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Abstract

Soil is the product of the combined action of five soil-forming factors: climate, parent material, veg-
etation, topography, and time. Soil properties change naturally slowly, and natural recovery re-
quires an exceptionally long time. In contrast, improving the physical and chemical properties of
soil through engineering restoration methods can achieve recovery effects more quickly. For mine
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ecological restoration, improving the physical and chemical properties of soil is the most important
foundation. Only when the physical and chemical properties of the soil are comprehensively improved
and restored can the ecological restoration of the mining area be comprehensively improved. To un-
derstand and master the changes in the physical and chemical properties of soil around stone quar-
ries in Guilin, the spatiotemporal substitution method was used. Field surveys were conducted in
May 2025 and November 2025 at quarries that had been closed for 2, 6, 8, and 21 years respectively.
Three random samples were collected from each quarry site, and the soil’s available potassium, to-
tal nitrogen, water content, and pH (four physical and chemical properties) were analyzed. The re-
sults indicate that the longer the quarry is closed, the higher the soil nutrient content, but this pat-
tern is only relative, additionally, ecological recovery around closed quarries is slow, with simplistic
vegetation structure, primarily due to insufficient soil nutrients, which hinders or even halts plant
growth. Therefore, to accelerate the ecological restoration of closed quarries in Guilin, artificial in-
tervention is necessary.
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Figure 1. 1# remote sensing image of quarry
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Figure 2. 2# remote sensing image of quarry
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Figure 3. 3# remote sensing image of quarry
[ 3. 3R AmEBR K E

Figure 4. 4# remote sensing image of quarry
[ 4. R AIMERFIGE

3. ARFA*E
31 HHRESHE

FEATTI S A A BEAE 1, SRIUN = B A, B LA (AR I () (770, RS DXIR A (] — g 1) B 24X
RAEANFERE A, I LEAC AR R K 3945 AR BRI (8] B3R AL, i e sk A7 75
WP 2R T RS A PR BRI BT A iR 22, R REASI P A AT 2 R A, DAHIAEA S i
JRFE 2. 6 7 F1 21 SERRFERATIHAE e . - 3RE BT R AR, BT L BEL I = AN i, Kb
RNimxim, REZREHN 20 cm, FEMERR 1~2kg, KHTR LR ANASEBUER OIH RS, WM
JSEFEARRE, bRUIRAE T PR RAEARE . R B SREEN . IR 7 A BN R 3R A 1)
Hyu, RARERZIEF KA IE TR G

32. HREFSEEXMESESARA

(1) 3% pH R AR BRI E %
FIRIERAOBRTRNEAR I pH E, & IR EE AR, RIIE M E K, ReasRm+
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R E R AFAE IR . AR R 2 o bl T % Al AR o BRI B2 O B R AN, -39
pH fEXF T -3 Fh B AR MR K, i e 30 pH B EE R E 2.

BEARJE . L IRE T R ARSI I P i BRI VR 3, — MoK LBy 2.5:1; #hBsK L 5:1; TR
10:1, Z75HisE, V4 30 min 4, FHRREEFELE pH 1HIlE .

FEAACEL: O T 3RE S RT BEA0 2 mm §, FREX 10.0 g AT 50 ml AR, N 25 ml I &AL
B IR 2508 7K B8 1 mol/L G4 A A (R P 1-4%), B 0.01 mol/L &AL & W (b M A v - 4%8),  FF B e ]
FIBERE 1~2 min, BE 30 min, DAEIIE . AN R S0 = E SANE R ERR 2 1 R

W5E: AR BT S pH T ERE ), &8 TR pH EET ) pH FriEZ Sl (R
(P pH 4.01 ZZ b, HYERIH pH 6.87 2 i, BRI pH 9.18 S vR) 1 bt BLIEAX AR5
AN pH AE S ARAE(E — 3. K pH T G EAR(ER pH BB AR H R bR e R N R R IR, B
BEEERM, Bt pHAE. BOFESINES, FHZABKMEE RN, 3B KT .

5 pH i H A pH E.

