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Evolution of plant species diversity and soil characteristics on hillslopes during
vegetation restoration in the gneiss region of the Taihang Mountains

after reclamation
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Abstract: To explore the evolution of the slope vegetation in the gneiss region of the Taihang Mountains after reclamation,
the vegetation on the hillslope and the physical and chemical properties of the hillslope soil after differing years of
reclamation in the gneiss region of the Taihang Mountains were studied. The results showed that as the reclamation years
passed, the vegetation coverage increased from 18.00% in the 2nd year to 92.67% in the 7th year, above-ground biomass
increased from 67.52 g/m’ in the 2nd year to 379.91 g/m’ in the 7th year, and the plant species grown on the hillslope
increased from 10 species in the 2nd year to 19 species in the 7th year. As the reclamation years passed, the physical and

chemical properties of the hillslope soil were also improved , as follows: soil bulk density decreased from 1.40 g/cm’ in the
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2nd year to 1.29 g/cm’ in the 7th year; soil organic matter content increased from 4.91 g/kg in the 2nd year to 7.18 g/kg in
the 7th year; total soil porosity increased from 47.15% in the 2nd year to 51.6% in 6th year, and then decreased to 50.04%
in the 7th year; soil total nitrogen content increased from 0.17 g/kg in the 2nd year to 0.61 g/kg in the 6th year, and then
decreased to 0.50 g/kg in the 7th year; soil alkali—hydrolyzable nitrogen content increased from 16.10 mg/kg in the 2nd
year to 62.18 mg/kg in the 6th year, and then decreased to 37.80 mg/kg in the 7th year; soil available potassium content
increased from 26.58 mg/kg in the 2nd year to 57.40 mg/kg in the 6th year, and then decreased to 30.90 mg/kg in the 7th
year. There were significant correlations among vegetation diversity on the hillslope and soil physical and chemical
properties. As the reclamation years passed, the physical and chemical properties of the hillslope soil were improved, the
soil available nutrients increased, soil water holding capacity was enhanced, vegetation coverage and plant species increased

significantly, plant diversity improved steadily, and the ecological environment was effectively improved.

Key Words: Taihang Mountain; gneiss; hillslope soil ; physical and chemical properties of soil ; vegetation
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T HERACTEAR A 3 AT , PR i b AR BOR i R R AE ) YR AR 2 R LA S e SR AR A, DT S
R L5 BT & K R AR RV E S RGEIRE 5 BB R AR

1 #E7EE

1.1 5 AL

G TR AE A A RAT LR RE AT LI B8 P s Al B RS W i AR 7 B b, 32 0 DX 7 B A7
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Table 1 Changes of vegetation coverage, aboveground biomass and plant species on the hillslopes after reclaimed for different years

TR PLAFRAT
Récleémddgyeardo

A
Above ground
biomass/ (g/m?)

YT AR A B A 3 LA %

Plant species on hillslope and percentage of major plants species

% %8%0:3.009

years

A 3325134

years

f 4
% 73%)013.610

years
K5 AT
= ;9%714.04b
5 years

% gSfr.%O:Z.OOa

years

%524.1367:1.1521

years

67.52+11.39%¢

271.26+21.38d

296.93+9.76¢d

313.84+14.24bc

330.61+29.68b

379.91+12.83a

H15(16%) LM (Amorpha fruticose 1.) . 3E ( Polygonum orientale 1.) M B 5 J# B3¢ ( Salsola
collina Pall.) \ﬁﬂ%( Vitex negundo var. heterophylla ( Franch.) Rehd.) Jyag( Tribulus terrestris L.) . &H
(SRR ( Potentilla discolor Bunge. ) B ( Chenopodium album L.) \ﬁlULi( Cephalanoplos segetum ( Bunge )
Kitam. ) , 3t 10 Fh

H7E (27%) M B 5 (35%) | 25 B B ( Leonurus artemisia ( Lour.) S. Y. Hu) | #1 #4 JR ( Cynanchum
thesioides (Freyn) K. Schum.) Jfl2% . &FF % ( Fagopyrum crymosum( Trev.) Meisn.) #EZ HEFR .5
FE CETERE S22 24 ( Pharbitis nil (1.) Choisy.) . 54 (Ailanthus altissima ( Mill.) Swingle ) |, &%
(Conyza canadensis ( L.) Cronq.) . ¥ ( Artemisia annua L.) . B & ( Metaplexis japonica ( Thunb.)
Makino. ) , Hit 15 Fh

