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Abstract; Shrub encroachment is an important ecological process that affects the nutrient cycle of alpine meadows. In order
to investigate the impact of shrub encroachment on vegetation communities and soil physicochemical properties in alpine
meadows along the eastern edge of the Qilian Mountains, this study focused on the shrub encroachment alpine meadow area
of Tianzhu Tibetan Autonomous Region in Gansu Province. The study analyzed the characteristics of the vegetation in the
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in the scrub area, as well as the physical properties of the soils at depths of 0—10 em, 10—20 ¢m, and 20—30 c¢m. The
study examined the nutrient content, stoichiometric ratios, the activities of urease, alkaline phosphatase, catalase, and
sucrase activities. The results showed that the evenness index, height, cover and aboveground biomass of alpine meadow
vegetation at the eastern edge of the Qilian Mountains increased significantly with the process of shrub encroachment.
However, Simpson’s index, Shannon—Wiener's index, and abundance index decreased. Soil water content in the 0—10 c¢m
layer was significantly higher in the scrub area than in the meadow area. Additionally, the bulk density in the staggered area
was significantly higher than that in the scrub area (P<0.05), and there was no significant change in pH. Soil nitrogen
content in the 20—30 cm layer was significantly higher in the meadow area than in the staggered area, but C:P soil total
nitrogen content in the 20—30 c¢m layer was significantly higher in the meadow area than in the scrub area. Furthermore,
the total phosphorus content in the 0—30 cm layer was significantly higher in the scrub area than in the meadow area ( P<
0.05), C:P and N:P were the highest in the meadow area, but the significance of soil organic matter content was not
apparent. Soil N:P<14 indicated that nitrogen was the main limiting factor for soil nutrients. The activities of soil urease and
catalase were significantly higher in the 0—30 c¢m layer compared to the scrub area (P<0.05). There was no significant in
pH. Soil water content was significantly higher in the 20—30 c¢m layer compared to the scrub area. Higher than that in the
scrub area (P <0.05), there were no significant changes in alkaline phosphatase and sucrase. Axes I and II in the
redundancy analysis explained 47.27% and 7.62% of the total variation, respectively, while vegetation characteristics
cumulatively explained 54.88% of the variation in soil physical and chemical properties. The best fit between soil catalase
and vegetation characteristics ( Pr=0.010) indicated that soil catalase was most influenced by vegetation characteristics
during the process of alpine meadows scrub fertilization. Soil organic matter, total nitrogen, and total phosphorus content
were highly significantly and negatively correlated with vegetation diversity. It can be seen that the shrub encroachment of
alpine meadows significantly affects the structure of vegetation communities and soil physicochemical characteristics, and the
influence of shrub encroachment should be paid attention to in the ecological protection and management of Qilian

Mountains.

Key Words: alpine meadow; shrub encroachment; soil enzyme activity; characteristics of stoichiometric; vegetation

characteristics
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2 HREHSH

2.1 T Mb I AR R R VA RRAE 1) S AT

M3 1 A0 BEEHE LI FE Simpson’s $5%1  Shannon-Wiener's 16 40H1 42 & 18 504 FRAT 3 T 244
FRE R e B AN G FE b b AR i B T AR R TGN 5 AR T E A DXHE R (SB) Wb, 34050 5 i B5C7E i) IX.
(M) X N E(EG) A4S XK (EB) JEMIX T 5 (SG) B4 MK T 18.84% . 14.49% 20.29% .
17.39% ; T MY JE A 9% 75 B B9 28 AL R BN : SB>SG>EB>EGSM ; M 4% 35 8 A28tk 22 3 : SBSEB>SG>EGSM,

R1 EMOIEERSENEZRL

Table 1 Changes in vegetation characteristics during shrub encroachment

T H Items M EG EB SG SB
Simpson’s 5% Simpson index 0.93+0.0084a 0.93+0.0009a 0.92+0.0082a 0.92+0.0024a 0.90+0.0475a
Shannon-Wiener's $54 Shannon-Wiener index ~ 3.04+£0.0771a 3.05+0.0382a 2.95+0.1655a 2.89+0.1768a 2.61+0.4589a
Y5 BEHEHL Evenness index 0.56+0.0001b 0.59+0.0239b 0.55+0.0238b 0.57+0.0523b 0.69+0.0485a
=5 BE 482X Richness index 7.82+0.6144a 7.60+0.6138a 7.38+0.9206a 6.73+1.842ab 4.03+1.3965h
FEHE I Vegetation height/cm 13.40+0.46b 15.08+1.59b 15.40+1.44h 15.57+1.75b 24.74+1.82a
MW 3 Vegetation cover/% 96.91+0.0089¢ 97.77+0.0075bc 97.68+0.0093bc 98.15+0.0069ab  98.96+0.0069a
o LEmE 247.79+15.54¢ 252.44+18.32¢ 1057.02+23.89b 249.16£19.54c  3038.80+25.44a

