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Hydrological shifts and nutrient return potential in Robinia pseudoacacia

litters in Pingshuo coal mine wasteland
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Abstract: [ Objective] The hydrological characteristics and nutrient return potential of litter in 20—30-year-old
artificial forests on the Pingshuo open-pit coal mine wasteland, and their response to degradation dynamics were
investigated, in order to provide a scientific basis for the ecological restoration of degraded artificial forests.
[ Methods ] Taking the litterfall of different degraded Robinia pseudoacacia pure forest and R. pseudoacacia-Elmus
pumila mixed forest in Pingshuo mining area as the research object, the stock, water-holding characteristics,

nutrient content and return potential were studied. [ Results] @D The litter accumulation in severely declined mixed
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forests was significantly higher by 49.4% compared to normal forests (p<<0.05). With an increasing degree of
decline, the maximum water-holding capacity of litter generally increased in both forest types. The water
absorption rate showed a rapid decrease in the early stage and a gradual change in the later stage. The maximum
water holding capacity, maximum water holding rate, and water holding rate of litter in R. pseudoacacia-E.
pumila mixed forests were higher than those in R. pseudoacacia forests. The carbon content of litter in R.
pseudoacacia-E. pumila mixed forests was 2.11 times that in R. pseudoacacia forests. In severely degraded R.
pseudoacacia forests, nitrogen and potassium contents significantly increased by 0.9% and 0.13%, respectively,
compared with those in relatively intact forests (p<C0.05). In severely degraded R. pseudoacacia-E. pumila mixed
forests, phosphorus and potassium contents significantly increased by 0.07% and 0.04%, respectively, compared
with relatively intact forests (»p<Z0.05). There were significant differences in the potential return amounts of
carbon, nitrogen, and potassium nutrients among the different forest types and degrees of decline (p<<0.05).
[ Conclusion] The decline in artificial forests in the mining area enhanced the water-holding capacity and nutrient

return potential of the litter, which is beneficial for the improvement of degraded forest lands. R. pseudoacacia-

Elm mixed forests exhibited relative advantages in these respects.
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Fig.1 Thickness and coverage of litters in forests with different degree decline
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Table 2 Accumulation and composition structure of litters in different sample plots
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Fig.2 Dynamic changes in water holding capacity of litters in different sample plots
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Fig.3 Changes in litter water holding rate with soaking time
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Fig.4 Changes in litter water absorption rate with soaking time
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Table 4 Nutrient content status of litters in forests

with different degree decline %
Mg AHkSH AS=E W it B

Pex 23.74+1.53" 1.45+0.32° 0.16+0.01" 0.31+0.01"
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M, 28.46-3.15" 1.42+0.24" 0.21-£0.17" 0.22+0.05"

My 29.41+2.14" 1.59+0.12" 0.24+0.03° 0.18+0.01°
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Table 5 Potential nutrient return of litters in forests

with different degrees of decline kg/hm’
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Pex  195.65+0.28° 28.92+0.07" 3.54+0.02¢ 6.25+0.23°
P, 148.80+2.19° 21.434+0.10° 2.46+0.01" 2.184+0.17°
Py 161.78+3.32" 32.64+0.07° 2.34+0.15" 8.63+0.35"
Mk 247.17+1.83" 41.47+0.03' 1.21+0.03* 1.49-+0.03"
M, 417.21+1.63" 45.68+0.28" 2.29+0.01" 1.07+0.21"
M, 478.79+2.41° 28.99+0.28" 3.32+0.12° 2.41+0.16°

3 i ®
FRMR R G T A RV R S R S

DI fE B R BUAN [0l U3, FLAE ) R 30 (RE R S PR
RN RO ) E R T ROk T
AR o i BEANAR RAERR o A WS R — A R
TR S MR A B 3 BR L e T R B A Y R R AR B
/NI S5 B B ST 4 R AT R e DR A ) A — A R
ST I JE MR A5 R, HE AR e e A AR AR 3R
e R T 7 A TR R A AR R — JR O 45 4, AR

ek AH L D6 BE M AR, 1 O A BERE AR
X1 1 4 AN N bRy A ) ) DR JEE R AT A AR bR
B iEARZ — s YRS HEDEREE
FIEM KRR X GARB LR — 8 [N ABTE
Hh SRR — i B HR S AU i ) TR R 8 R T R B A
K5 B e A BB T A5 R B0 R O AR AL
AR B — R o 4 8 I W A A oAb S TR bR 23 2K
TR B R /NP Sy R AR AR > B B IR AR > I
WO, Je DR O R R R bR LR A BT o LA O, ELUA
v R KR, T A A B A S B R LT AR
e v ) s BE /N, R BOP S SRS R