(2) HBEFNE NI KEEE

o R YT S R R E RN E iR, TR E LR LIRS A A MU E ML E R B
TS EET 95%LL P BANLMA. MEHEN 3 2R SSESR) IR 2 AT E, AT
ERMEN DL TSR A M E S, £ BE LT RIS IR

FEMACEE: FERTEINERINZ ST, FHRBIREEN, SMERaIULEey, Sit 8RR m
KL, AR R TGS 2810 R IR, DARRAR RO €, tHH LIRS A S B EE
HASR).

A BHEAEN), g-kg™ =[c-(V -V, )x0.014/m |x1000

Vo—— 7€ 7% F IS BT FH BRAR IR MR I AR AR, mLs

c——PRFRAEVE MR VR FE, mol-L ™t (B A AR E — IR, Wafa Mk BE R AL 20°C IRk B2, DL 155 K FH IS il
FH A FE MR BE Ak D 24 5 FH (R FE TR BE) 5

0.014—— AU T I 2 BE /R i i

m—— R TR, g

1000——#H S T & & .

e P TI R g R EARMER R, RE /NS P

(3) IEEBFNER L RREIRIE

PR REMAERK DI = KEFR LR —. EES R, S5 KB AR, BiZaE it
ITE T NS A BRI AR AR A0, IR EE ), v vEes, (eI G4 . AU
HHE A BT T R

TR ER: FRBGERE 2 mm FLAR G XT3 5.00 g T 200 mL BB, i 50.00 mL Z g%
(LA 1:10), 3 SM%E, #824), £ 15°C~25°C K, 150 r/min~180 r/min #3% 30 min, T-ifug. UE
B AR KA CRETE B E B TG AR Ja R IR O BE TR E - TR 1 ke

ProfE 2R sl 2 L 100 1 g « mL-1 841 0.00. 3.00. 6.00. 9.00. 12.00. 15.00 mL
F 50 mL FHERH, HLREERER, BAKE 0. 6. 12, 18, 24, 30 ug-mL* A ARHE R 55T -
DLBFIR B O 22 IR v T AR 2 i, T MGG BE T B IR WA oy e e T e, il vt 2R Bk (713
JifEs
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AR BRI (mg-kg™) = %D w1000
m-10

C—— W K BT Sk

V—— MRS S, 50 ml

D——7r U4, 1

m—— X TR PR, ¢

(4) RBEEKENEAREE

BUNRYER B 105 FETEIRAE L% 2 h, NTRES NS EI R =R, FRE, #EFEIE 0.001, KK Wi
BEREmRETT, MIERIK, MK 109 A4 RTF13#(0.0019), dREES THEERE W BEA LM
AR\ T FAE 105 AL A 6 h, HUE, f54F, BATIRAENAEIZEEE(Z 15 min), 7
BIFRE. EERT—2, BTutE2h, FRESE “HE” , ICFHEE Ws;
W, —W,

N\ A~ =
AR: FKE=
W, -W,

Wi——HE T4 45 0 5 (q)

Wo——HEF- i 2548 & A0 R 5 ()

We——Ht T 5 2585 6 A A T 5 (g)
4, BERE D
4.1. FAmMEAFHTIE pH

TR AN pH E, 2 RIS EE AR, REWIE K EER R, Gt
BEE FR R AR AL OIS . e R B AN 2t . b TR AR Ko T BB 55 1 SR AN [R], o I
1) pH (A E R 3],

e LA, PUANESTR A 3% pH SFIMEIILE 8.0~8.5, 5 B DU AN R A 37 1 38 1 e,

Table 1. Average soil pH value of closed quarries

= 1. MR AHLIE pH FiE

I 9 5 ZiEHRS KA pH FE1E Tz

la 8.35

1# 24 1b 8.36 8.24 0.0841
1c 8
2a 8.16

2# 8 4 2b 8.27 8.1 0.0809
2c 7.88
3a 8.09

3 21 4 3b 8.25 8.16 0.0139
3c 8.13
4a 8

4# 6 4b 8.38 8.23 0.0803
4c 8.3
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For 14 (1 4F) pH ~PE{E s, 2# (8 4F) pH I ME RIS, 4# (6 ) pH ~FEMEAR T 14 (1 4F) pH ~F3ME.
SR pH SRRy, 1# (1 4F) > 4# (6 4F) > 3# (21 4F) > 2# (8 F). nI WG R A% 1 pH 55T
B R AR AR A, R W R R R e %, X— R MR ERMEGIER ISR TR+
B R R BE . ONROBRIR SRR B AR £, DA AR THI R B A e Ve . T BB R B
F BN FE TR KRR S SR, ST RATAIEIR DG R s g, JR R YA ISR
A1 3 I - S PR B SRR OIS DL R o IR RIE BT R IR A AR BN R, A R D H A A
JIHERS 5K Z 4.

