.742"" 0.738**  —0.845*" 0.852*"
PR TN ik 0.924 ** -0.085 -0.592" 0.043 -0.175 -0.722* 0.436
TP ik & 0.868 ** -0.169 -0.656 ** -0.062 -0.228 -0.168 0.545*
Wk E  -0.8017" 0.338 0.861 ** 0.626 ** 0.571* 0.629 ** 0.757 **

% p<0.05; ** p<0.01.

3 iTFig
AR R T R AR TR, AR K B 1k A 0 B A A R A DL R B AR Sk T A R R R AR
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Ji, ARSI — B 32 e, W I OO SO (R e AR B 1) A RO, i 2 2 S i+ e A B AR 1
Jot, T S8 ) FHL AP T2 ] S F) 7 SCA B, T 52 WD AL 4 A BOPR 0 % e R o 7 v - e (R P R JBE . AR SC
PAFAE DU R B JSOAN [a] O H il B B 7 S 0 4 % T SEAE e A5 U A I i Bl b, P20 1 4D R T ol
FP AN ) T A ) S 6T R 8 V0 I A AR B B2

Raf Rt 7 O™ b aed e T R A R O b 3R L S B e, RO S AN R A 55 B T 7 R U A A B
RS, FE W TR SR A BB A KRR/ B 5 B 35%—48% , TR 21 i - ek i pir 4%
M I T Sl RE BLEEWIERZ 3T, iy Tl ity e, 1382 R Sl RE A SE N 7 A= 40 Bl 7 H AT L B
A L, 32 K T 3l B TIOR3 2 1 SREFLBR, 6 LSBT B, 77 i 22, BOR I FERI AR I X 322 T L
I S8 VD 22 ) AR AL, B IAE T 56 2 PR 0, R SRS O AR 32 e T S T R AR S, O
P 5 B R LK B 83%—92% , Kk W ik e v R I P 4954 ) sl BE Se Bk My AR, 7EA R B S TR B 2R
VR B e T R R B AR A R R S RN D X RSN, B T A ARSI . Bl
I SR A I, AP 4 2 i P T 5 , T 20 Y RS SR T T R T SR A B 80mmy/h B, 8 UG 3R B i R
IR FA) ST B A A, R 7 R VD A AE B, AR SOOI R 5 H A5 NRIBFTE A — 2,

T Bt T A Db A A )R ) SR TS D R S AU A A A T ] R R A A, R A R A
PR ORI AR A e R ™ AR AR AR AR D PR VD R (8 IR B g S AR o e rh R AR TR
ANBUREPRL B AL HE ARSI P, BRI RIS h 40/ NRORSRL BPRLBIT T PR b R AR 2 S
LTIV kAL APRLR SRR . ORRL BT AL BRI LR, 5 R R AR A 2 . = RileE T
OO 5 S RO S 0 SR A R A AR 4 R TR ), W T R Ry 11 el O > PR > 8
B S PRITRRREA B, RS 2 IUERAS A R AT RO 8 LA R BE TS B AR B, £
IR A A R AR R 1 B 4R 5 5 7 v a5 58 AR S I O FR WG 398 4 ol e FR (0T 107 114 ' 4R 36 114
P e RO R T RSN X PR AT T AU 2 AN IR T 1 A AT R S R —
B, MIABEFE R KAREE 7 b, LR 5 B A IR ELAH 22 B, PR 37 1 0 i 29 S e O A i
PR 1.9 A7  ARMC R AR O S W 5 290 A ABCBCRE I 1.4 7%, AR A iICRORE 7 Y i ok (R
T AR S R, P DU VD 5 SR R S RO AT . =M BCRE A iU U0 5 SR R Bl e v 3R g g
IEHT S AR S SR 1 RS AR Mt Z0HE 7 S N AT A T AR L S 56 B 1 U 4 1) A
FAMER B, AR RTE Al PR AR AR TR A R | YRR 00 A AR B A R A A R B B i 2
WEAER , 220K A A 3 T 7 I ) DX G b S PP s SR DL 3R A 5 4 22 B MR AT, 2 L0 , e X S B A5 3R
B,

et T A A R AR 22 DR 3R R MR R B R R | L Hp T S8 T 2% P X 2 i ) 532 e e 1) 2 S J A
ANFEHCHCR S i 222 AR, A R RCRORE S R R S I, R R A AR B R
R, S S A RO A, LB f /N AR K R RO ) b S R e AL
PR B EROR , AR K e, i TG B9 22 5 80T =Bl e 37 (e AR [ B 5 B2, R S e
UMK B ZE S . ANRDBOCR g vh 5 b B AR e P R R R K R R A A A IR B 25 5, O
FOAR P U0 B SRR G B R R 22 B R, MR 7 22 M de /N, F2 2 oy TR S 3 1 332 T
Pah 25 T A BRSBTS P i b SRR B ST D, 455 5 sk > AE AT MR A T
Ve L2 AR TR OIS R S B AR — B0, 25 R R YRV R f X R G ) 2 2 A A

