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Text S1. Materials and methods.

S1.1 Chemicals and instruments. The Dechlorane Plus with a purity of 97% used in
this study was purchased from J&K Scientific Ltd. DP stock solutions were prepared
in acetone at 250 mg/L. Tenax-TA was obtained from Beijing KangLin Science &
Technology Co. Ltd., China. All solvents were HPLC grade and were purchased from
Sinopharm Chemical Reagent Co., Ltd., China. Deionized water was self-manufactured
using the Milli-Q Advantage A10 Ultrapure Water System in the laboratory. The
samples were freeze-dried in a lyophilizer (FD-1, Biocool Instrument Ltd. Beijing).
S1.2 Preparation of DP spiked soils. The paddy soil used in this study was collected
from the surface layer (0-10 cm) of a rice-grown area (31°93" N, 119°07" E ) in
Nanjing, China. The soil was air dried, gently crumbled and passed through a 2 mm
sieve, discarding roots, other plant residues and fragments of organic matter. The soil
was preliminarily analyzed for background signals to confirm no DP was detected. The
soil consisted of 29.41% clay, 37.28% silt, 33.31% sand, and 2.51% organic matter,
and had a pH of 6.7.

The soil was spiked with DP solutions (250 mg/L in acetone) to prepare S1 (100 ng/g),
S2 (1000 ng/g), and S3 (10000 ng/g) soils based on environmental DP levels. After
evaporation of acetone, the soil was thoroughly mixed and homogenized. Portions (80
g in the root compartment and 40 g in each outer compartment) of the soils were packed
uniformly into the rhizobox, giving a bulk density of 1.25 g/cm?. The upper 0.5 cm of
each rhizobox was covered with fine sand to avoid the atmospheric DP deposition,

water loss and evaporation of DP from soil.
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S1.3 Rice cultivation. Rice seeds (Oryza sativa L. cv. Yiyou 1988) were purchased
from the Nanjing Institute of Agricultural Sciences, Nanjing, China. The seeds were
sterilized in 10% (w/w) H,0O, solution for 30 min, thoroughly washed by deionized
water, soaked in the deionized water in the dark for 12 h, and germinated on moist
gauze in the dark. Ten pregerminated seeds were transplanted in the root compartment
and 3 days after emergence 3 seedlings with vigorous and uniform growth were left.
Nonspiked soil with rice growing was additionally carried out as the DP-free blank
control. The rhizoboxes were placed randomly side-by-side and relocated every five
days in a greenhouse at a 32/22 °C day/night temperature regime and a relative humidity
of about 60%. Halide lamps were used as supplementary illumination to provide a light
intensity of 800 umol m>2s! for a photoperiod of 12h at daytime. To avoid the
infiltration of DP caused by irragation from top, the soil was connected to a water
reservoir containing nutrient solution below the rhizobox via fiberglass filter paper
wicks and the length of the wicks was adjusted to keep the moisture at 48% by weight.
The solution in the reservoir was prepared based on that of Yoshida and refreshed twice
monthly.

S1.4 Sample preparation. The growth was sustained for 150 days and every 15 days
after transplanting the rhizoboxes were detached. Plant shoots were divided into stems
and leaves and were separately sampled with roots, and rice grains were harvested on
the 150th day. The root, shoot and grain samples were rinsed with water, freeze-dried,
weighed to determine dry weights, ground separately, and then thoroughly mixed

respectively. The fine sand on the top was removed and the soil sample in each
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compartment was collected, freeze-dried and homogenized to assess soil properties, e.g.,
pH, soil organic carbon (SOC), microbial biomass carbon (MBC).

S1.5 Extraction of Dissolved organic carbon (DOC). One day before the plant
sampling, soil water samplers were installed in every compartment, connected to glass
syringes, and set to a suction of 400 hPa to collect 2 ml soil water. Then water sample
was analyzed for DOC content by a TOC analyzer (Acquray series, Elementar,
Germany).

S1.6 Extraction and Analysis of DP. Triplicates of a 1 g aliquot of soil (dry weight)
in each compartment of rhizobox were subjected to sequential extraction. The labile,
stable-adsorbed, and bound-residue fractions of DP in soils were sequentially treated
by Tenax-TA, the mixtures of hexane and acetone with UAE, and alkaline hydrolysis
in a water bath, respectively.

For the labile fraction, Tenax-TA beads (0.5 g) were added only once, separated after
10 h of shaking, rinsed, and extracted by UAE with 3 x 10 mL of hexane:acetone
solvents (1:1, v/v) for 10 min. The combined extracts were passed through a 0.22-um
filter membrane and concentrated to 1 mL for analysis.

For the stable-adsorbed fraction, soil samples which has been extracted by Tenax-TA
were lyophilized and then extracted 3 times with 10 mL of hexane:acetone (1:1 v/v)
with UAE method. After centrifugation, the combined extracts were collected, passed
through a 0.22-um filter membrane, and then concentrated to 1 mL for gas
chromatography/mass spectrometry (GC-MS) analysis.

