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Effects of Pere David deer ( Elaphurus davidianus) grazing on soil physicochemical

properties
AN Yuting', LIU Bin', WANG Libo' ,XIE Shengbin', XUE Dandan', WU Yongbo> *
1 Jiangsu Dafeng Milu National Nature Reserve, Yancheng 224136, China

2 College of Biology and the Environment, Nanjing Forestry University, Nanjing 210037, China

Abstract: The physicochemical properties of soil was directly affected by grazing and trampling of animal. In order to
explore the main factors affecting soil physical and chemical properties by Pere David deer grazing, parameters including
water content, bulk density, salt content, organic matter, total N, P and K contents under different intensity of semi-free
Pere David deer disturbance were analyzed. The fieldwork was conducted in Dafeng Pere David deer National Nature
Reserve, Jiangsu province, China. The results indicated that (1) the contents of soil water and organic matter were
negatively correlated with the increase of the grazing intensity. However, the contents of soil salt content, total N, P and K
contents were positively correlated with the increase of grazing intensity. (2) The soil physicochemical properties parameters
between the heavy grazing and the control plots showed significant differences (P< 0.01). (3) The maximum value of total
N, P and K contents was 1.56 g/kg, 0.95 g/kg and 13.43 g/kg in heavy grazing area, respectively. Especially, N content
was the most remarkable parameter. (4) The soil salt content was up to 9.26 g/kg in heavy grazing area. Soil salinization
was the main reason causing the habitat degradation in Dafeng nature reserve. The increasing of grazing intensity led to soil

salinization and habitat degradation. The heavy salinized soil degenerated to bare land gradually.

Key Words: Pere David deer; semi-free; disturbance intensity; habitat; soil physicochemical properties
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BRE ( Elaphurus davidinus ) J& T8 5 RERF BEREIE , ER 1 FAr3 B A= sh ¥y, 5O 3 45 A F, -+ Ittt
LORAER EMRAEIE . BIE T 1985 AFAERF>S BRI X, TR BREEELHT 517 T A, 200 30 241 S50
PRE, R 2018 AR, PRIP X N BRFERICRE 1K 1] 4556 Sk JE AL 1S b iR R i BRIEE GBI AE . SR T B RE XL
g A DRESE I, PR AN O RS A R B T Z R OF JE TG B, R IX A BT A Y B 1] G RR M
B,

Ve — MR Rk S e sh i, BRRE TS S B LA B 4 roCs 1) SME At AT iy 385 20 1 AR 35 52 Wi B 5 -5 O
WA LR 2 A P RO DX bt - 39 AR AE Sy TS TR A AR (R SR S A T 5
AR BRHIE R AR S PO e O i A BI85 s B N A BRE A AIF 5T 2 4 PR AT R
B LR B FEE T 2l b S PR AL AR 1) A8 AR A 18] 3 A7 T TG T X A [ R 1 A o 3 £ M LAl o
SENARIBIESE , C A SEAHIRIE R RE XS F 4 A0SR B RV B4 R R 4 A W BRI, T L R A i B £
e RS FR 5V IE | ST 398 0 A2 i A3 R AR R H BRI AHEL S 0 ) AR SO A T B FE T
PUARRE T 4 S BRI E A AL AR EA TS, 17 B R TIOR3 0 St - 8 P P Joi 532 i ) LA, %01 R R
75 M A T PR AR g DR XA K BAT 2 A0 B RIS B = 5

1 FEtiE ARG %

1.1 W5 XA

KEBERE B AR XA TR R E X N, b FE A7 2R 120°46'44.66"—120°53'26.6"E,32°58'31.67"—
33°03'27.6"N, P4 XA A Jam T AR 2 RV 1) el 2 AR | 44 2 32 KBl 2 X i), Z2 95 U X, 50 R, IR
Tk s B 22 e = NG, 2 p X, S, IR el . AR RUR 14.1°C 1 AFR0R 0.8°C,7 73
KL 27°C, AERENE 29 1068 mm ,63% HIFEMAE T TE 6—9 H {7, A 4F M (1) 68% ; FHXEEE 80% , 4F-F-
PR 14.1°C e lRREE T 12°C, Il 36°C , TTFEM 216 d, 44F H IRAT4L 2267 h, H IR EH 7% 51%.,