Aboveground biomass/ ( g/m?)
M 548 [X. Meadow area; EG ; 3845 X 5 N %% Excessive area under the crown grass ; EB; 345 X #E K Bush of excessive area;SG ; #E M X & T % Scrub
area under the crown grass;SB . HE N IXHE K Bush of scrub area;z:lﬁ,lﬂ(}/]\%'¥ﬁ%§/f{§ﬁ [X. \Q%E*ﬂ@MEZIEﬂé%E%( P<0.05)

2.2 FEMMES RS KA AEA pH 15 HT

e 2 AT, 43S K R B 4 2 B IR IR, 25 S B 3, 8 M EG FEHE,0—10 em 2 RIS /KR
TE SG FEHbLTFSE T 21.28% 21.61% , %% EB FI SB M43 555 16.57% 4.19% ; T HE4SFEAE SB FEHL IR 3 TR (P<
0.05) ,7£ M .EB SG FEdiA 22 SH AR, + 38 pH 15 = 26 ) bt 2 v e 281k (P>0.05)

®2 EAMIELESKE FEWpH HEL

Table 2 Changes in soil water content, bulk weight, and pH during shrub encroachment

i H FEH +JZ Soil layer/cm
Ttems sample 0—10 10—20 20—30
FIKER M 54.94+1.88Ab 49.15+1.24Aa 47.08+0.59Aa
Water content/ % EG 54.79+0.73Ab 53.64+1.24Aa 44.54+1.79Aa
EB 57.16+0.72Aab 48.90+1.67Aa 48.92+1.55Aa
SG 66.63+1.39Aa 53.50+2.12ABa 49.42+0.81Ba
SB 63.95+2.01Aab 52.06+£1.37Aa 49.22+2.23Aa
A M 0.73+0.08Aab 0.75+0.05Aa 0.77£0.05Aa
Bulk density/ (g/cm?) EG 0.79+0.08Ba 0.79+0.09Aa 0.81£0.11Aa
EB 0.72+0.13Aab 0.72+0.13Aa 0.77£0.08 Aa
SG 0.68+0.09Aab 0.78+0.15Aa 0.77£0.10Aa
SB 0.65+0.13Bb 0.76+0.08Aa 0.78+0.09Aa
pH M 6.88+0.06Aa 6.92+0.05Aa 6.92+0.04Aa
EG 6.87+0.09Aa 6.90+0.03Aa 6.91£0.04Aa
EB 6.85+0.08Ba 6.89+0.03ABa 6.94£0.05Aa
SG 6.80+0.04Aa 6.92+0.05Aa 6.91£0.06Aa
SB 6.91+0.09Aa 6.90+0.02Aa 6.90+0.05Aa

AN/ INE TR R R A DX S8 DRI DA DX 2 ] A4 28 5 . 35 5 R Rl RS P BER 7R 0—10em ,10—20cm ,20—30em )2 Z A1 #9 22 5 3 ( P<
0.05)

2.3 FEMEIIRR R B A i i SO E TR R A S0 A
HIPE 3 n] DL, A PR A% WS EREE )2 IR, 0—10 em JZ, M F1 EB #3119 4 B 55
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HEHIE T SC FEHL A I FEAK T 24.42% ,27.76% ; A4 T M 1 EB £EHl, C: P 78 SG #F M B AR T 26.05% .
27.94% , % EG 1 SB FEHb4> 5 TR 12.38% .13.53% , 10—20 cm JZ2, HIER & EAE SC M B & w T M AL
Hi(P<0.05) , 20—30 em 2, TIEAHLEK S & C:P N:P 7E EG A3 1 Z LT M HEH (P<0.05) ; 285 #7E
M .EG .EB il SB FEHiIAKT SC #itb,

+E/em [] 0—10 N10—20 [F20—30
140 160
140 |
120 |
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80 |
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2R

Total nitrogen/g-kg™!
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3 EMLEELEE SOC. TN TP S EREXFITEHET K
Fig.3 Changes in soil SOC, TN, TP contents and their stoichiometric characteristics during shrub encroachment
SOC ; + A HLER Soil organic carbon; TN ; 42 Total nitrogen ; TP ; 4 Total phosphorus ; 78 [f)l/NE P RF /R B X S HE X X 2 [ 14 5 3%
FESME AN A RS FRER R AN [ 2 2 18] 19 4 25 22 54 (P<0.05)

