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Abstract: Phosphorus is the key support element in alpine grassland ecosystem. Alpine meadow degradation has caused
many important ecological and production problems in pasturing area, and also produced the changes of nutrients recycling
in ecosystems. The effects of degradation on phosphorus in alpine meadow ecosystem is complex because of the special
climax and utilization strategies. Thus phosphorus recycling and its effects on productivity in degraded alpine meadow
ecosystem was overlooked in the past years. Three typical phases of degraded alpine meadow, lightly degraded (LD ),

middle degraded( MD ), and seriously degraded (SD) alpine meadow phases were chosen to study the effects of alpine
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meadow degradation on soil and vegetation phosphorus characteristics and their relationships with the vegetation biomass in
eastern Qilian Mountain, and the control experiment treatment was the fenced restoration alpine meadow ( FG). Soil
phosphorus characteristics, such as soil total phosphorus, available phosphorus, microbial phosphorus content, and alkaline
phosphatase activity of different alpine meadow phases in spring and summer, and the corresponding vegetation above-
ground plant biomass and phosphorus content in growth season were studied, respectively. The results showed that the
above-ground plant biomass decreased seriously after degradation in the alpine meadows of eastern Qilian Mountain. The
above-ground plant dry weight of SD was only 35.93% of FG. The above-ground phosphorus content also decreased
significantly after degradation, but there were no significant differences among different degradation degrees. The above-
ground phosphorus content of the degraded alpine meadow was only 60% of the FG. Soil total and available phosphorus
content in surface soil depth increased after degradation in the alpine meadows. Soil available phosphorus content of LD,
MD and SD increased by 16.67%, 36.67% , 3.33% in spring, and 4.35%, 26.09% , 4.35% in summer, respectively.
Meanwhile, soil available phosphorus content showed the seasonal difference which was higher in spring than summer.
Degradation induced soil microbial phosphorus content to decrease, but it had no obvious rule on soil alkaline phosphatase
activity. But soil alkaline phosphatase activity of FG in summer was higher than spring. Pearson correlation analyses showed
that above-ground plant dry weight was positively correlated with soil total phosphorus content, and negatively correlated
with soil alkaline phosphatase activity, while there was no significantly correlated relationship between the above-ground
plant phosphorus and soil phosphorus characteristics, which reflected that soil phosphorus characteristics was not the reason
for the reduction of above-ground plant phosphorus content. This study revealed phosphorus characteristics and their
relationships in soil-plant system, which could provide basis for the management and restoration of degraded grassland in

alpine area.

Key Words: alpine meadow; degradation; vegetation phosphorus; soil phosphorus; plant biomass; eastern Qilian

Mountains
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S SO AR B G R 48 /8B Z00 T R R X AR ) R G T AR, D S DX A A
WAL SR B PP Z SR

1 REXHBLR

TG A TR L AR G H A A M R A R A g LR S Bl st B B N 37°407,E 102032', P-4tk
2960 m, 4EEI KA 416 mm, Z HIE RN, HAETTE 7—9 A /KIFE, AE SR 0.8°C, 1 A 7 H¥EHS
7350 -10.8°C Fl 12.4°C , IXIUB RG22 K, KBRS , 4F H BRI E] D 2600 h, JoAa 3 JoaEH , (004 B
2 IR g 1L A A Bk O P T AR R ) L B AT e i F ( Kobresia capillifolia) JEH:
% ( Kobresia humilis) \FEREPEHE T ( Elymus nutans Griseb.) , 47 Ji 75 5. ( Medicago ruthenica) | 5 111 3 72 B
( Thalictrum alpinu) | —Z4ZEBE 5% ( Potentilla bifurca) %5 .

2 MREFE

2.1 R

G TS DX S BEAS — S0 Bl B R € A (FG) R B2 (LD) (P EE (MD) FlEE BBk (SD ) 5 ZE B A
VERBIGEXS G2, FERL I A ¥ 22 sy, RHAFE ORI B 8] 2R 11 AR BISE Z A48 5 A 40,4 DA TRIBY Bt 5 2E ) b
WA 4r5% GB19377—2003" 47, 2021 4F 8 H b THIBA A , B PR T ALY S o m REVE R A
KA R A MESL AN 1 7R .
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Table 1 General situation of the different alpine meadow types

