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SAENEXT MBC/MBN 1Y BEARSCR i Wl e, AHLEE CK BEAIR T 15.61%; FHASRENEXF 4%, MBC, MBC/MBP F1 MBN/
MNP AL IEVE G 2 . TUAY TR I, HHEA S, pH R MLBR R 3k W Ak bk R Al 2 R Y
HUFR AR . R DIRREIE T 245 A 3 FER B R 1) 3% 0 R VG IR, (R 25 A4 PRl R ) I R A 25 220
KR IR R, MUEYAE; e AR

AT B MAE G 3 ~ 5 AEMIEIFahiE L 7 Bt
X—ER, FHENDE T REREIC S, U4

AT R R FERE IR PR A BV
5 RS HAN AR RO IR GRS, B R

AT TR S M R R RS R S R LT AR TR R P D RS L T RO
T RS SR S X AR MR R TR SE R AR LA, U R A

O I 45 R A AR I R BT, 204 A TR B b R 4 36 6
SEPEFET . 7, BB A TR RO T
BB, AR B T A R 2, M
M 7ok Lk P BT, BT R M
T AL BB RS ST, SRRSO I 1
PR 0 R, N TR 4R
BT RIRF L, AR T X & Z2 5 B R
JEEERE O SR, RSB R R, ZAEE

KRB 2023-11-20; FABH: 2024-02-03

BE®WHE: &gy E00E S5FATHITH (2022-NK-134) ; &
FI S 5 E (2022YFD1302104 ),

EHEEIAr: BN (1996-), WEBFcA, M3 RiHE S 58S
F4PHFFE . E-mail : tongys2022@126.com,

BIEE: #4RK, E-mail: qgmdong@qhmky.com,

HER IR Ik, RN LE R 24
R FARIE R RS AL B — o SR, SRR
RIS FECE R A AR IR R, AMGE K
N7 7 SO NE R eTa s 820y ) 1 A R EN110)10)7) R
P, AR HERY AN A S st el T 548 4
JERIA 2 IR DR DU Ak i (R SRR TR, VRN T
S PR e — T L )y ZR AR A 7 S B P R i R
[RLE R

THERA Y e LA S RGP R R R
WALsy, BAT MR HUR RS s TR 0,
P L RNE I8 ORI v R S e R, X
B, A, BT RGEWY RN B A TR
M R A g g R L EUR B T 3 (1 [
SE R e, R, B, T A )

S




| T T

——

A O R IERUE R R (MBC) L ik
WAy A (MBN ) FCAE 99 A= ) & 8% (MBP)
SRS R s E T, R
Henk . Al BEIR O FALR EEE bR, TR LA
SR B BRDR L B AR T
— IR RIS AR FT 0, B B A o A 5
THIVITEE AR e AE Y ar . R, 5 T8 5 )
+ 3 MBC. MBN, MBP fk 2% i1+ ¢ fiF 32 + 4 #f
PR PR B S i e R 20, T AR R VRN B el
AT A R DAFE SCHERIRGE T, T AN
Tt A W R R IR AN S —. £
AR 44 Y RS R B, RN R T P
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FEFAE 7—10 H ., 256 b+ 3k &l 5 ) 4 R
g%i [25]O
1.2 R
202246 H, LPL4ME %17 5 B 20K

( Poa pratensis Qinghai ) + 7 112 M 52K (Poa cry-
mophila Qinghai ) + 75 1§ H 4 £ 5 ( Festuca sinensis
Qinghai ) % 3 21 43 1R % B L W B 9T X 42, DAANIE
B (CK) BN X AR, 38 Ul BEMEASR (JRE)
225kg - hm™ - 47 U2: BEHESA (JRE) 45 kg -
hm? - 4R U3 RS (FRE) 675kg - hm™ + 47
A: BERA (W% ) 675 kg + hm™ « 4E 7 FIN: fil§
A (45 ) 675 kg - hm™ -+ 4E ", L6 A4 ib
B, CRHBENLIX A TS, B HRA 3 EE,
LB A/PNX, PMXEFH 4 mx4m, /XA
5 mo EFREFRIER R SRR 2 6y, 0l T e H
AT RIS 2 LK iSRS R AR T, 1
AIBEIAERIN B/NX P, CK AR BRIBETEAR R YK
1.3 FESCRES T
1.3.1  FESCREE