For the bound-residue fraction, the remaining soil previously extracted by the UAE
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method was then poured into to a 10-mL Teflon centrifuge tube to which 2 mL of 1 N
NaOH solution was added, followed by 8 h of water-bath heating at 80°C. After cooling,
the mixtures were lyophilized and then extracted by UAE using 3 x 5 mL of
hexane:acetone (1:1, v/v) for 10 min. Following centrifugation, the extracts were
combined, passed through a 0.22-um filter membrane, and then concentrated to 1 mL
for analysis.

Analysis of DP was performed with GC-MS (a Thermo DSQ II system) operating in
the electron capture negative ionization (ECNI) mode. ECNI-selected ion monitoring
was used for measurement, and ions of 651.5 and 653.5 m/z were monitored for syn-
and anti-DP. Then, 1 pL of the extract sample was injected into the gas chromatograph
in splitless mode. The injection port and transfer line were held at 275°C. The ion source
temperature was 280°C. Helium was used as the carrier gas at a flow rate of 1.0 mL/min,
and the reagent gas was methane. The separation used a 30-m HP-5MS capillary
column (0.25 mm i.d., 0.25 pm film thickness; Agilent Technologies, Inc.). The GC
oven temperature program started at 100°C for 1 min, then increased by 10°C/min to
280°C, which was held for 2 min, and then increased by 5°C/min to 300°C, which was
held for 10 min.

S1.7 Soil pH analysis. The soil pH was measured with a glass electrode (PHSJ-6L pH
analyzer, Lei-ci, China) in samples with a soil:water ratio of 1:2.5.

S1.8 Soil organic carbon (SOC). The SOC concentration was used to determine soil
organic matter (SOM) content in each compartment, using the dichromate oxidation

method, which means the oxidation of organic matter by a mixture of H,SO,4 and
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K,Cr,07 with titration of FeSO,4-2S0,4-6H,0 1.

S1.9 MBC analysis. In brief, the fumigated and nonfumigated soils were extracted by
0.05 mol/L K,SO, solution (w:v=1:4). The contents of organic carbon in the extracts
were measured with a multi N/C analyzer (multi N/C analyzer 3100, Analytik Jena,

Germany). MBC was calculated by equation:

Cfumigation - Cu nfumigation

MBC =
Kgc

where Cimigation a0d Cypfismigarion Were the concentrations of dissolved organic C (g/kg

soil) in the extracts of fumigated and non-fumigated soils, respectively; KEC=0.45 [2],
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Text S2. Derivation process for the model.
S2.1 Plant uptake and depuration
Plants accumulate organics through passive root uptake of organics dissolved in water,
which could be represented by the flow of organics into roots associated with flow of
water supplying the plant transpiration demand [3l. The magnitude of potential root
water uptake rate is defined as s, corresponding to the potential transpiration rate, T,
The root water uptake is distributed over the root zone according to the root distribution
in the root compartment. The potential transpiration is determined by the atmospheric
demand controlled by meteorological variables, such as solar radiation, temperature,
wind speed, and relative humidity.
When distributing the potential water uptake rate equally over a two-dimensional
rectangular root domain, s, becomes:

sp() = BMOYTH(D) (Sql)
where s, is the potential root water uptake rate [day!] at time t, T, is the potential
transpiration rate [cm day-'], B(t) is the normalized water uptake distribution function
[cm™], Y is the stress response function, which is a prescribed dimensionless function
of the soil water and osmotic pressure heads discussed in extensive literatures [4-6].,
The normalized water uptake distribution [B(t) is a function of space and time, allowing
for plant root growth, and must be normalized to ensure [(t) integrates to unity over
the flow domain, i.e.:

JarB(®)dR =1 (Sq2)

and
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R(z)
B(H) = [orR(2)dz (Sq3)

where QR represents the root zone [cm?], R(z) represents the various root length
density at depth Z [cm]. Rice roots in the root compartment could be considered as

uniform distribution during cultivation, and thus the equation could be simplified as:

R(z) R(z) 1
B = JarR@)dz — R(z) * Sr(®) — Sr(®) (5a4)

where Sg(t) represents the area of the root zone [cm?].

In the present study, water supply for the rice growth was continually adjusted by the
fiberglass filter paper wicks which were connected to a water reservoir. Therefore, there
is no stress response in the root compartment during cultivation, that is y=I.
Additionally, the growing conditions, such as solar radiation, temperature, wind speed,
and relative humidity, which could control the potential transpiration, were regulated
during cultivation. Therefore, the potential transpiration rate, T, (t) [cm day'], is defined

as:

mye(t)

Tp(®) = Tpm . (895)

where T, represents the maximum potential transpiration rate of plants, which is
approximately averaged as 0.1 cm/day in the present study on the 105th day. my«(t) [g]
represents the total mass of leaves on t days, and My¢ [g] is determined as the maximum
total mass of leaves by experimental observation on the 105th day in the present study.
It is known that the dissolved fraction of DP in water could be accessible to soil
organisms, that is rice roots uptake the dissolved DP in the water flow. Therefore,
passive DP uptake is simulated by multiplying root water uptake with the dissolved DP

concentrations in the present study, which is described as:
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Pa(t) = sp(t) * Lw(t) (Sq6)
where p, [ng cm3day!] represents the mass of DP removed per unit time from a unit
volume of soil due to passive plant water uptake, L,(t) [ng cm?] represents the
dissolved DP concentration in soil water that can be taken up by roots during passive
root uptake.

