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Abstract: The influence of Fe-Ca layered double hydroxide-modified corn straw biochar (Fe-Ca LDH-CSB) on nutrient cycling
processes in the rhizosphere soil of Bidens pilosa L. was investigated through controlled pot experiments. The application of Fe-Ca
LDH-CSB was found to significantly increase the soil C/N ratio and organic matter content by 31.1~45.6% and 3.6~10.3%,
respectively (P<0.05). Furthermore, the addition of biochar was observed to markedly upregulate functional genes involved in carbon
(C), nitrogen (N), and phosphorus (P) cycling. At a 2% (mass ratio) amendment rate, the relative abundances of genes associated with
C fixation (e.g., fbad, korA, sucC, accD), N cycling (e.g., GDH2, nosZ, nifH, hao), and P cycling (e.g., ppkl, ppa, TC.PIT, pstB)
were increased by 1.1~1.4-fold, 1.7~23.5-fold, and 1.1~1.2-fold, respectively, compared with the control. A significant positive
correlation between available phosphorus and the abundance of C-, N-, and P-cycling genes (P<0.01) was revealed by Mantel test
analysis. Sucrase activity was found to be positively correlated with C- and N-cycling genes (P<0.01) but negatively correlated with
P-cycling genes (P<0.05). Partial least squares path modeling indicated that nutrient cycling was indirectly enhanced by Fe-Ca
LDH-CSB through alterations in soil physicochemical properties and the reshaping of functional microbial taxa, thereby promoting
the expression of nutrient-cycling genes. Taxonomic annotation revealed that Proteobacteria, Actinobacteria, and Chloroflexi were
the dominant microbial hosts harboring key C-, N-, and P-cycling genes. Collectively, these findings demonstrated that the
application of Fe-Ca LDH-CSB improved rhizosphere soil conditions and microbial community structure, thereby strengthening the
biogeochemical cycling of C, N, and P in the rhizosphere of Bidens pilosa L.
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Table 1 Effects of Fe-Ca LDH-CSB addition on soil porperties in the rhizosphere of Bidens pilosa L.
EELAD X Bl B2 B3

TS KR (%) 31.61x0.01b 33.87+0.02a 30.65£0.01b 34.79+0.02a

SM%(mg/g) 0.51£0.05a 0.360.00c 0.42+0.05b 0.42+0.05b
AR (merkg) 15.43£1.11a 14.81+1.17a 13.47+1.47a 13.43+0.65a

TR A (mg/kg) 7.23+0.61a 6.06+0.27b 5.82+0.15b 6.41£0.76ab
A HL A (mg/kg) 8.12+0.29b 8.76£0.20ab 9.03+0.32a 9.44+0.68a
C/N 37.83+4.48b 55.08+1.77a 49.58+7.08a 50.82+6.44a
TIEA BT (mg/g) 33.00£0.32¢ 34.19+1.10b 35.48+0.39a 36.41+0.24a
S (mg/kg) 621.8215.40a 591.14+9.19b 607.22+14.43ab 597.16+4.44b
1 30 (mg/kg) 240.76+14.95a 101.83+5.46¢ 85.80+2.17d 176.763.15b

VBT TS AR O 22 (=3 ), AN ) /N5 - B AR B W) 22 57 (8 2 (P<0.05).
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AEAEZE 5 DR O B BRI EA D e 2k R 304 T
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F2AE (K 2a) 00 T RAEM O HE T RERE A, AR TR T
A LG T gltB. GDH2. narG Rl narH FE[A,

TR TR T T S e 3 A X T nosZ Fl napB H
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W EURNBE S i SRS PE 2 A OC R (B 3a). 45 156
B AIG R T RESE N 55 AP 5 e R R v 1k 2 i
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FGE K Wi % PR B W3 R OC 08 & (0.25<Mantel’s
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P<0.05) 1 1 Iy fig K& IR 6 B0 5 3 0 1F 10/ JH
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T 1E(0.675, P<0.05),JFF#AIC T -4 NH, ~N.NO; -N
Al DON £ #:(-0.925, P<0.001), \ifii % Z G Ll fig
BEPR ™ A 0 2 R A R 520 (-0.521, P<0.05).
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