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Synergistic Amendment of Acidified Soils in Northern China Orchard by
Combined Application of Four Environmental Materials
Feng Zeshen', Yuan Xuewu’, Ma Li’, Feng Junyi', Zhao Mengmeng', Ma Qian’, Huang Zhanbin'’
1 School of Chemistry and Environmental Engineering, China University of Mining and Technology (Beijing), Beijing, 100083
2 Dahe Hongya Primary School, Hongsipu District, Wuzhong City, Ningxia Hui Autonomous Region, Wuzhong, 751999
3 Beijing Goldenway Bio-tech Co. Ltd., Beijing, 100015
Abstract: To address the structure and properties degradation of the soil caused by acidification in northern
orchards, four-factor three-level orthogonal soil incubation experiment was conducted to investigate the
effects of combined application of biochemical humic acid (A), coal-based humic acid (B), lime (C) and
biochar (D) on the aggregate structure, pH and exchangeable aluminum content of the acidified soils. The
results showed that biochemical humic acid facilitated the formation of soil aggregates (>0.25 mm) through
polymeric colloidal adsorption, with the A2 treatment (2 g/kg) increasing the aggregate content by 16.53%
relative to the control. Coal-based humic acid reduced significantly exchangeable aluminum content by

91.26% at the B3 treatment (8 g/kg) via functional group complexation and structural stabilization, while
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synergistically maintaining soil acid-base equilibrium. Lime with the C2 treatment (2 g/kg) elevated

rapidly pH to 7.16 by neutralizing active acids, whereas excessive application (C3) induced greater

aluminum dissolution than C1 and C2 treatments. Biochar mitigated significantly exchangeable aluminum

activity by regulating soil acid-base equilibrium. Comprehensive evaluation identified the A2B3C2D3

combination as the optimal strategy for amending acidified soils in northern orchards. This combination

achieved a synergistic enhancement of soil aggregate content while mitigating effectively soil acidity. These

findings offer a scientific basis for the rational amendment of acidified agricultural soils.

Key words: acidified soil; soil improvement; environment material; biochemical humic acid; coal-based

humic acid; orthogonal experiment

Hy, JEA @A FE X R ™
T HE pH FIMER AEREAC T 0.58 ANy, Hoig
ARG X A e 2 . BUR SR, 1984—
2015 4R & HBIX 52 pH BEAK T 1.0 N ERpL M, £
B R b - pH Bk ) 4.22%, HET, KR4 R
HIX A 88% LA b 1) S 5 1 B8 PR i A 0T - 158 ot A
SRR RGN T ARREREE DY B
W, AR I AR b X R el B A 179 i R A
K U, S50 NH, 7E 3 s s w1 1
RO Y, R Rt > %, tiipH 5
R i, EPERETEY . AT R Rk
FIRUR PPN 35 52 B A rE Ve 6 77 X 1
FRA I LA, SEOREE SRR, R
JE FREANRIEAC, T E R 7Y R &
J B P, BExFAey SRR ER A R e R T AR
TEJEE

Hr, MRy £ L2 b LT
R, EHMRRISEIARL E, JREC) TR T
i« B R S R0 DA BB ks e i LI R4
AR A DU & R 75%, A AP s e
BUBR e, B ge T HAE A ™. I SE S A I n]
AR FE - HEA MR, — 5 i v] ARG S, 3k
Tk SR R, Bt IS S E R
SR, AEAERFRRIECE- M ] AR B up i 1 Y,
ARG G R AL 3 R AR, A DAPGH R
T 4E pH, MR T U IAN TR A R, MR T
Kb ok 2 3 it A 2l MR T, B
BAEAE A SRR B R L 3R pH, R 1

SRR AR AR AT, TR KRR L st A 3 v AR AT LA
st L HEAE A, fHR KRB AT RE 2 51k IR
Toge om0 B, AR E R Y R =K
TIESZ F IR IR, Oz At Ty R e M A Rk
RERILA S, LAY AL TSR R 2 AR 1
BEXIVERR OIS, I o AR 16 5 5 T AL
ER AP AR o

1 APRSTk

1.1 iR

Atk 58 BUE IR S T R A
FEHA 2019 EHAERIELRZE L (0~ 20em) , &
WAF . 3 2 mm GRS RAA . HIERAUNA
+, pH N 5.67, SHMEER B EM 1.27 cmol(+)/kg,
TR (> 0.25 mm, 2 CTCRRRCIAR 4
RGN ) &5 54.95%.