The rate of DP uptake by roots a can be calculated as:

o =sp(t)/6 (Sq7)

where 0 represents the water content of soil in rhizoboxes.

Intuitively, the accumulated DP in plants can be calculated by an equation of

dC pa(t) X Vg
dt = m(b)

—kpiC (Sqg8)
where C is the concentration of DP in plants [ng/g], m(t) [g] is the total mass of rice
plant in one rhizobox at time t [day], Vj is the volume of the root compartment where
roots uptake DP [cm?], and k,, represents the depuration rate of DP in plants [day!].

This model was well fitted with R? = 0.966 (Figure S4a), and the parameter was

calibrated as k,; = 0.016 (Table S8).

S2.2 Root-induced DP transport

S2.2.1 The calculation of DP in rhizosphere.

The dissolved fraction is an indispensable part of the labile fraction, which dissolves
and diffuses in soil water (L) and reversibly equilibrates with the rapidly dissolved
fraction adsorbed on soil (L;). Ly, could transfer in soil water and L participates in the

fractions transformation, that is:
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DP=L+S+B (Sq9)

L = Ly + Lq (Sq10)
DPy=L;+S+B (Sql1)
DP = L,, + DP, (Sql12)

where L, S, and B represent the concentration of the labile, stable-adsorbed, and bound-
residue fractions of DP in soil, respectively. Ly, Lg, and DPg are concentrations of
dissolved fraction of DP in soil water, labile fraction adsorbed in the soil-water interface,
and total DP adsorbed on soil particles, respectively. Therefore, the transport of DP in

the rhizosphere could be described as:

oDP  9(BLy)  3(pDPy)

=0+ 5 = Dubfd*Ly,/0x* —BKppLyy (Sq13)
where p is the soil density, 0 is the water content, Dy, is the diffusion coefficient of DP
in soil water, f is diffusion impedance factor, kpp is the first order degradation rate

constant for dissolved fraction of DP in soil.

Through chain rule:

dDP;  0DPJIL,,

ot~ oL, ot (Sql14)
and

oL pdLs  8(OLy)

a= A+ eaLw) at (Sq15)

According to the definition of buffering factor [11:

L
bw=1+ g (Sq16)

Therefore Eq. (Sq13) could be transformed as:

d(6Lw) 9(OLw)
bw at =Dwf?—ekDpr (Sq17)

S2.2.2 DOC in rhizosphere.
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Considering the diffusion and root-induced generation of DOC away from the root
compartment, and the decomposition of DOC in soil water follows first-order kinetics,
then the rhizosphere effect on spatial variation of DOC content could be expressed as
Eq. (Sq18):

a(6M) 52(6M)
bpoc—5;~ = Dpocf— 7~ +60(x) — kpocOM (Sq18)

where bpoc is the soil buffer power for DOC, M is the concentration of DOC in soil
water, Dpoc 1s the diffusion coefficient in soil water, kpoc 1s the first order rate constant
for DOC decomposition. 6(x) is the root-induced generation rate of DOC in the distance
of x [mm] away from the roots [mg/ (L-day)].

According to Kirk (1999), the value of bpoc is approximately 5.8 and f is 0.40 in this
study. And 0 is 0.48 in this study.

o(x) could be described as:

o(x) = azexp (5—) (Sq19)

xX° + az

In this study, the DOC equation was calibrated using the data of DOM in the
experiments. With R? =0.810, the equation was well fitted, and the parameters were

calibrated as Dpoc = 0.0069, kpoc = 0.01, a; = 68.46, a, =2.69, a3 =-1.19.
Therefore, 6(x) can be shown in Figure S2. It is noted that the generation rate of DOC

(o) decreased with distance to roots and could be neglectable from the 8§ mm
compartment. The limited excitation extent could be explained by the slow diffusion
and rapid microbial decomposition of root exudates, leading to DOC gradients in the

rhizosphere.

S2.2.3 Calculated solubilization of DP by DOC.
In the rhizosphere, the solubility of DP in soil water can be facilitated by root-
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induced DOC changes. Therefore, the solubilization effect of DP by DOC in the
transport process should be taken into consideration. Based on the theory for the
diffusion of two interacting solutes in soil, the modified transport of DP in the
rhizosphere can be described by the following diffusion equation:

d(Ly - AM)
at

b,,0 = D,,0fd%L,,/0x* —OkppLyy (Sq20)

where A is introduced as a DP-DOC interaction coefficient in the rhizosphere.
According to Nye (1984):

(—ADP/AM)y, = Aby/by (Sq21)
The value of by, could be estimated from the sorption curve of DP on soil (Figure S1a)

dL, _
4. =220,

which also obeys the Freundlich adsorption isotherm (Figure S1b), and b, =

The quantity of (—ADP/AM)(;,) can be estimated from the data of DP and DOM
concentrations in the rhizosphere (Figure S1c) to be 0.0004. Therefore, the value of A
is 1.09 x 107 in this study.

