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Effect of PLA Microplastics Combined with Cd Stress on Soil Total
C, N, P Ecological Stoichiometry and Homeostasis
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Abstract: To investigate the effects of combined pollution from poly (lactic acid) (PLA) microplas-
tics and cadmium (Cd) on soil carbon, nitrogen and phosphorus cycles and microbial nutrient limita-
tion, this study conducted pot experiments, setting up single and combined treatments with different
concentrations of PLA and Cd. Soil physicochemical properties, carbon, nitrogen and phosphorus
contents, and relevant extracellular enzyme activities were measured after 30 and 60 days of cultiva-
tion. The dynamics of microbial nutrient limitation were analysed using an enzyme stoichiometric vec-
tor model. The results indicate that PLA induced significant time-dependent acidification of the soil,
with this trend persisting under combined treatments. As an exogenous carbon source, PLA signifi-
cantly increased soil organic carbon (SOC) , with increases ranging from 5.26% to 26.32% at 30
days; under combined treatments at 60 days, SOC increases reached as high as 148.87% to
267.50%. Single treatments had no significant effect on total nitrogen (TN) , but combined treat-

ments resulted in a significant increase in TN of 20. 00%-27. 15%; the increase in total phosphorus
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(TP) was also further amplified under combined treatments. Concurrently, PLA caused the C/N and
C/P ratios to increase continuously with rising concentration, reaching maximum values of 6. 97 and
18. 40, respectively, in the 60-day combined treatment. Regarding enzyme activity, Cd chronical-
ly inhibited carbon and nitrogen acquisition enzymes, whilst PLA induced high expression of lipase,
with the high-concentration composite treatment at 60 days showing a 315. 50% increase compared to
the control. Vector modelling indicated that microorganisms were generally nitrogen-limited, reach-
ing extremely high levels under the 60-day composite treatment; however, high-concentration PLA
provided a continuous carbon supply during the later stages of cultivation, effectively alleviating car-
bon limitation.

Key words: PLA microplastics; cadmium; stoichiometry; steady state; total C, N, P
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Table 1 Physicochemical properties of the test soil

Cd/(mg-ke™) ol SOM/% Total nutrients/(g-kg™") Fast—acting nutrients/(mg-kg™")
N B K N P K
No detected 6. 69 1.2 1.8 0. 65 6. 03 86. 34 5.11 282.3

1.2 K&t
B BMPs B F 3% H,0, Hi2 11 30 min #E4FIH FACRE,  H 8 4l K I P20 vk 25 B3 4% B4 7F BMPs 22 1a1 1)
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Table 2 Experimental design number and pollutant addition

No. PLA addition amount/% Cd addition amount/(mg-kg™") Remarks
CK - - SO
cd - 2.0 #mcd
LPLA 0.5 - IR IIGHR B PLA
MPLA 1.0 - W PLA
HPLA 1.5 - VRNV B PLA
LPLA-Cd 0.5 2.0 RN Cd AR PLA
MPLA-Cd 1.0 2.0 I Cd A PLA
HPLA-Cd 1.5 2.0 VRN Cd AR JE PLA

1.3 HmAEKIstRE N

3 pH AR A AR LA (1 2 2.5 FoKEO)IE 3 HIBAHLER(SOC) R H EAR IR P AL -/ LT
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T (LPS) LG} A 2545 -B-D- I IR 46 26 408 1 0 ISH . TR (NP) LUBR IR X il ZE Kl A Iy . Ns Wil
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il FH IBM SPSS 26. 0 H 9 B A 35 225081 (ANOV A) #E4 74341 5 FFEA T Duncan”s 5 56 LLR & AS ] ik
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Fig. 2 Effects of different treatments on soil C, N, and P stoichiometry
different lowercase letters indicate significant differences among treatments, p<0. 0SCREIR/ING FHREFRRGALFLZ IR RE 2R, p<0. 05)
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Fig. 3 Effects of different treatments on soil enzyme stoichiometry
different lowercase letters indicate significant differences among treatments, p<0. 0S(AEHI/NE FEEE RS Z MR e EE R, p<0. 05)
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Fig. 4  Changes in soil vector angle and vector length under different treatments
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Fig. 5 Correlation analysis between soil ecological stoichiome-
try and environmental factors
* indicates significant correlation at p<0. 05 level, ** indicates ex-
tremely significant correlation at p<0. 01 level( *ﬁ/‘T’\‘Tj_:‘p<0. 05 /K F4¢
TESEA M, ++FR p<0. 01 AP 1EAEM WM E )
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