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Effects of combined application of water-retaining agents and organic
fertilizer on soil water-holding capacity in waste dumps in open pit coal mines
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Abstract: This study investigated the combined application of water-retaining agents and organic fertilizers
to enhance the soil water-holding capacity of waste dumps in open pit coal mines by measuring the anti-
evaporation capacity and water content of man-made soil. The results showed that the anti-evaporation
capacity of water-retaining agents in the gel state was superior to that in the dry state. Among the tested
water-retaining agents, we found that France Essen at a concentration of 5% was the optimal choice. The
soil water-holding time could be prolonged by the combined application of water-retaining agents
and organic fertilizers, resulting in improved soil water-holding capacity. The optimum ratio of
water-retaining agents to organic fertilizer was 3%o : 20% or 5% : 10%. The water retention time of

field capacity in this area would be improved by more than one time. Our findings provide valuable insights
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for the scientific community regarding soil remediation in waste dumps within open pit coal mines in

Northwest China.
Keywords: Heidaigou; soil structure; water content; anti-evaporation capacity; open pit coal mines
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Tab. 1 Description of experimental materials
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1.2 SZip a3
1.2.1  PRAKSRI P78 K e

FR A b [ R A BB s, SRR 22 3 i MEAR JK - B e i 7 1 B AR AR IR F 30°C
fifn. SER B EMFRTE 45°C MRS, #FATANRLIRES (T BE) AR (5 cm. 10 cm) PRI AIHT
ZERRE I (3% 2). A48 H [ R K B e W) Ih - 58 5 K 2o 24%, #iE K 5358 48 A 585 FEFR
i, 5B THGE T ERE T, B 12 h BRE 1 RIFe SR, EEIE EEE AN .

® 2 WAKFIIMELRENZERIT

Tab. 2 Experimental design for measuring anti-evaporation capacity of water-retaining agents

i RAAm 13 R EZ AR
T EXTHRA R /em
IR eI TR B IR gy
CK5 Hz5 Hj5 Jz5 Jjb Sz5 S5 5
CK10 Hz10 Hj10 Jz10 Jj10 Sz10 Sj10 10

1.2.2  Poi AR K GE

TEFS ] AT N 1.27 g/em?® BIAF T2 AME ) BB RN, B4 T 1 0.565 kg, 3 Flift
KFNBEE T 5 TR 00 1%0 . 3%0 A1 5%t 4 A R B, ALK E T 5 -+ =
0. 10%. 20% F1 30% It 4 Al R B, SR A L& . S2ge— 304 40 4148 4 3 - E .

I (100 em®) Mg + 3 KFF K R M BE R KR, D50 L 1.27 g/cm® (T2 EHEA
WY, AR (RLIEACRA FLR S8 T, KI5 ) 1 55°F), KR AMETE (20 24 h) J5 2 Hig4t
HUE 25 30T 240K PR, SRIG LA (105 + 2)°C 1B IR THR AR hd T FREE, 1o B3 Rk
. AL B R R KRR BRI A R i R R 2 ~ 3 mm KJZ RFE AR (R AR AT FLIK 35 8
), ik HEEEWK. HEF (4 ~ 6 h) B, BT, 1R A 55 KEeKEH.

PR VR I A 433K PE . DA% YK 100 mL., 3t 500 mL B/K A+, fef5— IR BEK 24 h Y&
IKEAE VIR E K E. FH 1/100 B9 R RF-REFR 48 h R 1 I, 113 RIS K.
1.2.3  FdEgita