This model was well fitted with R? >0.820 (Figure S4b), and the parameters were
calibrated as D, = 8 x 10, and kq, were 0.32~0.19 d! from rhizosphere to

nonrhizosphere.

S2.3 Fractions transformation
The equations describe fractions transformation of DP in the rhizosphere are modified

based on our previous study :

dL, aDP
2t = - kibs — k3Ls + k2S + aB + 5 (5q22)

as
= - k2S — Ks5S + L + k6B (Sq23)
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dB

7= - k4B — k6B + k3Ls + k5S (8q24)
where L, S, B represent the concentrations of labile, stable-adsorbed, and bound-
residue DP in soil, respectively [ng/g]; K; (i=1,2, ..., 6) represents the rate coefficient

. . . aDP ALy - AM)
for transformation of DP between different fractions (day™). - = b,,0—; 1S

the variation of total DP concentrations in soil phase, which is affected by the other
two models above.
This model was well fitted with R> >0.750 (Figure S5). The parameters K1~K6 were

calibrated in Table S7.

S2.4 The initial conditions and boundary conditions
The initial condition of plant uptake and depuration model (S2.1):
C=0 t=0 (Sq25)

The initial condition of root-induced DP transport (S2.2) is calculated using the
Freundlich adsorption isotherm (Figure S2b):

L,=C, ¢.,=100,1000,10000ng/g (Sq26)
The initial conditions of fractions transformation (S2.3) is determined by the
experimental data on day 0.

The rhizosphere boundary condition is:

D,ffdL,
w =—al, x=0mm,t=0 (Sq27)

where a is the root absorbing power for solute. Based on the passive root uptake theory,
a can be determined as:

o= sy(t)/0 (Sq28)
where s,(t) represents the potential root water uptake rate for rice plants, day-!.

At the outer boundary (x = 10 mm), there will be no diffusion of DP and DOC.
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Therefore,

D,0fdL,,
=0 x=10mm,t>0 (Sq29)
DpocOfdM
”Ozx =0 x=10mm,t=>0 (Sq30)

S2.5 Total dissipation calculation.
The total dissipation (TDP) is the percentage of dissipative amount of DP caused by
rhizosphere effects [%]. TDP at x [mm] away from the roots were calculated as the sum
of four aspects, that is the plant uptake (Fpake), modified diffusion (Fisusion), microbial
degradation (Fjegradation), and bound-residue formation (Fyoung):

TDP = Fuptake + Fitfusion T Fdegradation + Fbound (Sq31)
where Fyptake, Faiffusions Fdegradations and Fyoung are the dissipative percentage of DP
caused by each aspect [%] within cultivation time.

And within cultivation time from t; to t,, each aspect can be calculated as:

2 0%(BLy)
l;‘mobility = ftlDwf 952 dt (Sq32)
t2
1::degradation = ftl _ekDPLwdt (Sq33)
t2
Fuptake = ftl _O(Lwdt (Sq34)
t2
Fpound = J ,;( — k4B — k6B + k3L + ksS)dt (Sq35)

Therefore, the respective contributions [%] of the excitation effect and aging effect to

the total dissipation are:

Faiffusion + Fdegradation + Fuptake

Exitation = TDP (Sq36)
. Fhound
Aging = —p (Sq37)
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S2.6 Calculation method and parameter determination
The models are solved using the finite difference method. The parameters of the
models are determined using empirical values, experimental data and model calibration

where genetic algorithm is applied in Table S1.
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Table S1. The parameters for the models.

Note: ° represents the parameter is determined by experiments; # represents the

parameter is determined by empirical value; * represents the parameter is determined by

model calibration.

Plant uptake and depuration

v° 1
Tpm® 0.1 cm/day
kpr* 0.016 d!

Root-induced DP transport

p° 1.25 g/cm3
0° 0.48

F# 0.4

A° 1.09 x 10
by° 220

bpoc® 5.8

Dy* 8 x 106
Dpoc* 0.0069

kpp* 0.19~0.32 d'!
kpoc* 0.01 d!

Fractions transformation

K,-K*

Table S7
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Table S2. The methodological detection limits (MDLs) and recoveries of the extraction methods used in the study.

