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Abstract: To identify the compensatory growth ability of alpine meadows and the mechanisms underlying the process of
land degradation in northwestern Yunnan province (NYP), this study specified three degradation levels, i.e., heavy

degradation (HD), moderate degradation (MD), and control (CK). An in situ mowing experiment was conducted to test the
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strength of alpine meadow compensatory growth across these three degradation levels from July to September 2018.
Meanwhile, soil samples were collected and soil physical and chemical properties, such as bulk density, moisture, average
particle size, pH, total organic carbon, total nitrogen, available nitrogen, and available phosphorus, were measured. The
results showed that the total coverage, average height, and aboveground biomass of alpine meadows decreased along the
degradation gradient. Regarding soil variables, the soil bulk density, soil moisture, average particle size, total nitrogen, and
total organic carbon decreased along the degradation gradient. There were no significant differences in soil pH or available
nitrogen content among degradation gradients, while the order of available phosphorus was MD > CK > HD. Additionally,
the over-compensatory phenomenon was detected across all degradation levels, and there was no significant difference in the
strength of over-compensatory growth among the degradation levels. The strength of over-compensatory growth of
Gramineae and forbs did not change significantly across the degradation gradient, whereas the strength of over-compensatory
growth of Cyperaceae increased as degradation level increased, i.e. CK < MD < HD. Compared to Gramineae and
Cyperaceae, the over-compensatory growth of forbs was less affected by soil physicochemical properties. Finally, the effects
of soil physicochemical properties on the over-compensatory growth of alpine meadows in HD were stronger than in those in
CK and MD. This study suggests that although the plant communities and some soil physicochemical properties could be
negatively affected by land degradation, the over-compensatory growth of plant communities could remain stable if the
negative changes of soil physicochemical properties do not restrict the over-compensatory growth of plants in the alpine
meadows of NYP.
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Corresponding author: ZHANG Yong E-mail: zhy1902@126.com

AMEAE KRV RPN TG EE KR T
Ay AT TR A R S, R R 4
WATRE B MO0 2O B B A B B AL 1Y

LR iy T P05 ARSI R L R, L
Ll A 2 R G B T R AR 1
Horb, TR NBCZRER N, Rl T OUH 2 i

BRSSP WA B E, EYAMEAEK SN
IRAME KL S A AN R A K 3 2
WEFCR B, AEY R A A AR KRR B SR E
B2k, AR R i AR p BR B L B
A MEEEE RN, ST REA . iR,
FHREESM LSS, SAEWRERE, &l
B A& R AR EAME A K ae T T,
e D M b R R A ol IXR) e Ok AR P ELR AL 2 2
A4y sz UM, R W g B e v B A IR Mk
JE R EEVE g A o et g e i U
A R AR T S A AR, TS
RyFIRAHR RS B R MY AME A K e T AR R

VG b b A T R v DR R G, 7 T L X A
DAY, R AR E B A 2 R O X IR
PO IR E A 2 R AR ALK U IR A AR
FIPH, P HBIX 43 A0 % £ 1400 km 55 1L B4 A 25
A5, TR ZH X Rl A0 B Aol R R
. BT ek mA . NS, 3R

) OO X AR AL L ELIR B T, TR
Bk P T YR G I e L R ) A 5 R AN A P T
70T 5 R Y. BRI TR e L
3 X 55 1L £ 4 ) e PR AR B S TR R T
O A WIF TN 9 AS [R] 65 A 4 X IR 8 T T 4R BT 7
AR 3 52 08 b 1l R SE B A RAB B R
BLE™ . BTG MRE 1, R A e A K
HE 77 AT B 45 M AR L ) N N IR B T 3 4 e
B H A HﬁTF”*E@*E%ﬁ%B’J%I\Wdﬁkﬁ“ﬁm
B BRI T 0 S BUm B e A . B,
AW FT LA 2 7™ 5 iR I 3 B T P 7 b e 1
NI FE R BRI R R AR F 5, AR IE LT R
BL: 1) R A BE VS A AN 2 AR K D BE IR A 9 R
FEpnmn e g5 5 2) L ERAL R B A & T BUR AL ER
B V=R 7/ R X e o N A R I i DU R R
TR KR bR A A Y A B AE R BE OB T, A
Bl 7 AR G AL v L ) A T R B T 0 R B
P, Dzt IX s 5 R IR A i BB LB AR A

