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considerable role as a watershed of major rivers of the region. Approximately 85% of the plateau comprises alpine
grasslands, thus acting as a major pool for livestock grazing and providing many other ecosystem services. Over the past few
decades, grassland deterioration has been the consequence of overgrazing and some other additional factors. Grassland
degradation triggers adverse changes in the physical and chemical properties of the soil, which ultimately influence soil
microbes. Soil microbes play a significant role in nutrition and other bio-geochemical cycling of the soil. This paper aims to
explore the correlation between grassland degradation, soil microbes, and the key factors affecting the diversity of soil
microbial carbon metabolism. The BIOLOG Eco microplate method was applied to analyze the community level physiological
profile (CLPP) of soil microbes. In this study, we investigated the soil microbial community functional diversity profile for
different types of alpine wetlands and meadows including alpine wetlands, swamp meadows, alpine meadows, and degraded
and artificially restored meadows. Soil samples from the above grasslands were collected during August 2015. The BIOLOG
plates were incubated at 25°C, and color development in each well was noted as optical density (OD) at 595 nm with a
plate reader over a 7-d period, i.e., 24, 48, 72, 96, 120, 144, and 168 h. The variation in utilization rates of soil
microbes was analyzed from 14 restoration plots with varying degrees of disturbances/degradation of 5 types of land,
including wetlands, swamp wetlands, meadows, and degraded and restored meadows from the Maqu region of Gansu
Province. The metabolic activity of the soil microbial community amidst different soils of various meadows was significantly
different. During the process of wetland drying, microbial activity progressively increased, and the soil microbial activity
was highest in the swamp meadow. Nonetheless, Microbial activity decreased gradually with meadow degradation. Sandy
grasslands exhibited the lowest microbial activity, while the reseeded grasslands portrayed increased microbial activity.
These results signified that degradation had a promising effect on the functional diversity of microbial carbon metabolism.
However, artificial reseeding slightly increased soil microbial activity depicting that microorganism utilize polymers, amino
acids, and carbohydrates as the main carbon sources. The BIOLOG data recorded at 144 h were subjected to the redundancy
analysis, and the results showed that C/N ratio, total soil organic carbon, total soil nitrogen, soil bulk density, N/P ratio,
pH, and plant coverage are the key factors affecting microbial function diversity. The given results elucidate that microbial
diversity in swamp wetlands was the highest because of its more suitable soil nutrient status and higher vegetation cover. On
the contrary, degraded meadow caused by changes in soil nutrients and physical properties created a hostile milieu for soil
microbial activity. It is therefore elucidated that by monitoring soil microbial community not only predicts the status of soil
and vegetation nutrition status but also reflect a theoretical basis for the restoration and improvement of degraded alpine

wetlands and meadows of the Qinghai-Tibetan Plateau.
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33°06'30"—34°30"15"N) , #E K 3300—4806 m, J& = FEIRAH AL M, 457 B0l 1.2°C, KA 615 mm, FE 78K
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SEBHR IR MR M | 5t 2R A A1), IR BT PR A R ) R ), S N TR RS WS RE R A
T HL(MQ-1 MQ-2) VHFEALF ] (MQ-3 MQ-4) | = FEHifa] (MQ-5,MQ-6 ,MQ-7) iRLFf) (MQ- 10—MQ- 11
—MQ- 12-MQ- 13—MQ- 14) A TAKE Hifa) (MQ-8 MQ-9) . Hrr MQ- 1, MQ-2 43 51 4 P Ff 25 T8 4, MQ- 3
I MQ-4 B THRE A ) , g S i) B 25 PR ) (A ) MQ- 5 I ) (MQ-6 1 MQ-7) ) (IR A fi 2
IRAEER EE AT 326 , N KA o) MQ-8 Al MQ-9 43 A IR AE AR N LRI f) , A FEHIEACE A WL 1, +
L b B o L FEHUERE LI R AR 3, W R B A R 43 R - 986 B ( Halerpestes
ruthenica ( Jacq.) Ovcz.) .WItiZE ( Polygonum amphibium L) 8AEZE ( Triglochin maritimum) 7K 32 4 ( Triglochin
palustre) %5 o AR B EAEFN 43594 . F & 5L ( Carex moorcrofiii Fale. ex Boott) %% ( Kobresia humilis
( C. A. Mey. ex Trautv.) Sergiev.) 2578 (Artemisia roxburghiana Bess.) | 555 & ( Ligularia virgaurea ( Maxim.)
Mattf.) % 5% ¥ ( Potentilla fruticosa) . YE B8 5 ( Elymus dahuricus Turcz.) .- K ( Poa annua L.) %€ i F2 5L
( Blysmus sinocompressus Tang et Wang) 1< B E 4 ( Saussurea hieracioides Hook.f. ) . 5%} > ( Stipa aliena
Keng) B
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http ; //www.ecologica.cn



