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Abstract: Soil microorganisms and their extracellular enzymes are key determinants of the biogeochemical cycles of carbon
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(C), nitrogen (N), and phosphorus (P). The objective of this study is to characterize the distribution patterns of soil
microbial biomass and soil extracellular enzyme activity along different elevations and soil horizons within a typical sub-basin
on the Tibetan Plateau. Additionally, this paper aims to identify the major nutrient-limited conditions that affect these
distribution patterns. In this study, soil samples were collected in August 2021 from four layers of soil occurrence (layer A .
humus layer, layer E. leached layer, layer B; sediment layer, and layer C : parent material layer) at five different
elevations (4900 m, 5000 m, 5100 m, 5200 m, and 5300 m) in the Gokyo Gangri glacier sub-basin on the Tibetan
Plateau. The soil samples were analyzed to determine their basic physical and chemical properties, soil microbial biomass,
soil extracellular enzyme activity, and microbial carbon use efficiency. The results showed that: 1) the elevation differences
of carbon, nitrogen and phosphorus of microbial biomass varied, with the deepening of soil layer, the carbon, nitrogen and
phosphorus of microbial biomass changed less with elevation. At the same time, the microbial biomass tended to decrease
significantly ( P<0.05) with the deepening of the soil layer between each elevation. 2) The elevation variation pattern of the
four enzyme activities varied, but the overall trend of increasing with elevation was more obvious in the surface layers (A
and E) and decreased significantly (P<0.05) with the deepening of the soil layer. 3) The soil microorganisms in this area
were limited by both carbon and phosphorus. The deeper the soil layer, the higher the limitation, and the higher the
elevation, the stronger the C limitation, but the lower the P limitation. 4) Changes in soil vertical profile had a significant
effect on changes in microbial Carbon use efficiency (CUE) (P<0.01). There were pronounced disparities in soil microbial
biomass and extracellular enzyme activity observed among various altitudes and soil layers within a typical glaciated sub-
basin on the Tibetan Plateau. These disparities are likely attributed to variations in soil nutrient composition and pH levels,
which significantly influence the stoichiometry of extracellular enzymes. Overall, the soil nutrient content of typical glacial
sub-basins on the Tibetan Plateau influenced the distribution characteristics of soil microbial biomass and extracellular
enzyme activity between altitudes and soil horizons. The study provides a data base and scientific basis for an in-depth

understanding of soil nutrient cycling in glacial sub-basins on the Tibetan Plateau.

Key Words: Tibetan Plateau; microbial biomass; extracellular enzyme activity; microbial carbon use efficiency; nutrient

limitation ; soil nutrients
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Fig.2 Point elevation diagram, design diagram of sampling and soil profile
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e E BA R s LA AE o+ 2 S b T B 25 5 AP TR R A L2 2D BEE R T = AR A
PER AR

e ZE W AR UG 2 [A] () fb 2 T B E AR R 5% XN A B 35 8 A A . C AR BREG/N SR IR 74 ( BG/ (NAG +
LAP)) ,1£ B fil C ZBEHE T = B &5 (P<0.05) 3 76 5300 m AbKE 4 2 I B & 3% (P<0.05) (% 3), C
BB/ P ARG (BG/AP) 76 A J2 AR BUFE 5200 m Ab , oAt A )2 rp Ay B 5 K e 76 8 Ak 27 2
LU TR TR T S5 I S (P<0.05) 5 7E 4900 m 1 5200 m Ak B+ 2 % 5 AR (P<0.05) (% 3) . € FKH
fili /N FRBUEHT P (((NAG+LAP) /AP) 7E 5200 m 1 5300 m &b Bifi + )2 i i 35 FR A% ( P<0.05) (£ 3) . KAk,
SMA [HIHZ5RFRW], C N P JREEGIE L W S 111, BREORZVRIEHE MEAL 25T LU B )2 111 Al 22
SUSN, b bt e 2SS 1 AR B EER (K 4),
2.4 VPR RN A M R 0 3R BRI AR

KR B Al C 2R T B TS (P<0.05) AT A F1E 2 R85 Wik R I 7E B A1 C J2 24
HP B T A T i T S T R R A R B 5 4900 m Ah 114 ) K 8 A - 1 L v () B 2 0 U L R (P<
0.05) , 1117 5300 m A JUIAH S5z , 2 B B PR il 7 - 438 = 20 35 1 v A A8 AR 7E 4900 m AT 5300 m A0 B im i 2, i H. 4900
m Kb BB B o it - J2 R S S R AT, 7T 5300 m KRR (181 5) o IZWFSEIX Y 1) 2 A BE R T 45 © Bk TR
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Fig.4 Variations in soil extracellular enzyme activities in different elevation and different soil layers
BG . -7 %) M # i B-glucosidase; NAG: B-N-Z ik 24 & #ij %) B% 17 [ B- 1, 4-N-acetylglucosaminidase ; LAP: 5% 24 R 24 5 JIK i L-leucine
aminopeptidase ; AP FRPEBETRMAF Acid phosphatase