AALSERERR . AR BRI, AR S R
K 69.9%, LAEHEE RN 41.88%, HAG R FE
SCEVIRHCA PR Al AR, AR . B R
e A Rl A &, AR, 4l > 70%,
SUEREER F BN 48.13%, W E 1L P4 AR R R B
BABRA. K. EEAAEWS N Ca(OH),, 43
Mradi, W E g2 SO AR B A BR 2
IR HRGTEAE 450 °CTF BV FEREL 18 H ifir
%, W H PRI TR IR A IR A Rl . 25
FIK: pH K 640, H'F:2 (EC) 4 0.73 wS/ems,
KRR (K1) . Bapplypia, Libk
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Fig.1 Soil incubation experiment device

1.2 Rt

AfF7E AEAL IS HERR (A) . HEILEHERR (B) .
fK(C) . EWm (D) HHREAR, RAMNNK
KK IER B R R L, (3Y) ik &
RMEHREH G . SFHEZEKFRENR: AN,
2. 5g/kg"™, BR2, 4. 8gkg"”, CH 1.2
5g/kg" 7, DR 5. 10, 20 g/kg™™ P P, PLRER
IS RAPRH AL BRZA A 3t IR (CK ), 3k 10 M,
A E L 3 R, B EIRA MRS 500 g 4t
ARSI EEER, BTENER 60 K. K
TR 4 RB8 1 IREET/K, BHRAHESY 100 mL,
EEFRESARE I, 28RN T . iF 2 mm G5 %E
PRAE . S Ui . SO e R AR A TR ()
Jiti ) T B E (1350 kg/m’) 5 A
(666.67 m* H x 0.2 m LJ2ZHE) KRB EAH,
1.3 MERRS &

A SRR RO (T EAG D 2R 19 5
g KRR A SR AR AL I E ) (NY/T
1121.19—2008 ) Jf-1¥ Bl 1= 3 A S A4 =2 AL ( TTF-
100) WIxE; 148 pH Ak « T3¢ pHAE D E
i) (HI 962—2018 ) RFHBEFG AR LM E;
B AZ R B R B 5 S B TR B (S FE
2K ICAP-MS-Qc ) &,
1.4 HEALIE

K Excel 2019 #4748 i1 43 B 5 6 22 43 At
K SPSS 23.0 #47 Pearson FHIVESMT .
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2.1 AMIFEM R E A H MR 1% A B

Ejul‘]

T R AR RAE T RES AL D R bR, 2
TR AR AR EIE RS R, EA T
g g ienl, HR et 5EmMAL. LR
Mg R YIMOC, HIEAE TR ENK A AT
Sy U2 A R by S 1 A - P R A Y 5
W43 M W 1. 4 iRk g Ak 1 38 A SR A4 4 5% i
FRIFHA>B>D>C, i A. B. CH
D RIS A G, I SR AR S AR CK AR PR 5
R, R 4 Fhobp RS ] g 2F - B R [ 3R
TE R A 8 AR U M Hodr, A2, B3, C2. D3 K
SR T E R AR S 1 A 64.49% . 63.83%.
61.89% F1 61.98%. Zi& o1, 1&JFEAL 1 A
RIS K A2B3C2D3, HAEA A S 6
(A2B3C1D2) 1 T EE A RIK & A 64.69%, i
CK #£/ T 16.90%.
2.2 A FIMEM R E SEMEXTER X IE pH HORZMD