EE (21%) 5 (42%) M KA ( Setaria viridis( L.) Beauv. subsp. pycnocoma ( Steud.) Tzvel.) |
o PEEE IR TR (Ziziphus jujuba var. spinosa (Bunge) Hu et H. F. Chow) JEH (Arthraxon
hispidus( Thunb.) Makino) i B JETEIE MW (Ulmus pumila L.) SR B SERFF AN 8
¥ ( Rubia cordifolia 1..) , 34117 Ff

T (43%) HhIE(35%) SR IR &FF4 P
3 BEEE A 3t 14 Flb

H15(59%) FRBH (19%) FEF (5%) H4MaE 4 TR H A AR SR 2 R,k
¥ 3R I (Rehmannia glutinosa (Gaert.) Libosch. ex Fisch. et Mey.) HuASJI 475 % ( Eleusine
indica(L.) Gaertn.) .75 3% ( Iveris debilis( Thunb.) A.Gray) , &34 17 Fft

R SR B M R R R

e

HEAE(19%) 55 (30%) R (38%) FER (6%) R KRMBE &FFE HBEFX L A
BT M A FT B AE ( Calystegia hederacea Wall ex Roxb.) My #4 545 22 R A Ml 4
( Robinia pseudoacacia 1..) €& #5fF%, 3t 19 F

) 587 5 A [l NG R IR 22 53 0.05 R

2.2 A[RRABAR R ALY PP 2R H A

BETHAE W) Shannon Z2FEVESE L 5 5 BEFE BRI Pielou 172 248 i 14y B3¢ 1h7 1 FHLAF R A9 385 in iy 185 fin (%
2) o Shannon FEEUCNITFEE BEAR ISR 175 3 4F (M9 Bl I B 8 35 o T50 2 4R 0, A AR A 47 03 Rl ¥ e A 25 22
S5 BREE 5 AR5 6 4F 5 6 AE5 5 T AR Pielou 48 KU [ A7 A5 8 35 22 53 A1, JLAMUAH QB4 18] Xy 50 A7 3%

25,
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Table 2 Comparison of plant species diversity on hillslope after reclaimed for different years

JRHAERR Shannon 5 %% FEER Pielou $8%%
Reclaimed years Shannon Richness Pielou
B4R 2 years 37.21+1.93d 9.67+0.58¢ 9.72+0.77¢
%5 3 4F 3 years 55.07+3.71c¢ 14.67+2.52b 11.47+0.22be
5 4 4F 4 years 60.18+1.66bc 16.67+0.58ab 12.55+1.24b
% 54F 5 years 52.26+4.02¢ 13.67+1.53b 10.34+0.93¢
%5 6 4F 6 years 69.49+5.87ab 16.67+2.52ab 13.09+1.84h
%5 7 4F 7 years 78.92+10.19a 19.33+2.52a 15.43+0.6a

2.3 R[ENAFRAEFR Y T 1 Y E M B R

BEE AT PRSI , 1 A S LB B R I S S R TR M H (3R 3) , 3B 2 4F Y 47.15% 3% I |
T 51.23% , ZJa e TE 51.42%—51.60% 2 [i] ; BEFLBUE — H 2B RS e B, W5 2 419 30.71%
HINE T 32.919% , IS FHER AR 2Z 18] 14 28 A bk /) s JE B A FLBRBE BARAE A B4R th i T R B A I
FH KGR E A AHAAR R A A B2, A SRR R I TS 8 TR G H 5 4R 1.40
o/cm’ AR R T4 5 4R 1.29 g/em’® , Z G RASELE 1.28—1.29 g/em’ Z ],
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Table 3 Bulk density and porosity of the soil on the hillslopes after reclaimed for different years

TR HAERR SALBREE/ % TESLBRE % EBEILRE % +HEE (g/em?)
Reclaimed years Total porosity Capillary porosity Non—capillary porosity Soil bulk density
55 2 4F 2 years 47.15+0.59b 30.71£1.54a 16.44+1.75ab 1.40+0.02a

%5 3 4F 3 years 46.76+2.05b 31.63+0.93a 15.13+2.79a 1.41+0.05a

% 4 4F 4 years 47.73+1.40b 31.93+1.91a 15.80+2.38ab 1.39+0.04a
%5 4ES years 51.23+3.15a 32.57+1.22a 18.66+2.32ab 1.29+0.08b