R3 TEBEMEMETUECFEARERE)

Table 3 Variation characteristics of soil microbial biomass ( mean+SD)

ik B 1“»%?4@ ) 1“»{1#4@ ‘ i“ﬁﬁ*#f% ‘ Cﬁ)’iﬁ@»ﬁ/ Cé’)’iEﬂﬁ"&/ Clﬁkﬁm“&/
Altitade /o Soli Laver EYRBER YR UR7AneHT: N HEHE PRI N G
’ MBC :MBN MBC :MBP MBN :MBP BG/(NAG+LAP) BG/AP (NAG+LAP)/AP
4900 A 6.30+0.4Aa 35.00+0.86Aa 5.58+0.48Aa 1.38+0.07Aa 0.66+0.09BCa 0.48+0.06Aa
E 5.26+1.01Aa 50.86+13.30Aa 9.59+1.05Aa 1.15+0.42Aa 0.48+0.16Bab 0.43+0.03Aa
B 5.42+1.25Aa 84.11+£52.75Aa 16.81+12.30ABa 1.10+0.44Ba 0.34+0.08Chc 0.34£0.08Aa
C 7.16+4.55Aa 105.98+104.44Aa 19.98+21.03Aa 0.73+0.30Ca 0.21+0.05Ce 0.39+0.26Aa
5000 A 5.81£0.66Aa 37.61+9.39Aa 6.40£1.15Aa 1.28+0.43Aa 0.68+0.01Bab 0.59+0.16Aa
E 4.21+1.12Aab 76.26+35.94Aab 19.85+12.38Aa 1.3240.25Aa 0.63+0.07ABa 0.49+0.10Aa
B 2.64+0.93Ab 29.55+6.10Ab 14.56+0.81Aa 1.18+0.13Ba 0.50+0.09BCa 0.43+0.10Aa
C 2.11+0.95Ab 24.25+5.09Ab 22.67+15.36Aa 1.35£0.22Ba 0.53+0.15Ba 0.42£0.18Aa
5100 A 6.45+3.17Aa 128.75+140.80Aa  21.68+22.64Aa 1.62+0.80Aa 0.53+0.05Ca 0.48+0.31Aa
E 3.64+1.91Aa 100.22+86.72Aa 31.28+16.93Aa 1.28+0.60Aa 0.54+0.22ABa 0.45+0.06Aa
B 3.33£1.75Aa 4.54+2.98Aa 1.26+0.22Ba 1.35+0.40Ba 0.54+0.07BCa 0.44£0.16Aa
C 3.25+2.61Aa 33.23+39.52Aa 6.84+4.58Aa 1.77+0.12ABa 0.73+0.06Aa 0.41+0.05Aa
5200 A 6.05+0.44Aa 73.01+17.78Aa 12.12+2.91Aab 1.28+0.05Aa 0.84+0.06Aa 0.66+0.05Aa
E 6.25+1.80Aa 81.41+20.25Aa 13.35£1.52Aab 1.39+0.26Aa 0.72+0.12ABab 0.52+0.06Ab
B 5.40+1.34Aab 72.21+6.24Aab 14.63+5.24ABa 1.60+0.35ABa 0.62+0.10ABb 0.39+0.02Ac¢
C 2.70+0.83Ab 15.89+6.36Aa 5.96+1.51Ab 1.63+£0.11ABa 0.70+0.05Aab 0.43+0.06Abc
5300 A 14.09+8.63Aa 44.34+17.32Aa 4.79+3.11Aa 1.50+0.15Ab 0.92+0.06Aa 0.62+0.06Aa
E 6.37£0.17Aa 54.40+17.91Aa 8.48+2.60Aa 1.74+0.21Aab 0.83+0.10Aa 0.48+0.04Ab
B 5.46+1.27Aa 44.85+23.86Aa 7.78+2.52ABa 2.13+0.20Aa 0.79+0.17Aa 0.37+0.04Abe
C 6.95+4.62Aa 31.94+30.26Aa 7.00+4.84Aa 2.00£0.11Aa 0.81+0.03Aa 0.41+0.03Ab
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Table 4 Standard major axis regressions between the natural logarithm of soil extracellular enzyme activities