RS SRR, AR 3.5 om [ 145 R4
0 ~ 20 em T2+, WEGHAES 20y, Hip
1Oy e E bR, 55 1 M EfF T 4 C3R
B, FIF5E 418 MBC. MBN. MBP & '),
1.3.2 e Tk

SRR E 0 AR ) AT
BALPERT (pH. HLFH. SKE. AL, 2.
HAR . AR, . 2R, MASEAMESAE)
HIE . T IEMA Y EY & (MBC., MBN, MBP)
SR g T,
14 FdEabsn

FIHH Excel 2016 X 5t 45 £ i F 17 8 28, iz M
SPSS 27.0 #ATHH R I 22500 (P<0.05), DIKad:
ANTF AR E T A AL RN i A A e 1 25 5
TCA 4 M (RDA) #E26 F & Chttps://www.om—

icstudio.cn/tool/65 ) 5E A%, H b & F) Origin 2022
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*1 AERZLETHEEUMERETN

bR CK Ul U2 U3 A N
K (%) 15.18 + 0.23bc 15.14 £ 0.03¢ 15.63£0.08abc  15.85 % 0.06a 15.55 + 0.26abc 15.71 0.15ab
KE (g-em™) 1.59 + 0.00a 1.53 +0.03b 1.51+0.01b 1.43 +£0.01c 1.51+0.01b 1.50 +0.01b
pH 9.25 +0.04a 8.92 +0.06b 8.87 +0.05b 8.78 +0.04b 8.87 +0.02b 8.84 +0.05b
BHSE (pS-em™) 82.80 +3.93d 125.87 +3.59h 123.87 + 1.30b 167.27 +5.02a 96.53 +2.19¢ 127.87 + 3.63b
AU (g - ke") 4.65+021c 536+ 0.10b 5.84+0.18ab 6.15+0.31a 6.06 +0.33ab 6.24 £0.18a
BASE (mg - kg™) 10.04 = 0.41c 13.92 + 2.54bc 15.07 + 2.13be 17.88 + 1.19ab 20.73 = 1.99a 16.15 = 0.23ab
A (mg - kg') 9.83 +0.32h 10.70 + 0.32b 11.90 + 0.45a 12.60 + 0.12a 12.80 £0.21a 12.73£0.23a
B (mg - kg™) 10.81 + 0.20b 15.29 1.21ab 20.75 + 2.64a 21.18 +2.26a 18.00 +2.73a 20.85 +0.31a
AR (mg - kg™) 2.65+0.19 3.54 +0.35de 4.10 £ 0.43cd 4.63+0.19¢ 5.85+0.08b 731 +0.42a
2fk (g kg') 2191+ 1.15b 23.76 + 1.21ab 27.05 +0.70a 28.43+0.17a 26.03 +2.2ab 27.27 £2.50a
S (g kg!) 0.37 £ 0.02¢ 0.61 0.03b 0.61 +0.03b 0.66 +0.01b 0.65 = 0.02b 0.77 £ 0.05a
2 (g-kg') 0.31 2 0.00c 0.42 + 0.04b 0.45 + 0.04b 0.48 + 0.01ab 0.55+00la 0.41 £0.03b

TE: RAPBHESE + BRE2E (n=3). ARVING PREFOR AR BZ 1225 2% (P<0.05),

RO TN pH APEHIRCR e RN BRI e sV E I RoR, S8 RUExT R SR

PR T 1 SR (P<0.05), Ul U2 AbFE R

AR HEVE T Bt , IR A AN X 1 3 U

TR SR, MRZCEF T ARAREEM A fe st R
o, X i SR e E R B S A > i 22 BB IR GECE YA Wi S A S A R
SR> EER WH, BEREAAKFRES, £ AR

B PR . SR AR, B, AR, &
B ERMEPES EEIZATH N, AR ZUKE R A
IR FIE SR, A RIEXT L HEA HLAR . AL

(a)

ANTR) AR AL HIRS - Sl A My A Wi Rl
FEHA AR (1), &1 (a) ATLFE
H, il EUK AR BRI S 1R 35 2 4 8 MBP

B 1 AREZMETHEMEWEMERESUFITESFTETL
e [l — IR ING PR R AR B ] 22 53 8 2 (P<0.05), MBC. MBN. MBP Zp3ARUEY A Wt . e w YA .
WAEY A Y ; MBC/MBN . MBC/MBP . MBN/MBP 435I i U E Wy i A b . BUE A Y el L . S i i b
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Fr (P>0.05), ZUSINE 5 T 14 MBN &&=
(P<0.05), 3 FEJEAST MBN AUfE E R R BN
ASN>U3. RASINEm 7 1 MBC &, SRUKFE
TR E, 3R EIEENT MBC HI 42 JE R R = 3
A N>U3>A L

