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Effects of typical herbaceous plant roots on electrochemical properties of the soil
colloid surface on the Loess Plateau
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Abstract: Plant roots have a significant effect on the electrochemical properties of the surface of soil colloids. To
quantify the response relationship between plant roots and the electrochemical properties of the soil colloid surface,
we analyzed and compared soil colloids and roots of typical herbaceous plants from three different sampling areas on
the Loess Plateau (Shenmu, Ansai, and Yongshou). The root morphological parameters and electrochemical
properties of soil colloids’ surface were measured and analyzed. The soil surface electric field, surface potential,

surface charge quantity, specific surface area, and surface charge density in different sampling sites in study areas
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ranged from 1.23X10° to 28.46X10° V-m !, from —149.91 to —81.33 mV, from 7.26 to 24. 34 cmol,. kg !,
from 8.32 to 147.38 m?+-g ', and from 0.09 to 2.02 C-m ?, respectively. Root morphological parameters (root
length density, root surface area density, and root volume density) were significantly correlated with the
electrochemical properties of the soil colloid surface (P<C0. 05, P<C0.01). Fine root (0 mm<Cdiameter<c0.5 mm)
was the key factor affecting the electrochemical properties of the soil colloid surface. The root surface area density
had exponential negative relationships with soil surface electric field, surface potential, and surface charge density,
and exponential positive correlations with soil specific surface area and surface charge quantity (R*=0.35—0. 67,
P<C0.01). The influence of plant roots on electrochemical properties of the soil colloid surface was mainly indirect,
primarily through changes in soil physicochemical properties. Moreover, because of differences in plant root growth
and the feedback mechanisms between roots and soil in different sampling areas, the impact of plant roots on
electrochemical properties of the soil colloid surface was most significant in Shenmu, followed by Ansai and
Yongshou. The findings of this study clarify the impact of root systems on the electrochemical properties of the soil
colloid surface and provide a scientific basis for the restoration of soil functions and degraded ecosystems.

Key words: plant roots; soil colloid ; surface electrochemical properties; Loess Plateau
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1 HMR5AHE
1.1 AREHL

WF 5% DAL T 30 B e e X AR 64X 10°
km’; A F5 33.68°—41.27° N, 107.87°—114.55° E;
$£ 1000~2000 m) . % H1 X J& F A Bli M 2 WU f . 4P
HRE K £ 200~700 mm, 70% LA LK B 79
Ao HZ U 2T E . FBRE R 6.6~14.3 C,
HHELIEE 00 L, B BB AR R o AR AR AR R B
I3 A AR R b DAY AR ORE T i ) R T ) PG I XY
B BOEJF B AR R WM W A R % (Caragana
korshinskii) R Hill (Sophora davidii) A&+ 7 (Stipa
bungeana) . ¥ ¥ & (Artemisia gmelinii) . F ¥ &
(Bothriochloa ischaemum )4 . Fifi Z5 8 B 8 AR (B ) 45
— RN A W B BUR Y ST, 2% 3 DA B o R
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Table 1 Information of the sampling sites
e T ik L
Code  Geographical location  Elevation Aspect Gradient
(m) ) )
SMy; 38.79°N,110.37°E 1221. 60 305 13
38.79°N,110.37°E 1224.12 320 15
38.79°N,110.37° E 1218.77 289 15
SMey  38.79°N,110.37°E 1228. 15 286 15
38.79°N,110.37° E 1209. 74 264 13
38.79°N,110.37°E 1205. 14 271 16
SM,,, 38.80°N,110.36"E 1131.42 334 16
38.80°N,110. 36" E 1107.19 319 18
38.80°N,110.36° E 1107.19 303 15
AS;;  36.80°N,109.28 E 1262. 66 23 18
36.79°N,109.28°E 1234.61 271 16
36.79°N,109. 28" E 1228.53 330 15
AS.y  36.80°N,109.28° E 1281.48 309 13
36.80°N,109. 28" E 1257. 69 278 15
36.80°N,109.28°E 1249. 07 330 14
AS,,  36.80°N,109.28E 1251. 15 49 15
36.80°N,109.28°E 1231. 23 310 14
36.80°N,109. 28" E 1240. 34 301 17
YS;;  34.84°N,108.13°E 1278.85 286 15
34.84°N,108. 13" E 1283.51 313 18
34.84°N,108. 13" E 1225. 16 270 15
YSey  34.84°N,108.13°E 1238.85 330 13
34.84°N,108. 13° E 1253.51 310 15
34.84°N,108.13°E 1243. 45 295 15
YS,, 34.84°N,108.13°E 1210. 21 263 14
34.84°N,108. 13" E 1252.76 361 17
34.84°N,108. 13° E 1243. 28 254 16

