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Competitive adsorption and desorption of glyphosate and phosphate on acid soil

ZHOU Chui-fan*? LIN Jing-wen*? LI Ying*? LIU Ai-qgin**

(1.College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2.Co-innovation center for soil and water conserva—
tion in red soil region of the Cross-straits, Fuzhou 350002, China)

Abstract: The interaction of adsorption and desorption of glyphosate and phosphoate was investigated by conducting an isothermal adsorp-
tion —desorption experiment using red soil and yellow soil from Fujian Province. The results showed that the Langmuir equation best ex—
plained the phosphate adsorption behavior in red soil and yellow soil affected by glyphosate. Phosphate adsorption was a spontaneous en-
dothermic reaction in both red soil and yellow soil, and the spontaneous tendency of glyphosate absorption was lower as the concentration of
glyphosate increased. The phosphate adsorption quantity declined with increasing glyphosate levels in red and yellow soil. Compared to con-
trol, glyphosate inhibited desorption of high concentration phosphate. Moreover, the Freundlich and Langmuir adsorption isotherm equations
explained the glyphosate adsorption process in both soils, and the Freundlich fitted better. In the absence of phosphate treatment, the ad-
sorption of glyphosate in yellow soil was higher than red soil, but the adsorption quantity decreased with increasing concentration of phos—
phate in yellow soil. The glyphosate desorption quantity did not have noticeable regularity in red soil and yellow soil, and the desorption ratio
declined, which was mainly influenced by adsorption quantity. However, with increasing phosphate concentration, desorption quantity of
glyphosate decreased in red soil, and the desorption ratio also accordingly declined. Under different phosphate treatments, the variation of
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glyphosate desorption quantity ranged from 1.83~1.83 mmol -kg™ in yellow soil, so phosphate did not strongly affect the desorption of
glyphosate in yellow soil. Therefore, glyphosate and inorganic phosphate appear to compete for the same sorption sites, hence the applica—
tions of glyphosate and phosphorus may influence the bioavailability and transport potential of each other in the soil.

Keywords : glyphosate ; phosphate ; competitive adsorption ; disorption
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Table 1 basic physical and chemical properties of the tested soil

EraEtl%
e 245 el 24/ KAEES R R
TH Pt gk gkg? g-kg®  mgekg®  mgekg?  mo-kgt B BB BPRI0.002~ Kk
g-kg g-kg g-kg g-kg mg-kg mg-kg mg-kg
>2mm  0.05~2 mm 0.05 mm <0.002 mm
4THE 438 122 1.79 0.30 55.7 60.0 2.0 82.2 5.1 343 30.2 30.4
HH 474 2138 1.15 0.42 29.2 140.9 18 39.4 5.9 38.7 405 14.9

NaNO; ¥ ¥, N A 5 mL %7 AS ] ¥k B B H B iy
0.01 mol-L™* NaNO, %k, HA @ik 4371 0.0.2,
0.4.0.6.0.8.1.0 mmol -L1(0.6.2.12.4.18.6.24.8
31 mg-L™Y), B HBEME N 0.2.0.4.0 mmol -L*(0,
338.676 mg-L*), EEAAbPE 4 ANEEA T 25 °C 2251
min™ ¥R % FE 5 2 h, £ 4500 r-min~ 2.0 8 min, %
FRBAPLLL A HIF R PR D, 78 E R RS
B0 5 B B AER A 0.01 mol - L™ NaNO; % 25
mL, T-25°CF 225 r-min g% F 2 h, % 4500 r-
min™ B0 8 min, Wl b IE W P B T P A
PR et BV Al ) i
1.2.2 WX T A 145 1 R B i

