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Effects of alpine meadow degradation on soil microbial biomass and nitrogen

mineralization rate in the Qilian Mountains

MA Yuan, YANG Jie, ZHANG Degang” , ZHOU Heng, ZHOU Huicheng, CHEN Jiangang
College of Pratacultural Science, Gansu Agricultural University, Lanzhou 730070, China

Abstract: Soil microbial nitrogen and carbon content, soil nitrogen mineralization, and enzymes related to soil microbes
were studied in order to better understand the variation characteristics of degrading alpine meadows. At the Qilian
Mountains, alpine meadows with four different degradation degrees (no degradation, ND; light degradation, LD; moderate
degradation, MD; and severe degradation, SD) were selected and soil samples from the uppermost layer (0—10 cm in
depth) were used to study several plant factors, soil physicochemical properties, soil ammoniation, nitrification, and soil
net nitrogen mineralization rates, as well as nitrogen-related enzymes and microorganisms. Results showed that (1)
degradation of alpine meadows reduced both the ammoniation and the net nitrogen mineralization rates in soils while
increased their nitrification rate; (2) degradation of alpine meadows also reduced the activity of nitrogen-related enzymes
such as soil protease, urease, and leucine aminopeptidase (LAP), while the activity of B-1,4-N-acetylglucosaminidase
(NAG) decreased first and then increased, showing its highest activity under SD conditions; (3) along with the increase in

degradation, the amount of microbial biomass carbon (MBC) and nitrogen (MBN) in the soil was reduced. At the same
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time, soil basic respiration (SBR) , soil microbial entropy, and metabolic entropy indices were reduced as well. Results of
an RDA analysis showed that both the ammoniation rate and the soil net nitrogen mineralization rate significantly positively
correlated with MBC, MBN, SBR, plant coverage, plant height, aboveground biomass, and protease, urease, and LAP
activities, while the nitrification rate showed a negative correlation. The degradation of alpine meadows showed an important

impact on soil microbial properties and nitrogen transformation and cycling.

Key Words: grassland degradation; alpine meadow ;soil microbial biomass ;soil enzymes ;soil N mineralization ; redundancy

analysis.
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FRAKIA e A R SR 6 L3 P A A R BR A, WD R 3 1, o B2 I B 9T 8 10 e bR AL AR 5
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A R 5 3 LS R AL R E 1 N R B R RIS, A T
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1 #MREFE

L1 AL

BFFE AL T H R A AR LR G X (102°44711"——102°46/17"E, 37°11'42"——37°13'5"N) , iZAE 254!
RN 1L B S RIS AL W 1 ) 4 9 UK (50%—80% ) , 1245 pH {H (6.94—8.17) ,
1 (2869.8—3008.3 m) , EHIE(-0.1—0.6 C) , 24FE=0C IMFUEN 1360°C 7247, BRIt 446 mm 7247, 3%
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ETE 7—9 H AR K & (1483—1614 mm) , A5 IEVR IR, /K #A R0, 7 A X0 W B 55% , 4F H BRI [A]
2600 h, FEEAYIFISEALEE  BR 2522 ( Polygonum viviparum) 7SR (Poa annua) PEH8F ( Elymus dahuricus) |
L8172 W ( Kobresia capillifolia) %% & %5 ( Kobresia humilus) H 7 5 ( Oxytropis kansuensis) | JEAN 5 ( Thalictrum
spp) 2=/ 3% ( Potentilla spp) . X E 4 ( Saussurrea spp) | i 15 5. ( Melissilus ruthenicus ) %L FH & & ( Anaphalis
lactea)) JR%F ( Stellera chamaejasme) %5 , FF A UL 1
1.2 FEMBCE S ek R AR

2018 4F- 8 A MRS SR LA SE /A Gebr e 78 H A AL B 4 58 T e J5 3t B S 326 BRUAS 3R 14 2 4 ( Non-
degraded grassland ,ND) , %% & iB fk % Hli ( Light degraded grassland, LD ) , 1 & iR fk 5 i ( Moderate degraded
grassland , MD ) DA S W IR A b ( Severely degraded grassland, SD) 4 NFEHY | 454 M 3= B0 AW Fh 49 01 02 |
AIBACHEH P I BR2F 2 S REPEmE R R IR AR M L Sy b R B R AR R A S
FEIR AR OE S Y R o R A L IR IR LA R LA R R RS R B,

