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Soil Microbial Biomass.Enzyme Activities and Ecological Stoichiometric
Characteristics and Influencing Factors along Degraded Meadows on
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Abstract: Revealing the changes in soil microbial biomass and enzymes and their stoichiometric characteris-
tics is of great significance to understand the degradation mechanism of degraded grassland. In the present
study,we surveyed the soil in Qinghai-Tibetan alpine meadows and classified the extent of degradation as
undegraded,lightly degraded, moderately degraded,and severely degraded to evaluate the changes in stoi-
chiometric characteristics of microbial biomass and enzymes activities. Results showed that as the meadow
degraded, the contents of soil organic carbon (SOC), total nitrogen (TN),available potassium (AK), mi-
crobial biomass carbon (MBC) and microbial biomass nitrogen (MBN) decreased significantly. Activities
of B-1,4-Glucosidase (BG) and B-N-Acetylglucosaminidase (NAG) of the degraded grasslands were signifi-
cantly higher than that of the undegraded meadow. The ratios of N/P and MBN/MBP in severely degraded
meadow were significantly lower than those in undegraded meadow,and In(NAG-+ LAP)/InALP ranged
from 0. 77 to 0. 83,which was higher than the 0. 44 (global average value) ,indicating that the degradation
aggravated the soil nitrogen limitation in the studied area. The correlation analysis showed soil microbial
biomass, enzyme activities and ecological stoichiometric ratio were positively correlated with SOC and TN,
In summary,soil microbial biomass, enzyme activities and ecological stoichiometric ratio were sensitive to
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soil nutrient change and could reflect soil nutrient limitations.

Key words: Alpine meadow ; Grassland degradation; Microbial biomass;Soil enzyme;Ecological stoichiometric
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1
Table 1 Evaluation index of grassland degradation
Non-degraded  Lightly degraded = Moderately degraded Severely degraded
Total coverage/ % 94,20+1. 24 83.00+1.55 74.00+1.05 39.404+1. 81
The proportion of the grassland productivity/% 96. 70=3. 30 69.20+1.88 46.80+1. 98 22.80+1. 07
The proportion of the edible plants/ % 65.60+2. 84 60.80+3. 54 40.20-+4. 53 26.40+1.03
The height of the edible plants/cm 35.2041.93 24,80+1.71 21.0041. 41 7.0040.71
Grassland degradation index 5.97+1.03 23.21+1.41 36.06+0. 89 59.6740. 82
150 m 5 LSD ; Pearson
(0.5 mX0.5m), , N
“s” 0~15 cm , ; Canoco 5.0 .
. ) (RDA),
, =+ o (BG)
4°C . (NAG+ LAP) (ALP)
1.3 (Enzyme) C/N=InBG : In(NAG+LAP)
1.3.1 (Soil (Enzyme) C/P= InBG : InALP
moisture content,SM) ; pH (Enzyme) N/P=In(NAG+LAP) : InALP
pH 2.5: 1 . (Soil
organic carbon,SOC) ; 2
(Total nitrogen, TN) 5
(Total phosphorus, TP) NaOH 2.1
; (Available 2 , . pH
phosphorus, AP) NaHCO; - , (pH<7); .
; (Available potassium, AK) SOC,TN AK , TP AP
o . ; SOC
(Microbial biomass carbon, MBC) (P<0.05), C/N.C/P N/P
(Microbial biomass nitrogen, MBN) , .
; (Micro- . . C/N
bial biomass phosphorus, MBP) 10.38~13.72,
- e . 20%;C/P 36.12~70. 84, 43%;N/P
1.3.2 3.48~5.12, 29%.,
[20] . 4
(4-MUB) ) 2.2
o 4 , 3 , , MBC .
B1,4 (B-1,4-Glucosidase, BG) . MBN MBP . MBC
BN (B-N-Acetylglu- MBN (P<C0.05),
cosaminidase, NAG) . (Leucine Arylanm- MBP R
idase, LAP) ( Alkaline , MBC>MBN>MBP,
Phosphatase, ALP) fere) | 1, ,
MBC/MBN ,
1.4 (P<<0. 05); MBC/MBP ~ MBN/MBP
Excel 2016 SPSS 24. 0 ) o
o . N :MBC/MBN  2.85~4,37,MBC/MBP 10. 35

(one-way ANOVA)

~15.24,MBN/MBP  2.40~5.43,
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2

Table 2 Physical and chemical properties of grassland soils with different degrees of degradation