A G B Ge 15 7R Excel 2007 #4Fi#E4T, LG AOCHZ 0 #2. FIH SPSS 17.0 #4757
MM ZE LEE, R A LSD (least significant difference) 15 &5 56 #H [7] A HLAE FH & T A [R) P K 751 &b B
[E] 11 AH [R] P AR A B AS TR AILAE FH o 1R 14 22 5% B 3 (p<0.05).
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AN TR HE R FUAS [RLARAS 1 3 i LR AR 5 7K 5 B 1] A% 22 i 5l 3 %o 50T o, A [) i ] B IR RS
FoKEHEE T TEIRE, B TR RARE (K1), ZEH%E 5 cm 50T, 36 h F1 72 h BFER T Sj5 4k
PR B 7K B DR RS AE 78.91% Al 57.68%, HiAth 6 £ 4b B % & /K B4 5 AR = 19.03% ~ 35.35% FlI
4.47% ~ 12.78%, Lk Hj5. Sz5 Fll Jj5 AbBH A & 7K S AH X4 R Sjb AL BT & 7K i 2 192 h A1 216 h A 43
BIFEAR E 22.64% F1 12.12%. 7EHIE 10 con 1560 T, 36 h A1 72 h BFBR T Sj5 AbBEAY 55 7K 12 43 B AR 5 7
103.52% 1 37.29%, H At 6 28 b B (Y 5 7K &t 43 5l BEAR 2 22.71% ~ 60.77% Fl 7.91% ~ 16.07%, LA
Hj10. Sz10 H1 Jj10 4b 3 1 & 7K & A0 X 88 i ; Sj10 4 By & /K B % 84 h Ml 144 h A 4> B K =
22.29% F1 10.60%. Z5 R ULE T 3 BRIk FIM BHE BE IR T P28 RO, ik B & RO K ] >
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B > BAERGTN 1AL, 3 H 2 #R AR K F 0 3B P28 A e S DIHIR 5 cm RO AR, BERIR
AR PR F AT AR SE 8 d LA I, THEYR 10 em RCRAV4ERF 3 ~ 5 d.
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Fig. 1  The anti-evaporation effect of water-retaining agents at different depths and conditions
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Tab. 3  Soil capillary water capacity for different combinations of water-retaining agents and organic fertilizers
TIEBERKE /%
PRI /%o TRAKFIFR S
AL AHHLAEL10% BHLAE20% AHLAE30%
0 - 33.6340.65ghB 37.7442.58cdeA 37.9640.80cA 38.87+0.40cdA
B 35.55£0.82efgA 35.2541.12¢A 36.69-+£1.01cdA 36.25-0.15eA
1 REAR T 1 32.29+1.08hC 35.720.83eB 36.06£1.00dAB 37.65+0.76deA
V2 [ 5 AR AR 40.07+1.41dA 39.53+£1.32cdA 40.3440.87bA 40.79+£1.68bcA
B 37.18+1.01eB 40.2341.27bcA 37.7540.88cdB 38.1440.15deB
3 REAR T 1 35.78+1.42¢fB 36.754+1.71deAB 37.394+1.52cdAB 38.74+1.29cdA
V2 [ 5 AR AR 43.5841.36cBC 42.83+£2.98bC 48.1840.40aA 46.5541.29aAB
Fh 45.714+1.16bA 36.60+£1.32eC 41.08+1.55bB 42.2341.32bB
5 REAR T 1 34.63+1.84fgB 35.41+1.20eB 36.67+1.15cdAB 37.9340.06deA

R E Z AR

53.87+1.10aB

63.6441.34aA

49.47+1.30aC

45.4742.68aD

T Bl 5 R A/NG T REOR AN R BROKTRIAE B (6] 22 7t 1 2% (p<<0.05), ¥ 5 [FIAT RS 7 B AN FIA HUIL AT B AR B (8] 22 57t &2 2% (p<<0.05), 1 [A.

T EELE LR &R AR ELLR

Tab. 4 Maximum soil water capacity in different combinations
TR FKE /%
LRAKFFI &/ %o TRAFRIFP A
LA P HILE10% HHLE20% HHLE30%

0 - 33.8440.66eC 38.57+0.61dB 40.61-£0.65cA 41.1840.68deA
FHE 37.45+0.91dA 35.81+1.47cAB 37.66+0.67deAB 37.38+0.10gB
1 AR 13 33.53+0.48¢C 36.66+1.47deB 36.38+0.93¢B 38.72+1.01fgA
2 Z AR AR 41.2341.10cB 41.4740.55cAB 42.73+1.06bAB 43.634+1.71cA
FHE 37.77+0.73dB 42.48+1.43cA 38.81+0.78cdB 38.92+0.26fgB
3 RAEmk 15 36.33+1.38dB 36.98+1.61deB 37.74+1.57deAB 40.0741.04efA
2 Z AR AR 46.30+0.78bC 45.54+1.54bC 50.87+0.38aA 48.76+1.10bB
S 48.00+1.35bA 37.7440.71deC 42.704+1.52bB 42.80+1.35¢dB
5 RAEmk 15 36.26+1.42dC 37.37+1.05deBC 38.64+1.24dAB 39.8240.14efA

TR AR ORK

55.404+1.11aB

66.70+1.29aA

52.52+1.30aC

50.98+0.85aC

2.3 A L 4 3 B £R K R B g

% [ 2 ZR AR KA HILAE BC ) 1 18 5 K s Bl e v ] 52 T I A O 6 R S B D R K S
AR SR8 AT 92 [ B AR AR K ) 5 %0+ A HLAE 10% Kb FRAR KRR Fe e (&1 2 A& 5). Z0 Mrdst 40 d it
(] N A4Sk B AR AL, IR, X HRZH AR FRAE 14 d F1 22 d B4R SRR E 20.68% Fl 10.94%, & 40 d AL
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H 2.48%; 1M 14 d By FoAth b 3 A 38 55 7K i K/ INIUT Ry v ] 2% AR AR K 5 %0+ A HLIE 10% (40.13%) >
1 & BRARIK ] 3%0-+A HLAE 20% (36.81%) > 15 [ & BRI K 5 %o+ HLAL 20% (36.78%) > ¥k E %
FRARIK N 5 %0+ A PLUIE 30% (36.01%) > 1 E 2 BRI A 3%0+A HLIE 10% (31.65%) > 12 E % #R K
71 %o+A HLAE 30% (28.05%) > ¥ F & FR AR K 1 %o+ HLAE 20% (25.24%) > ¥ [ & £ P/ K 5
1%0+F HLAE 10% (24.23%). 24 40 d B, HoAl b B 4 398 5 K B AT 8 T 10% 5940 A 36 [ 2 2R R K
3%+ HLIE 20% (13.65%) > 1L E Z FRIRIK I 5%0+A HUIE 10% (12.67%) > ¥ E 2 R IRK ] 5%+
HLAE 20% (11.31%) > % [ B AR K N 5%+ HLAL 30% (10.99%). 156 HH 12 [ 2 2R L 7K 770 A 35 i bk
Z, SR BRI R DL B AR R KR 3 %0+ HLIE 20% o vk B 2% £ AR K 5 5 %0+ Bl
HE 10% FREeROR FefE, W43 HI7E 28 d 1 32 d i 38 K 5 2 24 20%.
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Fig. 2 Water content variation in different combinations of water-retaining agents and organic fertilizers