BEAFEHBCE 1D RFEDT (50 m x 50 m) o Ff HAERAETT 19 A M AP 2 BCE —AS/METT (1T m x 1
m) , FHI7 k& B0 B A/ IR D7 e AR v B R o B AR R IS A B L R AR i O HLSE R 3 /)
T RAERZ (0—10 em) TIERES BARER 20 R 2 T893, — 4018 4°C T IRAF B i 358 | AT T I BN
A HAR YA ER AR A E ; 5 — R BT A Bk, i 2 mm @9 SEAT - BEERAL P B B
(WFE1),
1.3 $8hRE STk

I PR (Soil organic carbon,SOC) , £3%# 4% ( Soil total nitrogen,TN) , £ 3 & 7K & ( Soil moisture, SM)
BRI 22 A R ST B AR TS Y B 36 s B A A (NH]) LSS ZAU(NO; ) S IR+ B0 (e fb o (58
R Y B £ pH 2 CO,BIZEIEK (1:2.5 2K LRI TR =4RJG ) pH 3THIE ", HHERES iR
11 ( Protease ) k[ ( Urease ) | B-Z. Ik i bl e 8§ ( B-N—acetyl glucosaminidase , NAG ) Fll 4% %2 ik 22 3 Bk il
(Leucine aminopeptidase , LAP ) B P38 5= {5 FH 70 PH AR A= 90 28 ) iR @ b ATl o

3 W) A= W) 5 % ( Microbial biomass carbon, MBC ) A1 A= %) 4 W) 8 % ( Microbial biomass nitrogen,

TR CO, A A 3 FERE T ( Soil basal respiration, SBR) SR # 20 g B AR B
B R4F 10 d,JFH 5 mL 1 mol/L NaOH WS H Y CO, , B Jmidi ik 1 mol/L HCL ¥ %€ 8 12 1Y) NaOH il
S 5 IR (qCO, ) , T HEIERIIFIE I 5 A7 + A Wi Bk 1 HE ™) S 08 ( Cpe/ Cooc ) » I IR 942
Wi R A S A PRI LSRR
+HES R AL R AN E B Trap J7 RIFATIAE " K 6 18 BT or A I B AT
M. FREL10 g Bt EREEE SR (NH,) AHEAZ(NOS) MV FEE R BE R AT AW AREL (A ) s BRI 10 ¢ Bt +
FECA 240 mL AHE5, HI3R S MR 0T 25°C iR SR 2 5 5% 10 d Ja 20 010 7 B A8 R AH A A vk B O T4
HEEFRIRAAE(B) .
+ TR A F R A N A R T
VA =(C(NH;}),— C(NH}) ,)/AT
VN =(C(NO;),—- C(NO;) ,)/AT
NET =VA+ VN
3T, VA VN FINET 43511367 I i A s 48 | 330 A 3 m 338 A A3 B 2 mg kg™ d7 5
AT FoR NIEFRE] B4 d; C(NHY ) AT C(NOy) Jll s 85 3800 LI h S S AR S A S &, C(NH,) ,
M C(NO;Y) s 3E 3R e HIE PSS A M S A S &, AN me/ke.
1.4 BdEotr
K JH SPSS 18.0 FAFX AR SR HEAT B 2 (one-way ANOVA) J5 225047, R ] Duncan 3517 2 5 AR,
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it IRV P< 0.05, EIRPITA BRI R8NV E £ FR DR (Mean + SE) . Canoco 5.0 etk 5%
R LB A TR AR R 3BT ( DCA) 118 H 585 —HE 7 3l 09 86 2 Y5 ] (lengths of gradient ) , #R #5 . lengths of
gradient HIEUE/NT 3.0 SRR b SR TCAY i ( redundancy analysis, RDA) , %f 38R0 (b Kl | 384k
TRBR A KA R 5 AT HE R 0B