4 A E = 38 &

TR, L4 ORI I )

R1 BEEHERESR

Table 1 The basic situation of samples

FEHb, W/ m o5 )i ZRE B/ % R/ (g/m?)
Samples Elevation Latitude Longitude Coverage Biomass
MQ-1 A 7K Jeseith Watery peatland 3508 33°46'11" 101°43'14" — —
MQ-2 A /K¥EH Watery wetland 3442 33°41'15" 102°07'33" — —
MQ-3 %) fLiH7F Meadow swamp 3434 33°41'15" 102°07'33" 88.33+£3.33 246.00+18.05
MQ-4 B f] Swamp meadow 3508 33°46'09" 101°43'16" 96.00+3.06 225.73£12.13
MQ-5 #E M%) Shrub meadow 3587 33°51'85" 101°55'26" 91.33+3.18 213.47+23.34
MQ-6 Hifi] Meadow 3517 33°46'17" 101°44'15" 96.67+3.33 230.67+21.95
MQ-7 Efa) (MQ- 14 X i)
3431 33°46'18" 102°12'44" 88.33+4.41 140.80+10.4

Meadow ( control of MQ-14) * * ?
MOQ-8 5 BUBE LR AR [ Rk 5 T

O-8 W RBRR MBI Ao 3538 33°52'58" 101°55'57" 82.33+5.04 217.73216.12
Restoration of meadow after zokor degradation

- KRR AL 2L
MQ. QAI/#F}%L/%?@ . 3419 33°41'39" 102°12'33" 94.33+2.33 353.33+14.47
Artificial replenishment of meadow after degradation
MQ- 10 BEiR fh i fa) (MQ-9 X 1)
3429 33°41'38" 102°12'29" 70.00+10.41 150.00+12.06
Moderate degraded meadow ( control of MQ-9) * *
-11 B fbE 2

MQ- 11 Bl e ( BUE E) 3514 33°46'27" 101°46'03" 58.33+4.41 112.00+10.74
Degraded meadow ( Rodents serious)
MQ-12 s BB

0-12 Barat AR A 3534 33°47'30" 101°47'59" 78.67£16.84  198.53£26.52
Ligularia virgaurea degraded meadow
MQ-13 2+ Black beach 3435 33°41'39" 102°12'30” 28.33+11.67 184.93+47.24
MQ- 14 V0 4L 5 Sandy grassland 3428 33°46'17" 102°12'43" 21.67+1.67 125.33426.41