At /A R A E SR A X, B SM — M bR Tl # R T, AS— 4E
Gl FEX ,YS— BT ik % B o In the coding, the first two letters
represent different sampling areas, namely SM—Shenmu City, Yulin
City, AS—Ansai District, Yan’ an City, and YS— Yongshou County,
Xianyang City s T 5 7 4~ 5 B 48 3 A 7 FE By . B TG— B FF 2 BE o
CM— K= BERE ML, DZ— X i ; T Wl . The two subscripts represent
different sampling plots, namely TG—A. gmelinii, CM—S. bungeana,

DZ—reference plot. The same below.

R R G HEATIURE o BBORE (7 B 5 AR AR A A BORE (o7 S i R — B BORE S s LA L i AT AR e AT F
VO, 3R ARAT o B RE MR R R T R ORAE S, BRI R ORAE 3. UL R AR AR AE 1354, £

SRR AR AR 811



535 B T W Ol 2E 3] 2026 4F 83

1.3 HeMEb5itA

1.3.1 RREEESH HE 2 FE 7 Bl 7E A A B, A A B R R B Dy 300 dpi AT A (4 AL EPSON
V7000, HA) . HIHR R4 Hr gk /F (Regent WinRHIZO 2009a, fill 5 K ) X #R G 2E 4T 20 A1, 0 0 4K BUAR 2 7E O mm<<
d<<0.5mm 0.5 mm<d<<2 mm M d>2 mm FWRRSKE RHBAERARRRELR) ., @A)~
() IHE AR E AR H IR K % E (root length density, RLD) AR 3 1 L% i (root surface area density, RSAD) AR {4
FHL J¥ (root volume density, RVD)"'",

RL,
RLD,= (D)
RSA,
RSAD,=— ——+~ (2)
\%
RV,
RVD,=—- (3)
\%

K RL AR RGBSR (em) ; RSA SR 2 4F i 19 SR R A (em®) ; RV AR FFE 5 1 BAR AR B (em?) 5028
ARMEARZEH (0 mm<d<<0.5mm 0.5 mm<d<<2 mm Ffld>>2 mm); V AR RIEERS A FL (1000 em?) o
1.3.2 I fyk - AL PR BTG A AL 438 pH L - SEHLAR A B (R R RRL Ry R RS R )
4w E AW & i (Fe,0, ALO,F1 CaO) o Horfr, 4= A AL 5T >R 1 H 86 R B A1 Jn B4k A7 D 5 5 3% pH SR ]
B E (pH 3 ST3100, BEEMT , v ) 5 - SEHUAR 2 AR FH SO AT 5 125 0 47 00 58 (RO ALEE A MS-2000 , B /R 3¢, 3%
) 5 4 Jm A Ak R X SR 9O a3 1 E AT 00 5 (x SR 9% S8 /Y, A 6 7o, ] )™,

1.3.3 MR b 2 Pk A 58 5 A 2 T H A 2 1 BT AL 45 1 3 2R T L 37 (soil surface electric field,
E,) . % 1 B 3 (soil surface potential, ¢,) . 2 I H, faf 25 ¥ (soil surface charge density, o,) . [t 3 I X (soil specific
surface area, S) 13 i B fif £ i (soil surface charge number, SCN) , R B A M E ", 4B UNT HRHC10 g
TR 0.5 mol- L' W HCUF W AT A5 Ab ¥ . 2 )5, FH 0. 1 mol- L' HCL#il % 3 H i F ke . FRERS g+
HEH M ATFE 25 mL 0. 010 mol- L' Ca(OH), Ml 25 mL 0. 016 mol-L "' NaOH % - + £ 24 ho 8.0 J5 sk
FVEW KB pH M R 7 A . SRR A 5 B T R SO AL (Spectro, 78 DM & & W B9 Ca® Fl Na ¥ BE
i 2 2 (4) ~(8) TH53 & T v AL 2 M o