2 HREHS

2.1 FERANER AR AT A SR ALRRAE (1) 5

FHER 1 AT X T i FERT A AR N 3, B R AR B I A 5 BE e 96% B2 37.33% , H UM R AR FE
]34 BAT B PE 225 (P<0.05) AW i B AR AL B L) 19.06 em FFARE 2.06 em, I H. 4 AR ALBE R A] 35
HA BEEER (P<0.05) , [FIE, YA EH 15 FhFFFZ 8 A, H.ND LD M1 SD [A] 24 5 B3 (P<0.05) , Xt
Fe R, e B A 403 o/ mFRAREE 99.31 ¢/m’ MU Al 1569.63 ¢/ m* FEAILE 266.35 ¢/m*, T I H
iR AR BE IR AS R AR FE ) b A= Py kb A= i 3 2 2 25 % (P<0.05)

X e FERLAA) T HERFAE S AH OGP ROBIFFE R B (36 1), Bl ey € s fm) IR AL AR BE RN, SOC 5 i 52 B A1
B, H U R ARE B [ 2 B E 25 57 (P<0.05) , TN &2 Hl SM 2L a# 5 SoC iy fbia#—2, HoA
[F]IR Al B2 (] 35 B (2 4 25 5% (P<0.05) , 1458 pH {H YA fL 3 iR B R R %, Horp ND AT LD iR fL R B[R] 22
ST (P>0.05) B 5 H AR R AR (MD A1 SD) [A] X B A #1425 5+ (P<0.05) .

£1 SEEARAUIREFEYS DHKFE

Table 1 The characteristics of plant and soil during the degradation of alpine meadow

i IRLFEBE Degradation grade

Factors BB ML ND AL E L LD IR AL R MD W IR AL i SD
FaH) 35 B Plant coverage/% 96 +2.31a 82.67 +2.33b 65 +3.18¢ 37.33 +2.60d
FiH) I Fh %L Plant species richness 15+ 1.57a 12+ 0.62b 10 + 1.68bc 8+ 1.84c
FEHI S Plant height/cm 19.06 + 1.74a 9.85 +0.77b 6.16 = 0.89¢ 2.06 + 0.52d
b= Aboveground biomass/ (g/m?) 403.33  14.07a 364.38 + 5.06b 245.66 + 2.36¢ 99.31 + 6.53d
T A=) F Underground biomass/ ( g/m?) 1569.63 = 30.52a 723.17 + 31.64b 1130.26 + 27.66¢ 266.35 + 44.58d
+ A PR Soil organic carbon/ (g/kg) 90.57 + 1.3a 80.21 + 1.09b 70.41 + 1.85¢ 60.15 + 1.4d
+ 34 A Total nitrogen/ (g/kg) 4.84 +0.05a 4.09 + 0.08b 3.17 £ 0.14c 2.57+0.18d
4338 55 /KA Soil moisture( SM) /% 41.86 + 1.25a 35.29 + 0.84b 26.83 + 0.63¢ 14.77 + 0.38d
pH 8.00 + 0.10a 7.76 + 0.07a 7.44 + 0.05b 6.99 + 0.08¢

ARG FHEFRIRAS R RO RR BE 0] 22 2 .35 (P<0.05) ,ND: KB fk Non-degraded grassland; LD : 2Rk Light degraded grassland; MD ; H
iR 1k Moderate degraded grassland ; SD : 1% iR fk Severely degraded grassland

2.2 PR AR AT R R M Y 5
2 FEFLA)IR AL X MBC \MBN \MBC/MBN (SBR ,qCO, Fl Cyye/ Coo H — € BIFZM, T H AR I — 7 i AL
P BFIE LR, BEIR AL FE B INR], MBC \MBN HI SBR 2 2 #i Bk 34 (181 1), Horh MBC 97254k )\ 486.32 mg/
kg FREF] 237.77 mg/kg, MBN 256 A 34.72 mg/kg FFEF] 19.11 mg/kg, SBR ##H 53.5 mg kg™ d™' FFEE
24.5 mg kg™ d7', H 4 MBLFREE R HA B 122 5 (P<0.05) .