P 5K BE 1 SR B B Vs 1 7 R K
UL AR AR A5 R R AT G B R R K W K G A 4
S VA U I WK DR IR D) RE B AR AR RE
U8 7% W) 12 AL K R s /b i AR R B R 0, HL b i T
Wy di KA AR A R AR R i w B AR, R VR
FERR B R e W RK i 20 R
IFFE R, A [R] 3 18 28 70 114 0 A b, ) — e A TR 5
NIVEEONE P/ S e aPsY N b S PR St
A, AN T bR 23 U v W K IR 37 5 UR T W) R TR R
B A . [, B SR AR R R KR R K
KR K A B oK AR e TR R IR MRORILIE
A IX 5 I v 0 e R AR AT G R AR AR
e TR B T IR MR IE b

YRR Y S S RY FOCH AR AL . Y
AL A SR 2338 o o3 i R R Ak g T A
HEL ) A A R o SRR AN W7 i B 26 AT AL I 0 37 23 LA
Aerp AP AR A BT R WAL BT O B 90 26
EBIN,P, LK 602 LA B BT 5T 0 3ok I T AR AR 4
VeI o3 A RV IE L WIS A PR b 2R AR
O3 R AN SRR U P& WK SCRE XS C,NLPLK
S5 IR o W AR VA A R A BIE T B R R — A
PR ARG C, N, P AE JF 3 10 2 T R B 2B AR, I
SEIX BRI SR IBE I A O BT 5T S B B bR 0 19, 3R
PR3 JA V5 B 00 C, N AP 35 B B IR B 0 s 5, i
5 5Y E R IR AR C LN P IR 0V A I A 1 1
e 0 B R AR PR R I R PR S R — B, — 7 T A v
B0 b = A A 4 R O i 0 o i DT TR R R 0 AR
FHE HC A3 fiff 5 ek B T AL A KRS 4 BRBOIR B 5
BF 51X 4 3 0 1 XA 45 o B HL R T B Ok
ZRA B 1) M DX T BE 2 48 o 0 U ) 03 i R T
BAR W EY C NP KRR & 5. o5 — 5 i, 458
B % B Vs W R B B R SCRHIE 55 N R 23
M - 39 A= My R0 5 6 A DT fie 3 U 9 o0 B ORI
Fe Az 35 TR AE



8 JK A PR T A

o545 %

4 g5

S DXAS [N TR R 4 X bR 43 o 3R e
ANTR] o 3 A — A AR YR BE bR Y R R R R 4l
AR o TR 2 A g oA — A A TR S PR U Vi 0 1Y B K
KA R K RAE 0~24 h N3 BB 1 TH a3, K
R e A A Ak i R 2R B R T I K R AR
BN SN B2 N UR T I NE S 1 NE )
T W 7K o S e A R O AR OMORIT TE B R AR — A A
TR 28 K A ML B % Sk e T R AR R — A R TR
MR C, N, PWEAE T 5 TR alib, 3 iR
MC, N, PHFR AT &8 5 15 B 2 B IE
HOMR . B, FE S IXCHE 1 3 0 R bk A R
Je % R A RBE S S AR AR AT AR R R R KR
A7 T BE S AR B A 25 G 55 IX (A8 8500 s o

5 % 3Lk (References)

(1] Bm , BLnis i, 5 ok se i R 2 R 548 E
gt [T]. A K 5 RE, 2012,1002) : 107-114.
Wei Yuan, Gu Hongbo, Xue Liang, et al. Review of
studies on reclamation and ecological restoration of aban-
doned land of mine [J]. Science of Soil and Water Con-
servation, 2012,10(2):107-114.

(2] Z&h, #oT, BReri, & 5 R ER R X T W 4
J& 5 e PE AN B S ] o3 A R AR L] e 7 4l , 2019, 44
(12):3676-3684.

Li Jing, Yang Chaoyuan, Yin Shougqiang, et al. Evalua-
tion and spatial distribution characteristics of soil heavy
metals pollution in grassland open-pit coal mine area [J].
Journal of China Coal Society, 2019,44(12):3676-3684.

(3] Se4flmy I8, skfd, 55 >R ) HYDRUS 48R BT I b

RAEX H oK Iha B A [T] R # 4, 2020,45(1)
360-367.
Bi Yinli, Wu Yue, Zhang Jian, et al. Simulation of soil
water and salt movement in mining ground fissure zone
based on HYDRUS [J]. Journal of China Coal Society,
2020,45(1):360-367.

(4] iR R i 2= W B8 bl A T 58 R IT SR 1 o b g AR

ik # 200 4% J7 hm®[EB/OL]. http: /www. agrs. cgs.
gov. cn/,2018-12-04/2023-05-09.
The Aero Geophysical Survey and Remote Sensing
Center of the Geological Survey Bureau. The total area
occupied by open-pit mines nationwide exceeds 2 million
hectares. [EB/OL]. (2018-12-04)/[2023-05-09] Avail-
able at:http: /www. agrs. cgs. gov. cn/, accessed on.