HIT MQ- 15 MQ-2 St , AL Ao it SR A8 IR M, 308 A 8 ot B A W B e

F2 TEEREBUMER
Table 2  Soil physical and chemical properties

- pH f Al A il R AT s ST Fil
Samples pH value To Y P 4% TOC/TN TN/TP Moisture/ge DUk density/
(g/kg) (g/kg) (g/'kg) (g/em®)
MO-1 7.45:0.02b  35.87+1.42i  3.68+0.85¢  1.00+0.08de  10.98+2.83bc  3.59+0.58de  31.72+4.56de —
MQ-2 6.55:0.03i  133.66+1.02¢  14.65:0.69a  2.22+0.08abc  9.17+0.41bc  6.60+0.08ab  63.20£1.56a  0.58+0.01d
MO-3 6.37+0.03)  202.24+2.08a  13.16x1.89a  1.95:0.27bc  16.04+2.33a  6.76+0.18a  62.37+0.81a  0.49+0.08d
MQ-4 6.93:0.01ef  158.0542.86b  12.62+0.68a  2.23+0.04abc 12.57+0.47ab  5.66+0.22c  56.13:0.87b  0.48+0.02d
MQ-5 6.58+0.02i  81.17+0.53d  8.98x0.23b  2.57+0.04a  9.04x0.17bc  3.51x0.14e  36.79+0.77¢  0.66+0.08d
MQ-6 6.96:0.02¢  50.08+0.61gh  6.26x0.13cde 2.08+0.05be  8.01+0.25bed 3.01+0.0le  28.61x0.42def  0.91:0.06bc
MQ-7 7.13:0.0lc  39.4143.20i  5.55:0.48de  1.28+0.05d  7.30+1.17cd  4.35:0.41d  22.84x1.14g  1.06+0.08b
MQ-8 6.71:0.0lh  52.72+1.57fz  6.11x1.26cde  1.95:0.31be  9.782.81bc  3.07:0.20e  31.41x1.33de  0.70:0.08cd
MQ-9 7.07:0.01d  46.39+2.20h  5.95:0.2lcde 1.15+0.04de  7.82+0.55cd  5.21+0.33c  24.23x0.25fg  0.89+0.06bc
MQ-10 6.88:0.01f  69.95:0.82¢  7.25:0.46bed 1.34:0.03d  9.72+0.62bc  5.38+0.23¢  30.17£0.83de  0.65:0.07d
MQ-11 6.92+0.00ef  51.95+2.33fgh  6.25:0.28cde 1.78+0.07c 8.32+0.24bed 3.51:0.07e  29.11x0.30de  0.99:+0.04b
MQ-12 6.83:0.025  75.803.31d  8.53:0.65bc  2.27+0.26ab  8.93x0.30bc  3.80+0.20de  31.98:0.45d  0.51x0.15d
MQ-13 6.66:0.0lh  57.81+1.93f  8.16x1.09bed 1.36+0.14d  7.44x1.34cd  5.95:0.21bc  26.98:0.95efg  0.66+0.07d
MQ- 14 7.52:0.02a  2.76x0.12j  0.77:0.23f  0.75:0.03¢  4.22x1.06d  1.01+0.27f  4.22:0.23h  1.39:0.05a

[RIFAR ] 7R R 22 5 B3 (P<0.05) 5 T MQ-1 MiHh , #E SR A RIME, MO A A EEWE . TOC . BA PR, total organic carbon; TN : 4%,
total nitrogen; TP ;4 , total phosphorus

L4 HIEMCEYIRER IR DI REZ R E
ASLE R HI5E [ BIOLOG Eco Microplate Il 5 - e iU A= W e & B QI DI REZ HEME . BIOLOG Eco f-F- 4
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96 fLtk RN 3 RE S, BANEE S K (WokIEWIE (7 Fh) (& EERRIE (6 Fh) JRIRIE (10
Py e (2 Bl BERRILI TS (2 F) RAWIZE (4 Fh) ) 0 3 31 B [A] B — B JE R — A4 (oG AR, HLH
ZRRIE AR R W) . K IR R AR TN A T 85 5% | S A R R AR P itk D68 R ke A 7 SR
FIFHEGFR ( Thermo Multiskan FC, 25> ) 132410, 315 £ 38R MIARIE S 80, I TTAR ST 1) s e 1= 98 2B W e 7 /K
R TIe 2R

PREX 10 g RS RHE 5ET 250 mL #7288 TAE G A 90 mL Jo i A B EL 7K (0.85%
NaCl) , & L IRE BT 200 o/min BUFEIR FE T 20 min,4 CHFE . BTSN TC A R K6 B 10°
5. % BIOLOG Eco MFHZE 25 °C 1 8 IHA WA 150 WL F BN A 96 A, 25°C TH il 15 7 4 i 77
7 R R 24 h FIEERROGEIR 595 nm WGBS,

HEALT .
Y (¢, -R)

n

A, AWCD (average well color development ) J~F-341 20 (A5 4k 2 ( flL A= Wi ARITG 1 ) 5 €, o OB FLXT 1 1)
W GAR 5 R et FRFLI IO GAE s n FRORBR IR A i