2RT | ag. Ny,

= n (4)
O (28— P ) atNe,
where: By, = 0. 0213 In /T 4-0. 7669, fe, = — 0. 0213 Inv/T + 1. 2331
eRT F 28c.F
GoSgn(%)jzﬂ[agaexp(W)}Jra?ae)(}?(ﬂ;eT%) (5)
o NNaM ﬂ\'ango o N(‘ax ,Qt‘aF?’o
S=——exp =—_exp (6)
maxs, 2RT mag, RT
87F*(a%, + 3al, Cn.
where;x—/ (@t 3dc) o sosg (S )+ 1.992
ERT (/(‘a
.S
SCN = 10722 (7)
F
4
Eo:?go (8)

AP Ry IE A E E(T-K mol 1) s T 26 3 i B2 (K 5 F o 2 P45 3 £ (C-mol ) 5 B, Al 5o, 43 3 24 Na il
Ca”" i AH X L faf 2R B @ 1 @, 20 00 R P AR S R W Na Al Ca® 936 4 (mol- L) 5 Ny, #l Ne, 43 5l 2k - i bR
ATV HUZH Na™ f1 Ca’ i W il i (mol-g ™) s T B F iR (mol- L") ;e MK A HLH %L ; £ 8 Debye-Huckel 4L
(m ) sm R PN R B O Co 23 A AR ES W b Na " Fl Ca®' (9 P ¢ 2 (mol - L 1) .
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1.4 HESH

K e/ B3 22 F K 56 (least significant difference test, LSD) 43 Hr A A RE AR 28 92 245 2 % . 4 He B4k 1 5 A
A AR e T H A A P B Y 22 S S PE (P<C0.05) o SR Pearson AH G 73 Mk, 2 A AN R AR IR RIE S S5
- P P T A A T T F A A BT ) R DG o SR IR 3R 2 00 5 25 41 Ak A AT R A b (32 )
TR 4 2§ 78050 - 8 15 1 3 1T Pl b 2 1 T 52 ol i 3 TR0 0 4 A A S AR R T S S 80T S R 3% 1 r AL A PR T Y
M B FR o R e R EC(RY) VEAR Bl R4 & T R2 09 B & o R R die /Dy — 7 1k 45 4 B 7Y (partial least squares
structural equation modeling, PLS-SEM) , 73 A7 AH 4 H2 52 5% e - 58 Ji 44 3% 187 H b 2 M o 1) Wl 385 B A% o O A3 45l o
Br A 2 57 2978 SPSS 26. 0 .RiE 5 4 F1 Origin Pro 8. 6 kAT,

2 HBREHGH

2.1 FREHUHRATELAK

AR FE ML AR RIE S S ENE 1R o BRAFE AR o AR RIE A S B OR K % B FAR SR AR 2% 8 ) 72 4 o 3%
225 (P<C0.05) o BRAT 5 RF M ) AR 1 25 8 R 3% 1 B % 18 MDA A4 B 2% B 1) A8 i 161 43 391l )2 0. 75~3. 50 em+em °
0.14~0. 38 em*+cm * 1 0. 0038~0. 0074 em’em 5 F& 15 FEAE b 1 AR % B AR 3R 10 FR 9% B RIAR 1K B %8 2 1 A2 b
LA & 1. 37~3. 42 ecmeem *,0.11~0. 23 em®*+em *F10. 0011~0. 0016 cm’=cm *o BEAM, AR R FEIX, P Fh Al
Wy 10 MR K 5 B RAR 3% T B B A A BB 25 5 (P<C0..05) , 3F H P ¥R R 8 2800 A [ R AR X B K/NHE R 38 3%
R FE <A<k F . HIL AR R Y 2 S 8007 7 B . 0% ) Fn 2 ] 22 5%
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Fig.1 Root morphology parameters of different sampling sites

) 5 5 B 7 [ — R B 4 D R 2600 25 28 5% R [/ 5 5 B 7% ] — B B 26 0 ) 56 B I ] 49 0% 2 52 (P<0.05) . T Il
Different uppercase letters indicate significant differences between different sample types within the same sampling area, and different lowercase letters

indicate significant differences among different sampling areas within the same sample type (P<C0.05). The same below.