FESNRIL, 1# (2 4F) 7 Z & KN 0.0841, 3# (21 4F) /7 Z /NN 0.0139, B 1# (2 4F) Nk
(1) 3# QL M)A, Ul 14 (2 ) S¥EMA RN, 24 (8 4R 4# (6 )T %5 1# (2 )
FHZEAKIATE 0.8 itqs

42. AGRAGLRERSE

FOo PR S R EE N E SRR, 2 UIAEMERA ISR, R e KRR g
HEH ANV ER LA A, R R A & 95%0h FJg AN, MEMA MR F RS
A&, AT RIRATINE W DL TR R R, SR R RE - HEE FRAKT 4] [5]

B2 2 A7 3# 21 SF)HH AR S B, 2# (8 )k, 44 (6 F) N, THAESEHEINL
e 3 (21 4F) > 2# (8 4F) > 1# (1 4F) > 4# (6 1F), Il 3# (21 ) iR fICH 2# (8 FF) A & LI
Wi % .

Table 2. Total nitrogen content in soil of closed quarries
F2 AMRAHIEELREE
WY g5 ZiEANIRIS PR R 2% glkg P Ji %
la 0.896
1# 24 1b 1.295 0.905 0.297
1c 0.525
2a 1.589
24 8 4 2b 2.597 1.962 0.610
2c 1.701
3a 1.239
3 21 4 3b 3.248 2.338 2.072
3c 2.527
4a 0.777
4t 6 4F 4b 0.945 0.898 0.023
4c 0.973

MTTZS T RT, 34 (21 ) 5 2 N Eem ) — Nk 2.072 25 AR 4# (6 4F) 0.023 kit —H 52
%2, UL 3# (21 ) =A R AR S I E AR DG PE AR, I HXTEE 3# (21) = ANFE i HiHs i A IR 2 #0 L At
K, XFhZE R AR A i SR IR R 22 S8 M2 YR A RS RS0 A 0 1 0 B4R I . BT DA
HEM, 3# (21 4F) LIWP A S EARG A M A, BCE EEHE KA P LI Re tH IS e, B RAEHE
AL B APORE i I R RS D
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4.3. ARAHTREKE

bR G S IR ST AN E AR bR, R YA KT, R R T 2 R R T R R
MR ZE, Rz 5HEPYRNELS SR, SEAEKT BTN, §m 350 R 2 [6],
TS KEREYAEKMRE TR KM EESL IR, LK HZ0, WEESEmEYE K
&, SHEEKES BB 7]

H 3 A4 3# (21 ) B KB ik S 32.07%, 4# (6 4F) LIS /KERICN 17.57%, HIESK
BHEEMCN: 34 (21 4F) > 2# (8 4F) > 1# (2 4F) > 4# (6 £F), H & /K BRI 3# (21 )£ S/KERIK
1) 4# (6 ) 1.83 ff 2%, RFH/KESR /DI 14 (2 4F) 1.58 fi%.

Table 3. Soil moisture content of closed quarries
= 3. MMRAHLTEIKE

MG g5 JAEIR e SHE Rt BEE + Th SKE W) T Ji %
12.80 47.93 39.06 22.71

142 4 10.60 47.84 39.44 21.30 20.29 18.71
1251 52.63 45.04 16.85
11.02 54.04 43.78 23.43

