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Soil ecological stoichiometric characteristics of Medicago sativa
land of mining area waste dumps

WANG Dongli', ZHANG Zigian', LIU Yang', ZHAO Xiaoliang', LIAN Zhao', YU Baihe', WANG Dong’
(1. College of Environmental Science and Engineering, Liaoning Technical University, Fuxin 123000, Liaoning, China;
2. College of Mining, Liaoning Technical University, Fuxin 123000, Liaoning, China)

Abstract: Planting of Medicago sativa has become the main ecological reconstruction model for the revegetation of waste
dumps in semi-arid mining areas, owing to this plant’s strong adaptability and stress resistance. However, populations have
been found to undergo premature declines during the restoration process. To determine whether M. sativa restoration in loess
areas is restricted by a deficiency in soil nutrients, we selected sites that had undergone 2, 4, 6, and 10 years of restoration,
along with newly dumped soil used as a control, and examined the C, N, and P contents and stoichiometric characteristics of
the 0— 60 cm soil layer. The results showed that the soil C, N, and P contents underwent inconsistent changes with a
prolongation of the restoration period, with contents being highest after 10, 6, and 2 years, and lowest after 2, 4, and 10 years,
respectively. Within the vertical soil profile, the soil C and N content generally showed a decreasing trend with soil depth. As
M. sativa restoration proceeded, the C : N and C : P ratios showed a general “W ”-shaped trend, whereas the N : P ratio
showed a “V”-shaped trend. Both soil C : P and N : P ratios decreased with an increase an soil depth after 6 and 10 years.

There was a very significant positive correlation between soil organic carbon and N and P contents (P < 0.01). Nutrients in
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soil of the mining area dumping ground were mainly closely related to soil organic carbon, whereas the total P content of soil
was largely unaffected by other nutrients. In the semi-arid loess area, the mode of M. sativa restoration has a certain effect on
restoring soil fertility. During the restoration process, plant growth is limited to varying extents by N and P deficiencies.
Accordingly, to rectify this problem, we would recommend enhancing scientific fertilization management, or at least carrying

out fertilization during the period between 4 to 6 years after commencing restoration.

Keywords: loess region; open-pit coal mine; ecological reconstruction; Medicago sativa; soil carbon, nitrogen and

phosphorus; nutrient limitation; soil improvement
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Table 1 Basic information on the sample sites
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Serial Plot Vegetation Restoration ~ Cutting . *E%ﬁﬁ“@’%ﬁ L
. . . Vegetation community characteristic
number number restoration model period/a times
Wik _ _
1 XPT New waste dump
ERAE BT, PIE 42,83 em, i N60.5%, W)
EA[£108.02 kg-hm *,  EZF AT IURBELL .
2 E HY EX.
2 M, M. sativa land after 2 The community grows well, the average height is 42.83 cm, the
2 years of restoration coverage is 60.5%, and the biomass can reach 108.02 kg- hm .
The main companion species include Salsola collina and
Heteropappus altaicus.
BEEAEALE, PHHIE 4616 em, [ 947.83%, “EH)
W T ;%11356 24kghm *, FEREEMARTUREREERL.
3 M, ﬁ/[ Zgﬁ;vgflf;(:oigzgn 4 The commumty grows well, the average height is 46.16 cm, the
y coverage is 47.83%, and the biomass can reach 56.24 kg: hm .
The main companion species are S. collina and H. altaicus.
PRI AT, PIRIEN44.33 em, 1 H930%, MRS
; 1565.48 kg'hm *, FEAEFIDURSREE, S RER T
6 Ffii Th 1L, th height is 44.33 cm, th
4 M M. sativa land after 6 € commumty grows well, the average height is cm the
6 i . coverage is 30%, and the biomass can reach 65.48 kg- hm ”. The
6 years of restoration
main companion species are Chenopodium glaucum and Setaria
viridis.
BREE KR, PHEEN40.5 em, % 029.17%, L4
104 7 b EA[iA24.58 kg-hm *, FHAEMUREEE . BRETENE.
5 M M. sativa land after 10 The average height of the community is 40.5 cm, the coverage
10 10 years of is 29.17%, and the biomass can reach 24.58 kg-hm_z. The main
restoration companion species are Kengia squarrosa and Artemisia

scoparia.
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Table 2 Two-way ANOVA analysis of the effects of restoration years and soil depth on soil ecostoichiometric characteristics