ANFEER R RIEESES E 2R . % PR, B8 AT 25 5 0 mm<<d<<0. 5 mm R A R
b7 B R, 3 Bk 7005596 F196. 81 %6 5 K 1M e T AL A B, B AR S R AR 51 0.5 mm<d<<2 mm F10
mm<d<<0.5 mm R R R 5 K, 305 R 59. 72% F1086. 05 % ; %F T HEAR B85 B, e AT 5 K 12 243 1)
J3 0.5 mm<<d<<2 mm Ml 0 mm<<d<<0.5 mm &2 MR R & i K, 35 o 76.13% F179.81% . B, 0
mm<_d<<2 mm ZH W UIRER RIEESE EZTTHE .

2.2 FRE MM LIEHEALE R

AN ) B i %) A 1 A BT A 2% 2 s o S AR b - A ML 9 AR Ak i B2 1. 90~53.39 g-kg L S EIE R
17.48 g-kg ‘o BT K P B34 78 4K M X6 A 387 ML A0 52 ) e K, A BB K T 269. 47 % f1482. 11 % (M e
XiF HE ML) 5 4 35 pH B A Ak 8 B 7. 57~8. 07, F- Ml 4 7. 82 BRAT 8 ALK 2 B 43 1) 76 7K 75 AL A A st X% 4 38 pH
B4 5 1) S5 A, 43 B AR 3. 07 06 R 4. 58 %0 5 T SRR ) A8 A L U2 5. 90 %6 ~24. 32 % , - ¥M{E 2 13. 73 %0 o BRAT Al
1P I TR ROR Hb XN A 5 ROk 09 52 ) g5 R, 3 i K T 56. 6106 A 107. 806 5 - 18 Ry R 1) 75 Ak 5 [ 2
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42.68%~T72.27% ,F- YA 7 59. 60 % o Bk AT 18 I 1 5 35 7E bR b IXO6F A HE R R 0 5 B KL A s R T
25.61% F128.61% ; - SERD AL AL AL IE B2 6. 12%~51. 42% , F-I{E N 26. 63 % o BRAT i85 A 22 15 1 76 #i K Hy
X% 9 A 7 114 5 i i K, A3 IR AR T 27, 75% 1 36. 11% 5 ALO, & & 19 728 4k 3 B & 10. 52% ~12. 83% , ‘F- I {E
11, 63%6 o BRAT H I 1 B34 76 B R |l DX ALO, & 5 1Y 52 W 55 K, 43 BB T 5. 4296 F16. 27 % 5 CaO & fE 1Y
AR AR R SR 4. T4 ~8.22% , - {E Jy 6. 50 %0 . Bk KT AE B R M X X CaO 5 dt 19 5% I g5 KL K T 3.22%05
Fe,O, & 5 128 A 0 [ & 3. 45% ~5. 17% , F-3494H S 4. 29 %% o Bk FF i A 25 25 Y 16 B R Hb X 6 Fe,O, 25 1 19 5% 1)
R, Ay MK T 15,36 %0 A8, 70% o PRk, F 5% DXAE B Wk 52 ok - 8 Bk A I 3 S i), L3R 5 i) 7 7E B
S ) ol ) R S ) 22 5

Z2>2 mm 30.5~2 mm KN 0~0.5 mm

2 100 _ 100 100
a R S

Jig I SN\ LES

ThE NN\ ngs | Il

2% b s : o .8 |

meE 283 mES

2520 me § ECE

W = =25 £20f] ®EE

g S 8o £ E 200

WE &= = xg3 &

222, - REs TN 2
2° OTg Iem[ TG em[ TGl em (= EE O TGleMm[ 16l em| TG T eM| T 22 7| TGl CM| TG | CM | TG | CM
Z SM AS YS 2% SM AS YS =g SM AS YS

R IGFE L Experimental site
B2 AEAREMREESSH AL

Fig.2 Proportion of root morphological parameters at different diameter grades

F2 AEHMHTFEBEBAER(BETIREE)
Table 2 Soil physical and chemical properties of all the sampling sites (mean®SD)

i fith A HLBT pH FokL kL b AL Ak AL ERIX7S
Code Organic matter (g-kg ') Clay (%) Silt (%) Sand (%) ALO, (%) CaO (%) Fe,0, (%)
SM 7.02+4.10ABb 7.8540.14Bab  9.24+0.73ABb 53. 61+3. 12ABb 37. 1543. 85ABa 11. 0940.41Ab 6.45+0. 32Aa 3.98+0. 18Ab
SMcy 11. 06+ 3. 02Ab 7.70£0.04Bb  12.26+3.02Ab 54.89+7.53Ab 32.85410.56Ba 11.1840.23Ab 4.74+0.87Bb 3.7540. 32ABb