PRI 2 mm i 5 X 42 0.500+0.001 g F 50
mL 2045, hnA 15 mL 0.01 mol- L™ NaNOs; ¥ ,
SRIG TN 5 mL & A5 A [l e B &1 B i 0.01 mol -L
NaNO, ¥, A 5 mL &4 A E KHPO, i)
0.01 mol-L™* NaNO, ¥k, HhFH ki s 2%
Wang Z£01 4% 384351 2 0.0.2.0.4.0.6..0.8.1.0 mmol -
L(0.33.8.67.6.101.4.135.2 169 mg-L™), Bk i
0.2.0.4.0 mmol-L™"(0.62.124 mg-L™"), 405 4 4>
BE., T25C. 225 r-min* §¢35F67 2 h, #4500 r-
min~ 250> 8 min, | & Ht HPLC £ %:(LC-20A Shi-
madzu Corporation, Japan ) , 5% JH 7 S0 A €335+ Rij 17
AR AE T R P R IR B, R R R R I S AT
AA)E A C18 Ao, HTECAMG Il #5 7E 235 nm
P AGI, AR S AHLL A 0.05 mol - L™ @R +h 2%
itk (pH5.5): I it =65:35(V:V ), #: 2k 30 °C, A
O 20 wl®, FE B IR RS 20 5 I AR I
0.01 mol-L™* NaNO; &% 25 mL, T 25 °C'F 225 r-min™*
ey A7 2 h, 25 4500 r-min™ 5.0 8 min, & i
e figp g B H T B2, PR R T R Y 5 R B O R
il %) figp %
1.3 #HEsbE

- (B R T ) W R T A

Q(mg-kg™)=(Co-C)xV/m;

ff g A A

q(mg-kg™)=CixV/m,
T2 C Ay W B B i (B RS H B ) Mk B, mg - L5 Co
) U 8 CERCRE T ) VR B, mg - L5 Cy Ay i I~ Yk
B CREH OWREE ,mg- L5V - PR AR, Lsm O £
g, kg

- SR G TRl ) P R O 2530 2k v~ vk
C St it Q Z[a) Y ¢ & % ] Freundlich 1 Lang-
muir JFEERIK, FFEEIIG I FERHES B B R
B )y A8 SRS ANT -

Freundlich J57 % Q=KL

Langmuir ﬁﬁ:%z Kle +X£

P F -1 5 B: Kw=K 31 000

Wz Bff 4 : Qm(kd-mol™)=nRT

R h A - My(mg-kg™)=K . X,y

FrvE A i fE: AGo(kJ-mol™)=-RTIn K.
S X g BB (Bl g ) 1 e R R o i, mg -
kg™ R AR $(8.31 J-mol - K1) s T Sy 4 X i
K[9]O

Xof R B AR A 7 P e o 3 it 1 4
Tt 25 W o 5k 8 R e Jl O o 253 i R 9 0L 5
2, I-fi Bh Origin 9.2, LIS ik B C ki Ak A
B Q AR FRZ: il S IR I I 4R, Ao Ak 1 5
B R Jl ) W B ATL A
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Xof - SFERE I T B s A T RS AR (R 2) 1B
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Ty TR E R BRSNS , HoA b FRAUG T R D E 2
B R? ¥97E 0.9(P<0.05) L I+, N R? ¥J{E >k F Lang-
muir J5 BRI FH O 4T B B4 T B XA
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BT T P A S AR AT A T B R
S, - PRl R A R o T B, A i LR
A 45 TR 2 A 7 A R A DR 4 3 28 TR A H I o B AN T
MAATEZE S o B B SR AE AT, 2T 3R B 25 Il 2
RERIHR TR, PO S IR R R G R BT
BT | 2 W BT I o 2 ) (T A0 R 1 5 ol e
W ik o A, B AR B2 2 mmol - L F+ % 4 mmol -
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80 e X B A 2T L R R T R i A K
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Table 2 Fitting results of phosphate adsorption equation with different glyphosate treatment

Freundlich J5 7%

Langmuir J5 7%

etz =i RN i B /mmol - L
Q=K;Cn R? CIQ=1/(K xXn)+Cl X R?
AR 0 Q=740.529C°¢ 0.978 0 C/Q=0.002 7+1.07x10~C 0.995 6
2 Q=410.214C1%? 0.991 1 C/Q=0.003 2+4.67x10"°C 0.988 8
4 Q=336.801C**? 0.996 7 C/Q=0.003 8+3.92x10C 0.996 9
Cip 0 Q=914.848C11° 0.959 7 C/Q=0.001 2+5.25x10*C 0.941 4
2 Q=699.009C™ 55 0.977 8 C/Q=0.001 7+4.56x10"°C 0.970 4
4 Q=759.582C0%* 0.898 1 C/Q=0.009 2+1.38x10~C 0.986 8