http://cykx.1zu.edu.cn


mailto:zhy1902@126.com
mailto:zhy1902@126.com

% 6 1 B A

AR A Hof P JRCVG b Ry o e R A VR M A e

1027

Y e D RS

1.1 R
111 B XA

XIENRIEA, T A S BT A RSl E
IR, Z XS4, 4k 3 2803 350 m,
JE T AR LR SE, EREZW. &
FZT+E, 6H -9HAMKBKEFESFEREKEN
70% bl BP0 8 [ 5 %45 Bl 2000 - 2016
FEYR, R ANELE 6.9 °C, FHEKE 619.5
mm. A 7 5 R L ) DL 4 SR RO R B T e
B, HEAKFETSEAEAE, HEEgRnA
CTLAE R, bR R e 24y 1P
AR TR e N BRI, A R B R
7B i Ui R B RD AR R R T IE R AR A L A
A 25 ) e 4%, LT B%ER BE . % 00 M B G R R
. b, AW FTH 3 A w7 o5 B R R A8 B R
b4 2 Fa bx (GB19377-2003) W B T 3 M BALBEE
[ EJZIB1L (heavy degradation, HD). HJEIE{L (medium
degradation, MD) 1 %} & (control, CK)] T 2018 £ 7

H =9 A AT N F .
1.1.2 R ER 6

TEREN IBAH BE EREALIE 5 3 F MLUEAE, 1E
&AL, BB 10ecm&E 14N 1mx10m K
PEREH, BRNEERL AR 10 S 1 m x 1 m 7 #%,
BEALIHEC 3 N 1 m x 1 m 75 #%3EAT X 5 (B 1).
AN THREEE SN 44 50 cm x 50 ecm IFE DT, 1% HL
FEAT B BIRE DT AE AR RIRE T, 522 FAT IR DT
kR, R B RONEIRE T — R A A (B D).
TEAN B ARE N, X ERE T xS HERE 5 1) A 4
WREE., FYEEMYMEEERA REE
7 (P>0.05 (F 1), XMFKXBARSEDT: )T
2018 47 H, XPRIBIFE A ATRE], B =N 1 em,
EN IR PIRE S 2 R E . RARHRIIS R R 3 AT
REBEN A8, WRISLIG = 2) T 20184E 9 H, XAl
S FE Hy AN IR AL M AT A E], B FE S 1 em, A
EINOR =R/ TR v N B e = 3 = A 3
= 3) REMMEWRE WA R LG, FHBA
62 C Mt M EEE, REKRE. KIE7HM
9 H A Hb b AR ) B v B R ) R A B R R AR K TR

—1m—
T
il Soill

Im a

A | A | x|

oving|Control [Moving|Control IMoving|Control

=

0.1m

1 #% Road

E1 #itrEE
Figure 1 Illustration of a sampling site

R 1 RABE X BESMNBESEREMEEERR

Table 1 General information on the communities between mowing and control treatments along the degradation gradient

B E FEHb R P YFh=EE
Degradation level Plot Total cover/% Average height/cm Species richness
R AL M 64.33 £ 5.00c 5.92 + 0.64c 15.11  0.48b
Heavy degradation CK 51.44+9.55¢ 5.66+0.37c 13.78 + 1.28b
R AL M 79.56 + 1.09b 8.44 + 0.25b 17.56 + 0.29a
Medium degradation CK 76.22 = 0.95b 839 £ 0.05b 17.44 = 0.48a
ot 1 M 90.89 = 1.13a 12.03 + 0.69a 18.44 + 0.78a
Control CK 88.56 = 0.5% 11.07+1.17a 18.11+ 0.87a

MAERNEIRETT, CKAFRMRETT; NR. FZIAR/NG P RERRAR F TR bR AN R Ah 2 (7] 2 57 2.3 (P < 0.05).

M represents mowing quadrats, CK represents control quadrats; this is applicable for the following tables. Different lowercase letters within the same

column indicate significant differences between different treatments at the 0.05 level.
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1.1.3  E3EFAL M I 2 ) A ) B VR R B AR KRR 0 AT g A PR R 1 OR
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10 om [ A A S BRAR I T 23 A o AR SR [32]
X R P IR AR AT E, LEREM A
FUWALE S, 4 A Ok A (HORIBA LA-
9608, Japan) Wl & = 4 ki 45 s A HL A7 v w4 I
pH: H = A HLEK 43 M1 14X (GE Analytical Instruments,
America) I 5& + 38 HLHK (soil organic carbon, SOC)
R ML 3N 50 #T A (SEAL Analytical GmbH,
AA3, Germany) Wl 7€ 1+ 1 4> % (total nitrogen, TN).
A A (NHF-N) FH A A (NOs-N) & = H
Eb €295 W 5 + 398 3 20 % (available phosphorous, AP)
TE.
1.2 HIEAIBRAG it 9