Extraction of DP MDLs (ng/g) Recovery (%)
Tenax extraction for labile DP 0.013+0.001 ~ 0.032+0.002 86.5£7.1 ~92.3+8.9
UAE for stable-adsorbed DP 0.006.0+0.001 ~ 0.019+0.002 92.149.3 ~ 96.2+7.2
Alkaline-Hydrolysis for bound-residue DP 0.023+0.002 ~ 0.045+0.003 80.2+£6.5 ~ 87.5£9.3
DP in rice roots 0.047+0.005 ~ 0.072+0.005 82.3+5.6 ~ 86.9+£8.7
DP in rice shoots 0.05240.004 ~ 0.076+0.006 76.8£7.1 ~ 82.149.2

Data are means of three replicates.
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Table S3. Plant response on each sampling day during the long-term growth for 150 days in the S1, S2, and S3 soils, including heights (cm) and biomasses of

roots, shoots, and leaves (g plant’!, DW). In addition, setting rates (%), the ratio of blighted grain to total grain amounts, were calculated on the harvest day.

soil Plant cultivation time (day)
tissues 15 30 45 60 75 90 105 120 135 150
root (g) 0.32£0.05 0.98+0.01 2.27+0.21 3.06+0.33  3.224+0.19  3.70+0.37  4.13+0.38  3.79+0.28  3.72+0.31  3.51+0.33
shoot (g) | 0.62+0.05 2.21+£0.29 5.39+0.39 10.27+£1.24 14.52+0.88 25.13+1.59 38.52+3.12 47.32+4.33 53.87+£5.15 61.97+5.69
control | 2t (g ; ; 2524022 473+051 6224047 8.92+0.63 9.98+6.64 11.76+0.88 12.13+1.09 13.62+1.35
height (cm) | 8.3£0.7  13.6+1.24 48.2+0.57  71.245.2 84.146.6 93.2+7.3 98.6+6.2 103.14£7.1  104.9£5.1  106.8+£6.9
setting rate 79.7+5.2%
root (g) 0.32£0.02  0.92+0.07 2.29+0.31  3.02+0.31  3.26+0.42  3.62+0.21  4.04+0.39  3.73+0.22  3.71+0.34  3.52+0.39
shoot (g) | 0.63+0.03 2.19+0.35 5.52+0.48 10.46+0.92 14.71+£1.39 24.9542.64 38.1242.95 46.83+£5.13 54.73+4.79 62.23+4.89
S1 leaf (g) - - 2.53+0.22 4784038  6.39+0.52  8.60+0.63  10.07+0.82 11.23+1.12 11.88+1.07 12.47+1.15
height (cm) | 8.2+0.6 13.1+1.1  47.6£2.97  70.5t4.4 83.7+6.2 93.5+4.7 97.7+£5.9 101.5+6.7  104.9+7.5  107.4+8.2
setting rate 82.5+5.6%
root (g) 0.33£0.04 1.02+0.15 2.24+0.21 2.92+0.23  3.13+0.32  3.84+0.32  4.11+0.32  3.85+0.19  3.68+0.29  3.43+0.36
shoot (g) | 0.61£0.05 2.24+0.31 5.36+0.32 10.32+1.11 14.17+1.52 25.33+2.72 38.18+0.29 47.52+3.35 52.57+5.15 62.35+4.69
S2 leaf (g) - - 2.46+0.31 4.62+0.52  5.96+0.49  9.12+0.71 10.11£1.21 11.43+0.82 11.56+1.03 12.47+0.95
height (cm) | 8.1+0.5 13.4+1.1 48.8+0.53  72.2+6.4 82.5+4.2 92.8+7.2 97.4+6.6 102.245.9  103.3£5.3  106.9+6.9
setting rate 81.246.3%
root (g) 0.39+0.04 1.16+0.13 2.44+0.19 3.13+0.24  3.64+0.27 4.05£0.32  4.56+0.29  4.15+0.41 3.91+0.36  3.82+0.28
shoot (g) | 0.59+£0.03 2.26+0.19 5.37+0.43 9.96+0.63  13.17+1.15 24.21+1.83 37.83+4.12 47.52+4.23 51.75£3.95 61.13+6.33
S3 leaf (g) - - 2.49+0.21 4.83+0.29  6.18+£0.63  8.71+0.57 10.05£0.99 12.13+1.17 12.83+1.08 14.75+1.14
height (cm) | 8.3+0.04 13.9+0.92 49.7+0.47  69.2+3.7 81.3+5.8 89.3+3.9 94.8+5.7 100.2+6.2  102.844.9  104.5+7.5
setting rate 71.3+6.1%

The aboveground shoot consists of both stem and leaf.
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Table S4. The concentration of DP in roots (C,,,), shoots (Cqpoer), and leaves (Ci,) and calculated translocation factor (Cgpoot/Croot, (7F5)) (DW).

soi

Cultivation time (day)

1 15 30 45 60 75 90 105 120 135 150
Croot | 0.40£0.03  2.13+£0.41  4.36+0.38 10.24+1.42 18.32+1.45 23.70£2.12 24.30+£2.15 21.61+1.88 22.42+1.88 20.22+1.66

S1 Cao 0026001 053005 0712005  122£0.08  185£0.13  2.60+0.18  2.63£0.17  240:0.12 2212013  1.92+0.17
t
Cleaf - - - - - - - - - -
TF, [0.03 0.030 0.045 0.048 0.055 0.056 0.049 0.043 0.039 0.039
C 2.68+0.03  10.52+1.1 14.77£1.07 25.41+£1.98 48.36+3.95 66.32+5.96 71.86+£5.58 76.35+4.32 74.12+6.37 70.83+£5.68
root 2