e R IR AL B B FE X b A TR FEHOIR B
Degraded alpine meadow phases Geographic coordinates Altitude/m Vegetation situation
Wi 100% , B 30 em, = AFERIBUH, A DL T8 5
N N 37°11'51" E 102°47'06" 2900 L 100%, 7% 30 em ,E*m&’ﬁw A RiTE 5
Pl i FE i) emn o ( Melissilus ruthemicus) . %98 5 ( Elymus nutans) \BR 4
N 37°11'52" E 102°47'08 2900 e .. B T . . .
Fenced grassland(FG) e o # (Artemisia smithii) | ¥ 2 7 % ( Kobresia humilis) | 7t
N 37°11'52" E 102°47'08 2900 - . B . N
X (Leymus secalinus) 3 (Stipa capillata.) 77,
= 70%, ¥ 22 em, JENH ( Thatictrumaquilegi
2Rk i JEH) N 37°11'57" E 102°46'43" 2907 Solium) | 4R 3% f£ ( Anemone cathayensisKitag ) | ¥k 1€ &
Lightly degraded alpine meadow N 37°11'58" E 102°46'40" 2907 (Artemisia smithii) ¥ AE3E (Allium beesianum) | 38 &
(LD) N 37°12'00" E 102°46'39" 2907 ( Elymus nutans) &M 78 5 ( Kobresia humilis ) . /INK
( Euphrasia pectinata Ten)
= 50% , B 16em, JE RN B ( Thatictrumaquilegi
R IR AL FE B ) N 37°11'59" E 102°46'37" 2906 Sfolium) JKAETL ( Gentiana straminea) ERAETE (Artemisia
Middle degraded alpine meadow N 37°12'01" E 102°46'33" 2910 smithii) BEIR G ( Elymus nutans) ¥ AL ( Oxytropis
(MD) N 37°12'03" E 102°46'35" 2900 ochrocephala) | %% "= # ¥ ( Kobresia humilis ) &1
(Stipa capillata. )
= 30%, B OE 15em, B S5 ¥ ( Pedicularis
. i . P, I
AL R ] N 37°12°05" E 102°46'15" 2021 {fﬁnsuenszs? \%ﬁ\‘?“ ( TlAuftL'cAter’imaquLlegL-follulln)A-‘@/EEr d
. . o o %5 ( Kobresia humilis) \BRAE S (Artemisia smithii ) | K AL
Seriously degraded alpine meadow N 37°12'03" E 102°46'12 2921 5 ( Genti sraminea ) . B BB ( Kl .
) /]
(SD) N 37°12/03" E 102°46'07" 2021 entianas traminea ) | lymus  nutans

Griseb.) FEAEHR . ( Oxytropis ochrocephala) %55 AL 3
(Stipa purpurea.)

FG . Fl& i Fenced grassland; LD ; %% B iR b 55 € 7 ) Lightly degraded alpine meadow; MD . P Ji iR 1k 15 98 % fa] Middle degraded alpine
meadow ; SD ; T iR L 51 FE 5 A1) Seriously degraded alpine meadow
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BERFFEFEAR ; 5 — o0 fif T AT 4°C Y5, SR T 3 A W s e = i
2.3 MESE RSk
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KetE Dy b RIS BTN BIBR A S PR EE L, 43 A RS =, TR o 65°C HE T R AE E T4 Hilid sk T
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232 HIERRREBER AR E

3 AR AT 0.15 mm 5 KT HRENE , 7k H,S0,-HCIO, 1M & B He (ks 3k M ik
B - HERE LI vk R A R AR BRI S AR Z A 22 A R 1 m G KT
FREIAE, J7 R 0.5 mol/L NaHCO, = 4 | 0 4 FR 40 S8 fh B8 €0 SH 86 T bb vk > 5 - e i 1 1 R ) 2ot
1 mm i A EREE 7758 0.5% BERRR @b (k™) o A4 & i 5 SR i 0.5mm 07 9 b3t
BESIEAT , 50 H,90,-H,0,14% AUEHT a1 |
2.4 BRI K A b

RIS HE R FH Microsoft Excel 2010 138 B R ] SPSS 26.0 #4740 41, 12 LR 7 225007 ( One-
way ANOVA) £ 35 A [F] 1R 1 B B i 98 B fa) 22 (] Wl 3R RRIE 48 A 1) 108 351, SR ] Duncan’s A5 56 72: 45 2 A [R] b #1
[P {A 1) 2 P25 5 (P<0.05) o SR Pearson AHJCHM M #EATAHDCHE 73 # , AHOC R %k r 7 2 N FEHLAE &
]2 P AE DG i 55 B - 1—1 2], -1 ARER B A OG; 1 AR W35 IEAH OG0 AR 8 J0 ¢, m W
A [ 2 O R AR, AN MR

