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Effects of grazing exclusion by fencing on soil mineral elements and plant community
in alpine steppes of the northern Tibetan Plateau
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Abstract: Grazing exclusion by fencing is one of the common measures to recover degraded grasslands. The content of
mineral elements in soils can affect individual plant growth and community succession. To evaluate the effect of grazing
exclusion by fencing on soil mineral element content and plant community characteristics in alpine steppes, two sampling
plots in Beila and Pubao of Bange County were selected. Plants and topsoil samples were collected from inside and outside
the fences in summer from 2010 to 2013. Species diversity, aboveground biomass, and contents of soil Ca, Cu, Fe, Mg, Mn,

and Zn were analyzed. The results showed that 1) Ca, Mg, and Cu contents in the soil in Beila Town decreased by 57.1%,
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24.1%, and 37.4%, respectively, while the content of soil Cu in the Pubao Town significantly increased relative to open
grazed plots, i.e., and increase of 25.2% due to the short-term (5~ 8 years) grazing exclusion (P < 0.05); however, no
significant differences in soil Fe, Mn, and Zn were found between fenced and grazed sites (P > 0.05). 2) Aboveground
biomass in Pubao Town increased significantly (P < 0.05) due to grazing exclusion, but no significant difference in species
diversity weas observed between fenced and grazed sites (P > 0.05). 3) Results of ANCOVA showed that only soil Mg
content was significantly correlated with aboveground biomass (P < 0.05), while the content of all soil mineral elements had

no significant effect on plant species diversity (P > 0.05). Our findings indicated that the effects of short-term grazing

exclusion by fencing on soil mineral element content and plant community in alpine steppes may be limited.

Keywords: aboveground biomass; alpine steppe; fencing; grazing exclusion; micronutrient; mineral elements
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Figure 1 Mineral macronutrient contents in each sampling year
AFIRE FRER R B N AP 22 5 35 (P <0.05), ANRIVINE S RER RS [FAF 43 0] 22 5 2 3% (P < 0.05): K2, Kl 4TA,

Different capital letters indicate significant differences between within and outside fences for the same sampling year at the 0.05 level; and different

lowercase letters indicate significant differences between different sampling years within or outside fences at the 0.05 level; this is applicable for Figure 2

and Figure 4 as well.

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



4 B A [l g AL e 2 B R T T T 3 AR VR REAE (1 5 T 649
—e— JUX Grazed —a— 31 & Fenced
dehisE LR
Beila Town Pubao Town
40 ¢ 40 - N Aa 40 01 GAa Aa Aa
~ 30 30 } Aa  ~ 30} Aa 30 + Aa ‘Aa
—?‘D oo Ab Ab Ab &0 Aa Aa "on
on A =) 50
22 @20t 220t A % 20 |
El 5 Ab Ab 5 ; Ao = Ab Bb
O = Q Aa  Aa &5
10 10 10 + Ba 10
0 obr . 0 ob. . .
700 100 ¢ 700 100
Aa Aa Aa Aa
600 | Aa Aa A 600 |
% ~ 80 F Ay D ~ 80 Aa A
_5;“ 500 |42 a2 2 s00 | A2 Aa b Aa \ |Aa
2 60 | g e 60 b
s Ab £ AaNA? s b g
§ 400 | Ab z a S 400 ¢ z Aa Aa
L A L
300 40 A 300 Ab Bb 40 A
Ab  Ab Aa 3 ‘
200 Lo o 20 Lo 27 . 200 b o 20 b
2010 2011 2012 2013 2010 2011 2012 2013 2010 2011 2012 2013 2010 2011 2012 2013
PR KAEFEy PR PR
Sampling year Sampling year Sampling year Sampling year
2 EXRMEGT RNELEZEE
Figure 2 Mineral trace element contents in each sampling year
F2 B, #ih. FRREXEERANTIET RTEEMNRESHNER S
Table 2 Effects of fencing, site, year, and their interactions on soil mineral elements from mixed-effect model analysis
[X % Factor F/P £5 Ca i Cu % Fe £ Mg % Mn £ Zn
FEl# Fence F 34.26 5.72 0.75 9.90 2.78 0.03
P <0.01 0.02 0.39 <0.01 0.10 0.85
FEHh Site F 0.79 4.42 0.57 2.42 0.79 0.12
P 0.38 0.04 0.45 0.13 0.38 0.73
4y Year F 0.23 2.10 2.65 2.31 3.86 0.12
P 0.87 0.12 0.06 0.09 0.02 0.95
FEIA x FE3Hh Fence x site F 30.96 62.26 0.55 19.29 232 2.94
P <0.01 <0.01 0.46 <0.01 0.14 0.09
FEl 42 x 4-4) Fence x year F 9.08 20.44 2.41 10.28 1.11 1.19
P <0.01 <0.01 0.08 <0.01 0.36 0.33
FEdh x R4 Site x year F 0.11 0.29 0.25 0.31 0.23 0.00
P 0.95 0.83 0.86 0.82 0.88 1.00
FEl# x FEHL x &4 Fence x site x year F 5.37 30.08 3.00 2.70 3.85 1.89
P <0.01 <0.01 0.04 0.06 0.02 0.15
BE (P<0.05). EECoFEAAFRFEMEIZR  EREE (P <0.05); (£ —TRH KX Zn T 8 &
3 (P <0.05), 12 Mn & EEANFRFEFEMGE W (P> 0.05). BAENIERE LEY, Fe & &,
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Figure 3 Mineral element contents inside and outside the fences of each site
# R 0p ) 2R s [F] — FF 3 R A P9 4 22 5 B35 (P < 0.05) R 3% (P <0.01); ns R ZEFAEZE P>0.05); ES5. B6H.