SM,,, 1.9040. 37Bb 8.07+0.05Aa 5.90+£1.08Bb 42.6846.06Bc 51.424+7.05Aa 10.5240.09Bc 4.83+0.48Bc 3.45+0.18Bc
AS;g 6.20+2.03Ab 7.95+0. 23Aa 8.424+1.11Ab 56.12+1.88Ab 35.46+2.82Aa 10.88+0.05Ab 8.2240.69Aa 3.82+0.06Ab
AS 8.12+5.41Ab 7.95+0.15Aa  10.13+3.24Ab 58.50+4.49Ab 31.37+5.56Aa 11.7240.81Ab 7.42+1.37Aa 4.14+0.34Ab
AS,, 3.647+0.61Ab 7.86=+0.06Ab 8.2940.17Ab 59.31+0.12Ab 32.41+0.18Ab 11.10+0.13Ab 7.6340.21Aa 4.01+0.03Ab
YSiq 53.39+12. 34Aa 7.57£0.12Bb  24.32+1.70Aa 68.92+4.12Aa  6.76+1.15Ab 12.5740.42Aa 6.54+1.63Aa 5.17%0.25Aa
YScu 38.88+12. 08ABa 7.64+0.10ABb 23.64+4.73Aa 70.14+4.00Aa  6.1241.21Ab 12.7540.07Aa 6.35+0.69Aab 5. 1740. 04Aa
YS,, 27.07+2.01Ba 7.81£0.02Ab  21.35+2.99Aa 72.27+1.27Aa  6.17%2.01Ac 12.83%0.02Aa 6.30+0.10Ab 5.1240.02Aa

AR KRG T RE 2R [ — SR A DX DA AN TR) R b 288 80 [B] 4 Jk 35 22 52, ST/ 55 B 30 [) — o b 288 A8 AR T SR A X ) Y Ji 25 22 5 (P<20.05) . R 1A o
Different uppercase letters indicate significant differences between different sample types within the same sampling area, and different lowercase letters

indicate significant differences between different sampling areas within the same sample type (P<C0.05). The same below.

2.3 REAH G L IRAK R @ AR R

AN T B 1 A 3 T H Ak 2E M A0 B 3 TR o AS )RR b - 48 3 T H 3 1 A8 RS LR 1L 23X 10°~
28.46X10° Vem ', FIE R 7. 46 X 10° Vem ' AT T8 R 25 75 1 R My DX -+ 98 3 T R 3 19 5% ) B K, 4%
S REAR T 89. 670 F1 78. 4200 (AH o X B #h ) 5 + 38 3% 17 Wy #4728 A Y0 Bl & — 149. 91~ —81. 33 mV, - B
—109. 83 mV . AT Al P55 I 7E B A Hly DX %+ 398 3% T H 3 52 I K, A SRR AIR T 30. 30 %6 AT 22.60% 5+
6 3% T PR far B0 19 AR FR VI R 7. 26~24. 34 cmol.-kg 'L P HEIE K 13. 75 cmol.ckg ' BRAT E AN TR 7E UK H
X %F 498 3% 1T R A K0 A R R B K, A IR T 89. 67 %6 AN 78. 42 %6 5 - HE L 3k B A% AR Ak T L 8. 32~147. 38
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Fig.3 Electrochemical properties of soil colloid surface of different sampling sites

2.4 MM F BB FLE LERARE BTN E A

XA ARG T AR RIS S8 1 58 e i 2% 10 H A 24 PE SR AT A G A0 BT 85 R AN R 3 . HIESR I LI |
2% TA] L BRI 3R 1T F 7 %% B 5 0 mm<Td=<<0. 5 mm AR G T (AR 1 %% B RN AR 2 11 R B B 35 6 4H G (P<<0. 05) 5 - 1%
R M S 0 mm<<d<<0. 5 mm £2 9% T A9 MR %5 B2 RN AR 3R 1 AR %% B2 I 2% T AH G (P<<0. 05) s R ML A i 5
FrEEY% R MREKEE .0 mm<d<<0.5 mm fl d>2 mm &2 F R R 1w B2 B DL &% 0.5 mm<Td<<2 mm Fl1 d>2
mm 2 4% T 1R PR B B A B 38 IR A G (P<<0.01), 5 0. 5 mm<Cd<<2 mm £ 2% AR 2 1 A% B A0 mm<Td<<0.5
mm 2 9% T MR R RS BE 1 35 1E AH 56 (P<<0. 05),