3 ZBRESH

3.1 mEFERE SR AL B g A e S R A

RIRR AR B FE R A g LB AE Y SR SRR 2 PR, WA, 5 FG M H, iR ks JE 5
) A0 AR IR AR, o A 26 R A B 110 s i, DRI, B AR AR R B P ) o R i A 7 1 2 R R
FG W i i, 5 3 PR AL s FE i f) 25 5 B 35 (P<0.05) , T 3 iR Ak iy 58 ) P o 25 i b b T80 K
S M HE FG,LD MD F1 SD B i & 20 BIFEAR 1 39.0% ,36.5% F1 39.0% , = F 2 6] 22 % A . (P>0.05) ,
PRI IR R A 385 v 2 e ) AR 14 % k) BRI (PR [RTR AR B B B i i I B 22 5

®2 FEL2021 FEEEAFRRUMKRERE FTEMEEHEESE

Table 2 Above-ground dry weight and phosphorus content of different alpine meadow degradation phases in eastern Qilian Mountains in 2021

T R ARR AL B o AR AT (g/m?) Ho B %
Degraded alpine meadow phases Above-ground dry weight Above-ground grass P content
FG 426.68+25.30a 0.41x0.03a
LD 300.0018.04b 0.25£0.05b
MD 213.32£16.34c 0.26+0.02b
SD 153.32+15.21d 0.25+0.01b

() 5 B8040 5 AN [l /N = B ) 2R A [ oy 28 2 ) B B 2 [A] 9 235442 ( P<0.05)
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3.2 EFERAANERR LB B 3R R ARE
321 &#

AR B R HEEME S LSRR 3, 5 FC ML, & ME FEMLY FH 0—10 cm
+ R AT L FG, /2 LD MD SD 43l F+ & T 12.67% 4.07% .9.95% , B 24y | F+ i T 11.55%
1.20% ,5.98% . TMi#ZE 10—20 cm I SD>FG>MD>LD,FG 5 SD 255 A 3% (HE MD LD 2 % B3 (P<
0.05) , 22 10—20 cm B S E AN E, 5SHFEFML, EF 520 S 8RS L&, LD MD I
HD 0—10 em T2 20 & EIKIR 5 T 12.45% 49.41% 9.47% . 7 T2 A L T 10—
20 em 2 HE, M2 FG Il MD £ 2030 em )25 &, LD F1 SD L 0—10 em + 2 &,

£3 FHREL202 FEEEARRBRUMRLIESBEE/ (/ky)

Table 3 Soil total phosphorus content of different alpine meadow phases in eastern Qilian Mountains in 2021

e ZE B )R AL B B e ZE B )R AL B B
i FE i 1R 1 Bt b 5% S SRy B iy 5% 5
Degraded alpine . . Degraded alpine . .
Soil depth/cm Spring Summer Soil depth/cm Spring Summer
meadow phases meadow phases
FG 0—10 2.21+0.04Bb  2.51+0.02Bc MD 0—10 2.30+0.08Ch 2.54+0.01Bb
10—20 2.88+0.04Aa  2.56+0.01Ab 10—20 2.42+0.16Cb 2.55+0.01Ab
20—30 2.13+0.00Bb  2.97+0.00Aa 20—30 2.25+0.07Aba  2.64+0.01Ba
LD 0—10 2.49+0.03Aa  2.80+0.08Ab SD 0—10 2.43+0.02Ab 2.66+0.03ABa
10—20 2.40+0.04Ba  2.60+0.07Aa 10—20 2.92+0.03Aa 2.54+0.02Aa
20—30 2.39+0.01ACa  2.63+0.02Bb 20—30 2.53+0.08Ab 2.63+0.05Ba

()5 B J AN [ K5 B i) 2705 Fod) — 2 9 A ] )2 A [ g o) 9 B 22 I ) . 351 ( P<0.05) 5 AN Ti] /N R[] R 705 ] — 85 T8 T oy B B [

— AN )2 Z A B 22 74 (P<0.05)

322 HHERWE

B RS TT BRE EEER E R , REAE KR TR 55 R T D BNy T AL, thk 4
ATUE IR S BEE R ME 2 0—10 em H2A MBS AL FG, 1A% 742 LD MD ,SD
ST T 16.67% 36.67% 3.33% , B 24y W FHE T 4.35% .26.09% .4.35% , {4 2 FG LD .SD =4~ Bt
SARBE(P>0.05), EZE10—20 cm +ZMEME LD F1 MD B EREL,SD 5 FG 25 A B3 (P>0.05)
20—30 em T3 4 PDH B FER M 25 BN (P>0.05) , MHLE TS, B2 1 A S & R R TG
FG LD MD H1 SD 0—10 em + 24 30 & AR T M 23.3% .29.6% .29.8% 22.3% , 2 HIE Z=1 R I H Bl
TIRTRBERE N, 4 AR Bt e FE R ) -+ AT S0l B s W AR

F4 FKMWEL 2021 FEEEAFREBUHBETEEABSE (ng/ky)

Table 4 Soil available phosphorus content of different alpine meadow phases in eastern Qilian Mountains in 2021

