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Effects of ecological transition model of jujube forest on soil microbial functional diversity in Lvliang

Mountain area

MU Chunheng', LI Jiaqi', HUANG Fuchao', YIN Haishan’, WANG Gailing""

(1. College of Resources and Environment, Shanxi Agricultural University, Taigu 030801, China; 2. College of Economics and
Management, Shanxi Agricultural University, Taigu 030801, China)

Abstract: By studying the functional diversity of soil microorganisms under different ecological transition modes of red jujube economic
forests in Lvliang Mountainous area, we can provide theoretical basis and practical reference for the sustainable development of ecological
transition of red jujube economic forests. In this study, Biolog—Eco microtiter plate technology was used to select four typical ecological
transition modes: replanting of red date palm forest with Chinese pine (CP), replanting of cypress (PO), replanting of alfalfa (AL), and
replanting of medicinal herbs (MM ), and to analyze the carbon metabolism of soil microorganisms as well as the characteristics of diversity
indexes under different ecological transition modes with the natural abandonment of red date palm forests (CK) as the object of the study.
The results showed that CP, PO, MM and AL significantly increased the carbon source metabolic activity of soil microorganisms compared
with CK, with CP treatment being the highest. The strongest utilization of sugars, alcohols, amines and carboxylic acids was PO, the

strongest utilization of amino acids and esters was CP, and CK was the weakest utilization of all six types of carbon sources. Different
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ecological transition model soils significantly (P<0.05) increased the ability of microorganisms to utilize six types of carbon sources

cypress. Simpson’ s index (0.94), Mclntosh’ s index (4.99) and carbon source utilization richness index (19.01) were highest for soil

microorganisms for the CP treatment and Shannon’s index (2.91) was highest for the PO treatment. Correlation analysis and partial least

squares path modeling showed that soil microbial functional diversity was significantly negatively correlated (P<0.05) with soil pH and

positively correlated (P<0.05) with soil organic carbon, microbial mass carbon, and total phosphorus content. Organic matter inputs

affected soil SOC and TN content, which in turn affected the ability of soil microorganisms to utilize carbon sources and functional diversity

indices in different ecological transition modes. The replanting of different vegetation in jujube groves improve the carbon source

metabolism and diversity indices of soil microorganisms, in which the replanting of Chinese pine and cypress models is better than the

replanting of alfalfa and medicinal herbs.

Keywords: jujube forest; ecological transformation; microbial carbon source utilization; diversity index
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Table 1 Basic situation of sample plot
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Treatment . Altitude/m ~ Slope/(°) . Dominant grass species Dominant tree specy
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Ccp 37°43"12"N.110°53'39"E 8434 12 - FH 0.7 ¥ Solanum nigrum AR Jujube
LA Goosegrass JH#2 Chinese pine
PO 37°43"43"N.110°54'2"E 912.2 10 [H 0.6 TEHL Miscanthus sinensis AR Jujube
FlEAL Aster hispidus filA1 Cypress
MM 38°02'15”"N.110°31'39"E  891.5 11 2 BH 0.7 WX Scutellaria baicalensis Georgi AR Jujube
Y58 Radix bupleuri
AL 37°44'37"N.110°45'48"E  796.8 13 [H 0.8 ZERI . Asiatic plantain herb AR Jujube
J%8 Artemisia nana
CK 38°02'24"N.110°31'58"E  906.5 16 LB 0.3 BRFF# Artemisia sacrorum A Jujube
FtEAE Aster hispidus
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Figure 1 AWCD of soil community in different ecological

transition models
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Figure 2 Utilization of six types of carbon sources by soil

microorganisms in different ecological transition models
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Table 2 Soil microorganism utilization intensity of carbon source of different ecological transition models

