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Nutrient—Microbial Pathway Underlying Enhancement of Soil Multifunctionality by
Biocrusts on Collapsing Walls in Red Soil Region
WANG Zumei, GUO Yongjia, CAI Junjie, FU Di, JIANG Fangshi,

HUANG Yanhe, LIN Jinshi, ZHANG Yue
(College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: [ Objective ] This study aims to elucidate the specific mechanisms by which biocrusts drive the recovery
of soil multifunctionality in extremely degraded habitats in the red soil erosion area.[ Methods ] Typical collapsing
walls in Fujian Province were selected as the research object. Soil samples of bare soil, algal biocrusts, and moss
biocrusts were collected to determine soil nutrient contents and key enzyme activities. High-throughput sequencing
and path analysis were employed to decipher the driving pathway of biocrusts-nutrient environment-microbial
characteristics-soil multifunctionality. [ Results] 1) Different types of biocrusts significantly enhanced the soil
multifunctionality of collapsing walls, exhibiting a clear gradient of moss biocrusts > algal biocrusts > bare soil.
Under moss biocrust treatment, the contents of soil organic carbon, total nitrogen, and alkali-hydrolyzable
nitrogen reached their maximum, and the multifunctionality index was significantly higher than those of algal

biocrust and bare soil treatments. 2) Total nitrogen (R* = 0.78), alkali-hydrolyzable nitrogen (R* = 0.82), and
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urease (R* = 0.83) were the core drivers supporting the improvement of soil multifunctionality. 3) Biocrusts

(especially moss biocrusts) significantly increased the Shannon diversity index of the bacterial community and the
gene abundance of metabolic functional potentials related to carbohydrates and amino acids. Bacterial diversity and
functional potential showed a highly significant positive correlation with soil multifunctionality (p» < 0.01), while
the functional contribution of the fungal community was relatively weak. 4) Path analysis revealed that biocrusts
enhanced soil multifunctionality primarily by improving the soil nutrient environment (direct effect accounting for
89.50%). Although microbial characteristics responded significantly to the improvement of nutrient conditions,
their direct driving effect on integrated functions did not fully manifest in the current habitat (contributing only
10.50%).[ Conclusion ] Biocrusts effectively promote the synergistic recovery of soil functions on collapsing walls
through the core pathway of biocrust succession-nutrient environment improvement-multifunctionality
enhancement. In the management of Benggang erosion in the red soil region, artificial inoculation of biocrusts and

promotion of their succession toward the moss stage represent an effective strategy for accelerating the ecological

restoration of collapsing wall soils.
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Fig.3 Predicted functions of soil microbial communities under different treatments

http. // stbexb.alljournal.com.cn



%5 34 TG A < AR W48 K AR T 21 X BE B 2 DR PR 1Y 5RO T AE iR R 31
M @ o) Mo
2k R=0.59 G 2k R=0.63 & 2t R'=0.45
ﬁ P_-*t. ﬂ P:t'* ﬂ P:t.
p = 3
& & &
B B B
+H -+ +H
2 1 1 1 1 ] 2 1 1 1 1 2 1 1 ' 1 ]
0 1000 2000 3000 4000 0 2 4 6 8 10 0 100 200 300 400 500
i # B 7% Chao 11531 4174 B 7% Shannonf5 £ HEFE B Chao 1453
3r ir ir
(d) (e) (H
7t R"’=0.20 7| R=059 7L
b P = =
& &= &
# ] . =aiy | g
& < 2 #
= . =® =
0 0 0
+H H H
=1 . -1 -1F
=2 . . ! =2 ! ! ! ! =2 : ! .
3 4 5 6 5000 5250 5500 5750 6000 5200 5400 5600 5800
BCHE BV Shannon s o B BE A B KL S AR T R R I B BEVE E LR AU D R R
3r 3r 3r ..
() (h) (i
R=0.58 R=0.09 R=0.11
Sﬁ 2r i ﬂ 2F NS 3@{ 2r NS
= = =
- £1r . & £
- am . am
B ® - IR
& W OF . )
% :}ig; =] -- " %
B H . =
_| L _| L
= 1400 1600 1800 2000 2200 2400 ) 1000 1500 2200 2500 k 675 720 765 810

B R R R U T RE
HENSERARE .

BB BEE AL & VMR T Ak

HEMECHLS WA 5 R ThREF HE

4 TEMAEMSHEERDIEENSIESREMESINE&MERAXER

Fig.4 Linear regression relationships of soil microbial diversity and functional potential with soil multifunctionality index
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