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ALFET 16 a 1A HUAEFIRSFFE H ) e A7 55 ARG,
YA T RIERE AL S . MR R B LR S
WA 45 & AT R O R S5 de b, JRRIH X 4k
L REE A BT TG B - R A AR SR T IR R A1 41
B $E 7 it P A LR AN RS AT B 0 85 AR it T 3R 1
HAL BT SR ARk, R T ISR (i pH {H. EC.
MUBRAL 5O « A LB 20 70 DL BT 0 &5 5 75 T e IR 45 44
R P S - SR T R R SR s AL, DA R RS
JIEASE 28 e 6 - 398 LA 2% B S A AL A AT 7 DA R A B (1 %
RE 7 AR BER K -
1 MR5REE
1.1 RE X S5iRE T

RIS R AE L PE A @ 3T L P ARl R 227K Sk e 2 4t
0 b Ja R I Ay K ik 1 2 UM, AR 13.4°C, AR
YIBE & 525 mm, WAFRY, HEBK 20400, T
Wi212d, WIEX IR e L, 0 AT IR S A
fES N BHURE & 10.9 ghkg, EABE S 2 89.6 mg/kg,
HAABES & 13.1 mg/kg, HAUEH 167 mg/kg, pH EN 8.4,
RIGTFUET 2007 4, LB E 4 M ARAEE: FliE L
JE (F). BHIEHLIE (MF) . FEFFEH+HEIE (SF)
PLE RS 36 A HLIE L AR (MSF) o BN il AR Ab 2 3
WEE, NXHEHRN 60m?. LIENEE (N46%) FIE
MRS (P05 46%) , i i & 43 %4 165 N kg/hm®
150 P05 kg/hm?; A HLIE A S 38 35, HHR S &E
21%, T/NZEHEFHT N MF Al MSF 438, it &8
15 thm®. FF4E 6 A/NFEIERG, SF A1 MSF A2 (A5 AT
WifE 4 EIE H, F A MF AP (K REAT A2 B 56 1 .
1.2 HERESSH
12,1 BEHERE

T 2023 6 H/INZWHRE B ik RELE DK
0~20 cm T2 MRS, BRETT LA S, EYRE
sededn, JARRTF S id 2 mm F 0.15 mm #F, T L%
F A T RTAT AL 70 2L PR 5
122 B3 RIPAHIR 6952

3 AT U S K AR R A A - R R kR e

FEE; TIEAES ERAEMEIIRENE; AR
E B 0.5 mol/L BREREANTE IR $2, BB LL ikl
TEs WA SR 1 mol/L 2B EIBUIRIR, KB
PR g s 38 pH A1 HL T 2R A ARVED 5, KBtk
N2.5 0 s RIRERL. ORrRLRTRD RSB R FH O R 4y
MriX (Mastersizer 2000) J|5E .
1.2.3  EIEA AU 4064 M

FREGS 2 mm 75 (9 L3860 20 g, N 100 mL 2 5
TR, WFHE L, EiEBGE 0.45 um JER, R
TOC S5 B A e S i, B oA 3Ty G HLRR i
EE. HARE LSRN 100 mL #KE RN 0.5% K75
BERRENVAW, R 51T 0.053 mm HIARAESS, Bk EELER T
(RS R A A AL, R TR 20 #r A (vario PYRO
cube Elementar Analyser) W& & ke, 1UgH) - HRELE
45°C 4/ FHT, BAEA R, FRELS.0 g i Bk EA
+FE, A 50 mL #KEEAN 0.1 mol/L A &AL AT 0.1 mol/L
FERE RN IR AT, IR 0, T VRN R R B T
W, AT pH A, 7 BSRAR RRRA E B,
KA BB AR LR EER. AR S R, &
FLR e P B T T AR A AR AR,
1.3 TERECEMFRNESHE
1.3.1 X3ER @M T