U=,/ Z nl.2
L, U A Melntosh Y45] FBEFR %4, n, e i FLAY AR I G n,=C -R),
H=- P -InP,

AH, H' A Shannon E & JEFEEL; P, M5 i FLIAAIXTCAE n, B LLE AR XS I OGAE
1.5 BdEgeitotr

A Excel X FEHBEA BRI TR AR, Bk R E AR R BEFT e, AU SPSS 21.0 X ¥idh it
TP 2 T 225317 \Duncan Z 8 L#, FIH Pearson AH5CHHT LLELEEFF 144 h P AWCD {H 5] B2 U,
T AR H R R SARORA R BRI AR COE R . A Canoco for windows 4.5 Xif -3 AE Myt A 2 g
AR 55 PR AL B AT R B B 2 AT ( DCA) |, B 2 HEIF 77 XM TUAR 3T (RDA) | X 45 SR #E 1T Monte
Carlo #:5 , 31 F] CanoDraw for windows #7722 .

AWCD =

2 #R

21 HEERUEYIREE AR T

SRS AR A (AWCD) 27 T3 RUE PV B RE PRI M, 3R X A AR R R O . Bl 15 SR )
] A1, AWCD (G T 57, 144 h 8B AR TP 22, A K a3 S T 3 SR 1RV W Ae A )
FHBUR , AR NI SR b - SR E W TE PR 22 5, b TR R ) LR fa) AL VR PR AWCD fHiR K, ¥
fLHEEH AWCD fHER/D

PR TEEAS AL T 22 19 144 h AWCD i X 35 gl Hiy XA [R] 2 BORE i 45 20 (& 1), 144 h
AWCD fHBER 6B TR BG5S LT R e fkads REABEIR AL AR B2 A iR, 498 At W BRI 1k 5
ThE R BB, A K o HURI A 7K 35 & T i (B R E WE v DB Ar e 22 5 . TR R i W
. NTAMESFRILF ) AWCD FhiE, RIAME — & R L8 TIUvEY SARTE R, BmE BRIk
Al TREAF AR A, AWCD {HI] & T, RV AR ARRAR T A YR AR TG PR . PR A S VAR A L
TE) , AWCD {H FFAR , 2R B R fa) 1R A0 (A5 354 W M b 3 AR
22 TR

TR EY Z AR BRI 2 F7R . Melntosh ¥2) BEFRBUB AL 5 AWCD (P35 (0 18 {5 ) Al
{u,%&k%fﬂ O IR R RET T EE ) R 4L I BE Mclntosh TE‘%&%F%, VoAb B Melntosh 48 805 1% .
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Fig.1 Comparison of 144 h AWCD values of samples
AR FREFR IR 25 57 . % (P<0.05)

MQ-9 #MEF A AH EL T MQ-10 Hfa)  Mclntosh F650CA Frdé i, (AR B2 VML Mclntosh 8 %0 K T %)
HRZL) . MQ-8 #ME R fi] Mclntosh #5458 i % F1 . Shannon F= 5 BEFE KR BEVE 25 F 1, I ML VR 3 JiF
B4 ALV Shannon £ & FEHE AR &, ULl A5 /K YR A% R A5 7K JE 3 Shannon 3 & B 18 B % , HoAvRE b
ZRIFRRE,
2.3 MM

AWCD 5+ pH A MK 4% TOC/TN [ TN/TP & /Kt A5 55 AR W A0 M Mclntosh #45)
FEFREL(U) SAHPURK 2R . TOC/TN /K A 6 A B E A 17 Shannon 5 BEHEEU(H') 5+
SRR AL PR T A DG, ) SR B AU Y A 0 A G, AWCD  Melntosh #5] AR EL(U) i
Shannon F & BEHE 50 (H') Z A AEAR 0 38 IEAH DG OC R (R 3) o MG AT 0, - 3 AR A W 1 o e A 0l v
(AWCD ) B350 B A 3= 5 B AR e 5 - S0 oo 7 B Ay U 5 450 A = 8 % - S o SRR T )5 o
T X AR L 30 40 U o T AR, 10 I - 3 A i A 35 ) B 22 R T AR 9 A Bl B Ak R A
1k, LA O s e AR = & 88 3 RO b 1A e RO B i, o LA O G 1 % 1 5 R AR A v R 1
1L,
2.4 HIEHUEYRRAC T RE L REE U A b