2.4 FENEIS R RS 0 T

P P 4 AT D, - S M e AR P il 16 P Bt o 2 IR 2 R R B T ek AR A S T 2 B - 2 R
THEr, B 20—30 cm JZEEEYE B E = T 0—10 em 1 10—20 cm JZ (P<0.05) . 0—10 cm 2, H# T SB FEih
- S MRBEE PEAE MO i E 4 36.10% ;10—20 cm JZ2 , M3 T EG Feib, IREETEYEZE M ORI SG R I & 42
45.44% 42.92% , + 335 EAb SRS PR AR A SR I M ORI & & T SG T SB AEHL(P<0.05) o - HER
P Bl R T R T P TS M A5 R b 34 T W
2.5 AL TS RERRAE PR S B

W R AL R 1 S PRBE AR B AR RRIE A S 2 A i 45 ) - S P A DR A R 1) 25 S AR R A
3 R IR, H L N SRR 2 (8] 2 1 25 HH OGO &R (Monte Carlo permutation test results, P<0.05) ,
L% I %h 0 ol i R S A2 S 1 47.27% R0 7.62% , BT HE Pl S8l R i 54.88%, FUL Uil 1 %h | 11
AT R R B RRIE S A T I R IR R T RhE (K 3)

RDA ZAr 8 R B, i AL S ( CAT) BTk fie i, U BH o AU Ab S X A B R A1 1 A fb 22 S i 3] TR
SR RBEAE T . Horp R BEAR AL (Pa) 5 CAT WIS dRe/ N (TEARDRG) , S MR (SOC) Je e K (AR ) |, 1t
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Fig.4 Changes in soil enzyme activities during shrub encroachment
URE: Urease Iki§; ALP. Alkaline Phosphatase TIEBERRHE; CAT. Catalase i %8/ 5 ; SUC: Ucrase JHEHHE

ot Ak S AN AT MBI 52 i = 5 2 8 400 B 2 K 2 ; Shannon-Wiener's 5§80 (H') 5758 (BD) I Mz /D,
5 C:N Wi, YA E M C:N J&2 50 Shannon-Wiener's 8501 £ 5 A % ; Simpson's $6 50 ( D) 5 M
PRI (ALP) B3 ffe/N, 5 C:N B3I M ik, UL B B RR BE AT C:N JZ52 M Simpson's 155U 2L A 7 ;395

JEFRR( ") Fi BE (TH) 5 R EERE R (SUC) e fidie/N, 5 N=P Y Ay d ok, UL R RERE AT N < P o 52 Wi 1 ) 2
TR BN 1 s A=W (AB) 55 SOC Ui/, 5 CAT BYSR A BR, U WA HILBR F i S 1L S0 I
=N

Ho b AR BN HE(TC) 5 C:N Sk MdR/, 5AH BD MM IR, Uil C:N A BJE R EE
MOCHER 2R (] 5) , 2R 4 Z5 5L IR, CAT S R M g R ReiF i) £ 27,

®3 HEHBEESHEREN RDATIRO) HEF 247

Table 3 RDA (Redundancy analysis) ranking analysis of vegetation characteristic values and explained quantities

N Content %I%(Axisl) %Htﬂﬂ(AXiSH)

FRAEE Eigenvalues 3.3087 0.53307

] ff A 1 B3 H 43 L Explained variation ( cumulative) 0.4727 0.07615

] fif 4Ll & 75 B Explained fitted variation 0.4727 0.54883
P<0.05

SR P B KK Monte Carlo permutation test results

R4 EYEHEFTEELEF RDA HFEX R

Table 4 RDA ranking correlation coefficients for plant characteristics and soil physical and chemical factors

%% Content RDAI RDA2 R? Pr %S Content RDAI RDA2 R? Pr
URE 0.92100 0.38956 0.0038 0.949 C:N 0.97573 -0.21896 0.0470 0.540
ALP -0.69510 0.71892 0.0234 0.715 C:P -0.97387 -0.22712 0.0293 0.676
CAT -0.98791 -0.15501 0.3195 0.010** || N:P -0.90236 -0.43099 0.0394 0.592
sucC 0.88491 0.46576 0.0848 0.296 pH 0.03487 -0.99939 0.0043 0.946
SoC 0.99100 0.13387 0.0879 0.283 wC 0.92414 0.38205 0.0789 0.327
TN 0.96561 0.25998 0.0774 0.340 BD -0.99390 0.11027 0.1094 0.181
TP 0.99973 -0.02303 0.1044 0.225

URE: X/ Urease; ALP. WaLVE i BR i Alkaline Phosphatase; CAT. 1t A Ak A i Catalase; SUC: THE b il Ucrase; SOC: A MLk Soil Organic
Carbon; TN Total Nitrogen 4>%&.; TP: Total Phosphorus 4=#§; C:N. B& % Lt Organic carbon : Total nitrogen; C:P: i b Organic carbon : Total

phosphorus; N:P: Total nitrogen:Total phosphorus; WC: 7K Moisture content; BD; %5 Bulk Density
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Fig.5 RDA (Redundancy analysis) analysis between vegetation characteristics and soil physical and chemical factors
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