PR IR AR 2666.67 hm? , Jl 5324 = A~ IX B, BV — (5% ZFN80 =i g X, A3 514 1000 hm® |666.67
hm?® 1 1000 hm* , HHEE— IR XA 343 hm® PSS A0 RIS FB1 8, T ) Ay JB88 R Al A S il D0 A 10 785 B, 424
FE R AR IRRE B R X O B AR BERE IS B X, TC IR g T X

PRI N A A Y 284 Fi, BERE VT & AE Y 198 FF, 7 35 ( Phragmites australis ) . H. 16 K ¥ ( Spartina

alterniflora) F3% ( Suaeda glauca) 7345 ) 17 , J& AR W M0 MR A7) ) OS5, %o >4 s b A 28 R e e 3 28 Y
EEHIVER

1.2 W57k

TER A BERECR A X B8 — i F7 X A I8 Fr FEIRE I, e 3 DM BRFEAMALS (2351 1 5 2 B3 %) 13 5
AL B UCA 200 Sk 400 Sk 800 Sk BERETE £ (181 1) , 74 M s A FRl AT LR AR . T B2 R
53 LAAMEL S R s K 3L ] 0—100 m i Bl 4 35 B T4 (heavy grazing, HG) 4, 100—200 m BEE
J 38 (moderate grazing, MG ) #EHlL, 200—400 m ¥E X522 14 (light grazing, LG ) FEHlL,400 m DL %65 55+
:fjl:( weak grazing,WG) R ,;j\:ﬂ“ 12 TP b H T3 M AL SR X J ( N2 BERE R T4k ) 1B IR ( ungrazed
plots, CK) ,,

TIEREACRAE T 2018 4 6 HHEAT, S AR N ARIE AR 5 CZBEALEE I 6 > 1 mx1 m #£75 , 7EAE T 9%
“STIEHUREEIERE 5 AR B AUREE 0—15 em RJZ T R AR B I8 WS % KT 25 4
A AT DL AAR R R RGBSR FLAR N 1 mm BRI , AR S IR AR A
1.3 SRS AT T ik SR o bR e

SR FHME I SR MR ) FE-38 H SR {7 408 48R 5 i | T B TIR B 4 1 1 - R T
TIEA LT ; R HIZEE Perkin Elmer 2400 11 270K /- Hr A0 & + 3 2 B0 & 5 R S S Bm , 95
BWB-XP K E BT HIE + 3 i 5 i
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i e EE o B R (g/kg) F W I I £ £ 2K
YL Ry 1.0—2.0 B, R R ik 1 52.0—4.0,
Hh AL+ ;4.0—6.0, N EEEEME+>6.0, £,
1.4 Hdlasbpe

% Microsoft Excel 2007 %%F%‘ﬁﬁé&ﬂ%’%@,%ﬂ%

SPSS 21.0 #F X848 47 2L 3, ANOVA 1 LSD %
Xof AN [ ol [vi] — B 0 et 1) BELAL 5 A R 47 5 22 43 W
L AL, LL P<0.05 B P<0.01 1F Jy i 2P Fp 2 v
FE SRR, 4

2 HRENH [ |
— [zowon

E1 HREHVERSE

Fig.1 Location of research sample plots

GV S

]