(5] BRapte, EARM, £, ARG S HE A 55 B FLT]
XESRWEFE - AR AR RE 52 85417 1 [T ). 2 Bl B2
2023,51(12):108-111.

Zhang Liheng, Wang Cuiping, Wang Haochen, et al.

[7]

(8]

[9]

[10]

[12]

Study on the grassland protection and utilization counter-
measure in the forest and steep ecotone: Taking the
northeast forest and steep ecotone as an example [J].
Journal of Anhui Agricultural Sciences, 2023, 51(12) :
108-111.
SR BTN AR O T X A S BRI A A G B A
ARG 8% [T ] B2 4, 2020,45(4) 1 1211-1221.
Peng Suping, Bi Yinli. Strategic consideration and core
technology about environmental ecological restoration in
coal mine areas in the Yellow River basin of China [J].
Journal of China Coal Society, 2020,45(4):1211-1221.
WA B A, B, S R XOR R AR A2 AR N
b R BT B AR L T R e (K 3 (D). A S R
2024,35(4):1007-1015.
Yang Mengge, Deng Yingying, Lei Zhen, et al.
Changes and influence factors of soil matrix infiltration in
Chinese fir plantations with different stand ages in north-
ern Guangxi [J]. Chinese Journal of Applied Ecology,
2024,35(4):1007-1015.
BRI S ENE FEA SF AR TR R
e Al R B A AR AR [T AT 2, 2014, 35(10)
3842-3850.
Li Junchao, Dang Tinghui, Guo Shengli, et al. Soil
organic carbon storage changes with land reclamation
under vegetation reconstruction on opencast coal mine
dump [J]. Environmental Science, 2014, 35(10) : 3842-
3850.
X b mE G, UK R L S R R MR T AR B AN O v
Bk SR W AL 7 T R AR [T ] AR MK 5 3R BSR4, 2023, 43
(5):473-480.
Liu Ping, Yang Zhangqi, Yan Peidong, et al. C, N, P
stoichiometric characteristics of vegetation and litter in
the Pinus massoniana understory [J]. Journal of Forest
and Environment, 2023,43(5) :473-480.
G SUEIREE'D W (I o A iy o S R B N R 7K R
FEPELT] W AR 44, 2023,34(12) : 3177-3183.
Zhang Yue, Ma Lan, He Jiao, et al. Water holding
characteristics of litters of typical forest in loess area of
western Shanxi Province, China [J]. Chinese Journal of
Applied Ecology, 2023,34(12):3177-3183.
PRee, LR, #0545 . HE r L IX 4 R Ak 23 v 1)
Rk M B 3% 4 RRAE R 92 [T ). K S RL 42, 2023, 40(2)
47-52.
Chen Liang, Wang Jiayan, Huang Fang, et al. Water
holding and nutrient characteristics of four eucalypt
stands in southern Guangxi [J]. Eucalypt Science &.
Technology, 2023,40(2):47-52.
BEARTN TR RO, 45 . A Sl IR B TR VR ) 11
AR SCRON LT ] B 24z, 2018, 26(3) : 559-565.

Hou Dongjie, Qiao Xianguo, Gao Chenguang, et al.



5 3 3]

EIRTE A WA I S R ML 04 v K SO SR AR VR T 9

[13]

[14]

Hydro-ecological effects of litter in typical steppe of
Inner Mongolia [ J]. Acta Agrestia Sinica, 2018,26(3):
559-565.

VPR RS ok AT, 55 R M A Y A B S
- B AL A T A AR Y e AL (] A 2
224,2018,29(7) : 2445-2454.

Xu Miaoping, Ren Chengjie, Zhang Wei, et al.
Responses mechanism of C: N: P stoichiometry of soil
microbial biomass and soil enzymes to climate change
[J]. Chinese Journal of Applied Ecology, 2018,29(7) :
2445-2454.

HOE TSR] XL A AL IR IS M B S K
FROPRAELT ] DU AN K227 412, 2018, 36(2) : 161-166.
Huang Xianfei, Zhang Zhenming, Liu Yingying, et al.

Litterfall dynamic and nutrient characteristics of Abies

fabric (mast.) Craib in the Fanjingshan [J]. Journal of

[15]

[17]

[18]

Sichuan Agricultural University, 2018,36(2):161-166.

TR LW PR, LR R AT A+
W) ) RE R B AR AR AT ST - LA P94 P91 X R
BILT]. b R R4, 2017, 3111 : 83-90.