® 3 EHBAET HERRRMOME T REFESH

Table 3 The characteristic parameter of fitting equation of soil phosphorus adsorption capacity with glyphosate treatment

whggn IR REOOT g pet, minh Quia-mor TSEIEEMLT R A G
LI 0 9 341.60 1231.63 2.69 371.14 -17.63
2 21 420.11 454.77 2.28 314.23 -15.16
4 25 361.74 319.30 2.14 261.23 -14.29
g 0 19 062.57 1329.28 2.23 817.40 -17.82
2 21 909.36 819.33 2.13 579.06 -16.62
4 7272.13 463.76 2.56 108.79 -15.21
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Figure 1 The influence of glyphosate on phosphate adsorption isotherm in red soil (A) and yellow soil(B)

x4 AEEHEBAIEY T ERAE R A
Table 4 The effect of glyphosate on the desorption of soil phosphorus

0 mmol - L™ FLH itk

2 mmol - L™ FLH ik 4 mmol - L™ B H g

A A el fmgkg® WG Rmgkgt RS RURmg-kgt R

213 0 0 0 0 0 0 0
0.2 61.88+3.23Ac 4,97 58.17+1.97Ab 4.80 63.07+4.12Ab 5.27
0.4 65.34+6.69Ac 2.58 62.72+1.70Ab 2.55 68.21+10.83Ab 2.78
0.6 67.97+6.70Ac 1.78 77.17+£9.98Aa 2.07 70.96+2.88Ab 1.92
0.8 88.65+7.83Ab 1.76 78.73+9.25ABa 1.59 71.20+2.08Bb 1.44
1.0 111.23+10.14Aa 177 83.15+4.28Ba 1.34 82.19+1.72Ba 1.33

I 0 0 0 0 0 0 0
0.2 50.65+0.82Ac 3.98 52.44+2.48Aa 4.12 51.84+1.06Ab 421
0.4 54.35+2.26Aab 2.08 52.80+1.85ABa 2.06 51.00+0.83Bb 2.01
0.6 51.36+0.90Ac 131 52.56+1.67Aa 1.36 52.32+0.90Ab 1.37
0.8 52.44+1.26Abc 1.01 55.19+3.59Aa 1.06 55.19+3.20Aa 1.07
1.0 55.07+1.79Aa 0.84 56.14+1.32Aa 0.87 51.24+0.68Bb 0.81

T : Rl A7 RGP RFOR [ — B A R B IRl Ak BRI A 22 5 {35 (P<0.05) 5 []— 31 /NG 7R ) — R H IRk BE T AN IRl ok BE ik ak 2

[} 2% 5 1B 25 (P<0.05), N,
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U IR FIR 2GR R T RBUE M ER . & 5 i E
H, % H Freundlich 1 Langmuir W BFHAE R 2CER AT LA
A T R A IR AT Ok, R2 H K F 0.9(P<
0.05), {H Freundlich J5 %2 3l & %R 1 F Langmuir .
VR B L6 X R LA S A 33 o, A
A AN T B AT B0 1 OF ¥ P e R 05 Sl 0.955 Al
0.950, MZLEEG15 B BTS2k RECH 0.947
0.943, {7 Fiiid R 14 22 55 14 J R AT BB 76 T 5 gk
TEANRIZE A L R T SO AN ] ok AR A1
TR BE T WD LA A5 B 0 B A e A K 25
5 o IR F Tl gl A - 3R AN [ 1 R BREATL
FLA AN ) S SR 1 T

3 LAy R ARAS B FRAE ST B R R ) A G
FRIES RO 6. AN B, FH B 72135
B B R e X K HE 3, 20 0 B0 1.7 %5, AT RE
SR AR LTI A7 e T 22 AW BT 0 o Bt SN IR
YRS, 2148 X, SR sk, W4 X AR,
FHIFISMIE R BT #HE Ko My FITTA Gl 3 i 2 K F41
8 150 B BT R H MR ) W 5 R, R AR AT
e S i ok . SR RERE SRR R R
LI Ko My FILA Gol 25500/ 5 38, #3200 K i
Yok /1N, AT LA MG (4 A7 B S A T e R R )
WG BFBRIE . J341, AGe<O ULBH R H I 7E A 3 i

W B Rt e A A T . ROICT , AR ) 2544 4 g
PG RFHESEOT, X 30 5 RO B 58 A Ko
M, FIIAGI R LA .