HE 1 (b) ATLVE M, AiRn—eBE LR
ik 7 3% MBC/MBN, {HAR LA W2 (P>0.05 ). A
VR4 T 1 4 MBC/MBP FUCA: W0 A= W & AU
Ftt ( MBN/MBP ), & & 7K F X} MBN/MBP H. f
R HEER . 3 B X MBC/MBP 49 1E A%
R E PN N>U3>A, X MBN/MBP (1) 2 3 5% S %
P N>A>U3, % MBC/MBN i il 55 %% 5 % 91 Ky

A>U3>N,
23 HIERUEY Y B ST R RRE R
AN

K HI Pearson AHICPE 43T A1 RDA 3B X% & &5
J7 3 F BRI S R IR Y AR Y AR RS
2zt ORI AE BOC R T — 20 AT . AHOCTE
MR (£ 2), +3EMBC 5 pH B4 8 2kl

K (P<0.01), SAEMUE. AR A 2D
IEAIE KR (P<0.01), +3E MBN 5 pH fiZ& & &
W A (P<0.01), S5HIK. SR . M
DA A, 2AMERENREEFEMHELR
(P<0.01), MBP 53U A Mk B #& AR
( P<0.05), +3ERRALYEFXT MBC/MBN FSZIHAEL /N
MBC/MBP 5 35K &, A, &ikmer 2
W IEA 2 (P<0.01), 5 HIEAHEMpH 21
F UM & (P<0.05), MBN/MBP 5 + 1 %5 & il pH
B R EGE (P<001), 5HESKE. Al
fie . AL . ARBE. SRS R RN E IEAS
KF (P<0.01), RDASHTRM, 55—, ZHFhH
IRy 48.56% 1 22.02%, iRk
70.58%, VLEHEE — . ZHE)P i AE R 4 s B
ZHPMHEXR, HEAEYGIHEE L (K 2),
+ 8 4 A (£=0.6424, P=0.001). pH (r’=0.6051,
P=0.002) A HLEEK (°=0.6093, P=0.002) J& &M
A A W R Al R AR A 3R A
T

®2 TEGEMENMEREUFTERES TREELERNEX ST

Ei2an MBC MBN MBP MBC/MBN MBC/MBP MBN/MBP
oK 0.586 0.443 -0.465 0.105 0.652" 0.616"
2 -0.518" -0.591" 0.274 0.140 -0.495" -0.614"
pH -0.610" -0.762" 0.187 0.209 -0.521° -0.712"
A 0.512" 0.337 -0.240 0.140 0.478" 0.409
WK 0.5917 0.734" -0.298 -0.192 0.567" 0.743"
SR 0.398 0.601" -0.118 -0.258 0.343 0.539"
THAER 0.556 0.722" -0.028 -0.223 0.415 0.586"
THEA 0.508" 0.547 -0.495" -0.098 0.614" 0.722"
AR 0.687" 0.717" -0.128 -0.066 0.551 0.637"
R4 0.529" 0.544" -0.581 -0.069 0.671" 0.758"
£ 0.729” 0.776" -0.168 -0.112 0.603" 0.715"
Aff 0.284 0.659" 0.024 -0.411 0.208 0.520°

s o, e AR RIFRA ST P<0.05 W2 K5E . P<0.01 % /K. MB

C. MBN. MBP 735l b A= e Wit . B Ak R .

Yri:f ; MBC/MBN . MBC/MBP ., MBN/MBP 25l s E A B L . U e i e b . S A i R L
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1 MBC/MBP

RDA 2 (22.02% )

-1 0 1 2
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B2 TEEUERSHENEYERE
Lt E LR RDA 5347
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3 itig
3.0 GRS SR R 1 B