K FI Belsky' #2 i 1 ¥h £ #5 % (compensation
index, CI) R/ AL & MIAME KRR ), CI=G/C,
H, crsMEAEKIER, GRAXNEIRTAEY
= (HPXIRIFETT 7 A9 A4 My, C xt i
FEHL O H M A& . LA CT R/ H b i Y B 7R
& hae BEEY AN 25 Cr> 1, A4

s #CI=1, NEMME; & CI<1, RNRAME.
YIMEEE: S=N; HPSAHUMEEE; NN
FETT N H B R P P A E

K H R R 2% 93 T (One-way ANOVA) £ il
IBALEE B YRR RAE (G5 PR R R
FE ) AR AL R DL R R R AR
KaE i 2 =, BB & 7 % 40 ¥ 4E IBM SPSS
Statistics 24.0 H 58 .. K H TR 7 1 (RDA) R+ 5L

%, RDA 7£ Canoco 5 52 il 1F E7E Origin 2018
e .

2 HR50M
21 BUBE LERENRERTIREBUMR

T HFAE

TR S T mEM EAYE
Y51 b IR Ak 5 BE BG 0 TT AK IR R 3 R BE (P < 0.05)
(% 2). HD Fr b i) Fh F & FE B F KT MD Ml
CK .

HD #3585 8 B 2 v T X (P <0.05) (4 2).

BALERFE E, CK. MD. HD B ) -3 & K &
- 3P Bk AR R R S RS R R RO BRI .
HD Ff Hh - 358G HLAK & & 5 F (KT MD. CK Ff .
IR A B b A A 0 A & R4y MD > CK >
HD, TH#HipH. WA G RMMEASEARERED
1k (P> 0.05),
R E FEREMEENAMEEKEEN
HD. MD Fl CK ) 1 9 3 ¥ 1) R 0 #1132 48 2
YN 2.620 222 F12.20, B ER R b R R
WA TR BOE B 3% 2 7 (P> 0.05) (K 3).
MAFE DR B E . ARABHE D) 1402 48 2 AE
BRI C R E R, HE215 0. RE
BEMMAMEERERUHERN LR EER, H
WMEA KSR BELE 222 A4 o T5 BRI P # B2 4R
$ e IR AL B (0] 47 /6 B 2 25 5% (P < 0.05), CK Ffith
AR W0 A 22 F8 B0 1,88, HL B K T HD (2.69) Al
MD (2.60) ££ith (P < 0.05).

2.2

*2 NEATR (i E L EaEYR R

Table 2 Characteristics of plant communities at different degradation levels before the mowing experiment

HEVE RIS HJEIRLL R Xof B
Indices of plant community Heavy degradation (HD) Medium degradation (MD) Control (CK)
L JE Total cover/% 57.89+7.28¢ 77.89+0.97b 89.73 + 0.86a
47 B Average height/cm 5.79+0.51c 8.42+0.15b 11.55+0.93a
Y= 5 % Species richness 14.45 +0.88b 17.50 +0.39% 18.28 +0.83a

Hi_I-2E )8 Aboveground biomass/(g'm *)

117.32 +12.84¢

163.14 + 9.46b 236.93 +22.93a

[T AN AN G B R A R AR A R AL W) 22 53t 88 35 (P < 0.05).

Different lowercase letters within the same row indicate significant difference between different treatments at the 0.05 level.

http://cykx.1zu.edu.cn



6

B A

AR A Hof P JRCVG b Ry o e R A VR M A e

1029

T
- =

EETpS

g
Kl
&
i
B

1

1

~ 150 ¢
8
@1.25- a
=
ﬁélm-
*3
H o
Z 075 |
%
2 0.50 L
8_
a
- —
7_
T
B o—
Q
HaA 6|
5 1
sy
&
ﬂﬂﬂg 14
Qi
= o 13 F @
22 T
ZE 12t
oo
HE nt
T
210 .
HD

MD

CK

IBALHSE Degraded gradient

is applicable for the following figures as well.