Wang Jun, Li Hongtao, Bai Zhongke, et al. Research
on functional groups and distribution of soil macro-fauna
communities of different reclamation modes in mining
area: A case study on Pingshuo mining area, Shanxi
Province [J]. China Land Sciences, 2017,31(11):83-90.

KRR, AR, B IGE 8, 55 . T 00 TG A AT HLAE T AL —
TR Y A AR RN LIS
XHE L 2552 BB 0 [T]. K £ O Re 240, 2023,
37(5):352-362.

Zheng Xiaoying, Wang Dongli, Zhao Xiaoliang, et al.
Ecostoichiometric characteristics and internal stability of
plant-soil-microbial ecosystem under organic fertilizer
application with fungicides: An example of traditional
Chinese medicine reclamation model in a mining site in
Inner Mongolia [J]. Journal of Soil and Water Conserva-
tion, 2023,37(5):352-362.

KB R XIEAS, BOFI R, 45 2 T 500 e 5 ) SR A
WA R — 0y — U 3 ) — R 2 R ik ] o2 3R
FAELT]. AR A4, 2022,42(18) : 7663-7675.

Zhang Miaomiao, Liu Tingxi, Duan Limin, et al.
Carbon isotope characteristics of atmosphere-leaf-litter-
soil continuum in typical vegetation types of semi-arid
sand dune and meadow [J]. Acta Ecologica Sinica,
2022,42(18):7663-7675.

XN Rt 22 M R AL Ll 5 A MR AR
oK SCOIRELT . B AR 252741, 2020, 31(8) : 2574-2582.
Liu Xiaoe, Su Shiping. Hydrological functions of litters
under five typical plantations in southern and northern
mountains of Lanzhou City, northwest China [J]. Chinese

Journal of Applied Ecology, 2020,31(8):2574-2582.

[19]

[21]

[23]

[24]

[25]

XA, B IR, A BT AR L XS o A R
5 U V& ) B SR IR M R AT (0] o [ b A R,
2008,30(1):78-86.
Liu Shanghua, Lv Shihai, Feng Chaoyang, et al. Study
on soil and litter respiration characteristics of six commu-
nities in Baihua Mountainous area in west Beijing [J].
Chinese Journal of Grassland, 2008,30(1):78-86.
RS, EEM, T, % T EN IR LR 22
ARAMAE A A 25K SCIREWF 2 [T ] /K AR 452 4l , 2005,
19(3):134-138.
Shi Zhongjie, Wang Yanhui, Yu Pengtao, et al. Study
on different forestry vegetation’s eco-hydrological func-
tion in Liupan Mountain of Ningxia China [J]. Journal of
Soil Water Conservation, 2005,19(3):134-138.
ot , BB, AR, 45 . 5% BE T O[] Ak i B FE A b i 9% 1)
filf At S 5 KRR (7], K & R $EBF 5L, 2018, 25(6) -
146-151.
Chen Jin, Xu Ming, Zou Xiao, et al. Litter layer
reserve and water holding capacity of Pinus massoniana
in different successional stages in Guiyang [ J]. Research
of Soil and Water Conservation, 2018,25(6):146-151.
SRU AR AR TR, AF P BT A R IR
ARG B A N R e 0] AR A i, 2015, 35(14) ¢
4668-4677.
Guo Jing, Yu Linhua, Fang Xi, et al. Litter production
and turnover in four types of subtropical forests in China
[J]. Acta Ecologica Sinica, 2015,35(14):4668-4677.
ES'¢ AN N S G b NIE (N A SR ) QAR N S S
P R H R IR SR AL ). o K AR5 RE2 2009, 7
(5):63-69.
Li Wenying, Man Xiuling, Zhang Yangwu. Soil proper-
ties and water conservation function of Betula platy-
phylla secondary forest with different stand ages [J].
Science of Soil and Water Conservation, 2009, 7 (5) :
63-69.
W RAL, 55 56 8 A T, A R YD R TR AR A o
Wy B AE G S AR R ME [T] K B R FF 24 4, 2019, 33
(3):146-152.
Meng Qingquan, Ge Lulu, Yang Xinmiao, et al. Water-
holding capacity and accumulation amount of litters in
different plantations in coastal sandy area [ J]. Journal of
Soil and Water Conservation, 2019,33(3):146-152.
AR 22 W di, XAk, 55 . SN B A PR AL XA [ B AR
FP A R KPR RE [T ], St M AL B 52, 2019,47(8)
52-56.
Hou Chunlan, Yang Rui, Liu Zhi, et al. Water holding
capacity of soil covered with different herbaceous plants
in Caohai vegetation recovery area, Guizhou [J]. Gui-
zhou Agricultural Sciences, 2019,47(8):52-56.
(F#%357)