Index Non-degraded Lightly degraded Moderately degraded Severely degraded

pH 6.43+0.09¢ 6.65+0. 06" 6.7840. 05 6.90+0. 15°
SM content/ % 23.3542.67° 22.8841. 24% 18.3741.27" 15.5040.73¢
SOC content/g * kg™! 33.5147.81% 19.4641. 37" 13.5740. 91" 10.94+1. 98¢
TN content/g * kg™ ! 2.4240. 43 1.77+0.12° 1. 30+0. 04¢ 1.06+0. 21¢
TP content/g * kg ! 0.4740.02* 0.4940.05* 0.34+0.02" 0.3040. 06"
AP content/mg * kg ! 1.96+0.09° 2.18-+0. 392 1.67+0. 28> 1.67+0. 74>

AK content/mg * kg™! 116. 96425, 02° 106. 234+10. 01* 95.52423. 21" 95.98414. 63"

C/N 13.72+1.02° 11.0140. 23" 10. 46+0. 51" 10. 38£0. 3b
Cc/p 70. 84415, 742 40.31+3. 85 40.10+2, 3> 36.1242. 85"
N/P 5.1240. 867 3.6640. 3" 3.8340.13" 3.4840. 26"
(P<C0.05),

Note: Different lowercase letters indicated significant difference among different treatments at the 0. 05 level, The same as below
g 23

3

Table 3 Characteristics of soil microbial biomass in grasslands with different degrees of degradation

Index
Non-degraded Lightly degraded Moderately degraded Severely degraded
MBC content/mg « kg™! 265.06+16. 63" 205.34+8. 37" 160. 82410. 37¢ 105. 32410. 38¢
MBN content/mg * kg ! 93.5447.96° 71.28+8. 00" 49, 2645, 26¢ 24.384+4.17¢
MBP content/mg * kg™! 17.48=+2.01% 14.7843.10* 15.06+1. 80° 10. 2441, 21"
201
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Fig. 1 Characteristics of soil microbial biomass measurement ratio in grasslands with different degrees of degradation
.ND: .LD: ,MD; .SD. .MBC. .MBN, . MBP,
Note: ND: Non-degraded; LD: Lightly degraded; MD: Moderately degraded;SD; Severely degraded; MBC ; microbial biomass carbon; MBN ; mi-

crobial biomass nitrogen; MBP; microbial biomass phosphorus. The same as below
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TN (P<C0.05), C/N 63.99%. pH. SOC
C/P pH,AP , ,MBC MBN

\ ., C/N C/P  SOC \ SOC,TN,TP .
0.591  0.592, pH ; .
MBC . SOC, TN, TP
, . SOC TN
(RDA), 3 . BG NAG ,TP  LAP
83.51% . C/N C/P  SOC TN .
5

Table 5 Correlation analysis of physical and chemical properties with stoichiometry of microbial biomass and stoichiometry of enzymes

pH
SM content  SOC content TN content TP content AP content AK content
MBC content —0.881* 0.871* 0. 898** 0. 920** 0.798* 0.404 0.476%*
MBN content —0.855* 0.881* 0. 846** 0. 886 ** 0.816* 0.312 0.426
MBP content —0.570* 0.595™ 0. 646 0.672** 0.576** 0.139 0. 140
MBC/MBN 0.659*  —0.759* —0.541* —0.614™ —0.666* —0.165 —0. 186
MBC/MBP —0.724* 0.734* 0. 640 0. 668** 0. 635 0.504* 0.534%*
MBN/MBP —0.795* 0. 8447 0. 704 0. 756 0.760* 0. 388 0.460%
1.4~ BG activity 0.532%* —0.439 —0.574* —0.522* —0.331 0.134 —0.161
B-N- NAG activity 0.412 —0.222 —0.508* —0.421 —0.063 0.233 —0.151
LAP activity 0.513* —0.626* —0. 406 —0.497* —0. 640 —0. 285 —0.117
C/N Enzyme C/N 0.504* —0.298 —0.591* —0.500* —0.178 0.216 —0.185
C/P Enzyme C/P 0.509* —0. 366 —0.592* —0.514* —0.221 0.181 —0. 185
s % (P<C0.05) ;% (P<<0.01)
Note: % is significant correlation at the 0. 05 level; ** is extremely significant correlation at the 0. 01 level
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Fig. 3 Redundancy analysis of physical and chemical properties with microbial stoichiometry and enzyme stoichiometry (RDA)
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