x5 EREKFMENRESHES DRI KESRKERXR
Tab. 5 Relationship between soil water content and holding time for different combinations of water-retaining
agents and organic fertilizers

sl EKE (y) ERE (2) 52k R

pagice:h y = 0.01152% — 1.3017z + 34.742 0.985 4
EHEFE 1% + IE10% y = 0.01072% — 1.2588z + 38.688 0.992 6
EHEZ R 1% + E20% y = 0.00892% — 1.2213z + 39.375 0.996 0
EEZHR 1% + IE30% y = 0.01002* — 1.3021z + 42.964 0.9936
A Z 7% 3%0 + IE10% y = 0.00282* — 1.1113z + 45.515 0.994 7
A Z 3% + E20% y = 0.00752% — 1.2849z + 51.907 0.993 3
2 ZAR3%0 + AL30% y = 0.00554% — 1.2311z + 49.517 0.995 5
EHE FE %5 %0 + IE10% y = 0.00282% — 1.1923z + 55.260 0.996 8
EHE Z 5% + IE20% y = 0.00562% — 1.2803z + 52.355 0.995 3
EEER% + AL30% y = 0.00642% — 1.3042z + 51.560 0.993 0

3 iithsik

PRAGH A RO PRAE | s e ATRLAS b | 38 hn e a @ e S K RS 1 AR5 b, B
R 1 BYAE [ 7 2R 3 b PR KT AS [F) e IR B G P2 A R A7 (e . 35 2200, DL
5 cm B9 E & AR AOCR e, BERCIRAS R BT A8 R BOR AT DLA52E 8 d LAL, TTHLE 10 em RORALZESF
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Jite FH A AILAE 0] A R0/ R A2 3, 3 v R R UK R i, P E B3R AR SR E K Z R0 7
Je 0L {H A — it FH /A AT AE TP K R A R SCRAS A, E 2 RN TR AR R A T R e 0, S
S0 I R WA HILIE AR K 0 B it 1) PR AR L T Bt HLIE 5 177 2 AR ) D) e 300 Bt A ML A 4 B i
PROKFVEF) T R R ZHA MR S R, A PS5 PR R BC i BOR B4 A A S50 % B ] 449 i f)
K BE 7 bt DR K A et oA MIUAE P S 1S I ini 42 &5, (H S0 5 %0 [ 2 AR R /KRB, 10% A PLAE &
REMSAR i 3 A B KA K BE 11, 20% 1 30% A FH & A0 2 55 A% K 57 O BR K BE 7, 3 5 A AL S HE K

B 5 el HIL AN ] A S0 it FH A FILIE %) 1 38 B v FL B R 25 o i vk, 32 S iy 0 B S e A

SO IR K o B i 4y T R AW, IR e RG24 ), AP R e 5 A Y SRR T W B B
Hik B ARG, E 3 E KO R BE O A B8 2E - ERFLIR, B K bk i Ok, e 4 g
B PRAKPEN, A R B, RASTE A SRV T B9 HE 137 R R K i B K 2R H [A]HRE K 2 4 )
1 23.88%. 21.61% Fl 20.58%%. AHF 5T K B 14 d P XF HEAF: Ml 119 £ 38 35 /K 8 B AR 2 20.68%, 11 PR 7K 5Kl
FA HLIE FC it AT U RGE R PROK KK R T, 2 H IS K B 2 24 20%, 2 AR O AKGR R HILAE B it 7 £
KBS ) AT HE K 1 A5 LA L

PR, DR KGR P 28 3 3 B L 5 LA BC it AR K S5O SR e F S B2 Al 0 ol 3R DI TR 46 PN SR T U
T e s 3R A 1) 7 [ 22 AR AR AR R PR /K A sk, e D T A vk 1 2 R R K 3R 3% + A3 HILAE 20% ol 75 [
B RRMRIKFN 5%0 + A HLUIE 10%, FTLARG 58 - SRR PR, (B R A AR R A Ff S0 IE.
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