R Ff - 398 3 T 1 B B A s 1) v T, i e 4%
SRR, 16 200 g HIERES NN 2 LR E R
0.2 mol/L ] HC1 ¥, #R% 24 h, B0 X2 LiEWR, 4k
SE R PR 3, MELER RN 2L KX
BETK, WEHEO, BELFNTATE 45C & T,
WFEERE 0.25 mm 7, SRS WA LA S . SRS FREL
5g FIREMIANHIERE S, MO 50 mL ¥KRFZEA 0.01 mol/L
Ca(OH), Al NaOH V& & ¥, 8% 24 h J5 I 2 pH {H,
FRIE pH M 4k 28 i N\ &1 A1+ 3 B 5 5 Ca(OH), Al
NaOH /B & W (pH 1>10, I ANSEMA +IERE S, pH
<9, TN Ca(OH), fl NaOH R AW, "B EER
FW pHMEATE 9~10 2 8] . 2R J5 F# BN 0.1 mol/L )
HC VAR L2 pHEE 7 A4, B, g
B Ca Fll Na 587,
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SON = 10°5%0 5y RS RAN, TSR, FI S
- F FRETE (723 BRSBTS Bl R AE 400, 465+
Kk NEFZE (L/dm): 600 Fil 665 nm ALMWROGAE, It Algk Fl E4/E6 {8
‘o [81F2C, ) AlgK =1gK 12K 0 D
erRT E4/E6 = Kygs/Koss (8)

K TR E, K R ONVEMESAEE L, J/(K-mol);
F RNRIERLEFEL C/mol; Pu, M e, 73918 Na Al Ca
(A 2 T R EG aQ A al, 53 0 Na™fil Ca™ )3 i
mol/L; Ny, 1 Ne, 7359 Na ™ F1 Ca® fE 435 o () W fff &,
mol/g; &R K I/ B H ¥, 8.9x107°, CY(J-dm); m=
0.525 9In (%, /et +1.992;5 & e, 5 3 N ¥ W Na*
F1 Ca® M
1.4 TIRBERGEWEFENE
141 X A& E TR (XPS) A

SXoF J5 HEL IR B BT 1 B 2 - 3 Uk 3E AT XPS (UTVAC-
PHI5000 Versa Probe) ik, E& T LIEF R REAE
MURR [ S5 M 4L /e H 1.2.3 Fp Y 22 40 - R 00k 47 XPS
i, KA C(1s) mmrFtil, FERK (284.5eV) i
ITRGHE, C (1s) A REMIFFIEN: 287.8 eV S C=0O/C(O)N,
286.7 eV N C-O-C, 286.2¢eV A C-O/C-N, 285¢eV N C-
C/C-H, 284.4¢eV Jy C=C. FIHM XPS peak 41 X}tk
BT e E, kM LR AN E R R IEH R, AR5
R Ve AR T B AR 5 &
142 BT AFHIR N T

J& B RO R v R R AL (Algk) OGS

A Ko Kiess Koo M Kegs 23 71 9 7E 3% K 400, 465,
600 11 665 nm AL IR 1A -
1.5 HEAE
SKH SPSS 24.0 ¥ At 5. K & J5 # 7 1 ( One-way
ANOVA) X AN[F e B A 38 2 8] f) e AR i . ek
A AR A > S8 T B MR
(Duncan, P<0.05), iz Canoco 5 ##FxF ¥ R 1H
255 P RN HUB 490 TR 1) 8 RIEAT IR b, KA
Origin 2018 BT
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2.1 AREIHEARALIE NS T 3B EARTE 1L 14 FRAO SN