% 6 4F 6 years 51.60+2.22a 31.60+3.18a 20.00+2.69a 1.28+0.06b
55747 years 51.42+0.52a 32.91+1.12a 18.51+1.22ab 1.29+0.01b

BTG FRAF B B35, 3% 1 SR AR AR K B R K | R K R R Y R B s A
FHERM B KIE 2 (£ 4) . ERHRTVE RS RIS LS 5 5 435 2 8 B B 35,
AR K R 23.09% 38 I3 T 27.32% , BAEFKEH 22.52% 3 115 T 26.50% , [ ] F5 7K & f 21.93% 80
BT 25.57%, 2 )5 —FHaTRE , b M REFEK A AR R IE i B2 X T B RoK R, B ERKE&
A Ay B A B T 8 S R FH [R) Rk

R4 AEAEBEREE T EAOFKENTL

Table 4 Change of water-holding capacity of the soil on the hillslopes after reclaimed for different years

gz KR T AR /% EERKR/ % H ] 457K 12t/ %
Reclaimed years Saturation moisture capacity Capillary moisture capacity Field water capacity
%5 2 4F 2 years 23.09+0.80c 22.52+0.84b 21.93+1.08a

%5 3 4F 3 years 23.93+0.63bc 23.21+0.56ab 22.43+0.60a

%5 4 4F 4 years 24.86=+1.64abc 23.67+1.38ab 23.07+1.53a
%54 5 years 27.20+2.39a 26.36+2.48a 25.30+2.51a
%5 6 4F 6 years 26.98+2.59ab 25.91+2.97a 24.72+3.19a
%574 7 years 27.32+1.04a 26.50+0.92a 25.57+0.93a

Wit 7 LA B (14 158 T, B8 T - SR A A A 1 AR b 3
Sy REURL D RS 22 ([ 1) o 3T
P EAA 1—2 mm PR T E - E 2R T
RS FEYR PSS 5 4R T Rt A A A7 493 BRI ; B T
IR HZE/NT 0.25 mm POk 5 E A b —EH 2B
8 I ARG EEE 5 A I S A ARy B
s B4R 0.5—1mm FIEAE 0.25—0.5 mm F 35000 I .
N A SR B3 S B AR TP 7 1 B A Ok B e T TE
JEE R RIS, SO S RSk (1) 1 g o] HL AR Reclaimed years
2.4 R ELAR BT AL AR T,

Pt 38T KR A 38, T 9 0 e L AT PL Fig.1 Changes of soil particle composition on the hillslopes after
BREIH ETHES, HIRE e S SRR R recdaimed for different years
TR (R S) B e A & E R S AT
6 4F, ILAAE IR HARRR PIAR B A 22 5 2 (HAESE 7 AER 0 AN, o R uk 2Rk
SRR R R 52 I BEAE BRI RS T B 7028 7 4R LUAE 2 AR 40 AR T 16.67% F1 18.15% , 2 #i 4%
AR 18] B AR AL B B R 2B AR R A8 4k, i+ 3EA AL & R R 2 R0 BT, FEIR BRAERR Y
B, e 3 pH BRSO S LS TR, AR U B I LA R B T - R R O 2

O1—2mm B0.5—Imm 00.25—0.5mm B <0.25mm
1.2
1.0 b —
5% Fesd
%% pieset
08t R S

0.6

B3
R
Rl

-
L
S
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e

0.4
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Table 5 Changes of total nitrogen, total phosphorus, total potassium and organic matter contents of the soil on the hillslopes after reclaimed for

different years

v el S X AP i
TR HAERR Total nitrogen Total phosphorus Total potassium Organic matter
Reclaimed years content/ content/ content/ content/ pH

(g/kg) (g/kg) (gkg) (g/kg)

% 2 4F 2 years 0.17£0.07e 0.36+0.09a 6.06+0.83a 4.91+0.28d 7.43+0.07b
%5 3 4F 3 years 0.28+0.05d 0.34+0.03a 5.59+0.81ab 4.89+0.28d 7.58+0.05a
% 4 4F 4 years 0.44+0.07¢ 0.30+0.05a 5.01£0.71b 5.81+0.57¢ 7.59+0.03a
%55 4F 5 years 0.52+0.05b 0.29+0.05a 4.94+0.60b 6.04+0.50bc 7.34+0.10cd
% 6 4F 6 years 0.61+0.05a 0.32+0.07a 5.69+0.64ab 6.38+0.33b 7.27+0.02d
557 4E 7 years 0.50+0.02bc 0.30+0.03a 4.96+0.56b 7.18+0.38a 7.36+0.02¢