MRS
Compensation index

MRS
Compensation index

3.0

2.5

2.0

L5

4.0
3.5
3.0
2.5
2.0
L5
1.0

41

B WK

Soil organic carbon/(g-kg™)

Soil moisture/%

Soil total nitrogen/(g-kg™)

70

60

50

40

30

20
25

20

15

10
12

- a 50
T 45
I b XH o
T S
i T 3%
BgE 30
= T HEEos
= REE
15
L L L 10
i 35
a IR
i .S
: = L
EEE
SES
= i
3 c )
Z=
— g s
1 1 1 10
i 35
: g} ,7:030
I oo
a T {r}:{_%bn
i g Es
- B85 20
B2E
b v @
(=%
1 1 1 10
HD MD CK

JBAHEFE Degraded gradient

B2 BUHEELIRBAMRELSE
Figure 2 Soil physical and chemical properties among different degradation levels
HD: HEiR{L; MD: PEIRM; CK: W, AFENGFREE RN ZF T, TR,

HD, heavy degradation; MD, medium degradation; CK, the control plots. Different lowercase letters indicate significant difference at the 0.05 level; this

% Community

a

[

1

4.0
35
3.0
2.5
2.0

-

AMETEE
Compensation index

1.5

[ S5ER Cyeraceae
a

b

-+

1

40 1

3.5
3.0
2.5
2.0

o
HhEERE
Compensation index

==

L 1.0

1.5

HD

MD

CK

BB FE Degraded gradient

AAF} Gramineae

a

+

HD MD CK
JBALHEFE Degraded gradient

a
= 1
| _1 i —

R E—
Z¥2KE Forbs
L ) )
1 . 1T
r I_'_
T L 1
HD MD CK

B1bE Degraded gradient

B3 RUHE LEMEERIEHEDNIMEEKEE

Figure 3 Compensation indices of the plant community and functional groups among different degradation levels

http://cykx.1zu.edu.cn



1030

T

37 %

23 EREYMEEMMEEKEAMIIFEELNE
FREX &

B T RERER P I A A K RE S SRR AL T R
MR R, HEBETRABMGEREY, 7%
JE R A B AR K RE 52 1 B AL P T R e B )
(K 4a).

3N BE M AMEERKRE NS LA E,
TR AR S B L pH R IEM LR R, H,
IR e R B ) 2 LR R K, TR
A B ) % L 4% pH 2 W d K (] 4a). L3 5K
2, FHRA, ASASTEMNLBEEAHESES
IATIRERERE WM AME A KRE W R E R R, H
o, SRR BB A £ AR KRR ) S X e
S M o ) AORE R Ok RO . SR R g L

B85 R ARHE YA AR KRR ) 2 A LT

0.8 F

a

Cypearceae
NH,-N

Moistur: M
o N~ >
AP, BD

I~ soC NO,-N

Axis 2 (8.68%)

Gramineae

—0.8 b
-1.0

RDA Axis 1 (55.27%) 1.0

AR, (B 5 4R B IH FRE Y 1 4h 22 4R K
REAOEWHERAMHRRR. SMEME, HDME
A RE 0 32 AL 5RO L A OR LR
MRE < RAR < BEF]

M X1 SR A SO0 00 80 £ A A £ A K o
FE 5 L EBALE T A HE P R A, CKORE 3 A 72 H
Fe B R B T, W BT A B2 T HD AT MD A 3,
CK FF b R P D 2 A2 K RE 77 52 4 338 BEAL 8 Joi 5 i
B9 (1 4b). HD B 1A PR V& A2 A K BE D &
B LA LT AN T S R AR ) ST R, (]
32 A A RS & A pH 1 IE 1 5
MD A CK F i (R B VR A 2 R K RE Ty 5 s e
BT R 2 5 HD FEMURE fe . AT 5, HD Ff
b 0 R PR R 2 A K RE 0 32 SR EE AL R R
Wi {9 7 18] 5 CK A MD AN, [ I i 52 5% 7 £ 7 S5
WEH,

0.8 HDI-1
D1-3
> HDI1-3
3
—_ -1 HDI-2
N
(o]
o
<
2 BD
1% HD2-3
<
D2,
NON b
HD2-1
p.
—0.8 h .
-1.0 RDA Axis 1 (55.27%) 1.0

B4 EREVHEIMEERENSIREBEUMRNXR
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(a) relationship between compensatory growth strength of different functional groups and soil physicochemical properties; (b) the distribution of sampling

quadrats among soil physicochemical properties. BD, soil bulk density; APS, average particle size; Moisture, soil moisture content; SOC, soil organic

carbon; TN, total nitrogen; NO5-N, nitrate nitrogen; NH,-N, ammonia nitrogen; AP, available phosphorus.
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