R FERL AR AL B e FE R IR AL B
i FE B iR 1 F)l 2l s e e R T ) iR A FJI 2 LR %% e
Degraded alpine . L. 3 Degraded alpine .. .. .
Soil depth/em Spring Summer Soil depth/cm Spring Summer
meadow phases meadow phases
FG 0—10 30+0Cab 23+0Ba MD 0—10 41+£0Aa 29+0Aa
10—20 29+0Cab 21+0Ab 10—20 38+0Ab 17+0Bc
20—30 27+0Bb 18+0Bc 20—30 31+0Ac 19+0ABb
LD 0—10 35+0Ba 24+0Ba SD 0—10 31+0Ca 24+0Ba
10—20 36+0Ba 18+0Bb 10—20 27+0Cb 21+0Ab
20—30 34+1Aa 18+0Bb 20—30 27+1Bb 19+0Ac

3.2.3 - IEDAE Yy R P I S A

M 1 AT LAE B EUE S 3 A 2 BUE Y oS B LR R (8 1), SD A9 - e A Uy w5 1
AR, RIEAE 10 mg/kg, HF 4 4B B 2E 5 fa) K2 LU W22 7 A B35 (P>0.05) IR R ECH
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Fig.2 Soil microbial phosphorus content of different alpine
meadow degradation phases in summer in eastern Qilian

Mountains in 2021
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Fig.1 Soil microbial phosphorus content of different alpine
meadow degradation phases in spring in eastern Qilian Mountains
in 2021

FG [R5 LD 5 2 1B AL W 28 Ffa) ; MDD Hh AR fb Ry FE T )
SD . Hi BE R AL i ZE B ) ; [ AL - BT RS R FROR I — £ )2
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Fig.3 Soil alkaline phosphatase activity of different alpine
meadow degradation phases in spring in eastern Qilian Mountains

in 2021
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Fig.4 Soil alkaline phosphatase activity of different alpine

meadow degradation phases in summer in eastern Qilian

Mountains in 2021
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Table 5 Correlated coefficient between soil phosphorus and vegetation characteristics

aMREE  wm MER  WERED
5 AR R g ) i piie BE/% BT E/(y/m?)
. . . Soil alkaline He W)
Ttems Soil total P Soil available P o . Above-ground Above-ground
phosphatase ~ Soil microbial P .
. P content dry weight
activity
T 4% Soil total P 1
+ A % Soil available P -0.909 ** 1
i%mﬁt%@&(ﬁﬁ .. -0.369 0.160 1
Soil alkaline phosphatase activity
e A Y B Soil microbial P -0.126 0.259 -0.743* 1
R =N
Lok o i -0.117 0.479 -0.075 0.179 1
Above-ground P content
a3 Iy L
b EREYRTE 0.813*" -0.620 -0.760 " 0.225 -0.026 1

Above-ground dry weight

# % RIRAE 0.01 K ERFME, « FIRTE 0.05 /KF_ERFHIK (n=36)

4.3 BALmE R AR R SO AR R

AT A AR e A S S IEANOC S SRR AR N 1 L O OG,
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SR BRSPS RG AW R AR ILR 1R A0S - SO i 1R I 1) T v R AR B A
M AT EFRARA R, A Y S e W R T 1 R I R DG X T R TRAR I S AR Y
LB 2 38 Al IR 2R i 4 25 0y SR8 7 398 pH , TR M) - S s v 4 Rl e o S 0
W RFIEAE bR L B A bt b3 5 2 () JC 0 ARG | ZR I 3Rl 31 5 i AN SR A b R BRI Y SR
R b R O A e JE AR L S R R E R A SR A AR R AR S A R A A A T A
Bl b B s RIS T BE S A AR AR A 6 IR AR A R 22 | AR ik ELA R 1) R aE
WRACARE /D (R 354 R T AR 4 T2 s R R Al 25 B B R R AT, 0 b A SR P A (L AR, A L
il A Ry i — 05T

25 L PTIR AR ARE 1L e P B R b T SR e b AR ) RN e SRR R AR Ak b A T AR
HFHAY 35.93% , 1B 1k i FERT A bW A AU Bl B B LAY 60% . Bk SRR FER M AR LI e A
S A TE AL FG, H3EA 3 & s A LD MD 1 SD 20 5T T 16.67% ,36.67% H1 3.33% , H 2413
T T 4.35% .26.09%F11 4.35% , AR & i HA B BT AR R 250, BT 8- SEEy
i B AT T X el Tt 0% 2 e W Y B S P R (R R R e PR R P TR S, K
T E S B i R R IR AE O, 5 - S P R I M B A OC (PO S R R R
TEFE bR AR B B AR Ok
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