Lb & SOC N TP C:N C:P N:P
Parameter Freedom F P F P P F P F P F P
WEFER (R)
Restoration years 4 6.03 <0.01 12.17 <0.01 42.10 <0.01 1299 <0.01 31.33 <0.01 16.55 <0.01
TZIREE (S)
Soil depth 5 4.64 0.08 10.54 <0.01 0.86 0.52 5.54 <0.01 3.37 0.37 748 <0.01
R xS 20 9.20 <0.01 19.37 <0.01 1.57 0.10 2.74 <0.01 744 <0.01 7.59 <0.01

SOC, LIEHNMK: TN, LIEAE: TP, LHEAHE: C:N, KAL; C:P, BkBitk; N:P, ZWitk; TR,
SOC, organic carbon; TN, total nitrogen; TP, total phosphorus; C : N, ratio of carbon to nitrogen; C : P, ratio of carbon to phosphorus; N : P, ratio of

nitrogen to phosphorus; this is applicable for the following figures and tables as well.

TR BEEAR E D). HIEAIKS EEL
0.36~6.72 g'kg » FINAEVRE 4 45 I 54 n I o #5
Fa s KT, Hh RS 2 4ER B ER T HAMAER P <
0.05), TERHE 10 FEB P & Bk 35 (3.53 gkg s
4 1 A UM A BE S B 4 N 0.09~0.58 R 0.04~
0.21 g-kg '+ H ¥ BB P 52 4F FR 189 52 M 7 3
A, K AR TR & BEKE 6 Fif B H
T HALE R (P <0.05), M HIESBE P58 &2
R E R ) AR B, HAEWKE 2 i i
& (0.17 g'kg ), TEKE 10 4B FRAK (0.05 g'kg e
AR TR E R T LA, &R,
B E L R A A AR (B 2), Ho
A O 2 IR B AR A R R R (P <
0.01) (£ 2), &K EFER T B4k 200 B + 2 58 5 1
AR, R 6 K LR RS & T
HAAK AR s S AE PR R R LA /E T -
B — 5, KR 6 4 4 I/ 30— 40 cm
JZ W R, H A K S AE PR R 3R 0N B 2 R P
I AR A SR EFER N LI EB S A%
+EREREHEEL, BEEEBLAK, EKE
2EM K L EE RS T HAER, MEKE 4 4F
I 2
22 ARIFERITBEESUZTELLNTHIFE
AN TR PR 5247 B 0 338 2 25 0 2 U & bR i 2 i 3
R (P <0.01) (K 2), (HHAKE 7 (K 3). BE
EWEFERME N, tEC: NEC: PEMALEE
W R AR A A, B S 980N a4 K T /N B R
ks, B¥RIAERE 4 F/M 10 E£rf 855 T
HABFERR (P<0.05), A, 13 C: NTEWRE 6 0
FIIME N ERAK (12.37), 10 13 C: P EVKE 2 1)

PIME N (11.94); L3 N: P ALE RN 0.56~
6.78, TEK & it i vh SV  RIAR L e, EIR K 2 4F
B S 35048 B /) (0.99), 7R & 10 4E B &5 25 K T HoAth
WE W B (P <0.05),

ANER B PR 15 s A S it B e
BEHI LA AR (F 4), TIEC:NFMTIEN:P
o - 398 V5 (14 W N ) 0% O 2 (P < 0.01), T -3 C: P
WA R (P> 0.05) (K 2). BRIKE AN 10 4F (15 Hb,
ANFREEREE 3 C: NTE30—40 cm + 2
Wl I s 3% C: PAER K 6 FE A 10 FF I B L )=
DREESS I S8 N&E s, TEKE 4 FFBILE 10—20 cm Al
30—40 cm T 2 B B3 N; 14 N: P EWKE 6
10 4 B -t 2 30 Ay i 1 2 0 B 38 0 R Ak b AR N, RE
SRR 10 RIS E 5 1 2 2K F HoAh i = B B