%A 12 A EAE X e

Ecological stoichiometric ratio Layer Formulas Confidence interval

BG~ (NAG+LAP) A y=1.042x+0.1008 0.93—1.169 0.397 ***
E y=1.501x-2.2522 1.377—1.636 0.66***
B y=1.897x-3.4233 1.713—2.102 0.52"**
(o y=1.232x-0.4402 1.109—1.37 0.491 ***
p=s y=1.09x-0.115 1.058—1.123 0.834"**

BG~ AP A y=1.185x—1.493 1.097—1.279 0.729***
E y=1.49x-3.277 1.391—1.596 0.782"**
B y=1.365x-2.516 1.263—1.477 0.721***
C y=1.561x-2.962 1.397—1.744 0.439***
b} y=1.227x-1.738 1.196—1.259 0.877"*

(NAG+LAP) ~ AP A y=1.1363x—1.5292 1.0067—1.2827 0.326***
E y=0.9925x—0.6828 0.9128—1.0793 0.678 ***
B y=0.7196x+0.4792 0.6555-0.7901 0.603 ***
C y=1.2663x—2.0466 1.1377—1.4093 0.477**
h53 y=1.1251x—1.4874 1.0946—1.1564 0.86"**

55w PRI w w7 43R P<0.05 Al P<0.001

WELS , B Eis S TE 101 26, 3RITZIE 58 IX 138 fE 7 s B0 PR ifi HLZ € Fn P [F RGN (1 5) .
e Bt [ (B okl (A 1 O, - J2 R TR B ol v T LV R = C Bl (R P BRIFEAIR (BT S) .

- R B AR T Y CUE BZRIRAE 35 520 (P<0.01) |, 4k DA B 4 2 RN 14 28 B AR ST T
CUE JC i 52 ma (P 6) , 3 Btk F B0 42 14 J5 1R AT BB /K O R | R 383343 DL R A W IR P48 i R R R
R T IR Y A2 R RS IR 0T T R AE R TR RS IR R Z R, 0T
Bmat B bk & 38 MBC :MBP 5 13 C :P Z AL} MBN :MBP 5 +3E N :P Z [A|7E7E i B A0 C 1 (P<0.05)
X RAZMTFE XY MBC :MBP Hl MBN :MBP [ fb2/ it e a5y, R0, MBC : MBN 5 3% C:N Z [ {7 1£ 2.
FIEAR (P<0.001) , X FHIZMIFEIX MBC :MBN AL RAkfasm (K 7) .

2.5 EEIEMERLEETHE LG S AR AR R R A E R

LA S A i o R AR g DAAEAE IR (pH 57K . DOC DN Al DP % £ ) FIZE W R R (3 HUEY)
AR C N FLP & i) o BRI TS BT, BRI R 5 DU M A1l A2 4 3 TEAH DG (P<0.05) 5 1R AR
YR E 1Bk pH Fil DOC :DN 55 PUF M 2 GAR O , A8 2 IE ARG . MRS MRE TS M A AR W i A2 it
5+ EREE N 1 22 (A AH M/ 45 5 7R . MBC :MBN Al pH 5 i & 7 AHE (P<0.05) , 5 &K |+ 5 ak &
DA A HERR R W =22 b 5 i 2 IE ARG (P<0.05,P<0.01) , 1] MBC :MBP £l MBN :MBP 5 + M3 55 K -7 2 6] TG
KKZA(KE 8), In(BG: (NAG+LAP)) H 5 pH 2 B #F M A5C(P<0.01),F DOC 2 B F IEHC(P<
0.01) ;In(BG:AP) 5 pH £ B E A3 (P<0.05) , 5 DOC & &3 EAHIE (P<0.05) , 5 DN S 4% i & E A&
(P<0.01) ,5 DOC :DN 24 2 Z 7AiM 3¢ (P<0.01) , H5 DN :DP 2 i 3 IEAH K (P<0.05) ;In( (NAG+LAP) .
AP) 5 pH 2 B FIEME(P<0.05) ,55 DN 2 i 3 1IE A E (P<0.05) , 5 DOC : DN 2 2 3 11 A ¢ (P<0.01)
(F4,%5),

3 it

3.1 SN JE X SRR W R e A s R R
HER A Y R i A LT DA B Rl AR 2SR G P i R R AR ER T AR R IR R
(A FE JZ) U E Wi Ae 4900 m AbE e (B 3) , FR P R] RESE , W5l 22 - HEih 8 iy, A ) A
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Fig.5 Vector length and vector angle change of soil extracellular enzyme activity and soil nutrient limitation characteristics
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Fig.7 The relationship between the stoichiometric ratios of microbial biomass elements and those of soil nutrient elements
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Table 5 Correlation analysis of soil microbial biomass and extracellular enzyme stoichiometric ratio with soil environmental factors