2.1 AN[FETPLEER BT K 3R 5 R

K 2 A g 0 B B Ay, S Y T RE
K IEA R, PR R (T 1), HES AR
Bt P05 B A B R A G T R R, 1.2 .3 S5 s
HES KR FRAREE 4390 M 4.32% .9.39% ,15.39% , £
Jirt DAL S Bl 2 T e R B R S A 1 B Ko G St 1 BRS84S 30 2 - 49 K S EE AR I N, 53K
T LB B D S AR AR R R, 1 M 55 5 TR RS KR B 55 (25.97% ) , 3 5 M) o5 F B
TR S AR (22.72% ) 51 S M| S 7R BE AN 55 B T PR 38 5 KR i T X IR, 3 A M) JS EE
TP 3 S K IR T X B2, U A B Y BR R R A B T R RR SRR 43 3ok BE OO R T - K 43 1)
(SRS

1 5 i) o R TP b 5 X6 IR Ml ) 8 /K 38 25 7 3 (P<0.05) 52 Ml i F R R B TR b
55T B b [E) 25 SR 3 (P <0.01) 53 5 M| AU B 55 B TP 5 0 BERE b 22 1) 2 S AN Wb 35 o, LAt 45 T4
T 155 o) HRARE i ) F14) 2 PR 24 3k BB B K (P <0.01) |, I Bl 5 BEREBCR O 22 | R [A) 0 B 22 1) +- 4%
KB K

R1 TRAFRTHEESKE

Table 1 Soil moisture under different disturbance gradients

4o e 1 S 2 A R 3 SAME
Disturbance intensity Number 1 feeding point Number 2 feeding point Number 3 feeding point
X REL CK 25.67+2.18a 25.67+2.18Aa 25.67+2.18Aa
T WG 25.97+1.54a 25.59+2.12Aab 25.45+1.61Aab
BRETE LG 25.72+1.53a 25.05+1.84Aab 24.53+1.36Bb
W EE T MG 25.57+1.34a 24.66+2.32Bh 23.58+2.01BCc
AT HG 24.56+1.11b 23.26+1.41Bc 22.72+1.21Cc

CK, ANZBEREM T Ungrazed plots; WG, 55 FE T4 Weak grazing; LG, 52 T4 Light grazing; MG, H B T4 Moderate grazing; HG, 5 & T4
Heavy grazing; 3 T AR R V- B E bR e 22 | RIS A 18] KB 5 B R A3 Btk 3 1 22 5% (LSD K4, P<0.01) , AN [A)/NG F R R 1 122 5=
(LSD 45, P<0.05)

22 AT TH T - T

AR 0 T A, 5 - TR R R DAL O, T PR S - R AL 0 B 9
FRU L WRSESE R (3 2) SR BEREE SO RN, S T BB S0 K, WM R 0 B 5 i g
K. HHEATEAE 3 SAMAR R FAR A SR MEY 1,54 o/em’ 123 MRS INIREE S 314 4.48% 11,
04% |16.42%., S ph FHATE T-RARIE (ORI, BEERS 39800 FE S AT AR A, Sk e g WA
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1 SAMA S R TEAE 5 DREMLE] A 22 SN 22 S i A EAE 5 RS R [l AR 22 Sk, R
TPk 5 X R Hi ] 25 57 {8 35 (P<0.01) |, 55 B TP e b 5 %0 BEAE Sl [R] 22 45 42 3% ( P<0.01) ;3 S 4] i
JE I B TP b 55 0T HERE b [B] 25 574 B2 3% (P<0.01) , A PH Bt 5 BE RE I 1 N, -8 E AR AL R A

x2 AEFHRTHLIERE
Table 2 Soil bulk density under different disturbance gradients

T 1 S 2 Al 3 S AMA A
Disturbance intensity Number 1 feeding point Number 2 feeding point Number 3 feeding point
xR CK 1.34£0.05a 1.34+0.05Bb 1.34+0.05Bc
ST WG 1.35+0.03a 1.36+0.06ABb 1.40+0.03Bc
BETE LG 1.36+0.07a 1.39+0.04ABab 1.42+0.02ABb
HETHE MG 1.39+0.02a 1.44+0.02ABa 1.50+0.04ABab
EE T HG 1.40+0.06a 1.5£0.03Aa 1.56+0.07Aa

