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Effects of vegetation recovery modes on major enzyme activities,
microbial diversity, and nutrients in hilly soils of southern Ningxia
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Abstract: Exploring the influence of different vegetation recovery modes on soil major enzyme activities, mi-
crobial diversity, and nutrients can provide a theoretical basis for selecting the most appropriate vegetation recovery
mode in the local area of southern Ningxia. The method of the combination of field sampling and laboratory experi-
ments were used to study soil enzyme activity, microbial diversity and soil nutrient characteristics under three vege-
tation recovery modes ( seven year’ s Robinia pseudoacacia, Larix gmelinii ( Rupr.) Kuzen., Pinus tabuliformis
Carr.) and the wasteland in the hilly area soils of southern Ningxia. The Illumina-Miseqqualcomm sequencing tech-
nology was used to conduct the sequencing analyses for bacteria in the soil of 16 STDNA gene segments of V3~ V4
area and fungal 18 SrDNA gene segments of V4 area. The result showed: (1) In the 0~30 cm soil layer, the ure-
ase and sucrase activities of wasteland and Robinia pseudoacacia soil were stronger while the alkaline phosphatase
and catalase activities of Pinus tabuliformis Carr. and Larix gmelinii ( Rupr.) Kuzen. were stronger. (2) The re-

sponse of soil fungal diversity to vegetation recovery model was stronger than that of soil bacteria. The ACE, Chaol
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and Shannon indexes of soil bacteria were higher than those of soil fungi. There was no significant difference in the

diversity of soil fungi among the four recovery modes. The improvement effect of Pinus tabuliformis Carr. on soil fun-

eal diversity was significant. (3) The contents of soil total phosphorus, alkali-hydrolytic nitrogen, available phos-

phorus and organic matter in wasteland were the lowest while the contents of available nutrients and organic matter

in Robinia pseudoacacia were the highest. Soil urease and catalase activities were significantly correlated with soil

nutrients, and soil microbial diversity was closely correlated with soil organic matter and total phosphorus contents.

Robinia pseudoacacia can significantly improved soil nutrient status and enzyme activities, and therefore it could be

considered as a species for local vegetation recovery.

Keywords: vegetation recovery modes; soil enzyme activity; soil microbial diversity; soil nutrients
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Table 1  Summary table of plots for different vegetation recovery modes
PRIZHE B e " 41 82/ % p S
LA IR Wm MR W) M T g R/
Y &rap Altitude Slope aspect Gradient Stand age by Mean DBH  Seed spacing
mode position density
LYS 106°17'48.7"E  35°37'19.34'N 1971 7R South-east 52 7 60 3.60 2.1x2.5
YS 106°17'53.7"E  35°37'28.18"N 1955 PR South-west 56 7 58 4.50 2.5%2.0
CH 106°17'55.4"E 35°37'18.04"N 1943 ZRVY East-west 55 7 64 3.00 1.7x1.8

CK 106°17'55.4"E  35°37'23.94'N 1923  ®dt South-north 50

T LYS . YS CH ,CK 23l 7% mHAs b AR e 5, T,

Note: LYS, YS, CH and CK are abbreviations of Larix gmelinii (Rupr.)Kuzen., Pinus tabuliformis Carr., Robinia pseudoacacia and wasteland re-

spectively, the same below.
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Fig.1 Soil enzyme activities under different vegetation recovery modes
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Table 2 Soil microbial biomass carbon and nitrogen

under different vegetation recovery modes

HEEHEIR C BRI N
TEHEE KEER Microbial Microbial i# C/N
Soil depth  Recovery biomass biomass Microbial
/cm mode carbon nitrogen biomass
/(mg - kg™!) /(mg - kg™!) C/N ratio
LYS 485.62+68.33a 25.28+1.09ab 19.21+2.58h
0~15 YS 563.51+103.85a 12.57+8.04c 33.70+5.80a
CH 513.14+32.75a 32.19+2.28a 16.03+1.94b
CK 262.46+33.99h 20.07+3.60bc 13.19+1.40b
LYS 410.43+12.20a 50.24+9.78a 8.40+1.82b
15-30 YS 379.08+47.94a 8.15+2.94b 50.60+18.15a
CH 423.04+53.68a 17.82+4.21b 24.68+7.19b
CK 169.55+11.50b 19.26+5.56b 9.32+2.71b

TE 7] 51 AN ] 5 £ 2 7 S [ A B0 2 A8 5 ) 22 S | 25 (P <
0.05) , Tl
Note ; Different letters in the same column indicate significant difference

between different vegetation restoration modes (P<0.05), the same below.
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Table 3 Soil fungi diversity under different vegetation recovery modes