TERT 6 4Bty BRAT FR A3, 35 i S8 (0 B0 28 A R0 e Ak B R A B B B AR T (R
BT AR T IR (R 6) o Forb, B S0 R AR AR BRAR R I 22 5 Pk S ROF A R R AE
ARSI BIAR BR8] 22 53 U D BUR G ik 25K o 350 R 3 Fd S8R 20 A8 45 AF 03 T8 A9 28 AL 3 LA
fifb AL At R B ., RS AT AU A AL

F6 ARGEEREATEEBR G EXHETETL
Table 6 Changes of alkali-hydrolyzable nitrogen, available phosphorus and available potassium contents of the soil on the hillslopes after

reclaimed for different years

TR AL AR i PR
VA FRAF R Alkali-hydrolyzable Available phosphorus Available potassium
Reclaimed years nitrogen content/ content/ content/

(mg/kg) (mg/kg) (mg/kg)

%5 2 4E 2 years 16.10£2.42¢ 1.89+0.47¢ 26.58+3.25d
%5 3 4E 3 years 37.10+4.87d 2.30+0.76bc 39.70+13.98hc
%5 4 4E 4 years 44.45+2.36¢ 2.90+0.62b 45.68+13.28b
%55 4E 5 years 51.10+4.39b 2.71+0.49b 41.87£6.62b
%5 6 4E 6 years 62.18+2.66a 4.80+0.76a 57.40+6.20a
557 4E 7 years 37.80+3.28d 1.70£0.47¢ 30.90+2.98cd

2.5 YyFh ZREES gAY A DG AT

N RDA ST Fp 2 ke 138550 A5 21 W Fh 2 REME - 13RI FROBUF L (K1 2) . RDA HEFF )
HE 2 AR T YA EE S 2219 83.5% , Ho 5 PR KA AH OC R 43k 0.9152 Fi10.9377, H G HEF il
AR /N A R -0.0333 , ULEHHE T K1 REHS S e Fh 2 AE R VR 5 B Ty s fk i e fEHEP I, & 20
PEFE bR S B WA PR B R FB6 B RIS S A AL & F8 ST T 10 87 3k 7 R S HE P 5l
IR K B S I ER B R 15 ZREVE SR B Ak R Z [l G R i ss 0 NFR 7 IR 2 nI & HY  RDA 45 1
FRIEZESEIR 2R AR EMHCER, TS 20 &0 AR R AR MH 2 s
EERKE  HREFKE MK E BALBE R EMEKR R, BES R E AR08 a0 2 A 5

1 &l 2 W1, Shannon ZREPEFE SN FHEF MR L7, T 5HVR 2R A2 EMHAXCR, ]
B KAE H IAERRBE X fe s (7, 25 20k M52 AR ; Pielou H2) EEFREUN -5 BEFREAL T
REA T, FESHEIR 2R MREASREMEER, FES5 20 2SR 0HEER,
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Fig.2 RDA biplot of the relationship between plant species diversity and soil physical and chemical factor

R 7 RDABTAME T EEAERERYE

Table 7 Intra-set correlation of the soil physical and chemical properties with the first two axes of RDA

L T H-h o FTHN || BT 4l H
Soil physical and chemical factors Axis 1 Axis 2 || Soil physical and chemical factors Axis 1 Axis 2
+HEZE Soil bulk density -0.4859  -0.5248 || HHLF Organic matter 0.7237 0.0551
JSALBRE Total porosity 0.4859 0.5248 || 4% Total nitrogen 0.6667 -0.0348
BEFLBE Capillary porosity 0.2528 0.2424 || £ Total phosphorus -0.2981 0.2138
AEBEFLBLEE Non-capillary porosity 0.3394 0.3864 || 24 Total potassium -0.3066 0.0319
1 FIHF7K i Saturation moisture capacity 0.5259 0.4591 || Bfifit %l Alkali-hydrolyzable nitrogen 0.5573 0.0067
EHH KA Capillary moisture capacity 0.4725 0.5068 || A% Available phosphorus -0.074 -0.3618
FH [8] 57K i Field water capacity 0.4332 0.4886 || SHEZHN Available potassium -0.174 -0.2939
pH 0.0955 0.1941
3 itig

3.1 SRR B S A R R R AR

MRS 5 R AR BB AR S R SR R T BOMIN A AWK S 1o e P A 0y e v AL 1 it s DAy
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