RARIEAESHh M 3R H R B 5 - 4 e 1A 3% T P A 27 e T 0 A G 2R e, DR i ) 5 S e AR 3R 1 v
A2 P B HEAT I3 434 (IR 4) o 25 R, AR 2% 10 A% B 5 1 4 32 18 rl 3 | 9 1A e 34 9 T . i 2 2 L 3R 1T REURT
2 T H, fnp AR HE 2 5 4 8RR B 8 & (R*=0. 35, P<<0.01; R"=0. 38, P<<0.01; R*=0. 35, P<<0. 01; R*=0. 48, P<<
0.01;R*=0.67,P<<0.01).

Xt A HE B AL M 0T 5 AR R Y A S HORN 4 i R 2 TR AL s M AT AR DGR AT L S R IR A TR . IRABE S
b R RS S LA LT pH H W2 A 56 (P<<0.01) , 5 ki Wk L ALO, Fll Fe,O, 7 1 3 4 56 (P<<
0.05) ; M 2 1w AR 2% B 5+ HE AT HLBR A pH H . 35 M1 G (P<T0. 01) 5 AR AR FR % B 5 + HE AT AL AR B 2 A1 56 (P<
0.01), 5 48 pH B 3 M 5 (P<C0. 05) o 3 i (A R 17 Ak 2 M i vy, H 3 e T Al b 2% 1D Pl 34 3R T P i 2000
FET LA B S R HLBT pH L BB B R AR KL L ALO, Il Fe,O, & il B 8 A0 56 (P<<0.01) ; L R A &
AP pH FERL DAL ALO, FIl Fe, O, 7% M 8 35 A1 5C (P<C0. 01) , 5 By ki i 2 40 ¢ (P<<0. 05) o b4, 3d i
KUK 28 22 7075 26 43 A AT, SR Rt (- 82 0 ) SoF 4 398 e A 2 1T R, A 2% P T 1) 52 il B 3 (P<<0. 01) , A 25 AU D) %
SR b, FIAE ) 288 TR 14 28 B A R X 3 58 A 2 1T R b 2 M BT B9 5 T R 35 (P=>0..05, 3K 5) &
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Table 3 Correlation coefficients between root morphological parameters and electrochemical properties of soil colloid surface

Ei WHREEY F Y T H 3 1T HL AT A5 T R THT HL A 4
Index Root diameter grade — Surface electric field Surface potential ~ Surface charge number — Specific surface area Surface charge density
HRAC % 4HHR & Total roots —0.407%* —0. 450% 0. 564 0.393* —0.407*
Root length 0 mm<_d<<0.5 mm —0. 385% —0. 424 0. 520%* 0. 393 —0. 385*
density 0.5 mm<d<<2 mm —0.308 —0.351 0. 519%x 0.152 —0.308
0 mm<_d<<2 mm —0.406* —0.503% 0. 562%* 0. 394* —0. 406*
d>2 mm —0.268 —0.342 0. 511%* 0.133 —0.268
WREMMEE 2R R Total roots —0.423% —0.448%* 0. 601%x* 0.314 —0.423%
Rootsurface 0 mm<2d<<0.5 mm —0.409* —0.453% 0. 509%* 0. 382% —0.409*
areadensity o 5 11m<4<2 mm —0.269 —0.275 0. 461 0. 106 —0. 269
0 mm<<d<<2 mm —0.425% —0. 479% 0. 596%%* 0.320 —0. 425%
d>2 mm —0. 266 —0. 345 0. 516%* 0.143 —0.267
W 2R Total roots —0.345 —0. 385% 0. 551%x* 0.199 —0.345
Root volume ) mm<2d<<0. 5 mm —0. 358 —0. 365 0. 388%* 0.273 —0.358
density 0.5 mm<d<2 mm —0.288 —0.321 0. 487%+ 0.147 —0.288
0 mm<Cd<{2 mm —0. 354 —0. 385% 0. 543%* 0. 204 —0. 354
d>2 mm —0.265 —0.337 0. 517%* 0.153 —0.265