2# 8 4F 11.00 54.26 40.06 35.45 28.05 83.89
11.83 55.04 43.94 25.26
12.49 39.2 31.27 25.36

34 21 4F 12.41 36.92 26.71 38.23 32.07 83.28
10.76 32.15 24.24 32.63
12.36 28.20 23.91 17.94

A4 6 4F 12.58 40.40 34.27 17.89 17.57 0.72
11.16 26.03 22.27 16.88

72 iR E, KRG 44 (6 )7 Z i/, S7KE RS 2# (8 4F)F1 3# (21 4F) 77 2 IR
K, 5 4# (6 EWWHER—HMZZ, U 2# (8 H)A 31 (21 ) = MEARZ M 5 MEM M, XfEH
2#(8 4F) R 3# (21 4F)HH I = AMREAR IR R IRE AR 2 18] B AN B AH B2 S A — DN 2 M 28R, Bl DL
HEM, LA ZE BB E R A R T R R B 5 g, B R KA R IR Bl 5 g, B R LA
FE I AR SRR S L

4.4. FIIRATEYHSE

P T E B AR AR, TR ERZ WEIRIGR L —. FRRIEEY NN 71, JERe
SR T EAEE 2 A g I E FAEH  #PRei b 780, RT3 KK o P4, SR I R .
TEMeHEA T, B TT LA A A Rt e i e A R AT VA MR 2, TSR M st . b 8 o0k
ToRASH . RAGSHPRE A =M. R A i i T R R TR L RIRE Fy, S R 2
- R I S R AR AR [8]

He 4 mTH, 3# (21 4F) LIl I & R i s o 139 mglg, 14 (2 4F) T3 USCER 1) B AR
52.67 mglg, 3RS E R E MK B, 34 (21 4F) > 2# (8 4E) > 4# (6 4 )> 1# (2 4F), Hrhak
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S B 1) 3# (21 ) AU & BRIk 14 2 )Mz £ .

Table 4. Available potassium content in soil of closed quarries

=4 AMRAGERHSE

I 5 ZiEHRS KA A (mglg) P 7%
la 51
1# 2 4 1b 73 52.67 764.67
1c 34
2a 79
2# 8 4 2b 108 100.33 700.67
2c 114
3a 123
3 214 3b 160 139 722
3c 134
4a 130
4# 6 4 4b 85 88 3294
4c 49

M7 ZNNERE, EAEE 1# Q2 ). 248 F). 3t QLEN T EMEARAKR=E L LHESA, 1M
A4 (6 )7 Z2 =ik 3294, FIAMBHE 44 (6 4F) = MFEACKRE, = AFEALIEHE I EAR ZR5OK,  HbnT DU
W, ERAER 3 rp AR S5 B A A E], B S B R b HIE S g, B R AR s Ab
FE S IR SR S I S s = = .
5. gk

ARERAY LG — AT T AR A L pH. TR S E. BESKE. BEE SR, B
oI LA DL R 4 iR

(1) 2EpHE

YR A48 pH ~FIEIES] 8.0 LA L, MRHEEFK L1 pH K9 HI55EH(pH < 5.0 5&RH:, pH
5.0~6.5 Fg14:, pH6.5~7.5 ik, pH7.5~8.5 Billt, pH>8.5 smbilit), v 41PUA TR A 3 pH ik 5|
B, A R AR 2#(8 4F) KA iR 458 pH BMEIAE] 8.1, =i 1# (2 A7) 3% pH ik F 8.24. Lkt
2 pH R R, 1# (1 4F) > 4# (6 4F) > 3# (21 4F) > 2# (8 ©F). ARFTJE KN, 1R/DA WY E 3 ms b 1 3%,
FIT LI 538 % DY A P S0 R A 3 LA B —, B 5 T 4k 240

HOTZERAL, 14 (2 )5 Z /KN 0.0841, 3# (21 4F) 7 ZH/NA 0.0139, HE 1 1# (2 4F) & f AR
3 (2L F NS, 24 (8 ) F1 4# (6 FF)INTT 25 1# 2 F)MZEAKRIIE 0.8 Fedi. U, 1# (2 F)
B =AFEAR G SSME AR BN e R 1# (2 7)) S AMFEAR R IR A Z (B AH 22 L SEFEAR,  H b m] DA B A
AREHEFEATTEE, ] DU YR A3 PG AR 148 pH R A

