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Effects of intercropping on soybean roots and nutrient uptake under different microplastic concentrations
MING Chunyan, HE Shuran, CHEN Linkang, LI Xinwei, YE Yuanyuan, SONG Shijie, LONG Guangqiang, ZHAO Ping"

(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract: In order to explore the effects of intercropping on root morphological characteristics and nutrient uptake of soybean under
different concentrations of microplastics, and the mechanism of intercropping to alleviate the toxic effects of microplastics, in this study,
four concentrations of microplastics (0%, 0.1%, 1%, 10%) and two planting patterns (soybean monoculture and maize—soybean
intercropping) were set up by pot experiment. After 30 days and 60 days of sowing, the growth indexes, rool characterislics, nutrient
accumulation and absorption and soil physical and chemical properties of soybean were measured and analyzed. Compared with no
microplastics, microplastics exposure significantly increased the total root length of soybean, but decreased the average root diameter and
root activity, and reduced the cumulative uptake of nitrogen, phosphorus and potassium and total biomass of soybean. Compared with
soybean monocropping at the same microplastic concentration, intercropping significantly increased the total root length 23.2%, total root
surface area 39.8% and root activity 49.2% of soybean, and increased the cumulative uptake of nitrogen 35.6%, phosphorus 29.5% and
potassium 32.0% of soybean. Redundancy and correlation analysis showed that total root length, root activity, nitrate nitrogen, available
phosphorus and available potassium were the main factors affecting soybean growth and nutrient uptake. Intercropping can alleviate the
inhibitory effect of microplastics on soybean growth and nutrient uptake by improving soybean root traits and soil nutrient availability.
Moreover, the inhibition of crop growth and development by intercropping regulation of microplastics showed a “time effect”, that is, the
mitigation effect of intercropping increased with the extension of crop growth period.

Keywords : intercropping; microplastic concentration; root morphology; growth and development; nutrient uptake
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Figure 1 Total biomass, plant height and stem diameter of monocropping(MS) and intercropping(IS) soybean under

different microplastic concentrations
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Figure 2 Chlorophyll content(SPAD value) of soybean leaves in monoculture(MS) and intercropping(IS) under different

microplastic concentrations
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Table 1 Physicochemical properties of soybean monocropping(MS) and intercropping(IS) soils under different microplastic concentrations

i ] 5iH 0% 0.1% 1% 10%
Time/d ltem MS IS MS IS MS IS MS IS
30 SOC/(g-kg')  1600:046Bb  1835:075Ac  1624:051Bab  1895:0.59Abe  16.79+0.69Bab  19.90+0.74Aab  17.07+041Ba  21.07+0.69Aa
pH 6.60:0.02Ba  671:0.03Ad  6.642004Ba  6.88:0.02Aa  6.64:0.03Ba  681x002Ab  6.61:002Ba  6.77+0.02Ac
NO:-N/(mg-kg') 1090£044Aa 1123:043Aa  699+030Bb  887+042Abh  5.80+028Bc  834+046Ab  4.85:040Bd  7.23x040Ac
NHi-N/(mg-kg') 17.27+051Ba  1929+0.57Aa  13.90+0.51Bb  1687+0.51Ab  1192+0.53Bc  14912042Ac  1029+0.50Bd  14.70+0.60Ac
AP/(mg-kg')  1890+0.70Ba  21.52+0.67Aa  16.69+0.74Bb  19.06+0.69Ab  1521+092Bb  17.98+0.62Abc  13.17+0.92Bc  16.99+0.74Ac
AK/(mg-kg')  21533+808Ba 244.00£9.54Aa 202.00£9.85Ba 234.00+12.17Aa 20240+10.83Ba 230.2149.50Aa 191.27+9.01Ba 226.67+11.06Aa
60  SOC/(g-kg')  13.02:043Bb  1440+042Ah  1423+031Ba  1536+049Aab  14.82+0.57Ba  1624+0.56Aab  15.02+#047Ba  17.93+0.47Aa
pH 701+0.10Aa  7.08+005Aa  6.74+005Ba  7.01005Aa  68120.02Ba  7.03+0.05Aa  6.84+0.02Ba  7.000.02Aa
NO;-N/(mg-kg') 7412023Ba  8.10+0.19Aa  4.75:0.14Bb  5070.13Ab  445:0.15Bb  503:020Ab  3.87+0.16Bc  4.88+0.36Ab
NHi-N/(mg-kg')  8.60+0.52Ba  1097+0.60Aa  8.11+0.53Bab  10.64+0.77Aah  7.34+049Bb  9.88+0.64Aah  633:041Bc  9.39:0.61Ab
AP/(mg-kg')  1630:0.88Aa 17.66+0.56Aab 1501+0.62Ba  1833:0.84Aa  13.1920.73Bb  17.02:0.54Ab  11.07+0.71Bc  15.00+0.60Ac
AK/(mg-kg')  21291+10.86Ba 139.17+825Aa 212.06:9.05Ba 236.18+11.70Aa 156.50+11.65Bb 219.33+15.88Aa 140.29+15.35Bb 218.51+19.24Aa

TE AR E PR A R OB R 1 T PR AR AR 0] 25 57 35 (P<0.05)  ANIR/INE 813 R A R RS 20 AS IR SO R 5 5 ) 22 S W8 35

(P<0.05) .

Note: Different uppercase letters indicate that there is a significant difference between the two cropping patterns under the same microplastic
concentration (P<0.05) , and different lowercase letters indicate that there are significant differences among different microplastic concentrations under the

same cropping pattern(P<0.05).
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Table 2 Effects of cropping patterns and microplastic concentration on soil physicochemical properties

sl #F130 d Sowing 30 d #EF60 d Sowing 60 d
Treatment SOC pH NO;-N NHi-N AP AK SOC pH NO;-N NH:-N AP AK
CP ssksk Kk sskosk sksksk seksk skskosk Rk skosk skskosk ssksk ssksk Rk
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Figure 3 Root characteristics of monocropping(MS) and intercropping(1S) soybean under different microplastic concentrations
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Figure 4 Accumulation uptake of nitrogen , phosphorus and potassium in soybean under monocropping(MS)

and intercropping(1S) at different microplastic concentrations
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Figure 5 Regulating factors of soybean biomass and nutrient uptake
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