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Fig. 1 Network of the bacterial and fungal co-occurrence pattern relative to treatment
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Table 1 Topological parameters of the bacterial and fungal interaction network relative to treatment

e -4 1 T T R AR SE R IEE TR
b WA . . .
Average Number of bacterial Total number of Positive connection
Treatement Number of nodes o .
connectivity nodes connections number
X & Control 44 5.091 24 112 32
W) i Biochar 84 10.833 62 455 235
. RERK BT R AL FRIE AR TR
Jb ¥ o4 24 285 JiE _ - . .
Clustering Number of fungal Characteristic path Negative connection
Treatement Network density
coefficient nodes length number
X§I# Control 0.118 0.237 20 2.539 80
HE W) 5 ik Biochar 0.131 0.323 22 2.283 220
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60N T IEM R ) fa T EFHAL, BFEET
A ARV A (R38RSO 18N IEARSE ) ALK
HEREE N (JL14 MR T IERSS ) AR
YERT. WEIAER BB BT, HEv [ALAH LA F N

53, 48%/ N

a) X[ Control

B Positive interactions within the bacterial community

W Positive interactions between bacteria and fungi communities

W Positive interactions within the fungal community

Sk, AEAEE NERAH AR (R3S A 1954
EARC) HEASsE I, 3w T AN - B R
Z I8 (FRI32 MDA 32 IS ) DL BB
MR (L2 8N IER G ) MIAHE AR it
IR AL BRI , A BRRE 7 A LA R 40 T - B R
v Z AR 2R 2 3 (P<0.05) .

8.2%_ 4. 1%

116,25%_—
b) ZE¥I7% Biochar

[D'Nagetive interactions within the bacterial community

[O'Negative interactions between bacteria and fungi communities

M Negative interactions within the fungal community

12 WAk BT A R 2% p AR ELAE 20 A AR ]

Fig. 2 Pie chart of the distribution of interactions in the interaction network relative to treatment
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Fig. 3 Subnetwork diagram of the interaction network based on MCODE analysis relative to treatment
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P=0.003) X} 40w - & W B AE M2 m %
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Table 2 Mantel test of environmental factors with the interaction between bacteria and fungi

R BB %L Positive connection number / Total number of connections

Tji H Project

Xif B Control

H: Wy i ¢ Biochar

r P r P
TR 2
0.002 0.446 0.149 0.110
Plant root system
e iLy/BLERT i)
. . 0.318 0.001 -0.0003 0.372
Soil physical structure
pH -0.102 0.851 0.385 0.003
0.018 0.327 0.501 0.003
Ammonium nitrogen
AR
) . -0.133 0.948 0.098 0.186
Nitrate nitrogen
AR
-0.058 0.889 0.144 0.096

Available phosphorous
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Effect of Straw-derived Biochar on Molecular Ecological Network between
Bacterial and Fungal Communities in Rhizosphere Soil

MA Bobo' HUANG Ruilin' ZHANG Na®> SUN Bo® LIANG Yuting’
(1 School of Environmental and Safety Engineering, Changzhou University, Changzhou, Jiangsu 213164, China)

(2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China)

Abstract [ Objective ] Rhizosphere is a specific compartment that is significantly influenced by
soil microorganisms in the plant root system in soil. Rhizosphere extends from the surface of the main
root for a few millimetres, and is an important zone where plant-soil-microorganism interactions occur. In
the rhizosphere, bacteria and fungi coexist and interact with each other, playing a critical role in recycling
of nutrients in the ecosystem and sustaining of plant health and growth. Ecological network analysis can
visualize interactions between microbial communities, and uncover co-occurrence patterns of the species
in microhabitats and their main influencing factors, which provides a new approach to explaining complex
structure of the microbial communities. Network analysis can also be used to explore mechanisms of
microbial interactions driving biogeochemical coupling of important elements in soil, which is an important
step towards predicting and improving service functions of a soil ecosystem. Unique in structure and
composition, biochar can improve soil properties in a number of aspects, for instance, promoting formation
of soil aggregates, enhancing cation exchange capacity, nutrient absorption capacity and water holding
capacity, and dulling excessive acidification. So it can be applied beneficially to soil amelioration and
raising of crop yield. In addition, the unique aromatic surface, excellent porous structure and high moisture
and nutrient adsorption capacity of biochar can also provide soil microorganisms, such as bacteria and fungi,
with benign habitats, and hence increase biomass of the microorganisms. The application of biochar can
alter structure and enzyme activity of the microbial community, which benefits accumulation of soil organic
matter and transformation of soil nutrients and then indirectly improves growth of the plants. Therefore,
a comprehensive understanding of the effects of biochar on the interactions between bacterial and fungal
communities in rhizosphere soil is of great significance to how to improve soil nutrient transformation.

[ Method ] In order to explore effects of biochar on interactions between bacteria and fungi in rhizosphere
soil, a pot experiment was designed to have CK and a treatment of adding 2% (w/w) biochar and performed
for comparison in interaction network between rhizosphere bacteria and fungi and its affecting factors. The
soil used in the experiment was collected from the topsoil layer (0 ~ 10 cm) of a paddy field in Changzhou,
Jiangsu Province, air-dried, screened with a sieve 2 cm in mesh, and ground fine. Then the soil homogeneous
in texture was left in rest for 24 hours, before being put in pots, 3 kg each. Full ryegrass seeds were sown
into the pots, 30 each. Soil and plant root samples were collected from the pots on the Oth, 5th, 10th, 15th,
20th, 25th, 30th, 35th and 40th days after germination of the seeds, from three pots each time as replicate.
So the experiment had a total of 54 pots of ryegrass plants. The samples were analyzed separately and soil
geochemical properties, rhizosphere microorganisms, and morphological parameters of the ryegrass roots
were determined. [ Result] Network analysis shows that in the treatment, the association between bacteria

and fungi in their co-occurrence network became more complicated with number of nodes and interaction
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enhanced. Positive interactions within the bacterial community and between bacteria and fungi communities
were significantly enhanced (P<0.05). Modular analysis of the interaction networks in CK and Treatment
found two modular structures with highly interconnected nodes. In the treatment, Flavobacterium was
found to be the key group of the co-occurrence network, while in CK, Sunxiuginia and Pichia were. Mantel
test indicates that soil pH (#=0.385, P=0.003) and soil ammonium nitrogen (»=0.501, P=0.003) had more
significant effects on the interaction between rhizosphere bacteria and fungi in the treatment. [ Conclusion ]
Application of biochar significantly enhances interactions between bacterial-fungal communities in the
rhizosphere soil, while improving positive associations within the bacteria community and between bacteria
and fungi.

Key words Rhizosphere microorganisms; Biochar; Network analysis; Co-occurrence pattern; Key

group
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