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Effects of Integrated Improvement Measures on Soil Enzyme Activity and
Microbial Communities of Degraded Meadow Grassland

CHI Xiao-xue, CAO Wei', WANG Chang, LU Hai-tao, WEI Hong, LI Yan-hong, LI Xin, CHEN Di

(Forestry and Grassland Science Research Institute of Hulunbuir, Hulunbuir, Inner Mongolia 021008, China)

Abstract: To investigate the effects of different composite improvement measures on soil enzyme activities and
microbial communities in degraded meadow steppes, this study set up four treatments: root cutting-+ organic
fertilizer+microbial inoculant (YQJ) , root cutting+organic fertilizer (YQ) , root cutting+foliar fertilizer
(YY), and control (CK). High-throughput sequencing was used to determine the community structure and
diversity of soil bacteria and fungi. The results showed that the YQJ treatment had a significant effect on increas-
ing the activities of soil catalase, invertase, urease, and alkaline phosphatase, followed by the YY treatment.
The composition of dominant bacterial and fungal species among different composite improvement treatments
was basically similar, but the relative abundance of dominant fungal community species varied greatly. The
YQJ treatment significantly reduced the relative abundance of Basidiomycota; the YY treatment significantly
increased the relative abundance of Ascomycota (P<C0.05). The root cutting—+ foliar fertilizer treatment signifi-
cantly increased the Alpha diversity indices of soil bacteria and fungi (P<Z0.05). Correlation analysis results
showed that soil catalase, urease, and invertase were closely related to changes in the bacterial community ; soil
urease and aboveground biomass were closely related to changes in the fungal community. In conclusion, com-
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posite improvement measures could improve soil enzyme activities and grassland productivity by regulating and
improving the structure of soil bacterial and fungal communities, and the root cutting+ foliar fertilizer treatment

had the best improvement effect.

Key words: Root cutting ; Fertilization ; Degraded grassland ; Soil enzyme activity ; Bacterial and fungal diversity
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Table 1 Changes in soil enzyme activity and aboveground biomass under different treatments

b3 o AL S IR it THE W At W‘ﬁ@iﬁﬁﬁﬁ imj:d:%_ﬁ

Treatment Catalase/ Urease/ Invertase/ Allkaline phosphatase/ Abovegroundbiomass/
(gh kg (mg+h kg D (mg+h 'g H (mg+h kg » (g'm %

YQIJ 24.69+0.82° 105.0743.37* 6.91+0.16" 362.90+6.19° 144.72421.02°

YQ 20.5840.68" 91.3646.73" 5.78+0.69" 290.49+6.00° 144.98+15.42°

YY 23.5240.70" 103.4144.85" 5.5240.17" 349.38+1.04° 160.09422.64"

CK 19.53+0.91" 93.42+0.48" 5.51+0.81" 333.35+5.25" 94.17+22.44"

HYQI MU A HUE + RUE W B R Y QO VIR A AL LYY DI A+ i A CK g o 3 rb i BB 8 S (B = ARt o [R50 A

/NG 5 B 2 R R B A5 5325 57 (P<<0.05) , F Al

Note: YQIU indicates root cutting+organic fertilizer+microbial agent, YQ indicates root cutting+organic fertilizer, YY indicates root cut-

ting+foliar fertilizer, CK indicates control. The number in the table represents the mean + standard error. Different lowercase letters in the same

column indicate significant differences between treatments (P<Z0. 05) , the same as below
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14.99%~18.36%) . & % [ [ (Chloroflexi,
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Table 2 Relative abundance of dominant phyla of soil bacteria and fungi

fIt# i B The dominant bacterial group YQJ YQ YY CK
Bl BRI Actinobacteria 39.524-0.99" 37.9140.88" 39.3041.19° 35.22+11.42"
Bacteria R FFT 1] Acidobacteriota 17.684£0.47 16.84+0.53" 18.5040.46" 18.62411.24
K i 1] Proteobacteria 14.994-0.07" 16.834-1.11* 16.914-0.36® 18.364-1.34"
L2515 [7] Chloroflex 7.6940.11° 6.7040.24" 7.1040.15% 6.74+0.23"
] Gemmatimonadota 7.1041.43" 8.3541.14" 3.9440.05" 7.8141.88"
FL T# 11 ] Ascomycota 45.6146.01" 56.9541.62" 61.60+2.21" 47.61+33.62"
Fungi BEHLEE ] Mortierellomycota 41.00+8.78" 14.50+1.67" 13.69+0.30 30.4641.29"
1T H ] Basidiomycota 1.8540.42" 16.30+2.26" 7.8442.03" 10.614-3.92

T R A B P I bR DR o AT AN )N SRR R AN [ Ak BE ) A7 Y 5 22 5 (P<C0. 05)

Note: The number in the table represents the mean= standard error. Different lowercase letters in the same row indicate significant differences

between treatments (P<20. 05)
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Fig.1 Analysis of the community composition of soil bacteria and fungi
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Note: A is Venn diagram of soil bacterial OTUs; B is Venn diagram of soil fungal OTUs; C is Relative abundance of soil bacterial phyla; D is
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Table 3 Analysis of Alpha diversity index of soil bacteria and fungi

Qb B Shannon & 5% Simpson 1§ £ Chaol #8 % Ace 5L s
Treatment Shannon index Simpson index Chaol index Ace index Coverage/ %
i) YQJ 7.2440.04" 0.001540.00" 3071.51439.52 3112.384-62.22" 99.654-0.19°
Bacteria YQ 7.25+40.02% 0.0014+0.00* 3158.63449.74 3186.04460.86™ 99.7740.09*
YY 7.320.01° 0.001540.00° 3356.38477.55 3390.284-95.47° 99.734-0.14
CK 7.2340.00" 0.001320.00" 3070.534£15.27" 3087.8445.28" 99.8440.08"
HH YQJ 4.10+0.22" 0.06240.02¢ 403.85+18.72 404.80+19.23 99.984-0.00°
Fungi YQ 4.74+0.25° 0.02540.01" 575.22461.64" 574.094+62.71° 99.934-0.01"
YY 4.85+0.11° 0.03740.01" 583.79+35.45" 583.93+34.73 99.954-0.00°
CK 4.4140.04% 0.01940.00" 477.374+42.94" 478.024+43.31" 99.9740.01°

A EEEFERTHANE®S (R=0.54, P=

2.4
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+ HEEE G ME 0 bR W RS 4 AN R
Spearman A K PE AT WA AL &5 SRR, 1 A
PR ST | TR I R DK 6 -5 B2 AT 5 1] CAcidobacteriota)
O A G (P<<0.05), T HENREE S5 5 2 ]
(Chloroflex) & # & 3 i M & (P<<0.01) . 1F H §
HE T (B 3B, 4 48 IRl 5 9 4855 1T (Mortierello-
mycota) 5 i F 1E A (P<<0.05) ,#1 FAEY &R ST
P ] (Ascomycota) 5 i 3 1IE A0 & (P<0. 05)
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Fig. 2 Principal component analysis (PCA) of soil bacterial (A) and fungal (B) communities
A 4 (Bacteria) B FLI (Fungi)
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Fig. 3 Correlation analysis between soil enzyme activity, aboveground biomass, and bacterial and fungal communities (phylum level)
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Note:
Sucrase ; SAKP, Alkaline phosphatase; AB, Aboveground biomass
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