- pH & RAL T HEE VIR U T OGRS AL,
TR R HOWREEUGE, HFFRR ALK
RAKMNIEH L5 pH YR 6.5 ~ 722 %, &KX
ZNF Ty S bl R Ak -3 pH RS WL 2. 45 )
BraWl, 4 FibpRbxt 48 pH A SCERCR, Hi
MW EWFEHNC>D =B > A, W& A RIS
B, 3 pH B3 EJHEH, A1 5 A3 ZH %
SRF(P<005), MiAl. A2, A3 20 £ 5%
ANEFE, A3 B pH ik 7.21. BZE B RN,
13 pH 2 BT, Bl B2 AbHEJC R E 2R,
AB3 5Bl. B2 &b # M EFEE (P <0.05) .
B C R M, 13 pH R W E LIH#H
(P<005), SMEESEE, HPC3m
pH =ik 8.21, Fi% D HEM¥g M, T3 pH 2k
FH#a#s, D1. D2 AP o % 5%, D3 5 DI,
D2 AbFE) 2 B %E (P < 0.05) , D3 ALRE pH &
X 7300 LRGN, $ETHERAL TE pH ML AR
A3B1C2D3, HAHmALHE4 & 4 (A2B1C2D3) HY
pH N 7.16, # CK #25 T 25.20%.
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Tab.1 Effects of four factors on soil aggregates
i AL AE TR ML IR RETR PEY S G773 HIEARA (%)
CK — — — — 55.34
1 Al Bl Cl D1 54.73
2 Al B2 C2 D2 57.47
3 Al B3 C3 D3 62.12
4 A2 Bl C2 D3 63.52
5 A2 B2 C3 D1 65.26
6 A2 B3 Cl D2 64.69
7 A3 Bl C3 D2 57.27
8 A3 B2 Cl D3 60.31
9 A3 B3 C2 D1 64.69
TR (%)
LAY
A B C D

K, 174.32 175.51 179.73 184.68

K, 193.47 183.05 185.67 179.43

K, 182.27 191.50 184.65 185.95

k, 58.11 58.50 59.91 61.56

k, 64.49 61.02 61.89 59.81

ks 60.76 63.83 61.55 61.98

W% R 6.38 5.33 1.98 2.17

FEWI P A>B>D>C

LK A2 B3 C2 D3

A& A2B3C2D3

I K R4 FAKES2 1 R R IRER A5 R, k=K/3, Fantt—5 EEZEBUKT | B Es R A HAR
FEE. .

% 2 WEZRE IR oH RIS 54T
Tab.2 Effects of four factors on soil pH

G AR R HSLIE IR kK W L4 pH
CK — — — — 5.72

1 Al Bl Cl DI 6.23

2 Al B2 C2 D2 6.80

3 Al B3 c3 D3 8.14

4 A2 Bl C2 D3 7.16

5 A2 B2 c3 DI 8.20

6 A2 B3 Cl D2 6.07
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%' HAL SR R HEIE SRR AR R 5 pH
7 A3 BI C3 D2 8.30
8 A3 B2 C1 D3 6.59
9 A3 B3 C2 DI 6.75
+4¢ pH
LY N 5 c 5
K, 21.17 21.69 18.89 21.18
K, 21.44 21.60 20.71 21.18
K, 21.64 20.96 24.64 21.89
k, 7.06 7.23 6.30 7.06
k, 7.15 7.20 6.90 7.06
k, 7.21 6.99 8.21 7.30
|7 R 0.16 0.24 1.92 0.24
TR C>D=B>A
PR A3 Bl C3 D3
& A3B1C3D3
2.3 A MIMEM RS S EXTER L IR R SR Y 2.4 XM