AN [7) e S A T S - S B Ak R A S R (3R 1)
5AHARLLE (F) ML, AYLLGE (MF). fffid
H AR (SF) FIA ML+ FFIE AL EE (MSF) 23542
w7 AR B, AU E, HA Ll MSF 4
e A AbFEXT 135 pH (B JC W3 F2m, 1 MSF Ab 2 (1)
EC {E%¢ F #1 SF 23 73 5l 1 31.3% 1 24.1%. &4b
H 6} AR AR b S B B, {2 MSF LB ()R
A =R E X (10 OB
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Table 1  Effects of different fertilization treatments on the basic properties of soils

ww EK A CEEE RGE  BRBEAB oo DREEAH
Treatments otal rutr?ogen/ Available pho§ph0ms/ Available p053351um/ H value Electrical COl’ldLlCthlty Clay‘ mass o fraction /% Sanc? mass
(g'kg ™) (mg-kg™") (mg-kg™") P EC/(us-cm ™) fraction/% fraction /%
F 0.97+0.06¢ 63.1£19.1b 104.3+16.3¢ 8.240.1a 126.7+14.0b 19.6+0.4a 29.14+0.5a 51.3+0.9a
SF 1.62+0.06b 191.4+27.2a 190.7452.4ab 8.1+0.1a 134.1+14.3b 19.8+0.5a 29.6+0.9a 50.5+0.9ab
MF 1.42+0.25b 68.4+4.1b 152.7+14.5b¢ 8.240.1a 155.7+4.9ab 20.0+0.2a 30.0+0.8a 50.0+0.8ab
MSF 1.80+0.31a 252.5+117.2a 220.7+26.7a 8.2+0.2a 166.4+23.1a 20.4+0.5a 30.3+0.5a 49.3+0.5b

e BRI EEARAERE (n=3), FFIEERE A RN S 7 BER R AL B A) 22 5+ 3 (P<0.05). F. SF. MF #1 MSF 73 RARER S AL AE . RS FFIE H+HLAE
HHUIEHEAE LA K A F I8 A HUIEHL AR AR B . R TH .

Note: The data are means + standard error (#=3). Values followed by different lowercase letters in the same column are significantly different (P<0.05). F, SF, MF, and MSF
indicate chemical fertilizer, straw returning + chemical fertilizer, organic fertilizer + chemical fertilizer, straw returning + organic fertilizer + chemical fertilizer, respectively.
Same as below.

2.2 EIFEARALIE RS 115 3R B AL 5 1% RS20
N[5 ot A Ak B 56T 4 398 2 T LA 2 A S 3 S

(22D o 2% it JIE A B 1 - 458 2 T FB ip 25 FE AR R 0.20~
0.25 ¢/m?, H SF. MF I MSF AbHi¥ B2 5T F AbFE,

®2 TRIMERLIEN TRFE B U F M REFE

Table 2  Effects of different fertilization treatments on soil surface electrochemical properties

e RMAMEE RIOHEE R R OATERE SR
Treatments Surface chargf} density Surface electric ﬁel(} intensity Specific surfe}ce area Surface charge nufnber Surface potential
oy/(c'm™) EJ/(10°V-m™) S/(m*g ™) SCN/(cmol-kg ™) @o/(mV)
F 0.20+0.00b 1.46+0.11d 57.5242.85b 11.70+0.46¢ —81.40+2.04¢
SF 0.22+0.00a 2.58+0.61¢ 60.61+4.05ab 14.09+1.48b —86.00+2.10b
MF 0.23+0.00a 4.24+0.39b 62.92+5.12ab 15.14+0.29b —87.83+1.55ab
MSF 0.25+0.00a 5.12+0.44a 67.02+2.65a 17.07+0.97a —91.14+1.59a

B i FE A ) L A SR T 37 5 B AR RO 1.46%10°~
5.12x10° V/m, H & &b 3 () 3£ 1 #0837 58 B KN HEF N
MSF. MF. SF. F. i /It ab 2 i) -t 3% LU 36 T FA AR R
57.52~67.02 m*/g, & MSF kLB f% i, % F AP &%