HIIE 1 F7R , qCO, BYZZ AT 0.11—0.32(d™) o WFSE A I, BEE IR AL R BE A NIE] , qCO, t A IR fb 5
F E LR AL R M B AR (a3 (H 22 R 2 (P>0.05) 1 SD 5 ND LD Fl MD #Lt, qCO, it i H 24 5
PERR B35 (P<0.05) , HHIEL 1 7R, Cype/ Cooc OB AL IR 0.051—0.038 (% ) , e V3 B WA P s 2 1
BTG ES, Kb ND LD F1 MD JCH B 225 (P>0.05) {85 SD M 22 21k 8.3 (P<0.05) . Hi& 1 ff
N, HUE YA YRR AL (MBC/MBN) FOAS TR RN 14.74 R RS 12.41, B PR F B R Bt 18 L 5 8 I il 42 5 |
FHiG TR, Hidh ND LD 1 MD =M BAb Bl R] 22 538 3% (P>0.05) ,{H5 SD iR fb % fa) (0] 22 55 18 2 ( P<
0.05),
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Fig.1 Variation of soil microbial properties of alpine meadow under different degradation degrees
ING FREF R AN [ B AL TR ] 25 Sk 3 (P<0.05) ,ND; KiBfk Non-degraded grassland ; LD . 52 1B 4k Light degraded grassland ; MD ; H B
1k Moderate degraded grassland ; SD : 1% & iR fk Severely degraded grassland

2.3 IER) IR AN IR A AL A R AL Y R Y S e

L 2 P, BER AL AR BE N, e 28 ) + i 2 Al o IR 52 T a3 b ND ¥ s fb s e i s
8.64 mg kg™ d™',SD AL HE R RAL M 1.51 mg kg™' d7', H VOB AL AR B B u) 2 AT W E M5 R (P<
0.05), HE 2 s, BEIR AR BE AR, i 2E 5 fa) 380 i b R R 2 T34, orp ND il Ah o R e 1K
J95.31 mg kg™ d7',SD EHh A E R H T, M 10.71 mg kg™t d7', HPUASB AL B[R] 2 BRI 24 (P<
0.05) . FHIEN 2 w0, BEIR AL AR BE ] | e 98 ) 3R R A R R S R e 3 o SD A Tl 3 i
%, 9.49 mg kg™ d™' ,ND FAW LR H i, N 14.9 mg kg™ d', H PUANIE AL B[] 34 B AT @ 54k 25 57
(P<0.05) ,
2.4 e LR AL 43 A SR M Y 5

e FE B IR AL 5 IR AR OGRS ( T IEAR I RE JDRIE | - £ Tk A W RO 1 1 0 5 2 R 2 Il ) 5
K ZEwY), R 3 R, HIEE B UE 1 LAP A0 76 P BE 5 R R B B0 T ) 52 208 4 e AR A b | L9l P AR
ARG 43 R« H I RIS 0.62 mg g7 7 R FES) 0.34 mg g7 d7UE 1 0.91 mg g7 d7 FRER] 0.55 mg
g d7;LAP 1 27.07 pumol g™' T FBEZE 22.11 pmol ¢t A7, 5 ZE AT, -3 (RN UE 78 4 B
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Fig.2 Effects of alpine meadow degradation on soil ammoniation rate, nitrification rate and net N mineralization rate
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Fig.3 Changes of soil enzyme activity of alpine meadow under different degradation degrees
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pmol ¢! d™", A2 53 3% (P<0.05) ,{H SD H NAG A9 TE RN i F Hofth 3 MR ALRRBE A FE i, 5 ND A HL 22 5%
ANEFE(P>0.05) ,{H5 LD 1 SD A M 22 4k 2% (P<0.05)
2.5 AR AR B i FE R fe) LI AU A0 I BRI R T[R9 0GR 430