SR L O i S 5 R 2T S R UK
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BTN TR A KR, X SRR Y BT
T, (HATFZ PRI S, RS AR
TNFIICRER ] 25 R 2 AT 5, I8 Al pH B A
K- (3 T, X5 DU RS 4518 —
H OV T RARINA SR LR,
BRI pH; 53— 7 TR I 1) T S A S
Fnk, BT IESEH, SEMIR T TR, 1
B, WA AT 378 I pH BOVE IR T4
BAEFESA, ATHERE M LRSI (R )
TS (RIRES ), BEMASZEIR (RE) Ma
R, X IR A AR A A,
SR EAE WA RIE L BB —, W HER
e Ay LB L e (o) S WP O A 7 oy
PRI FR Ay 5, SRR A R Y AR,
Xt RE A 18R RN 82.8 S - em!, LT HARX
S, TR X TSR N T, WA A
PRGSO BRAE G, DAtk YRR H ISR A
FERI, FOIME RS T R S, X e
SR TIRIUABES A > S > BSA,
336 PR 0 B I e A R e L e 3y T LA T
R RPE, AL, BEE IR R, HIEa L

e, BARE. AR, HAE. AR, ek, £
UM S 2 Wi n . T 2SR R # Y
X3k, A5 RUIRIG . FET R R X, IR
RBREISEEA S TR AR, — B RBR R AR,
CE KBS R (GRS &N PN Gz
WO, PEMTOE TR R 0,
Gh, ARAFTRIA LI, HAZEX EHEA PR . AL
BN 2 J AR UEVE o, S REXT 385 A R
B Ve g, eSS ZIEXT R AR
At eIV E B . IZZ51eHR TAFA R IE
AN PR R e, 7ES B R AT
R, REERXT e R TR R AE AR
. MR, HFILAX A TR+ Rt )
SR S R RPN R BT RS UIAH G
3.2 AN - EECE Y Y SRS A R
SRR AT

TR O A Y R R RS BRI b
ARGy, X AT B AR A 2N m
REPE T, DI R, A2 NN+
B E W A R A A AT R R B B R
Wel, N+ HERIR RS . RIERRE . T
FIFRAME B U8 ARBFFE i, SRR b B
SARE T+ MBC, MBN i, X St ARAESE
AT —3 16 D H AR IR a5 WA, HE
B KRR RGN, 5 i A
i, R TR AT R, AR R
BRI S, 2EEIE, ARWHEY
WSR3k 3 0 MBN 2 i R A 0,
Ifii MBC 1 MBN % £ 76 2 0 5 =0 BAT U [R) &%
Iio MBP J& 4 3 HLBE A% 0 dl iR 4y, Hfgfk
SRR, RMYIBETR MR IR L AR,
FUR XS MBP & 5% 520, X Al G855 MBP
X EREE 7 - M R 2 R A o

B A AR e T A T
477 1 B LB SR BB s AR £
H€ MBC/MBN K730, B - BEGAE Wi A= 4 52 3
RIERIFRE . AW E S AR IR L9, A
—EFEREE FRRAC T 3% MBC/MBN, {HAS{EAS B35,
X2 PR RIS I MR A DR R RO T 8. R
IR T 4% MBC/MBP 1 MBN/MBP, & &K
X} MBN/MBP 245 & & (AR dEE . S TR
JNHEm T MBC #1 MBN &2, {HIAK 3 504 MBP
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Frsahn. Ak, AR 3 MEIEAXT MBC/MBP 1
TSR FEI S N>U3>A, X MBC/MBN [R5
FHH ASUBSN, X EAFRAZESE L F P
AR DL AR Y BEESCA R K OC R .
3.3 HEHMCEW Y R MO A ST R REE Y
AL )

- ERAL P 5T 5K B 1 5 o A AR A
DA e - St e i S 3 R 0 2 B A AR AR 5 1)
FAME ™, Pearson A1 XEHEZMHT & B, MBC. MBN
w5 pH A2 R W U OE (P<0.05 ),
HENm ., AR, AR, 2Amesi Rt R E
XK FR (P<0.05), FW LAY Y v 1k
h IS SRR bR, X SRS SE R —
L ARBFSER B IX 3 pH Ry 9.25, PEHH +
SR AL R R R, ARSI A LR . i
SA. AR, 2%, WM Y LY
PRI T 4 pH M, HHEPEIL 55 MBC/
MBN P AH SRR /IN, Ul B U %) - 8 ik /L 52
Wi HAT RIS . WS IR%E NT BRE R, L
ML 215 R E D A Y b 2s i e C R
FEE; FWRE Y PN, SIEE PR
5 MBC/MBP Il MBN/MBP 2 [6) 47 7£ &% 3 1) fu A 5%
KR, M AEARW G H, MBC/MBP fil MBN/MBP 5
HEEOKE . AP, HUE . AR Ske
RAENFFMELER (P<0.05), 5HHELAFEM pH
RBERHE (P<0.05)(F£2), XS5HERS >
W R —8, VLR A Y i b T e
TEXT e o R LA R AR . 248R, aEAk
LIRSS K A 43I 11 2 R SR R s AR s
(B 2= 5%, BLAh, RDA Zr#r&, BR e SR D
Ab, HoAth IR E BT &S e SR R E Y A
B A AT R ) B R 7, B B3 e
Yy K AT T R AE T TR AR ELAT R Y
Homive, Horp, 3R pH FIA HLEKZ = 1
S A W Ak 2 E T R Y S AR A
T, BEIE SR MG U B s R
— 3, — 7R A S FE L X AR L e,
RIS IMEEEIT LA S E, F—PEmT 4
BFE IR MG E DI S — T, 3 pH Al
A MUK E 29 A 2 R e - Sl A MR B o+
SE UYL B, A8 pH RN LR 2 S
SR A Wi Al 2 E T R ) DG L A
To MR, WAMIEHRGE, TSR 5