PER T 16.5%. it JIT A 3 (1) - 398 % THD R fur B0 AN SR T
A2 ) A5 1 43 A 11.70~ 17.07 cmol/kg A1 —81.40~
-91.14 mV, A[FALHEE LA MSF b fm, HEES
T SF Ml F 43,
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2.3 A REIFEAEALIE X IR B HL AT B HIRE . R BT EE MR R 5
AL AL B A HUBRHE S E RFEW (B D S EFENIEMARER, R IEa NS LR w2 (6
T RIREANER. ATIETEA L. BORSER. B e R, B AR R SR RS
SEPRAIIR & 5, AFALHERII UL MSF B, 700 iEM et &, LRGBS R S,
jfl 21.5 g/kg\ 96.6 mg/kg\ 12.1 g/kg\ 5.51 g/kg $D3.32 g/kgo iﬁ?ﬁﬁ\ %ﬁﬁ%*ﬂ %ﬁﬁj%ﬁ%ﬁ*ﬁ?éa‘é%, *ﬁ\*ﬁ/&ﬁ\
MSF A1 MF 4bBRE BIER & 55008 2.20 g/kg F12.10 g/kg B T R v g A
o e U 5 G REMIEMIGKR: R EEN
BER T F AL, MSF AbHAT e oW 5 B R i%i%%ﬁ%%iggéﬁgmﬁm%%/'ai
151, HEZE®T F. SF M MF &3, H+H MF Al SF FAMFEEET (2>, RDAL A1 RDA2 #-L 8

ZWERE RS, HEHET F A, IR (1 2), RE A2
24 EMTIERGEASMENES T AL A R IR 2N 77.97% F111.76%, HArfEsE

5 B 4 - M S M T P b ) U TR M T PR e R P B B R, AR
W% (£3). FHUSENE:. BRAGNE. BEFE. N 67.0% HUCHMERA (5.9%) MyGHE 5
IR B TR LU IR AR Y S R RRHL(E (4.9%).
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&0 E. Z L ) C
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g ¥ g I g <
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5 H 20 H 3
0 1 1 L Il 0 L L L i 0 L L L !
F SF MF MSF F SF MF MSF F SF MF MSF
Ak 3 Treatments Ak 3 Treatments AL ¥ Treatments
a. HIELANERS B b. AT TEAT LR c. WKL AHUBR & &
a. Soil total organic carbon content (SOC) b. Dissolved organic carbon contents (DOC) c. Particulate organic carbon contents (POC)
6 A 4 4 - [JFA A 718
T A .
B T T e HA:FA B I
Sr B T T B
T T 3+ B 3+ c KX I 412
=~ 4} T = B T i
o0 'y T . oo I AB A
& C > T s B ES
230 & o2r B2 ¢ T[T o6
= | c z |= g
T 2 as) [ <
1 I H 40.0 T
1
0 I I I I 0 0 I I I 706
F SF MF MSF F SF MF MSF F SF MF MSF
Nt P Treatments Nt P Treatments Kb Treatments
d. RS e. IR & & £ RS BRI S RS R
d. Humus content (HM) e. Humic acid content (HA) f. Fulvic acid content (HA) and Humic acid

and Fulvic acid ratio (HA : FA)

W ARKGFRFRREHERZEREE (P<0.05), WELLR=AELNEMIRHEZ,  EF 0 AL SR & BRI E. FHE.
Note: Different capital letters indicate significant differences between treatments (P<0.05). The error line shows the standard deviation of the three repeated
measurements. The curve in f figure is the ratio of humic acid and fulvic acid content. Same as below.

B 1 RE AR A ALt ot
Fig.1 Effects of different fertilization treatments on the soil organic carbon fractions

®3 ABRAS. LIRS REEEFERIERME

Table 3 Correlation analysis between different organic carbon fractions and surface electrochemical properties

Z ) Parameter SoC DOC POC HM HA FA HA:FA Clay Silt Sand
0 0.817 0.89" 0.87" 0917 0.87" 0.93” 0.70" 0.69 0.45 —0.66"
E, 0.80" 0.83" 0.84" 0.95" 0.95" 0.84" 0.86" 0.68 0.50 -0.69"
N 0.60" 0.53 0.65" 0.67° 0.67" 0.58" 0.61 0.38 0.56 -0.61"
SCN 0.84" 0.86" 0.92" 0.94™ 0.91™ 0.90" 0.77" 0.64" 0.59" —-0.74"
% 0.86™ 0.91" 0.93" 0.95" 0.92" 0.94” 0.76" 0.69" 0.54 -0.73"

