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Abstract: The effect of polyethylene (PE) microplastics with varying particle sizes and addition levels on nutrient cycling in the
rhizosphere soil of pakchoi (Brassica campestris L..) was investigated through pot experiments. The total carbon content in the soil
was found to be significantly increased by PE addition (P<0.05), with increases of 73.9% and 56.3% observed under treatments with
PE particle sizes of 1.0um and addition levels of 0.5% (w/w) and 1.0% (w/w), respectively. Moreover, soil enzyme activity was
influenced by PE addition, and significant increases in cellulase, invertase, amylase, urease, protease, and phosphatase activities were
recorded under treatments with a PE particle size of 0.5um and an addition level of 1.0% (w/w) (P<0.05). A highly significant impact
of PE particle size, addition level, and their interaction on the levels of nitrate nitrogen and available phosphorus, as well as the
activities of cellulase, invertase, and phosphatase in the rhizosphere soil of pakchoi, was revealed by two-way ANOVA (P<0.001).
Furthermore, the abundance of microbial functional genes associated with the reduction of citrate cycles and incomplete citrate
cycles during carbon cycling was enhanced by PE addition, thereby partially increasing the carbon fixation potential of the
microbiome in the rhizosphere soil of pakchoi. Significant positive correlations between cellulase activity and changes in carbon and
nitrogen cycling functional genes (P<0.05), as well as significant negative correlations with changes in phosphorus cycling functional
genes (P<0.05), were demonstrated by Mantel test results. Changes in nitrogen and phosphorus cycling functional genes were found
to be positively correlated with total carbon content (P<0.05). Actinobacteria, Proteobacteria, and Acidobacteria were identified as
the primary hosts of key functional genes involved in carbon, nitrogen, and phosphorus cycling in the rhizosphere soil of pakchoi.
The physicochemical properties of the rhizosphere soil were altered, the microbial community structure was modified, and the
expression of functional genes linked to carbon, nitrogen, and phosphorus cycling was modulated by PE addition, thereby influencing
nutrient cycling processes within the rhizosphere soil of pakchoi.
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Table 1 Effects of PE addition on soil porperties and enzyme activites in the rhizosphere of B. chinensis L.
P— ANJF] PE 4b3E I ST S R (F 1H)
X A5P0.5 A5P1 A10P0.5 A10P1 Fifs Bomg RN
pH {& 5.66+0.01a 5.49+0.01b 5.53£0.07b 5.48+0.06b 5.52+0.02b 22 0.3 0.1
R (e/kg) 14346+353¢  20962+330c  18252+91d  24959+675a  22419+108b  141.3%** 341 1%%* 0.15
TAEY) B (mg/kg) 3378+54a 2608+185b  2393+246bc 2152+94¢ 2255+186¢ 0.3 7.6% 2.18
ME(g/ke) 294+11d 261+14e 381+12b 421+15a 345+1c 9.4% 73.5% %% 187.3%%*
H A A (mg/kg) 1.79+0.07¢ 1.76+0.11d 1.86+0.18b 1.74+0.12d 1.94+0.06a 42 0.2 0.5
TH A& A (mg/kg) 93.1£1.7b 88.1+2.5¢ 89.0+3.8¢ 85.4+0.6¢ 130.9+1.3a  272.9%%% 194 6%** 251.5%%*
A A LA (mg/ke) 16.4+2.8a 16.942.1a 17.8+1.6a 18.2+1.7a 17.1+0.9a 0.1 0.1 1.1
M (mg/kg) 1151+14¢ 1227+33b 1061+34d 895+56¢ 1361+36a  39.8%%* 0.5 175.9%%*
AR (mg/kg) 24.4+0.5b 16.3+0.5d 22.4+1.5¢ 12.3+1.2¢ 32.240.6a  416.0%%%  20.3%** 116.1%%*
LR Y W (mg (AT B )/ 2/d) 1.21£0.01d 1.32+0.01b 1.27+0.02¢ 1.37+0.02a 1.25+0.01c  454.5%%* ]57.2%%* 25.0%%*
TR B (mg (i A )/ 2/d) 2.39+0.08d 3.40+0.05¢ 1.35+0.08¢ 4.35+0.03a 3.56£0.05b  1805.1%%% 2223 4%%* 349 3k
JER (g (R B )/ 2/d) 38.07+0.38¢c 50.18+2.11b  33.69+0.50d  61.15+0.41a  49.01£1.76b 306.4%** 258 4%%*x 7.1%
JhR A (me(Z A)/g/d) 2.48+0.30b 5.31+0.47a 2.38+0.42b 5.99+0.55a  2.29+0.42b  147.2%%* 1.1 1.9
AR (mg(HR)/g/d) 0.43+0.07bc 0.52+0.06b 0.38+0.07¢ 0.79+0.04a  0.43+0.02bc  60.3%** 22 8*** 11.1%*
WA (mg())/g/d) 25.3+0.7c 28.4+1.3b 22.241.5d 47.1+0.6a 24.9+0.4c  480.7%%* 270.3%%* 152.4%%%

R R PR R 2 (n=3), N R/ 7 B R AD 3 ) 22 57t (225 (P<0.05). - JG J5 240 W 45 S v, % P<0.05, **P<0.01, ***P<0.001.
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Fig.2 Relationships between rhizosphere carbon. nitrogen and phosphrous cycling of B. chinensis L. with soil properties parameters

based on Mantel test
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Fig.3 Carbon, nitrogen and phosphorus cycling genes inferred from metagenome and their contribution to the variations of cellulase,
total nitrogen and available phosphrous in the rhizosphere soil of B. chinensis L.
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