S2 Cehoo | 0.16£0.02  0.70+£0.06  1.38+0.12 2.66x0.31 3.48+0.22 3.60+0.27 3.28+0.26 2.74+0.15 2.58+0.18 2.22+0.13
t
Cleat | - - - 0.03+0.01 0.03+0.01 0.04+0.01 0.05+0.01 0.05+0.01 0.06+0.01 0.06+0.01
TF, | 0.060 0.067 0.093 0.105 0.072 0.054 0.046 0.036 0.035 0.031
C 254340.0 45.69+£5.5 108.39+9.3  172.92+15.3  205.69+£10.5 341.53£23.2 426.93£22.3 469.08+30.6 447.284+21.3  409.924+39.5
ot 2 2 7 2 1 1 4 2 3 2

S3 Cihoo | 0.32+0.03  1.05+0.07  1.95+0.22 3.82+0.29 9.37£1.03 11.92+1.22 12.18+1.18 11.45+1.25 10.82+1.12 10.20+0.89
t
Creat | - - - 0.13+0.03 0.17+0.03 0.26+0.04 0.30+0.03 0.33+0.03 0.35+0.02 0.36+0.02
TF, |0.012 0.023 0.018 0.022 0.046 0.035 0.029 0.024 0.024 0.025

No DP was detected in roots and shoots from non-spiked control soil.
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Table S5. The residual concentrations of DP in each compartment on sampling days in the S1, S2, and S3 soils (DW).

Laye Cultivation time (day)
Soil | r
15 30 45 60 75 90 105 120 135 150
(mm)
Root | 95.1£5.8 92.0+6.1 84.3+£5.8 75.0£6.9 64.0+3.8 55.2+4.9 50.9+5.2 47.0+£3.6 45.3+4 4 43.6+3.8
1 96.1+6.2 92.8+3.7 86.9+4.2 78.0+5.7 66.7+5.2 59.0+5.5 54.7+4.9 50.9+£3.9 47.3+3.9 45.1£3.2
2 96.2+6.9 93.6+6.3 91.44+6.3 85.844.3 80.1+6.6 73.8+6.6 70.0+4.7 66.8+5.7 64.7+5.6 62.6+4.6
3 97.4+5.1 94.4+5.2 92.3+8.1 88.4+7.5 83.3+3.4 79.0+£6.2 76.4+6.8 73.24+5.3 71.3+4.9 69.8+5.7
s1 4 97.1+7.8 94.2+7.1 90.3+8.7 87.6+9.3 83.0+4.4 80.7+5.9 77.7+£7.3 75.2+6.9 73.0+£5.4 70.3+5.2
5 97.2+10.3 94.6+4.4 90.2+5.9 88.1+6.1 84.3+5.6 81.2+7.1 78.4+6.4 76.2+5.4 73.4+4.8 71.8+5.9
6 97.2+8.3 95.9+8.3 91.4+6.6 90.3+7.3 87.5+7.0 88.3+7.8 85.8+7.6 83.4+5.5 79.3+5.8 77.6+6.8
7 97.0+4.9 96.1+8.1 95.3+5.1 93.3+£7.7 91.7+8.2 91.6+5.8 90.5+5.7 89.2+7.7 86.3+7.4 84.7+7.2
8 97.0£5.4 96.2+5.6 96.1+10.3 95.7+10.1 94.1+8.8 93.4+6.2 92.1+6.9 90.9+7.6 88.6+4.7 87.7£7.5
9 97.1£6.2 97.1+£6.8 96.0+6.9 96.4+5.9 95.1+6.6 94.1+6.3 92.848.3 91.748.3 89.549.1 89.3+8.6
10 97.1+£6.7 97.1+8.6 96.5+9.6 96.4+5.3 96.1+7.2 95.1£7.9 94.3+8.7 92.948.1 90.7+8.5 90.7+8.1
Root | 973.3+58.9 952.4+66.3 789.2+52.1 687.5+£53.2 605.6+33.3 555.6+54.6 535.1+£39.5 524.8+44 .4 519.7+39.5 515.1+£39.6
1 975.5+40.2 955.5+73.4 803.1+52.0 698.3+51.9 626.2+43.6 577.6+43.7 563.8+55.2 549.7+54.4 538.8+46.7 529.5+45.5
2 977.1+£32.8 961.54+56.2 874.7+63.2 802.9+61.2 749.2+68.2 702.7+39.8 681.1+53.7 655.8445.6 643.24+42.5 636.4+49.6
3 977.84£39.6 964.4+63.7 912.3+48.9 870.7+£77.8 825.1+47.9 786.7+46.3 765.3+49.9 747.2+65.2 721.5+63.1 693.3+51.3
S2 4 978.2+57.9 964.3+49.3 926.7+88.6 898.9+46.9 862.2+51.3 841.3£51.2 812.1+£63.2 802.8+63.7 776.6£56.6 752.3+£37.8
5 977.8463.2 965.3+66.9 936.2+79.2 909.8+57.2 883.3+76.8 868.7+53.6 841.2+69.8 832.4+69.9 822.8+75.3 805.7+42.5
6 978.3+49.8 964.6+75.6 941.1+66.8 920.8+63.1 897.2+54.3 888.6+69.6 870.8+65.5 862.9+£56.8 849.3+71.2 833.24+33.3
7 977.8£37.1 965.8+56.8 945.3£71.3 928.4+42.6 910.1+49.5 895.7+71.5 893.3+58.9 887.7+69.7 881.2+55.7 869.3+59.6
8 978.3+£90.5 965.8+76.1 947.24+74.5 932.6+£56.6 917.3+43.5 905.1+47.8 903.4+75.1 896.8+85.4 892.3+58.9 885.2+58.1
9 978.1+83.2 966.6+81.2 949.3+81.8 935.4+57.9 920.9+68.8 911.7+£59.7 909.2+82.3 903.8+63.8 899.1+62.2 897.4+79.3
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10