TEE KR A

AR DN RTWHERE DD ATEREAAL  ATHREATHL

FEi SWC DOC ; e LT
’]f;ﬁ%ll’filtli  hiometric rati pH Soil wat ﬁ]f]‘w{l q Dissolved Dissolved B AR B A R
cological stoichiometric ratio oil water issolve
g . nitrogen phosphorus DOC :DN DOC :DP
content organic carbon
In(BG :(NAG+LAP)) -0.465"" 0.066 0.333*" 0.150 0.005 -0.009 0.206
In(BG :AP) -0.255" 0.229 0.320" 0.378 " 0.213 -0.365"" -0.007
In( (NAG+LAP):AP) -0.254" 0.198 -0.015 0.277* 0.253 -0.430"" -0.260

PR “own VI wxx AR PIFIR P<0.05,P<0.01 F1 P<0.001

1.0
pH
SWC [-0.61
SOC |-0.48 0.85 0.8
TN |-0.48 0.87
TP |[-0.65 0.72 0.6
SOC:TN |-0.35 0.69 0.89 0.84 0.57 SOC:TN
SOC:TP |[-0.38 0.79 0.97 0.96 0.50 0.88 SOC:TP)
- 0.4

TN:TP |-0.38 0.79 0.92 0.94 0.46 0.76 0.97 TN:
DOC |[-0.62 0.80 0.78 0.80 0.60 0.49 0.71 0.76 DOC

DN ([-0.33 0.74 0.85 0.89 0.51 0.69 0.87 0.88 0.74 DN .- ----. ook L 0.2

DP [-0.082 0.47 0.61 0.62 0.21 0.46 0.65 0.67 0.59 0.69 DP - ok -.

DOC:DN [0.059 -0.37 -0.41 0. 43 0. 28 0. 42 -0.43 -0.44 ~0.13 -0.50 ~0.29DOC:DN % *

FRRE

DOC:DP |-0.53 0.26 0.11  0.13  0.46 -0.00780. 00920. 0077 0. 35 ~0. 026 ~0. 39 0. 28 DOC:DP; 0
DN:DP |-0.45 0.49 0.43 0.46 0.56 0.37 0.36 0.35 0.39 0.47 -0.21 -0.29 0.64 DN:DP #*
MBC |-0.41 0.77 0.88 0.88 0.64 0.78 0.81 0.76 0.66 0.66 0.42 -0.31 0.20 0.41 | MBC ok - -0.2
MBN |-0.33 0.62 0.77  0.76 0.59 0.77 0.72 0.66 0.41 0.50 0.22 -0.34 0.20 0.40 0.90 MBN ---
MBP |-0.23 0.53 0.71 0.69 0.44 0.60 0.65 0.62 0.56 0.50 0.51 -0.10 0.088 0.11 0.82 0.73  MBP — #k % ---- —04
MBC:MBN [-0.20 0.46 0.41 | 0.43 0.24 0.21 0.36 0.37 0.57 0.48 0.62 -0.20-0.0580.047 0.38 0.030 0.37MBC:MBN --
MBC:MBP [0.087 0.24 0.098 0.10 0.0014 0.12 0.14  0.14 0.015 0.083-0.025-0. 20 -0. 032 0. 093 0. 061 0. 052 ~0.30 0. 027MBC: MBIEEEES
MBN:MBP [0.093 0.00 -0.10 ~0.11 ~0.20 ~0. 042-0. 031-0. 0095-0. 20 0. 13 ~0. 075 ~0. 13 ~0. 14 0. 089 ~0. 15 ~0. 055 ~0. 42 ~0. 26 0. 80 MBN: MBP -0.6
BG |-0.55 0.88 0.87 0.89 0.59 0.69 0.84 0.84 0.83 0.82 0.60 -0.37 0.16 0.48 0.75 0.55 0.52 0.55 0.20 -0.049 BG
NAG |-0.40 0.82 0.85 0.88 0.56 0.68 0.81 0.81 0.78 0.83 0.67 -0.38 0.098 0.44 0.75 0.56 0.57 0.61 0.15 -0.058 0.94 NAG -0.8
LAP |-0.25 0.60 0.68 0.67 0.41 0.64 0.68 0.65 0.44 0.55 0.48 —-0.36 0.045 0.31 0.57 0.60 0.44 0.27 0.061-0.011 0.72 0.70 LAP
AP |-0.55 0.86 0.86 | 0.88 0.61 0.67 0.82 0.82 0.78 0.78 0.58 -0.36 0.17 0.40 0.76 0.62  0.54 0.44 0.23 0.037 0.93 0.86 0.69 AP 10
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Fig.8 Heat map of the correlation between the indicators
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