AbP Treatment 42 Saccharide  Z43EFRZE Amino acids lii 25 Esters 12 Alcohols JHi2& Amine FRBRZE Carboxylic acids
cp 0.17+0.02b 0.90+0.05a 1.24+0.19a 0.32+0.07b 0.81+0.15ah 0.330.02h
PO 0.32+0.04a 0.61+0.12hc 0.45+0.02¢ 0.80+0.05a 1.05+0.12a 0.64+0.02a
MM 0.102:+0.02bc 0.59+0.04c 0.98+0.05h 0.42+0.06b 0.74+0.07he 0.44+0.07h
AL 0.07+0.01cd 0.84+0.14b 1.130.11h 0.46+0.11b 0.57+0.11¢ 0.38+0.10b
CK 0.02+0.01d 0.12+0.01d 0.14+0.03d 0.01=0.01¢ 0.09+0.03d 0.05+0.01¢

T - R P B NI AR 22 [ — 8BRS [l NE R U A R A BE 2 [0 19 28 5 2.5 (P<0.05) . R Tl

Note: Data in the table are mean=+standard deviation. Different lowercase letters following the same column indicate a significant difference among the

various treatments(P<0.05). The same below.
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Figure 3 Soil microbial functional diversity index of different models of ecological transition
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Figure 4 PC ranking of soil microbial carbon source utilization in

different ecological transformation models
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Table 3 Loading coefficients of the 31 carbon sources on

PCI1 and PC2
ik WRZS7 Carbon source type  fii i Carbon source PC1 PC2
LLES - PRI -0.626  -0.717
JHRE -1.039  0.715
D—4F- 4 — -0.737 0473
a-D-FLbk -0.898 -0.481
B-FHEE D-H AW -0.773  -0.692
DA -1.022  -0.042
- 1-BiRREE 0385 -0.944
BRI LAG R 1401 0.241
L RA ik 1.002  2.152
LR AR 0.403 -1.271
L2 5% 1.591 -0.812
L-J5 R -0.879 -0.653
L-A4 -0.281 -0.733
ES VAR RN 1.687  -0.302
-3 40 1.028  1.927
-3 80 1.418  -0.896
D—2F 2B N TR 1.809 -1.571
fi 2k IR EpH B -1.023  0.546
D-H R 0.598  0.382
D, L-a— i -0.545 -0.664
JHek N-ZE3EHibEe 0441 1.784
K -1.131 0254
T It 0.986  0.072
RIS D% e R -0.054  0.589
D FLHERERR -0.885 -0.341
2- R R -0.953 -0.530

AR H R 1.156  -0.419
YR T R 0.064 2415

KR -0.664 -0.055
o— ] FRfR -1.408 0.573
D-3ER R -0.278 -0.936
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Figure 5 Clustering heat map of 31 carbon sources under

different ecological transformation models
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Table 4 Soil properties and organic matter input in different ecological transition models

P R AR 2R AR A e AR A
Sample piot BD/(g:cm™) pH SOC/(g-kg™") TN/(g-kg") TP/(g-kg') AN/(mg-kg') AP/(mg-kg') MBC/(mg-kg™) B/(kg-hm™)
cp 1.25+0.12a  8.28+0.01c 4.72+0.12a  0.40+0.02a  0.49+0.0la 31.19+0.75a 8.17+0.6la  283.85+3.71a 550.44+13.67a
PO 1.26+0.13a  8.33+0.02b 3.91+0.49b 0.27+0.02b 0.44+0.01ab 22.64+1.34b 4.17+0.48b  260.74+14.37ab 542.42+18.59a
MM 1.32+0.14a  8.41+0.02a 3.13+0.12¢ 0.22+0.0l¢  0.39+0.02bc 22.52+1.58b  3.03+0.52b 209.19+4.11¢ 178.61+2.52¢
AL 1.41+0.08a 8.35+0.01b 4.47+0.17ab 0.28+0.03b 0.40+0.04bc 32.47+0.73a  3.53+0.46b  248.29+19.58b 356.77+3.89h
CK 1.31£0.05a  8.42+0.02a 2.78+0.32¢  0.29:0.03b  0.34+0.04c  25.30+2.25b  3.62+0.33b 193.19+14.26¢ 175.30+4.51¢c
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Figure 6 Pearson correlation analysis of soil microbial diversity with soil properties and biomass
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Red and blue arrows indicate the positive and negative effects of causality , respectively , numbers next to the arrows indicate the normalized path coefficients ,
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Figure 7 Partial least squares path model of the influencing factors of soil microbial diversity index
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