978.1£78.7

965.84+59.8

949.2+59.6

935.7+£83.7

924.3+£82.6

917.3£75.3

912.2+65.7

907.9+£73.5

903.6+89.3

901.1+47.9

S3

Root

O© 0 3 N i A W N —

—_
)

9856.8+699.6
9871.24598.3
9878.6+£653.1
0882.4+£765.9
9884.6+355.2
9888.5+369.4
9888.8+652.4
9890.4+688.2
9892.3+468.7
9892.3+632.9
9892.8+523.4

9736.2+735.6
9761.8+632.5
9811.7+223.8
9835.8+325.8
9845.2+759.6
9851.3+£787.5
9854.3+823.1
9856.8+886.9
9858.6+656.7
9861.4+335.2
9861.1+169.7

8970.9+£106.9
9142.74£577.5
9422.34921.7
9576.3£845.5
9636.6+£367.2
9686.8+696.8
9728.34254.3
9757.7+£776.9
9774.24357.8
9781.0+198.8
9791.6+£359.6

8758.1£336.9
9364.4+375.1
9390.4+296.8
9481.0+577.3
9562.1+£579.6
9599.14+853.2
9616.7+£669.7
9633.0+582.2
9654.1+£933.2
9664.6+854.1
9665.3+£357.9

8614.6+846.3
9256.1+352.4
9254.1+563.6
9314.7+369.7
9532.8+813.2
9575.7+753.8
9531.0+£369.4
9595.84+357.9
9622.6+644.3
9642.2+716.9
9651.7+442.8

8241.2+212.3
8745.9+£552.5
9045.8+769.3
9296.5+159.4
9464.5+998.7
9503.3£759.2
9472.6+338.2
9552.24+469.6
9588.2+515.8
9578.1£377.5
9575.94912.1

7864.7+£335.2
8699.0+£587.5
8911.9+235.8
9256.1+176.9
9287.4+477.5
9442 9+831.3
9388.5+852.1
9474.24+799.6
9518.8+635.9
8524.84357.2
9537.44865.7

7842.44+368.9
8601.6+662.5
8754.3£358.4
9153.9+467.8
9235.8+763.2
9325.34982.3
9301.0+£585.1
9352.94385.7
9294.0+585.1
9486.6+912.7
9498.24+356.9

8702.8+£555.2
8548.4+812.3
8715.4+686.9
8843.3+581.4
9204.3+349.6
9210.74339.2
9201.6+657.6
9334.1+679.1
9366.6+432.5
9388.2+135.6
9401.6+389.5

7536.0+869.2
8432.74538.7
8597.6+276.3
8745.6+587.7
9012.2+231.8
9176.2+524.6
9156.3+288.6
9256.2+432.5
9274.4+356.7
9311.94975.3
9332.0+352.3
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Table S6. DOC concentrations in each compartment of the rhizobox containing the S1 soil during cultivation (mg/L).

Layer Cultivation time (day)
(mm) 0 15 30 45 60 75 90 105 120 135 150
Root | 61.04£3.5 60.3+4.7 73.1£3.8 96.3+7.1 110.3+£6.6 113.248.1 118.6+5.5 125.1+6.5 124.6+7.1 123.0+5.5 119.749.6