T = RN AR (P<C0. 05) , #* &R i 35 A 5 (P<C0. 01), R [l o

Note: *indicates significant correlation (P<C0.05), ** indicates extremely significant correlation (P<C0.01). The same below.
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Fig.4 Relationships between root surface area density and electrochemical properties of soil colloid surface
RSAD: # % i B1% B Root surface area density; E,: + 3 3% 1 #1 3% Soil surface electric field; ¢,: % 1 Hi # Surface potential; o,: 3 Ifif Hi fnf % &
Surface charge density; S: F31H B Specific surface area; SCN: Il Hi faf £ i Surface charges number.
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HEAT D d5c /)N — 3 12: A5 A A (PLS-SEM) 3 At o 25 SR W 5 Ffr 7 < AL A AR 28 XoF 8 5 A 3 T W, A1~ 2 J5 4 52 i LA
(] 42 A0 0 0 3, 2 3 B AR R B AR AR — A s MR (b 3 pH A L) — b e B o (- S ML A 4 i+
G JE A Y) — LR R AL P B R LA L 0. 71

x4 HYRRAESSHEMIEERNEXRY
Table 4 Correlation coefficients between root morphology parameters and soil properties
bR A HLBT pH Bk ki b L AR AL ES ER 7S
Index Organic matter Clay Silt Sand ALO, CaO Fe,O,
MK % £ Root length density 0. 646%* —0.691** 0.424% 0.304 —0. 384 0. 434 —0.241 0. 441%
MR 1 AU JE Root surface area density 0. 601 —0.610%* 0.287 0.261 —0.294 0.341 —0.139 0.361
MRARFL BE Root volume density 0. 488+ —0. 406* 0.118 0. 230 —0.197 0.161 0.047 0.261
1A B 37 Surface electric field —0. 489%x* 0. 5445 —0.556%*+  —0.527%* 0.587**  —0. 598%** —0. 251 —0. 626%*
211 FL ¥ Surface potential —0.760%* 0.665%%  —0.800%*k  —0.647%* 0.780**  —0. 800%** —0.086 —0. 847
T HL faf £i Surface charge number 0. 786%* —0.666%* 0. 594xx 0.659%%  —0. 693 0. 629%* 0.119 0. 728%x
Lt & 1M B Specific surface area 0. 658+ —0. 587 0. 711** 0.464*%  —0.629%* 0.654%*  —0.083 0. 715%*
T HL faf 5 Surface charge density —0. 489 0.544%%  —0.555%%  —0. 528** 0.587%* —0.598%  —0.252  —0.626%*
R5 ITERGRERLZMRVNERSTAESTER
Table 5 Two-factor multivariate variance results of electrochemical properties of soil colloidal surface
8 5 IR T Eta~¥-Jr W2 A W E [EaER:EN: F P
Mutation source Partial Eta square  Error degree of freedom Suppose degrees of freedom
SR REHL (4489590 ) Sampling site (soil type) 0.770 16. 00 10. 00 5.368  0.002
FEPE T Vegetation type 0.301 8.00 5.00 0.689  0.646
SR FE L < AH S Y Sampling site X vegetation type 0.423 16. 00 10. 00 1.171  0.375
JA% 5 Total variation 1.494 40. 00 25.00
R=0.45 C B4R Direct effect
T HEpH+HHLR 5 DLB LZ 1453908 Indirect effect
Soil pH+organic matter [ “*~._ (19564 § . E E
™. ~' ) ' 1
o * e ' 1
0.6731 : HE 03 . .
GOF=0.71 -0.2046 A "iﬁ 3 | ,— :
. e = 22 N g | :
BPIRR | o gt i | S8 : :
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S o 0. 8 RURE  LHEpHEHUE AL
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metal oxides matter Soil mechanical
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5 BEHSW

Fig.5 Path analysis

I3 LR R HE 2k 43 ) Ry B3 RN OR 3 bR ME L 4R . GOF B A L . The solid and dashed lines are the standardized paths of significance and

insignificance, respectively. GOF indicates the goodness of fit.
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