2.3 BRETUFHERHEESEHREATHNXER

Wi 3FT A, B4 4 0 A B AN, R
ML 5 1398 55 77 43 DL R 4K 2 1 5 LU fE 48 3% B A
o IEM M (P <0.01), B KER> LR 5+
HANRZ DA B HE A, C: P AR A
Gb, LIEEAEAM S LR IR A R A 2
I H A B A M (P < 0.01), Horf 5 € N 2 AUAH
KK F; LIRS X AESA T E AR E
FHIR (P <0.01), 53 Zik & 3% 1 AH ¢ (P <0.05); &
HEC: N B N« Py 3 5B AN B AR G 3 A G
Gb, 5K IR RALEIF R HE Y BB E Mk
(P <0.05); T3 C: PB4, 180 A50mk A w4
T EAH RS, 5 EIEE RS R EIT R EY
SRR EM N (P<0.01); TENPHRSC:N
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Figure 1 The change characteristics of soil C, N, and P = 10-20 [N
contents at different stages of Medicago sativa restoration é 20-30 F . \/,
AR /NS 5 BE R R AN 6 B E kB A PR A 22 S 2 (P < 0.05); E 30— 40 ‘ o
MEEERATR L ZE M HME, SELERPAE: XPT AFHEL, N
Mye Myv Mg M P RIRRZETEWE 2. 4. 6. 104E; T, 40-60 m o

Different lowercase letters indicate significant differences in soil C, N,
and P contents between different years after the commencement of M.
sativa restoration (P < 0.05); the dotted line represents the average value
among different soil layers, and the solid line represents the median; XPT
denotes the new waste dump; M,, My, Mg, and M, represent 2, 4, 6, and
10 years of M. sativa restoration, respectively; this is applicable for the
following figures and tables as well.
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Figure 2 Variation characteristics of soil C, N, and P
contents in the vertical soil profile at different stages of
Medicago sativa restoration
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Figure 3 Variation characteristics of soil ecostoichiometry at
different stages of Medicago sativa restoration
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B EREIKE 4 F )5 HIBAHR S USRS, & H 30-40 |
VOB N TR EE & EP) 1EiR Ak, 80 /E KA 40-60 |
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458 o R TR D G 0 S5 LR i e 5 510
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Figure 4 Variation characteristics of soil ecostoichiometric
ratios in the vertical soil profile at different stages of
Medicago sativa restoration
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Table 3 The relationships between soil ecostoichiometry and soil nutrients for different stages of Medicago restoration
e Soil index  SOC TN TP C:N C:P N:P AP AN AK
Nole 1.000
TN 0523 1.000
TP ~0.154 0.137 1.000
C:N 05717 -0337" -0313" 1.000
C:P 0677 0.187 -0.717" 05147 1.000
N:P 05407 0598 0587 —0.035 0797 1.000
AP 04477 0760 0217 ~0.164 0.017 0.274° 1.000
AN 0.090  —0.048 0.022 0.131 0.214 0.114 ~0.073  1.000
AK 0496  0.840" 0.024 0239 0285 0.602° 0.579"  0.020 1.000

AP, A AN, BAREG AK, SERCE; SRR3R B (P < 0.05)FIHR B (P < 0.01).
AP, available phosphorus; AN, alkali-hydrolyzed nitrogen; AK, available potassium; * and ** indicate significant correlations at 0.05 and 0.01 levels,

respectively.

() — 1 AR AR, W E Lk, BER. Y
TEEC: NACT 11.3 B, R L HE N T 0k
SRR ES, LA T KPP, ARk
W, AEEREEC: NWEYST 113, X58#
s UOT S 5 5 2 T RS (R R AF 4 3 7 A
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