=AU

AT AR R R AL R M R EE Y O
Pro T HEWEVERR T BRI T IR AR R H
FLALT R, o 32 e S0 IR Ak 22 16 1 o 5 e Ak
HEHERR, PRI AT, RS
MR REIE RERENZON TP, KK
FON AT R Ee Ak TSR R Lk 3, 1Y
HAZEMERIEFENC>D >B > A, AR
BEMEE, TSR S B A, AL
A2, A3 AbHER TG S, A2 B AR A
HRAE N 0.23 cmol(+)/kg; B ¥R IS i fli 52 etk
MERETRBA, Bl 5B2. B3AHEERD
F (P <0.05), RYIHEZE B ol B TR
U CRI D IRy, S H SRR
I SR, C2 F D3 BRI B A
ARSI B8 0.12 F10.13 cmol(+)/kg. ZRE 7T,
AR AL T s et i Ak 41 &4 A2B3C2D3
HAHEA PR & 4 (A2B1C2D3) MIAS# M & =
4 0.02 cmol(+)/kg, % CK B#K T 98.50%.
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HZE A 513 pH . kS & 38 EAR ST IEAIC,
5 AR S RS IEA G, EUIRE A iR
TEE S R A B P2 T3 pH R AR b4
BERNEEER. NEB S5 HHEHRASEEE
FhAETEM S, 540 pH, MR A R 2
W55 AR RN g5 A OG, RUIKZE B X HIERIR
W E AR T RUR B3, XA B A R I BRI
—EMEH, {HEN T3 pH iy, WEC 5+
5 pH 2B E FAE, 5 HEgmS Rt
FIEAG, 5 AR SRR, RAEHE
F C XTI 4 pH BAA B R0, [Fm X H3Esg
PR SR EA —E AR ERTEENE,
BINE C HRIRBR AT, F7E8S L3
PEBR A JRURG: , L oF 498 AT SR AR 1 e A 4 T RO
AR, WED 5 HIEFRAES R, pH Y2 IE
MK, SRS REPENMNL, EYIHNED
Sof BEAR IR S M R S e AT — AT, T
pH Al SR A4 R R TR B 59
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Tab.3 Effects of four factors on soil exchangeable aluminum
% AR R HEIL SRR A1 K AWy TSR [emol(+)/kg]
CK — — — — 1.36
1 Al Bl C1 DI 0.48
2 Al B2 C2 D2 0.16
3 Al B3 C3 D3 0.25
4 A2 Bl C2 D3 0.02
5 A2 B2 C3 DI 0.47
6 A2 B3 Cl D2 0.21
7 A3 Bl C3 D2 0.77
8 A3 B2 C1 D3 0.14
9 A3 B3 C2 DI 0.17
. TR HPERR [emol(+)/kg]
fiabr
A B C D
K, 0.89 1.28 0.83 1.12
K, 0.70 0.76 0.35 1.15
K, 1.08 0.64 1.49 0.40
k, 0.30 0.43 0.28 0.37
k, 0.23 0.25 0.12 0.38
k, 0.36 0.21 0.50 0.13
W% R 0.13 0.21 0.38 0.25
TG C>D>B>A
Pk A2 B3 C2 D3
A A2B3C2D3
x4 MAREEERIEX S
Tab.4 Correlation analysis between the four factors and each indicator
b S I G I P T
HEAGTERERR (A) 1
WILTERIR (B) 0 1
AR (C) 0 0 1
EWH (D) 0 0 0 ]
TR 0.118 -0.397 0.409 -0.440 1
+3 pH 0.078 -0.122 0.957" 0.118 0.489 1
T R A 0.297 0.598" 0.184 0.048 0.122 -0.435 1

TE: % FRIRTE 0.01 AKF, MISCHERFE; * FIRTE 0.05 K, AHRMEEH.
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3 i1ig FONE T R R S R SRR R R, AE C2 KOP

AW, 4 FPAEEM R R A - S R AR 1Y
M ERIEFE A > B >D > C, £UAEMEH
PR s byt + S SR AR B SRR AL . A,
AR JERER A2 KO (2 g/kg) SHERLIEMIEL B3 /K
(8 gkg) Bt (HE&6) K, BIRASEEH
T = 64.69%, B CK T 16.90%, FKIH K@
o PR A, - KAE T B PR s R AL T g
ghipy, X5EAMRH AR 5L R R
IR R 2 3R 3 T 4 P SR T B S R g A% DL
7 0B A —8, K C2 (2gke) . AW
% D3 (20 g/kg ) K- Y 38 A SR AR 500 )k
61.89% 1 61.98%, W&AIK T A2 Il B3 i [A & 4k B
B RCA, X REAR A K5 A e R B A3
FEAEH T R, MEHEEES S5 BRAEN
%[15, 28 ~ 31] ﬁ;‘éo