TR BE bR 2 | RIS R KRG 7 hRR A o #1225 57 (LSD K, P<0.01) , RIRIVING FREFRIR A W31 25 55 (LSD Kk,
P<0.05)

2.3 [T ) e 4R e R

AR R G T R 0 B R R R B RO R B E R AR L ST AS R W
(Bl 2) , - 3ge 44k BE OO B2 35 b ot BEFER B 2 | kiR R, I e B M AIG BUE
H42.29 g/kg,2 5N 3 S AME] g TR ML 43 5 40 ik B 5.58 ¢/kg 9.26 g/kg, TIEEAI P EEER Ak -
e Sy B R A R FNER

1 Sk Mia] s A B TP i 5 00 SRR 3 0] 25 S A W35 (P <0.01) , 2 5 M) sid v JB i 2 1 S0 RE 5 0
HEAE ) 22 S0 1.2 (P <0.01) ,3 ‘S| SR B2 v BE AR B2 T 40 RE 3 %Xﬂﬁfﬁéiﬁlﬁﬂ%jﬁﬁﬁﬁw <0.01),
ot B 3 v 17 B R A B 23 T B R ISR AR N R ) R R A

12 -
0O sl
B SETFHk
10 - m BEFH Aa
B Tk ABa
_ B =5ETH %
% 8 Aa ol
55 oF
He ABb é
= Aa
g 4r N
Bb 7}7 "
2 - [= r R -:T:-::
0 :'::::_ N :::::::E & /
25 A R 35 RMA

FIu58 J¥ Disturbance intensity

2 AEFHTHLERLS
Fig.2 Soil salt content under different disturbance gradients
CK, N2 BERERI T4 Ungrazed plots; WG, 558 T4 Weak grazing; LG, 53 T4 Light grazing; MG, H & T4 Moderate grazing; HG , & & T4
Heavy grazing; /S [/ KRG FhEFm A1 B 025 5 (LSD #:36, P<0.01) , Al/NG FRER R A W3 M2 5 (1SD K%, P<0.05)
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2.4 A[ETH0ER B A LB R

I PR LRSS th— G HE K SRR AR G R A LR I v L B SEAE SRR (K 3)
AT BT RO B B SR TR BRI B T R OR35S M T AR M A 1
AP/ IMEIEE] 13.68 g/kg, I RIENRE N 45.56% , 132 1l fi g 7™ 0, #ME A 0—100 m 35 Fl N 28 Ot
it

3 AR AT S R R RS R IR ] 25 S N R R R LS O R A 25 S 3 R HL 2 53
S M sk R T 0 R ) 25 S TR B B K (P <0.01) , Ui A BERE T3k 38— sk s, R ML
JiUT R A 2 W]

o O AL mEETH @ EETR
B BHETIH B $EFH#H
Aa ABa Aa Aa
Aa " AB
st gy Eg Ty
oo Bb 3:-:-::--[- ABb B
_ S % T EHI] :-:-: Bb
% .0 | —| < Bb
3 N SN
& % \
= 3 Ce
e 15
o
i} 2
<]
= 10
A
5 1
0 L o : N
1B M 5 25 4%MA R 35 M A

FHL58E Disturbance intensity

3 FRTFRTLEANRENR

Fig.3 Soil organic matter content under different disturbance gradients

2.5 OR[EFPoam AR A B AR R R

TR AR TP AP S AR BRI R A, RO SRR R EAE bR, B
GERRMI (3R 3) , IR BRI A 5 i B BRI, b BE AR e i i, e A
R AN A ) S e AL P R AR, 40 51M 0.84 ¢/kg .0.56 g/kg F17.73 g/kg, 78 3 54 5 5 T A0 kE L
HIk B R, 73510 1.56 ¢/kg 0.95 g/kg H1 13.43 o/ kg, 5 KK IE 7351 K 85.71% .69.64% 1 73.74% , 2R )
HRR B R, BREIADRE b B 0 i Ay, e 2SR A HE 3 0 T R AR R A i, R B A
K, — 7 TR R A B A SR (2 RN R 5 35T X el 4 7 5 R BRI, 38 P A o A ) 37 30D, S —
7 T2 R Sk R R Rt v A A A HE B 0 T B e R A i 3R PR AR WSO R D A (e R o o
[FIFE S5