1 60.4+4.2 60.5+5.1 71.8£6.6 95.0+£8.2 108.748.9 111.4+£7.4 116.1+£8.6  123.7+5.4 122.245.3 120.3+3.9 116.9£8.1
2 60.0+3.9 60.6+ 3.6 69.7£5.5 92.9+6.9 105.849.3 109.1+6.4 112.549.2 119.742.3 117.8£7.4 115.8+6.3 111.0£9.7
3 59.9+5.1 60.6+4.2 67.6+4.2 89.9+4.5 102.0£5.9 103.0+3.5 107.7£6.3 114.3+7.5 108.1£8.6 110.1+2.4 105.0+10.2
4 59.1+£5.3 60.6+7.5 63.7£3.9 76.7+4.9 85.3+7.7  86.0%6.1 91.5£7.1 99.4+82 98.5+58 96.2+1.6 91.4+7.6
5 60.4+4.1 60.6+5.0 61.2£6.2 65.9+£3.8 74.5€5.1  75.148.1 79.1£54  85.6+7.3  84.0+7.5  79.445.1  75.1£8.2
6 59.1+ 3.6 60.6+£6.9 61.2£5.8 63.6£5.7 68.7£6.2  68.0£2.5 72.5449  77.748.5 759464 702443  68.6+7.4
7 59.1+4.9 60.7+7.1 60.3£3.2 61.9+6.2 62.9£3.4  64.243.8 67.3+£6.8  74.1£2.6  71.3+3.5 67.0£3.6 65.8+6.9
8 60.0+ 4.3 60.7+5.7 60.3+4.5 60.2+£3.9 60.6+4.7  61.9+5.1 63.2+44.6  70.3£5.5 64324  63.3£3.5  63.1£7.5
9 59.2+4.6 60.7+4.1 59.5+44.6  60.545.5 61.1£5.6  61.4+4.2 60.843.7 63.9£3.5 63.7454  63.1£2.6  62.6+5.8
10 60.6+ 2.8 60.7+5.8 59.5£5.7 60.2+£5.8 60.1£5.2  60.4+5.8 622429  61.7+6.4  61.1£2.6  60.7£2.9  60.4+6.1
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Table S7. K values of fractions transformation of DP on the 150th day.

K values with proximity to roots (day ')

Parameter

0 mm (root) 2 mm 10 mm
K, 0.0295 0.0270 0.0467
K, 0.0230 0.0106 0.0067
K; 0.0095 0.0158 0.023
K4 0.0500 0.0478 0.0134
Ks 0.0050 0.0055 0.0068
Ks 0.0280 0.0241 0.0220

S22



Table S8. Respective contributions of microbial degradation, plant uptake, mobility and bound-

residue formation to DP dissipation in soil.

Respective contributions to DP removal ( % )

. Excitation effect Aging effect
Distances — 1
to roots  Mobility Microbial Plant ]fe(:lléfe_ dis;l;;talel‘cion
(mm) (x102) degradation uptake formation
0 0.60 54.14 3.85 3.64 61.58
1 0.20 52.90 1.72 4.67 59.46
2 0.20 43.54 0.00 5.85 49.39
3 0.13 36.64 0.00 7.91 44.55
4 0.10 32.21 0.00 10.06 42.27
5 0.04 26.70 0.00 12.00 38.70
6 -0.10 21.37 0.00 13.26 34.63
7 -0.11 16.30 0.00 15.13 31.43
8 -0.19 12.22 0.00 15.88 28.10
9 -0.24 9.49 0.00 16.43 25.92
10 -0.18 8.33 0.00 16.21 24.53

The positive and negative values of mobility represent the efflux and influx of DP
in the soil caused by diffusion, respectively.
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Table S9. The stereoselectivity of DP in plant tissues and DP fractions in the root compartment, evaluated by the syn-DP isomer fractional abundance (fsy),

which was calculated as the concentration of syn-DP divided by the total DP concentrations (DW).

soil Cultivation time (day)
0 15 30 45 60 75 90 105 120 135 150
Tissues root - 0.27 0.29 0.34 0.38 0.41 0.43 0.44 0.45 0.46 0.46
s1 shoot - 0.25 0.26 0.27 0.3 0.32 0.33 0.34 0.34 0.35 0.35
DP labile 0.25 0.26 0.28 0.32 0.34 0.36 0.38 0.39 0.40 0.40 0.41
Fractions | Bound-residue 0.25 0.24 0.23 0.22 0.20 0.18 0.17 0.16 0.16 0.15 0.15
Tissues root - 0.26 0.27 0.29 0.32 0.35 0.37 0.39 0.4 0.42 0.43
2 shoot - 0.25 0.25 0.26 0.28 0.31 0.33 0.34 0.35 0.35 0.35
DP labile 0.25 0.26 0.27 0.29 0.33 0.35 0.37 0.38 0.38 0.39 0.39
Fractions | Bound-residue 0.25 0.25 0.24 0.23 0.21 0.19 0.18 0.17 0.16 0.16 0.15
Tissues root - 0.26 0.27 0.29 0.32 0.34 0.37 0.38 0.39 0.39 0.4
shoot - 0.25 0.25 0.27 0.29 0.32 0.34 0.35 0.36 0.36 0.37
53 DP labile 0.25 0.25 0.26 0.28 0.31 0.32 0.33 0.34 0.34 0.35 0.35
Fractions | Bound-residue 0.25 0.25 0.23 0.21 0.19 0.18 0.18 0.17 0.17 0.16 0.16

The fsy, value of the commercial standard is 0.25 in our study.
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Figure S1. The estimated coefficients in the model, including (a) the sorption curve of
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(—ADP/AM)y ;-

§25



10

X (mm)

Figure S2. The model simulations for the generation rate of DOC (o) in soil with

distance to roots.
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Figure S5. Comparison of simulated and experimental data for the labile, stable-

adsorbed, and bound-residue fractions of DP in the rhizosphere during cultivation.

Discrete data points represent experimental data, and lines represent model simulations.

§29