4 PR BEM B pH By 52 R R C >
D=B>A, £ AK (C) Wikt £ T pH
A, X HHTABRE R — 8, C MR TS
R AR A e, L s Be 1k B 23 Ca(OH), @ 3
AL ETEVERR (H) B & pHEY, A5
C3 K (5 g/kg) T pHRFF = 821, % CK i
Tt 43.50%; AH St - 5SS et AR v Hh a8
51 % “pH BF+ - R 8 Bk & B P,
C2 /K (2 gkg) Amtlikst, HEEHER (B)
FE ik (D) XF pH M52 RORA Y, (HEAEH
MU A AN . B VE N RIRBRIRZZ v 1],
SRR B A8 R - WA ML pH
RIZNE S, K “FRIRE T (BRI 2T, A
WF5E A LA B3 KRR S, 5 B1 AL PR pH FEAIK
0.24 Hf; D W@ R e R (it e ) &K
TRy A SR B RN s 5 Y, D3 JKOF pH
1K 7.30, FLALBREEHE A ] R BRI A o A R R BT
5 EMEE Y IR A R — 5

SRR S I BRAARME A7 A - R R [
SE - AL ZEHLH PN, AW, 4 MRk
ARES S 3 PR ER & R R R4 € > D >
B>A, Bl (C) WRER N R EE, A

24

(2 gkg) W, SR SR 0.12 cmol(+)kg,
BEIEIE 91.20%; HENE] C3 K (5 gkg) B, ¥
W, BRI IEE pH AP 4 A 1ETE
AI(OH), yiyE B, ) S8 A, A
(D) WAL (CF¥FLE2 2.3 nm) Rk i
A 388 2o 0 BRGS0 LR PR AL, S A I
BRI IR T REE I B A IR B 1 T, AR
D3 KRB A 0.13 cmol(+)/kg, 5E KT DI
7K 0.37 cmol(+)/kg il D2 7K3F 0.38 cmol(+)/kg, E
S D SRR W B B 0D S K B B A A B
BIEMSE, HILEHER (B) PRIE. MRS
HREH S A TR e 4 & (R MRS - B
P U0 BT T AR A e M, B3 KRS H
PEER B RN 0.21 cmol(+)/kg, B B1 F#A% 51.20%,
Wi B XER 9 2 A 2800 5 15 A FE A B 4 e A
YIS, EALEREER (A) XA R
AEBE, REREKEEAYUR S E, e
AT N, AR AR AR = 2,
HATEIE, B D @SS - WHHEH P E T
DABSAIC IR PR ER G 1, kbR — AR D fig ke
M, XA SOV AE AR A B Bl B A
WIS B IR H AR B E

L5 AN, A PVIREEARERT ER A T IR A R v
RIS R 3 2 5. BRI S, AEAbEAE
PR P i T R AR AR AR, R A R i e B K
VEM 548 B PR i e tE, —HhRE
B “REAEBR A M AR R, PREI T SR 44K
bk B2 25 3% grRn] epORITEVE BRI T 138 pH, A
BT R e ot JE S R AR TA . AR il Bk 2%
P15 082 B AR R B, Dl ) S B 4 pH B .
AHFFEE E FORE A 4 MRS R REI S, HET
SEMSREARME R, v [FED g R 52500 +
BREh IR . BROR A SR R IR AR IR, SEIAS
b IR 2 4E D FRIB A .

4 ZEip

RTAEMEMR (A) « BIEEHER (B) .
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WA G 3, A R4S

(1) et e R fe v, DY R AL
TR EMKIF N A>B>D > C; Xf
gtk 15 pH BSEMIRIFH: C > D =B > A; X
IR SRR . C> D > B > A,

(2) tZA Pearson AR VE M R 0H, A4k
JERARR AT LARE = TR R AR S i SRR R T LA
B I R AR A R, IR T 3 pH FpE
AR & 5 A KnT DA R & T3 pH; R
Yok ] LASE R T3 pH JFRRAR T e ss ek B i
MM A B0 A L HE R Ak Im)

(3) £ AT IR AL 135 pH A28 B a0 & 5L
K P HESE — AL, Hr CinEy 2 gkg (Hr
£ 360.00 kg/ Fi ) B, - ERRARE SR pH 43 71
PE R 11.80% F1121.70%, 358 e v 48 & R BRI
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