T PR RIRIRAE 0.05 A10.01 K EEZEHSE (1=12). SOC. DOC. POC. HM. HA. FA. Clay. Silt. Sand Al HA:FA 4} 5% R LA NI, TVETES
BUBK . BURCS A AL JRIHPT. BIOR. W IR, AL, Mkl RS BEAMHIEIRS W IR o0 B Sv SCN Fil g, 7} AR KT BT . R 798
. HREM . REEAEMRT RN, TH.

Note: * and ** respectively indicate the significant correlation at the 0.05 and 0.01 levels (#=12). SOC, DOC, POC, HM, HA, FA, Clay, Silt, Sand and HA/FA respectively
indicate soil organic carbon, dissolved organic carbon, particulate organic carbon, humus, humic acid, fulvic acid, clay, silt, and sand contents, and HA : FA ratio. o, E,, S,
SCN and ¢, respectively indicate surface charge density, surface electric field intensity, specific surface area, surface charge number, and surface potential. Same as below.

2.5 HIEEERICHEHIR SREBEMFMRZENER  FREm (& 3) . MSF ALK E4/E6 &%, ¥ 3.90,
AN (7] e A Ak B %oF - 398 J55 5 B (1) E4/E6 Al AlgK A & BELT F M SF 4B, {H5 MF ¥R %% 5. MSF.



76 Ak TREZH (http://www.tcsae.org) 2024 4F
MF Al SF kb H(¥] AlgK &8 3% %2 5%, 40 %8 1.03. 1.08 oA
11,15, Jirh MSF AbBE & (6T F b3, 6f I .
5 H T
1.0} aMF - I C
o 4 H T
8 T
4 33 H
r MF DOC
MSF Gy =t L]
S.Ci f SF " 2 (0 I\LI)( 2
; Fa NS rS\(N 1H
5] y 0 . . .
< Sand SF Silt F SF MF MSF
nod . Qb2 Treatments
L ¢ SF eSS a. LR 1 EA/E6 (Y
]\7[F MSF a. E4:E6 of humus
a 1.6
1.0k FL \ . N
-1.0 1.0
RDAI (77.97%) 12 b7 AIB AB 1?
a. JUR T E 1 T
a. Redundancy analyses figure éﬂ 08 H
70
8 04
2 65
|
= 0.0
S F SF MF MSF
‘g 10 Qb2 Treatments
g b. JE BT I AlgKAE
8 b. AlgK of humus
£ s
= B3 RREEICAIE L3 G AR A E L EAEG Fo &R 5
=, ﬂﬂﬂﬂﬁ_ NIgK #% %
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Table 4 Correlation analysis of £4/E6 and AlgK of soil humus, and organo-functional group measured by XPS with surface electrochemical

properties
2% Parameter EA/E6 Algk C=C C-C/C-H C-0 C-0-C C=0/C(O)N
G -0.79" ~0.49 -0.38 -0.19 -0.18 0.23 0.66"
E, -0.69" -0.37 ~0.69" -0.04 -0.11 023 0.89"
N -0.86" -0.64" -0.39 -0.12 0.05 -0.02 0.65"
SCN -0.75" —0.66" -0.45 -0.17 -0.06 0.10 0.77"
2 -0.84" -0.58" —0.46 -0.16 —0.09 0.14 074"
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Effect of organic fertilizer and straw returning on soil surface
electrochemical characteristics

WEN Yunjiel** , ZHANG Jiancheng®** , ZHU Xiaotian'® , YANG Na*?, LI Yongping'**,
SHI Xiangyuan® , WANG Juanling® , WANG Xiuhong'**