PR B B A SRR A BRI R T
T RO AR JE B R R R 2 T, SR U
BT A i SR S DA SC

4 Z5ig

EEXT 4 T I R R AR + TR M R BOR +
T AR R AR B DL S e (1)
Wil 4 it SR KT () i, A FE A pH BRI,
AR AR o B R M F A
KIS T, HSENIEX 5E PLm . A 2ok
A E e I 1E R ok, B FIE X E 8 S A
AR fESEVE B, BER S AT A &
Al pH REARSCR e, XF H e 3 i &R
AL IE R, (2) RNRIEZABR R R E
% T L MBC, MBN %% & . MBC/MBP I MBN/
MBP, [%{% T MBC/MBN, X§ MBN f4{i 3 2l %
A ASN>U3, X MBC il MBC/MBP #9 42 #f 25 SR
FI N N>U3>A, XF MBC/MBN () PR SR F 300
ASU3SN, (3) H3EL% . pH FIA LK & 52 +
SRR A Wi KA e R IR Y S 2 4 A
T

SE Lk
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Response of soil microbial biomass and its stoichiometric characteristics to nitrogen addition in perennial alpine
cultivated grassland
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Abstract: It is important to study the relationship between soil physicochemical properties and microbial biomass carbon
(MBC ), microbial biomass nitrogen ( MBN ), microbial biomass phosphorus ( MBP ) contents and their ecological
stoichiometric characteristics of perennial alpine cultivated grassland under nitrogen addition, in order to maintain the
temporary steady state of perennial alpine cultivated grassland. The mixed planting grassland of Poa pratensis Qinghai,
Poa crymophila Qinghai and Festuca sinensis Qinghai, which was established in 2019, was used as the research object.
CK (no nitrogen application ) , Ul (amide nitrogen 22.5 kg * hm™), U2 (amide nitrogen 45 kg * hm™), U3 (amide
nitrogen 67.5 kg * hm™), A (ammonium nitrogen 67.5 kg + hm™) and N ( nitrate nitrogen 67.5 kg * hm™) treatments
were used to analyze the soil physicochemical properties, microbial biomass, and stoichiometric characteristics under
different treatments. The results showed that different nitrogen forms and application levels had a significant impact on soil
physicochemical properties and microbial biomass. With the increase of nitrogen application level, soil bulk density, pH,
and microbial biomass carbon nitrogen ratio ( MBC/MBN ) gradually decreased, while soil available nutrients, soil total
nutrients, MBC, MBN, microbial biomass carbon phosphorus ratio ( MBC/MBP ), and microbial biomass nitrogen
phosphorus ratio ( MBN/MBP ) gradually increased. Compared with different nitrogen forms at the same nitrogen level,
ammonium nitrogen fertilizer had the most significant effect on reducing MBC/MBN, with a decrease of 15.61% compared to
the CK; Nitrate nitrogen fertilizer had the most significant promoting effect on total nitrogen, MBC, MBC/MBP, and MBN/
MNP. Redundancy analysis indicated that soil total nitrogen, pH and organic carbon were the sensitive indicator that affected
soil microbial biomass and stoichiometric characteristics. Although nitrogen deposition promoted soil nutrient turnover and
cycling in perennial alpine cultivated grasslands, the problems it brought to the ecological environment couldn’t be ignored.

Key words: alpine cultivated grassland; temporary steady state; microbial biomass; stoichiometry; nitrogen addition