3 M) 5 B TP b Y A U 1 N R M ) 22 A 2 (P <0.01) ,2 51 3 Sk M S B TR
i Al 5 e 5 0 B M R 25 S A R 3 (P <0.01) ,1 % 2 501 3 5 Al mUE T DA A B i 5 0T HEAE
[i1] 22 S 35 (P <0.01 ), T30 R JEE TP X A 2 b 4 55 S 1 5 i i A WD

3 it

MR G BB AE S AL, A IR R SRR, 18 S - IR 2 W R A AR
AKELAE AN FEWT BT 58 B (Y 10 , 0 b -39 SR S EEAR RGN LBR RS S BOK A iR REAR, A
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WFFE ] ) P43 B R B B MK 509835 3R L A S I 5 Rt AT IE 45 S e, 7 BERE
S ) 0—100 m 91 FEI Py -+ 58 3 ACIEBARG , A B F1 801N s 3 FLB 2 BERE MO 38 % | 3 K Tk T
O35 L BOBFTE A B, SR TR M 0 R K 19032 0 1 590 555 BB 40 LB
AN, FHOK SR 2 | T HARE ST X B 5k, b P R B AT A b MK 53041

®3 AEAFRTLESR B HEK
Table 3 Contents of soil total N P K under different disturbance gradients
2% Soil total N/ (g/kg)

2 FAMAL
Number 2 feeding point

TR

Disturbance intensity

1 S Al gt
Number 1 feeding point

3 SR
Number 3 feeding point

xR CK 0.84+0.05a 0.84+0.05b 0.84+0.05Bb
ST WG 0.86+0.08a 0.91+0.06a 0.94+0.04ABb
BIET LG 0.9+0.04a 1.02+0.04a 1.12+0.06ABab
T EETE MG 0.95+0.07a 1.16+0.07a 1.36+0.03ABa
HEE T HG 1.02+0.04a 1.23+0.03a 1.56+0.08Aa
T 2T Soil total P/ (g/kg)

1S 2 SAMA AL 3 SAMAELA

Disturbance intensity

Number 1 feeding point

Number 2 feeding point

Number 3 feeding point

xR CK 0.56+0.04b 0.56+0.04Bb 0.56+0.04Cc
BT WG 0.58+0.03a 0.6+0.06Bb 0.71+0.05Bb
BETHLG 0.62+0.07a 0.62+0.04ABb 0.72+0.07ABab
T MG 0.64+0.04a 0.71+0.03ABab 0.84+0.04ABb
T HG 0.69+0.06a 0.78+0.06Aa 0.95+0.02Aa
TR 447 Soil total K/ (g/kg)

1AM
Number 1 feeding point

Disturbance intensity

2 SAME A
Number 2 feeding point

3 SAMAL
Number 3 feeding point

XFHR4 CK 7.73+1.29Bb 7.73+1.29Bb 7.73+1.29Cc
53R WG 8.02+1.36Bb 7.85+2.23Bb 10.46+1.42Bb
BET LG 8.41+2.09ABab 7.91+1.61Bb 11.23+1.85Bb
HETFE MG 9.34+1.52Aa 9.86+1.48ABab 13.27+2.17ABa
T HG 9.94+1.23Aa 11.73+3.53Aa 13.43+2.06Aa

R P BAE  EE bR 2% RS AS AR B m A 8 25 1 22 57 (LSD K, P<0.01) , A Al/ING FEERR A W81 25 5 (1LSD K,

P<0.05)