SRR T S O AU R e P D A X R R e ) S, S R T SR DR A R R R
KL AR B BOR Y LU TR 100 [+ o B URE HAT 50 8 W AP | 2 B 22 A I BT kR S5 kb L 7R TR U0 v il
RBETLIL , HARIE h A JE V0 ORI B A B 2, S BUR T Th BV FE B s . S5 R 5 2009 4R 46 A 50T
AR [ HE A D7 3R B B3 R RS DL S 3 A 4 SR AR — B, B A O =R R A D7 b Bk 5
P & BEARSCHER R , R R BRZ PEVD TR W2 S | 38 2 - e 5 B S5 07 TR 2], (LR S5 AR S
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SR vb B R AR v ) SR B A T B AR A A v IR XA T R VD R Dl i 5 R R AT
A 435 NN TD i 241/ INBURL 55 i X W R AS 3, A R I & SR LA 2 IR B PT gl T 58
DA AS AR BUAH 238K, 8 b IR B & S AR, TR U 4R, 840 2 3 X /K AR DT URR A o ) R B Rl it i
FAF5T , 45 3 I MK AR BB 0 R W P /D s YR Vb A BB C R S A BB K R 2 5 R R TE g,
DL/ B i i R RN SR 0T R C 19 1 F BB AR i A S IR

WAL T2 PN 52 i e R TR KT b A P46 D 2 0 D i, G 3288 ACIIRT 3 kg e 65 V) B 5 gl | v
TSI A PR TS R AE EAMKE A 1058km, [ NFH4) 206km , K R H8 22 , AR SI(E T K 2.5mg/
L, BB EEHI(E 0.23mg/L1>  B/RMAK 223km, & IRT DURBA, DURMAJE th 52 FLib , ANAEAEAT A A 3% 2
M LI K K B | 5 JR b T) S R P E M 1.02mg/ L, BBk BE XM 0.21mg/ L, 5 S5900 0 25 A8 D1 JK
M P UA AK ST 4 BZ T R OO B I R R N [ 0 S A T R R R SRR B AR I v G Y L
0.99—1.4 mg/L, W FE A T e EAR TR K i B R BEAE, W] AR AR E BRI DR B I | U0 3l % e 2
TATTRT 7K B4 5 I AN K 8 A8 R AT K ) ST 2 BT i e RO B2 R PT el T s BB T R Y
KB AZ LR K S, RO 2 B L e AR T A K i 25 AR S 30 g Bl K R R B A =
TR R S 1 SRR A K R U B AR R, ELARN R R S R K R T DU AR /N R
v PR 8 T AR A X YRT K R SRR R A S LA R SR A B 3 RV A R R R 1 R b VA SRV R B BT
BRVEFT . A0 HP B BE VL FRIN 0.27—0.49 mg/ L, 1% FE Y1 161 B 4 i 1 1% ZR b Juf A S A2 el el 7K o, AT LR
AN R KR R /N I AR S, U AR I AR TR AR, 32 B IR SR T K B B T O
B P TG R R AR AN Y RS YR — AT R AN AT A s Y 5 Y A R

4 #Hig

(1) AN [ T il 2 et S W AR O B ™ b e HAT WS AR 0k B A1 T I = A o 7 8 8 ) 4 g
FELT U 0 B ARG, = SCBCRE 0 7 U A B PR > R R > 1 R BCRCR

(2 P3¢ R 58 P88 X A2 TR P ) 2RO G 88 2 8 285, JH ey 9 P I 37 0 RO B AR 37 R A e S8 32 T 5 5
Mejfe R, = FIICHORE S SR B B R A R M AR, AT S R R, A OO B R R R R
W

(3) RMCH P vb R B A VOl 5 B 2 Dy die e, — R CBCRE 32 D8 U0 Fb 8 G0 K Bt A P 2 ) 8 e
FERIG W, B EAL S A B . BB R R P A AR R, B OB 9 S IR 5 00 B R
ERBAMAE B R TRUCF Y, B 8300 A iR R 54

(4) =PSRRI R R 2R — 2 e DR B AR TR A e Vb T 2R B S — 2 i DX 3R Dy 5 U B | = Rl i i e
Yk, A R S R R VD TR A2 AR i S 5 U B A IR e o 3% (P<0.05)

H A EESE AT RUA PRS0 R0 S eV W R O PR P A S, DRI e A 2 T R A i
Hh R AL AR OO T 3, LAROR I A K R R IR L, sty DX A S PR 2% 8, b T 3t K A v el oo
AP 20 Bk,
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