et MR WA I BE 2 REME R HEAT DCA 2087, B E HEFE 77 38 RDA, R [RIRE M + SR 4
A R 5 PR AR s W OC R ANIE 3 F . I e — 3l 28 s B B 00 30l 54.2% (16.6% , I fig B2
1) 70.8% ( Monte Carlo permutation 999, P=0.001) , Sf—4hfi R T K EUAD 8 o &3R8 X - 32640 Pk
TR REZREME AR (26 4) IR BRE > S /K B> B PR > SR> 25 5> 18 > Bk > pH> Y & i i
SHYIERE, HA BRALL SR AU AR A Y a1 e 2 BEE A W S (P<0.01)
HE ST A pH X EIERUE YR T BE AR B (P<0.05) |, Y A A oo R IERUE
YITCE R (P>0.05) (£ 4),
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Fig.2 Soil microbial diversity indexes of different types of samples

AR FRE R 2T B (P<0.05)

x3 EVEIEEAERY T ERENRRENESHEHTRKE

Table 3 Importance of plant and soil physical and chemical properties to functional diversity of soil microbial carbon metabolism

=
A Eﬁfoﬁéit Bk B £ RE B AW pH{E HWEHE HEYETERE
Variables ™ Moisture TOC TN Bulk density  Coverage TN/TP pH value  TP(Grass) TN( Grass)
R? 0.395 0.386 0.372 0.295 0.229 0.222 0.198 0.194 0.141 0.091
F 7.823 7.556 7.113 5.026 3.557 3.433 2.956 2.896 1.973 1.206
P 0.001 ** 0.001 ** 0.001 " 0.001 ** 0.013" 0.010" 0.024 " 0.028 0.123 0.319

% P<0.05; ** | P<0.01.TOC/TN: S A PR 5 4 Z I HL{H , the ratio of total organic carbon to total nitrogen; TOC ; S A HLHK , Total organic carbon
TN 4%, Total nitrogen; TN/TP . 4% 5 2 # i LLAE , the ratio of total nitrogen to total phosphorus; TP ( Grass) ; #1344 7% 1, total phosphorus of
aboveground; TN( Grass) : i 3B/ 42 %7 i, total nitrogen of aboveground

#4 AWCD.U.H'5HEYK T B ERZ BREXES T
Table 4 Correlation between AWCD, U, H'and the physicochemical properties of vegetation and soil

Rtk B E AR ¥ o AR FE IR
Variables Average well color development  MclIntosh evenness index Shannon richness index
iR e Hiile 0.606* 0.602* 0.659*
Properties of vegetation Y& A 0.024 -0.024 -0.689 "
=R/ 3Ty 0.047 0.023 -0.715"*
P pH 18 -0.539" -0.452 -0.292
Properties of soil A Bk 0.814"* 0.785"* 0.247
£ 0.716 ** 0.660 " 0.084
ST BB 2R 0.827** 0.843 ** 0.461
SR/ e 0.586 0.520 0.184
K 0.825** 0.799 ** 0.076
Eox:is -0.649 " -0.624" -0.290

% P<0.05; ** ,P<0.01.
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B3 AEEREFMTEMENREFARSRETSENTRIN
Fig.3 Redundancy analysis of soil microbial carbon source utilization and environmental variables in different types of samples
TR TR I WA O (F55 ) SRR A8 0 (3K ) T8I A O R  TP ( Grass ) « b 7843 2B & | total phosphorus of aboveground ;
TN( Grass) : #1_F #5342 % % i, total nitrogen of aboveground; Coverage : L #{ # 35 & , the coverage of plants; Moisture ; 1375 7K | the moisture
of soil; TN +4E 4% i, the total nitrogen of soil; TOC ; +3EA HLEK 5, the total organic carbon of soil; TOC/TN . B4 L% 5 2R HAE,
the ratio of total organic carbon to total nitrogen; TN/TP; 4> %5 &M Al HL{E, the ratio of total nitrogen to total phosphorus; pH; 13 pH {&, pH
value of soil; Bulk density: +-3#% 5 , the bulk density of soil