(1. Shanxi Academy of Organic Dryland Agriculture, Shanxi Agriculture University, Taiyuan 030031, China; 2. Cotton Research Institute,
Shanxi Agricultural University, Yuncheng 044000, China; 3. State Key Laboratory of Sustainable Dryland Agriculture (in Preparation),
Shanxi Agricultural University, Taiyuan 030031, China; 4. National Agricultural Environment Jinzhong Observation Experiment Station,
Jinzhong 030600, China; 5. College of Resources and Environment, Shanxi Agricultural University, Jinzhong 030801, China)

Abstract: Minute particles within the soil can normally possess charges and predominantly concentrate on the soil colloids.
These charges on the soil surface can contribute to a variety of physical, chemical, and physiochemical characteristics of the
soil. Key property parameters of soil colloidal particles can include the surface potential, surface charge density, surface electric
field intensity, specific surface area, and surface charge number. The objective of this study was to investigate the impacts of
prolonged utilization of organic fertilizer and straw on these electrochemical characteristics of the soil surface. Furthermore, the
primary influencing factors were determined to enhance the fertility of arable land. A long-term experiment was conducted at
the Shuitou experimental base in Yuncheng City, Shanxi Province since in 2007. Four treatments were set as the exclusive
application of chemical fertilizer (F), a combination of organic and chemical fertilizer (MF), the integration of straw returning
with chemical fertilizer (SF), and a comprehensive application of organic fertilizer, straw returning, and chemical fertilizer
(MSF). The electrochemical properties of the soil surface were examined, including surface potential, surface charge density,
surface electric field intensity, specific surface area, and surface charge number. Additionally, organic carbon fractions were
also analyzed, such as soluble organic carbon, particulate organic carbon, mineral-associated humus, fulvic acid, and humic
acid. Furthermore, the investigation was conducted on the structural characteristics of mineral-associated humus. The results
indicated that the application of organic fertilizer and straw returning treatments (MF, SF, and MSF) was substantially
enhanced the electrochemical characteristics of the soil surface, compared with the F treatment (P<0.05). Among them, the
MSF treatment exhibited the highest values, with the respective measurements of 17.07 cmol/kg, 67.02 m*/g, 0.25 ¢/m?,
5.12x10° V/m, and -91.14 mV in surface potential, surface charge density, surface electric field intensity, specific surface area,
and surface charge number, respectively. Compared with the F treatment, the MF, SF, and MSF treatments were significantly
enhanced the quantities of total soil organic carbon and organic carbon fractions, including the soluble organic carbon,
particulate organic carbon, mineral-associated humus, fulvic acid, and humic acid. Additionally, there was also an increase in
the ratio of humic acid to fulvic acid (P<0.05). Specifically, the MSF treatment exhibited the highest contents and ratio.
Meanwhile, the organic fertilizer and straw returning treatments were resulted in the a significant reduction in the £4/E6 and
AlgK values of mineral-associated humus (P<0.05). There was the an increase in the relative abundance of C=0/C(O)N group
within the mineral-associated humus. The comprehensive analysis revealed that there was the a significant positive correlation
between soil surface electrochemical characteristics and various factors, including the total soil organic carbon, organic carbon
fractions, clay content, and the ratio of humic acid to fulvic acid. Notably, there were the most substantial influences on the soil
surface electrochemical characteristics by the mineral-associated humus, clay content, and the ratio of humic acid to fulvic acid,
with the interpretation rates of 67.0%, 5.9%, and 4.9% respectively. And the E4/E6, AlgK, and C=0O/C(O)N groups of humus
were strongly associated with the soil surface electrochemical characteristics. In summary, the prolonged use of organic
fertilizer and straw were substantially enhanced the electrochemical properties of the soil surface, in terms of the soil organic
carbon fraction and the structural characteristics of humus. Consequently, these findings can also provide the theoretical
foundation for the microscopic and macroscopic processes in soil.
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