* and ** indicate significant differences at the 0.05 and 0.01 levels, respectively; ns indicates non-significant differences at the 0.05 level, for a given

element between within and outside fences; this is applicable for Figure 5 and Figure 6 as well.

Cu & & &K & uR & EMNSEEHF N Fe> Ca>
Mg > Mn > Zn > Cu (& 3).

22 EREHENEDREHENIT

B P Ah M b A= 4 o 4 B A8 Ak S B S A
2N A A ) & M Shannon-Wiener 18 ZUAH X K/
To— BN (] 4). 2013 F3F R FEF P L B4
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0.05), HoAth 3 & 4 03 Bl A2 9 A db T 2E 4 5 J% Shannon-
Wiener 18 £ 45 70 & 3 7% 7 (P > 0.05) (¥ 4). 1¥ 2012
AR E R LA RS 2011 FEAH HL 2
S, 2011-2012 E A1 2012-2013 4F T {545 i 4
FEHI[Y) Shannon-Wiener 15204 FrA2 6 2.3 (P < 0.05),
HoAth 4F 47y (6] #b_| 2E ) & % Shannon-Wiener $& £ 148
WAL (P> 0.05).

St A b, BRSO Rl AR A S e
BE (P<0.05) (£ 3). H, BIALE G SR
f AR R N (0T 43.8%) (K] 5).
B2 ox REHE L AR < S 4 B FELRS L R R AR 4 = 35 1)
A HAE F X b AR )R R 2 2 (P < 0.05) (38 3).

IR < AR IS HARE X Rl 2 BV B35 5
M o H 55 JHCBORE AR LG, RS 3 6 7 A A A
ZFEVER A B 2 (P> 0.05) (K] 5).
2.3 SIRFHE. BEEIHEMTIET R REMNXR
G 7 A s, A K TR S EAYEM
% FEVE 2 AR S8 25 SrORE DG A 5 2 TE AR OG, AR K2
B 7K 55 b A 4 8 0 22 R i) I R 3 TR AH SR A
P 2 A 9% (P < 0.01) (B 6). A K TR S HH
G R R IEM O, (HAEKFRKS S0 e ER
BENMK. GEKBBRKMEL, 2 KFSE 57 R
TCRMAA R RBANEE R S0 RICHR M, Ca
Mg. Cu 5 Zn. Mn 5 Zn. Fe 5 Mg. Mn fll Zn 2 [A] #%
W IEAAHR (P<0.01). LT Mg S5Hh AV ER
E UK (P <0.05), {H FEIF2 P B A= A B A &
b 45 T R A RS AR A R E (P> 0.05) (K1 7).
TG TR SR Z R ERE LR (P> 0.05)
(1 6), H [ A= 59 Fh 22 4 14 Bl 1 338 Zn 75 & 39 I 2
Jelk /N 5 G A, BHARE B3 (P <0.05) (K 8).
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Figure 4 Aboveground biomass and Shannon-Wiener index in each sampling year
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Table 3 Effects of fencing, site, year, and their interactions
on plant community characteristics from
mixed-effect model analysis

H EAEYIE Shannon-Wienerfg %%
ESES Aboveground biomass Shannon-Wiener index
Factor
F P F P
F#~ Fence (F)  34.26 <0.01 1.57 0.21
FEHb Site (S) 0.77 0.39 0.44 0.51
4 Year (Y) 023 0.88 0.93 0.43
FxS 30.96 <0.01 0.16 0.69
FxY 9.08 <0.01 3.39 0.02
SxY 0.11 0.95 0.35 0.79
FxSxY 5.37 <0.01 2.48 0.07

PLE B e = N AR & 34T 0 b, 45 R B on F
g mEE R EAYE YR 2 LR
Z R (P> 0.05) (£ 4). 13 Mg Xt EAY) &

HEBZEFW (P <0.05), BEREHES 1% Z0 R E
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*4 WEEVERMYFS LMD T ESR
Table 4 Results of ANCOVA models for above-ground biomass and biodiversity

£ 25 B i AR Above-ground biomass Shannon-Wienerf§ %% Shannon-Wiener index
Independent variables Sum Sq F P Sum Sq F P
FElF Fence 47.164 0.184 0.675 0.048 0.736 0.408
5 Ca 542.507 2.117 0.171 0.009 0.143 0.712
FEl £ x 45 Fence x Ca 253.450 0.989 0.340 0.001 0.015 0.904
FEF Fence 306.279 1.287 0.279 0.019 0.318 0.583
i Cu 137.543 0.578 0.462 0.031 0.511 0.488
FEl % x 4 Fence x Cu 618.012 2.597 0.133 0.071 1.172 0.300
FEI#~ Fence 278.314 0.972 0.344 0.036 0.645 0.438
B Fe 195.176 0.681 0.425 0.119 2.157 0.168
FEIA x %k Fence x Fe 6.929 0.024 0.879 0.031 0.556 0.470
FEF Fence 73.961 0.366 0.556 0.019 0.282 0.605
B Mg 1107.643 5.485 0.037 0.017 0.249 0.627
FEl £ x £ Fence x Mg 312.639 1.548 0.237 0.000 0.000 0.993
FEF Fence 298.465 1.074 0.320 0.045 0.869 0.370
% Mn 159.032 0.572 0.464 0.154 2.974 0.110
£ x 4% Fence x Mn 125.275 0.451 0.515 0.026 0.506 0.491
FEI#~ Fence 244.497 0.891 0.364 0.029 0.684 0.424
B Zn 0.396 0.001 0.970 0.097 2.268 0.158
FEl £ x 4% Fence x Zn 379.778 1.384 0.262 0.206 4.807 0.049
B H AR N,

The degree of freedom of each independent variable is 1.
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