3 e

AWCD (B AR R ) 38 5 A 3R BB iU A i WO (AR Tl ok 3R 3k i o AR (L B AR
- S R R A W T RE SRR L TR AR I3 7 1) VD AR e AR (3R Ak AR R W S T
JEBEAR, R VB (MQ-3) AR ) (MQ-4) 200 b 1) o) iR g v ) e, OGO s M e s, A
Eb TR TR PR B A S K e A LR B il Y, R RUZE AR, KT AHh (MQ- 1) FIAT 7K HE (MQ-2) ¥
IRHL H MQ-1 IR W iE M B E AR T MQ-2( P<0.05) , FE 2N MQ-1 Y+ 588 F Rt K & 7k 2%
T MQ-2, HEMF A MQ-5 M L TR PR T ), H - SRR W 6 PR W2 B % (P<0.05) , i AH bE T R4 ( MQ- 6,
MQ-7) , H IR E PG T BN (P<0.05) , ZE 2L 0 Bl 1R AR B (A i, ) S Ak i, 3 B
AP T A S 22 | 30 ) B AR R | B A R D U AR A W AR R R R AT AR
A (MQ-8 \MQ-9) il ad S M 47 7 5 B, i o Bl A= 2 Rk = A B | ELYRAG (MQ- 8) LE PAL4E (MQ-
9) i R T HRUE YIS (P<0.05) .

TUARITHTEE R R [RIZEARIRE o X B JR R FH I U AFAE 25 5 A RS R R, RE W2 AR
e BIKAE PSR AR A ) BRI AR, LR O R IR IS W2 BRI IL W B R R Ak, R
BRI E AW R IR A TP IR Y SRR R - HEA HLA) EEORIE R AR R 5 R
B A Y Z—") KA PN L P R E B AN Z—

I A BRI 22 S R 2 R FRRGL T AR KRR Y BB, AR BT 2 SRR
HEA PR 2 KE C/N N/P MY 55 S YT RE 2 AR 2 B IE ARG (P<0.05) T -4 pH 5
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TIERUE YT RE Z HEE S B S O (P<0.05) o BT ABFTEd & B, L3 B My 2 Rt £ 22 pH'™ A HL
BT AR BRI ALY kY RN MR SR AN AR R AR, A
SR LU B G IR BB IR ) CREIR AP U ) 7 s Y b AR B R 1
BRI K U L G S BRI R A A S A A R B AR R R R R R I i) 225
LI E Y E . L K SRR b SRR SR B R A S B W B S PR AR G R ) - S AL
Bk ARG, FE TN S A 0 B JC R B AR B A S

P TR AR B N\ R PR DR ZR AN | S T A A T A A a2 {1 e R
RV, N OO DR SR 2 e S ) AN IR A T AN B 1) Sre A R B Ml A R BE A IR , 355 77
ROCT R, MR A FETTX LSRR Y™ A e, T SR Y SOR S 504 AU TR EFR Y
HEN T I P = AL TR AR SRR BT ARG L SR M DI RE 2 R A s, 22
SN TAME 7S 1R A e s )| e SR BOAT I e | DR T TR o o5 3R AL
WA A Ay DN, 2 - - B A =3 AP, 3 TR A

4 it

AN RIS s - SN W X B — B IR A AR 0 38 22 5, ey, R ) AR ¥R P X R 9 M) FH R e
LU AR A BE IR , e ) X B 5UM) FH A AR, 0 e e i M) 3R B R 5 N T e — o 7 B2 ) e
A IR s L, B BRI P 25 i | R ) B B K S X S i A R D BE SRR PRI I T 3 B
M (P<0.05) , HHERAIXF 6 KAt IR CBTBE 1R BN . RE WP AR e i, RO B AR ik Ak
BYIE RIRSE Wk, REMEAMBCERAR, RDA S0 Hr & , 1IERUE YRR S5 A I 22 5, IR
HEMIRETE AR Y 25 5 2 2 - MR E A R R, PR LE SR AL RO HIERE Y 2
PEAA 528 RO AR B SR EE  pH A 5 B A I R
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