(2) HELK

HIAR 34 (21 E)h AR A E N 2.338, 2# (8 4E)IRZ N 1.962, 4# (6 4F)fk/y 0.898, Hih
e 34 (21 ) NEARMIN 2# (8 )R A G ELIET NG L L . B LIEAE S EH S IR 3# (21
) > 2# (8 4F) > 1# (1 4F) > 4# (6 4F).
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HJ7 20l 5, 3# (21 4F) 7 2 i i il — ik 2.072 AR 4# (6 4F) 0.023 HiL — A2 %, i
B 3# (21 4F) = A LIEFEAR S E A MBS, 5 EXTEG 3# (21) = ANFE S BE i R A Z AT EL R,
UERT DAHEM, 3# (21 ) LA S EA S A A S (AT REEEUR), B TE RO RAE 35 B
(FTRETERUD), B RAEEHE A B P i I R E R RS DL(RT RETERUD), BRAE NS =/ MR
BIHIN A RARTTREVEA K. BT DAHE PSR A I PHITI (R - 3R 5 Bl .

(3) TEEKE

IS KR 3# (21 ) i BEE F] 32.07%, 4# (6 ) HIES K ERILN 17.57%HAth =N FH 41
BEARIRK, BTSSR E RN : 34 (21 ) > 2# (8 4F) > 1# (2 4F) > 4# (6 4F).

BT ZE R/, BKEERARI 4# (6 F) 07 =8/, SRS R 2# (8 4F)A 34 (21 ) )7 2 R fi e K,
54 (6 E)VMZEE 2%, VU] 2# (8 1) 3# (21 4F) =AMREA 2 0] 5 HME AR S /N o ST 2# (8
SRR 3# (21 ) I S ANRE A TA) R BIURE AR 2 18] PR AN B s AR 5 A — AN 2 M ZE 80K, B mT AR,
For AR Z BOR B AN B A RAE R mT e tH IS 4, B 2 AE 250 A0 28 b i R I O 2R R S L
AR FEAR R, AR WAL, TR, RAGHETT SR, T3S KEE.

(4) THHEME

TR 3% (21 ) IS B E N 139 molg, 1# (2 4F) 3 ol AU ) & = Ao 52.67 mglg, t
b SR SR T B B, 3# (21 4F) > 2# (8 4F) > 4# (6 4F) > 1# (2 4F).

T ZET AL, S & 1# (24F). 2# (8 4F). 3# QL )M T EMEARK=HLE 700 L4, 1 44
(6 ) J5 ZE ik 3294, UEW] 4# (6 4F) = MEARSGIMEA RSN . FIHMRE 44 (6 1F) =MEAKRE, =41
FEABYE AR A 225K, H AT DA, 7F SR M 358 i R B 5 B 0 A AN ST (BOKTT RE), B 2
B R LI IS Qe (BN AT BE),  BICHE R E AR AR FE R I R R RIS LS B R (BOR
fE). MENSH = AFEAR BN RITREMEA K, MUt DUES : PSR A YU (a3 &
T
=

IR AR G SR A A S = B .

B30
[ B, B, dEH, S FACRA IR XA R gk R 2R R0 R E e A B i 3] SRR,
2025, 46(2): 1213-1224.

[2] Ehi%, FiEE, oA, 5. 895 BT A AR Y BE G S T I R A AT AL ). AR S H R 4R, 2010,
19(12): 2808-2814.

[3] ZRWIE, ZERUE, DHrT, S RO AR A M BT[], Ak 5 R, 2025, 45(23): 83-90.
[41 k3, S, SR, % XERBER SRR R[] IE#EKR, 2003, 34(1): 58-60.
[6] EHg, FEHE, 25, & iR RE i EIEREERAL B R[], KRR, 2026, 40(1): 198-207.

[6] W%, B, kR, 5 AYRIIEL TIESKE. A YR ETE S R= IS I]. Ll IR R 4R,
2013, 32(5): 1009-1015.

[71 E#%E, B, R5E, & RTINS X U)E SRR K A M 5 AT [9]. DU DR ML K 22244k, 2025,
43(2): 418-426.

[81 RE, NI, B&F, & Avrx L v F e m st 2 0]. ekl 2=t R, 2013, 28(1): 68-79.
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