48 % B B Y Freundlich W R 45 5 26 4 [&] 2
JIE 7S, R SR 2 T pth e 387 9 UL Ay SV vk gt vk 2
BRI RPRAL K o ARUSINBAIT , B 25 - i o el
FEF R, R R e R ek Bt
Wi J P S 5553 P e A B 3 X 1 R B
FEAROT LRI ARIR A | IR A7 o sl e ol S 4l o B
JRETE B AR R R T R 2135 B e Bt i, SR
WA AFEAE B SR A 1 TR P - 48 2 1 g WO A
AN T) 358 Fik R o 3 At B M 2 55 ST e vk
JERARET , 5a 4 W B 3 VR A, BV DR DAt 3 4 2
T Rl A 1A T R R S A7 e T AR e P R o o, 4L
S R R R A R ) PRV B (2 mmol - L) Y A7
TEAISEIN T B TR E 21 3 3R T (g WA B, 00 PR T
FE SR (o VA Tl S 2 BRI T A 8E pH, S B0
Rt e K e A R B S I A Bt B
VA BTN, ST R gl %) WO /L, RT DL Bl P A
TEAIH T B IR AE v W
2.4 BiEHBEARZER 18 FRERART

B BEAE P RD 49 T AR RS2 AN 2R 7 T o B
& TR ST R R R 30, R R 2T

RO BAETEHRBETRE FARRMARNMUEERLE

Table 5 Fitting results of glyphosate adsorption equation with different phosphate treatment

Freundlich J5 7%

Langmuir J5 7%

e SN 2 /mmol - L
Q=K,C¥ R? CIQ=1/(KxXn)+C/Xn R?
aR: S 0 Q=715.851C"%%1 0.945 6 C/Q=0.002 8+6.41x10°°C 0.907 7
2 Q=360.371C"#7¢ 0.959 5 C/Q=0.003 7+3.34x10°°C 0.960 8
4 Q=659.157C0%21 0.936 9 C/Q=0.002 8+8.43x10°C 0.961 3
Gie: 0 Q=2 622.729C°%7° 0.988 2 C/Q=0.000 4+1.14x10“C 0.947 6
2 Q=1 879.621C%7"® 0.928 4 C/Q=0.000 7+9.97x10°°C 0.939 8
4 Q=980.034C°%5 0.949 9 C/Q=0.001 4+6.01x10°°C 0.962 3

R 6 BHCE T LERE HBRM A TR ESH

Table 6 The characteristic parameter of fitting equation of glyphosate adsorption capacity with different phosphorus treatment

ek ﬁrﬁfnﬁﬁﬂirlgl Eﬁﬁﬁgﬂ%ﬁ[ﬁ% TR K %ikiﬁizkoﬁ/ ﬁ'ak%ffg‘;ﬁ Mo/ it E H;] (ﬁ)lailm(,/
s 0 15 606.19 697.19 3.90 2 720.06 -16.22
2 29 921.27 283.03 2.92 827.38 -13.99
4 11 867.89 919.46 3.98 3 662.03 -16.91
o 0 8 789.16 9 677.89 6.39 61 858.46 -22.74
2 10 030.34 4 605.98 5.18 23 879.26 -20.90
4 16 639.55 1312.23 3.59 4 708.56 -17.79
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Figure 2 The influence of phosphate on glyphosate adsorption isotherm in red soil (A) and yellow soil(B)
R 7T NEBACIERT I H B AR IR A 300
Table 7 The effect of phosphate on the desorption of soil glyphosate
e T AR 0 mmol -L™* KH,PO, 2 mmol -L™ KH,PO, 4 mmol -L™ KH,PO,
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