+ERE/em

WA it

Soil depth Recovery mode ACE Chaol Simpson Shannon
LYS 442.70+36.05bc 452.80+37.71b 0.2236+0.1187a 2.63+0.68b
0-15 YS 497.41+29.38ab 507.48+31.98ab 0.0806+0.0801ab 3.96+0.68a
CH 432.28+10.14c¢ 448.17+28.43b 0.0533+0.0544b 4.29+0.60a
CK 542.37+33.78a 549.91+40.21a 0.0710+0.0150b 3.86+0.23a
LYS 408.54+31.32b 413.76+29.28ab 0.2129+0.2146a 3.04+1.20a
YS 443.45+36.81ab 458.78+24.21ab 0.1036+0.1217a 3.80+0.73a
15~30 CH 325.81+21.41b 362.11+13.98b 0.1043+0.0701a 3.68+0.75a
CK 535.41+114.13a 529.94+129.59a 0.0988+0.0683a 3.77+0.78a
x4 FREHRKREEXTIEAESHE
Table 4  Soil bacterial diversity under different vegetation recovery modes
j:;-i fﬁziéi(; m R;?;\:E;rt/ﬁide ACE Chaol Simpson Shannon
LYS 1376.02+25.70 1390.77+26.03 0.0041+0.0006 6.23+0.05
0-15 YS 1323.46+5.72 1334.23+7.31 0.0048+0.0007 6.12+0.05
CH 1361.21+12.23 1367.04+15.88 0.0043+0.0002 6.27+0.02
CK 1337.51+£119.56 1340.21+£113.82 0.0182+0.0222 5.73+0.78
LYS 1356.46+25.75 1362.97+21.56 0.0044+0.0006 6.14+0.11
1530 YS 1331.89+11.16 1341.53+10.27 0.0047+0.0004 6.08+0.06
CH 1289.11+145.58 1298.63+145.87 0.0122+0.0151 5.77+0.93
CK 940.96+521.10 947.38+523.70 0.0452+0.0298 5.08+0.98
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Fig.2  Composition of soil microbial community under different vegetation recovery modes
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Table 5 Correlation between soil enzyme activities, microbial diversity and soil nutrients in 0~ 15 c¢m soil layer
. i 7 R .. ..
. S e PR eem o 5
Ei=2 i Alkaline k . HHLE .
Total Total . Available Available . pH Electrical
Index . hydrolysis . Organic matter ..
nitrogen phosphorus . phosphorus potassium conductivity
nitrogen
W i .. 0.88" " -0.57 -0.84" " -0.83" " 0.07 -0.57 0.51 0.32
Urease activity
fﬂ‘*/%ﬁ@ . 0.26 0.19 -0.38 -0.14 0.60 " 0.35 0.62" 0.21
43 Sucrase activity
Soil Bl 2 T
enzyme Alkaline phosphatase —0.29 0.38 0.26 0.31 -0.52 -0.20 -0.51 -0.06
activity
AL A
ﬂ%l.'ﬂﬁ%k@@ -0.77%" 0.52 0.87"* 0.863* " -0.19 0.47 -0.51 -0.26
Catalase activity
ACE 0.61" -0.43 -0.60 " -0.70" -0.29 0.72** 0.27 0.07
HIA Chaol 0.56 -0.38 -0.58" -0.66" -0.24 0.68 0.21 0.13
Fungi Simpson -0.16 0.06 0.22 0.16 -0.50 -0.01 -0.62" 0.28
Shannon 0.10 0.01 -0.19 -0.06 0.60 * 0.14 0.60 " -0.21
ACE -0.01 0.24 -0.04 0.12 -0.04 0.14 -0.23 0.20
il Chaol -0.09 0.35 0.00 0.18 -0.08 0.16 -0.34 0.19
Bacteria Simpson 0.67" -0.79" " -0.35 -0.55 0.09 -0.40 0.58" 0.10
Shannon -0.64" 0.79" " 0.32 0.54 -0.02 0.46 -0.55 -0.06
R6 15~30 cm TETIEMHEE BEMSHEES TIESFSEXNE
Table 6  Correlation between soil enzyme activities, microbial diversity and soil nutrients in 15~30 c¢m soil layer
b
. 2 am PR m mawm R 575
Fabr Alkaline i . . .
Total Total . Available Available Organic pH Electrical
Index it hosphorus hydrolysis hosphorus Lassi att onductivit
nitrogen phosphorus nitrogen phosphorus potassium matter conductivity
MRl L. 0.05 -0.19 -0.42 -0.38 0.84" " 0.34 0.81** 0.64"
Urease activity
) EF*%W . 0.01 0.22 0.04 0.11 0.37 0.63" 0.38 0.42
+Hgfff  Sucrase activity
Soil T Wi 2 i
enzyme Alkaline phosphatase  —0.36 0.62* 0.70 " 0.70 " -0.82%* 0.12 -0.68* -0.67"
activity
AL A
Lﬁ’”ﬁ%ﬁ@ -0.30 0.64" 0.77" " 0.78" " -0.85*" 0.24 -0.64" -0.56
Catalase activity
ACE 0.65 " -0.75" " -0.68" -0.69 " -0.03 0.77" " 0.31 0.27
HE Chaol 0.72"* -0.69" -0.64" -0.63" -0.01 0.67" 0.38 0.34
Fungi Simpson -0.01 0.13 0.15 0.19 -0.13 -0.02 -0.50 0.29
Shannon -0.01 -0.12 -0.14 -0.17 0.05 0.02 0.45 -0.24
ACE -0.02 0.49 0.54 0.57 -0.35 0.36 -0.33 -0.19
g Chaol -0.02 0.49 0.54 0.57 -0.35 0.37 -0.33 -0.19
Bacteria Simpson 0.32 -0.64" -0.71" " -0.75" " 0.48 -0.44 0.54 0.38
Shannon -0.24 0.44 0.52 0.55 -0.39 0.32 -0.42 -0.22
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