TR R IR R —, 5 SRR AL S BRI, E R R AL S A R
Ml R BRESTRBER ST PRI AR AN B RO B ARG, b M T M K LR MR A 1Y
I, AW, Holt 551 B 5y 3 W], 2 T 70 5 M) OO B8 35 o TR AN MO e L AR R 45

FWT B TR BE A3, BREEXS - M A BV P A 0t | B 3 B AL B | S B A TN BRI X
A R I A B AL R 0—100 m I R IR T2 2R B BB 2 AR UL T X S5 LA Y
BFFESS R —8, WA AA SR T R T R R AR = R A T S R PO A ¢, (e 7D B
Hh o B M T B A DL R R AR, LRSS R L | LI B IR | A L A R AR S W AE
Rt S PURIALA B 22 | - S H A R e 5 T B A

g g R P W T SRR T T S LR R A R B A A R R AR A A ROIR B Y T A 2 T
R B PIA EE RO E 3R B L, AR A R B, R S R ST AR
AT AR . ASHTFTEE RN, BERE T PG4T e dh 5 S BB T A B, Bl R EE R i RN,
oy BBy T DR LR A g dh b RN AT AR BRBEZEIR S A R B R o), B TR IX
ol R FEE AR 5 B i v, FE PRI B AR o, DT S B b i ko0 B T e, e IR AR
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TIHEAPUFURAEY IR TR G 10 BERS AL 1 L S EAE I A, Deat 1 S PR o, =2 Al T SR K
SERC ) IR AR bR 2 — 2 A BFSE R, FOH AR S R G OO AR 2 S OO A LT B
SO A AR A WO N A HUBT i I DR OA R R AR A HLB S R AR SRR
B, B JER D58 B i, A HLBOZ AT AR , 76 Al 5 0—100 m Ju FE PN, A ML T B fw o A 4k
W K T A TR I, AR AR RE I BT AR A HLI & i BT ke — T TR th T B
X 1 TG ol A il A, AR R A i U1 i - S D, A ML 5 B AR DA 5 —
7 TR M b A B S AR AT LS, 3R S ni PR REASS | BRRE IR N 3R i, e S B A L
JRFEAR

TR W S IR TR I SC Y BERETS St R B HEME AT O E e i
i -3 R B B i AR AR RS AR BRI B RN, 4 S RN, A R, AR
BTN, A A R R]  BE R OO g N, R AR Rk 2R S R R TR EH IR
W, BEE BREET 05 B g, 3k e & R B SR, B R B TS RS B
W X S LR MR FEA R AR 7 AR I A SR 1 SR BRI R IR M 5 0—100 m i G 3, HoR &
G S P B AL A A AP A B i R A, o BT 0 XL 28 A SR, B R Wi S ) 3 5 20/ 5 LUK R R
AR S A B2 0 SRR B 7 BEXE IR — R HE I RSN, s rp Ry i BT R T
TG W B, O A A W D A SR S B P SRR AR T AR

4 Zi5EWY

TER A BRIEE AR DR IX S BIOR A TN DR, B RE A 37 X - 38 S B A 18 bR 0 52 W) LU A I, SR 140
DAL 2 B R A IR . Bl BRI 05 L AN, 8K S A HLS R B R RS H 3Ry |
AEMA B e RIS S EAMA S 0—100 m YE [, HEEh B AR B, A 1 X
Je BRI A I, 3 SO St B A i 2N

PR Dt — 25 S A M) s R | R M 57 B, 23 B Al i S P IR AR 38, Xof BR RE MR R4 T
PRARTE Y Ko~ BRI PA ) SRR 1) 25 — 77 DXk, ARG IR DN SR EE T . 7 B DX P ) R R A 730
DX OISR | L0 AP ] B PR A, o A - e AT Bl LRI A2, Sy BREE I s (1t n] 1525 i L B
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