BT CANOCO 5.0 FAAAT KA FIIR Ab AR B e 2E 1) - 498 800 b R HEA T R 3506 B 73 A7 (DCA ), I %F
ANV R AR AT A FHET TR S — Al 6 B2 Y ] (lengths of gradient) /& 0.78 , iX R AW fL A1 + 1
PR 22 1813 B T2 05011 RDA 43 #r, it Pearson A126 REUMTESE & RDA 404 T H3ER 01k 5 3 B Ab
J TR LA 2 B A C R (1 4) . RDA TR 25— | —HERP SRR (B 43914 0.955.0.035,
[N E— | HE A SRR 501k 95.84% 3.25% , IR U BA 55— | —HEF i A A AR g Mo S AR 40 0 A 5k
5+ A R 2 B e R, B EE RS —H) e . @ ad RDA 21 Hl Pearson AHIC /3 HT &
B, o FE R A IR AL AR D I A LR S e L IR | R S ARG | T SRR TR | IR A A
YR | R W A e R R R R T R R LA S M A A [ S 2 TR G (A SE RS AR =
0.938 R=0.958 R=0.922 R=0.980 .R=0.966 . R=0.946 R=0.958 R=0.978 R=0.962) ; 1354 (1§ JIRMG =52
RIRASEIKEG AHY) o B M 5 B b AR R AR R G W A R R A -
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Fig.4 Redundancy analysis for soil nitrogen mineralization and soil environmental factors
PRO; - 32 1 i} Protease; UE: + WK} Urease; LAP: 5% % 2 24 2L BK ¥ Leucine aminopeptidase; NAG : B-Z. Bt 4 ¥4 il 4 7 i B-1, 4-N-
acetylglucosaminidase ; MBC ; 3= #) 4 ) T8 Microbial biomass C; MBN ; 13634 ) 4= #) 8% Microbial biomass N;MBC: N 84444
W %Lt Microbial biomass C/N; MBC ; SOC; {8/l ¥4 Microbial quotient; SBR ; +3EFERMIIF I Soil basal respiration; qCO, ; fLH 4 Metabolic
quotient ; VA : 5 {1k, 34 % Amination rate; VN ; 4+l 1k 34 # Nitrification rate; NET; %+ %% L3 % Net N mineralization rate; Height ; #8 %% 5 & ;
Coverage : Fi #% 35 J& ; Aboveground biomass : #1_t /¥4t ; Underground biomass 31 25 4
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SR 5 A 85 R b 2 ] S A I 2 E A OC (A R B4 R=0.938 . R=0.933 R=0.928 R =
0.947 R=0.976 .R=0.953 R=0.948 R=0.933 R=0.724 Fl R=0.961) ; T3Vl fb o R 5 + e 5 (1l IR
5L TR A SRR A = B AEE R M AR AR Y Rk AR A S A |
FERHIP IR, 2 18] 50 2 TR oG (FHOE R B9 R=-0.906 . R=-0.951 R=-0.885 . R=-0.936 . R=-0.947 R=
-0.937 . R=-0.951 . R=-0.926 R=-0.756 F1 R=-0.967) ,

1o FERT b IR AL 3 FRAEHE P Sl b L RBAS BVAEE, W5 58 — AR ND (LD \MD L) K SD, Hid LD 43478 +

BEFR o t E SR — e, ND A 75 - e 0 A S A AR AR B 56—l 22 R Ay, MDD ST ) ELUT 56
— A A1, SD SR AT TE I AE AR R AT s R B ™ E R — HE R Bl S A SR IR AR I L FE A X

FOLEAT IR S I LA R AR A % £ 57 20 B TR 25 AN AR TR, MD al B8 B w1l 1B A6 A 4 B Be
o H AW B, LD SR B el Ao P B B, 52 3 - SR P R ) R R

w

wig

3.1 FERE IR AL AR A N R 1 1) 5 )

MBC 1 MBN J2& 347 5 35 o (0 B EORIE , R S B U E s v B R PR 72 AR HE 4
B & AR G T 45743 F1 MBC FT MBN 9 REAIC, -5 80 AL T TR B L B BR8P 1 ARG, DT
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