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Biochar synergizes with salt tolerant crops to increase available phosphorus content in coastal mudflat saline
soil

XIA Xiaoxue, PAN Shan, YU Chang, LI Mingyan, DOU Qixiang, LIU Xin"

(College of Ecology and Environment, Nanjing Forestry University, Nanjing 210037, China)

Abstract: The purpose of this study was to explore the synergistic regulation of biochar and salt tolerant crops on the available phosphorus
content, soil physical and chemical properties, and microbial community in coastal mudflat saline soil, and to clarify the key mechanism of
phosphorus activation in saline soil, so as to improve the utilization efficiency of mudflat resources. Six treatment groups were set up in the
coastal mudflat area of Yancheng, Jiangsu Province, including CK without biochar and milk salt crops, BC with biochar, salt tolerant crops
(oats ZW1 and sorghum ZW2), and the combined treatment of biochar and salt tolerant crops (oats V1 and sorghum V2). Through field
experiments, the physical and chemical properties, microbial diversity, alkaline phosphatase (ALP) activity, and available phosphorus
content of the soil were determined. Redundancy analysis and partial least squares structural equation modeling (PLS-SEM) were used to
analyze the interactions between various factors. The results showed that the combined treatment of biochar and salt tolerant crops (V1 and
V2) significantly reduced soil pH and EC, increased water content, porosity, and cation exchange capacity, and increased soil organic
matter, total phosphorus, and available phosphorus content by 603.5%, 447.5%, and 491.0%, respectively. In the microbial community, the

abundance of Proteobacteria significantly increased, which was positively correlated with alkaline phosphatase activity (increased by
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184%) and was a key microbial group promoting phosphorus activation. The PLS-SEM model indicates that soil physicochemical

properties jointly regulate the available phosphorus content through direct pathways (path coefficient 0.693 1) and indirect pathways

(microbial community 0.867 7 and alkaline phosphatase activity 0.082 9). The synergistic effect of biochar and salt tolerant plants can

significantly improve the physical and chemical properties of soil, activate microbial functions and improve phosphorus availability,

providing scientific basis and technical.

Keywords: coastal mudflat saline soil; biochar applications; salt tolerant crops; alkaline phosphatase; microbial diversity; available

phosphorus
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Table 1 Effects of biochar and oat/sorghum additives on the physicochemical properties of rhizosphere soil
547 Index CK BC ZW1 ZW?2 Vi V2
HhE Salinity/(g-kg™) 2.90+0.01a 2.8840.01a 2.89+0.01b 2.89+0.03b 2.83+0.02bc 2.81+0.04a
pH(H0) 8.54+0.03a 8.02+0.04¢ 8.33+0.05ab 8.24+0.08b 7.52+0.03d 7.31+0.04d
HL S FEEC/(dS-m™) 1.7020.05a 1.53+0.03b 1.57+0.04b 1.54+0.04h 0.92+0.06¢ 0.84+0.03¢
£ 7K 2 Moisture/% 19.80+0.24c 22.77+1.36b 20.00+1.20c 21.78+1.15hc 34.76+1.26a 35.76+1.30a
FLIE Porosity/% 39.84+1.23¢ 44.80+1.21b 39.88+1.99¢ 41.83+1.84hc 58.57+0.95a 59.80+1.26a
FH #5284 it CEC/(cmol -kg ™) 7.39+0.39¢ 10.87+0.53b 7.88+0.34¢ 8.13+0.63¢ 19.96+1.28a 20.98+1.06a
F A LT SOM/(g-kg™) 6.25+0.06e 24.93+1.11¢ 15.77+0.67d 16.24+0.85d 36.65+1.85h 43.97+1.88a
420 Total C/(g-kg™) 16.00+0.80e 24.00+1.13cd 22.99+0.19d 25.71+0.69¢ 36.85+0.98b 39.28+1.83a
4% Total N/(mg-kg™) 44.17+2.16¢ 89.35+2.44h 72.26+3.64d 81.32+2.44c 182.69+4.54a 188.74+4.32a
421 Total P/(mg-kg™) 8.57+0.70f 25.16+0.72¢ 14.41+0.88e 18.56+1.48d 40.08+1.70b 46.92+2.07a
T R ING PR AL FR ] 2 5 i 3 (P<0.05) .
Note : Different small letters indicate significant differences among treatments at 0.05 level.
15000 _‘ll_ 1207 (b) ) A
14500 F a
14000} _‘: o -y T ¢ =
- 13300 ab b J_ l £ 110} %I =
£ 13000 g d
~ 12500} b I%l % 105 ==
12000F b @ 10.0-%
11500 %
11000—¢y BC  ZW1 _ Zw2 VI V2 95K BC ZW1 7wz VI V2

AbFE Treatment

KbFE Treatment

ARING FBE: R ab P E] 22 53 .35 (P<0.05) . T 1Al

Different small letters above the bars mean significant differences among treatments at 0.05 level. The same below.
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Figure 1 Chaol index and Shannon index of bacterial community in saline soil under different treatments
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Figure 2 Horizontal species distribution bar chart on phylum level
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Figure 3 Redundancy analysis of soil factors and soil dominant

bacterial phyla
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Figure 4 Effects of adding biochar, oats, and sorghum on
alkaline phosphatase
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Figure 5 Correlation analysis between soil alkaline phosphatase activity , physicochemical properties, and dominant bacterial phyla
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Figure 6 Changes in phosphorus activation coefficient of saline soil by biochar synergistic salt tolerant plants
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