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Ecological benefits of different planting treatments using indigenous species on the

road slope in the Minjiang dry valley
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Abstract: Highways construction adversely imposes on the surrounding fragile environment, leading to difficulty for
revegetation in dry valleys of the Minjiang River. Appropriate vegetation restoration measures are of great significance for the
restoration and reconstruction of vegetation and enhancement of ecological functions of roadside slopes in arid areas.
Indigenous shrubs and herbs were planted with three treatments on an extremely degraded earth-rock roadside slope.,
including seeding, seeding before fiber blanket coverage, as well as seeding before fiber blanket and forest humus coverage

The difference in vegetation characteristics, soil physical and chemical properties, and the control of runoff generation and
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soil erosion under different treatments were analyzed. The results showed that average height, coverage and total biomass of
artificial communities were 26.1—46.7 cm, 63%—89% and 347.02—593.78 g/m”, respectively. The vegetation characteristic
of artificial communities was similar to local perennial plant communities. Both cover and biomass were higher for the
artificial communities than for naturally regenerated control plots after three years of revegetation. The effectiveness of
seeding before fiber blanket and forest humus coverage was higher than others in promoting plant growth, accelerating
community construction and preventing soil and water loss. The total coverage of seeding with fiber blanket and forest humus
was 74% , and its total biomass was 506.35 g/m”; during the growing season, compared with the natural recovery, its runoff
decreased by 87.8%, and the soil loss decreased by 92.1%. The species richness of treatments with fiber blanket coverage
were significantly higher than seeding and natural recovery (P<0.05). However, there was no significant difference in soil
improvement among the three planting treatments. Compared with the natural recovery, the total carbon in soil among the
three planting treatments increased 9.4%—31.1% and the total phosphorus in soil increased 37.3%—117.3%, indicating
that all restoration measures improved soil nutrients status in the 0—20 c¢m soil layer of the slope. In addition, according to
redundancy analysis and partial least squares path model, the difference of plant community structure under different
planting treatments was the key factor affecting soil erosion on the earth-rock road slope in the Minjiang dry valley; and the
direct effect of vegetation on soil and water loss was —0.935 (P<0.05). We suggested that artificial indigenous shrub-grass
community structure was a suitable vegetation restoration model for the road slope in the dry valley and possessed a good

applied perspective in ecological restoration of arid areas.

Key Words: arid region; road slope; community mode; vegetation restoration; indigenous species; water and soil

conservation
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Fig.1 Location of the Minjiang dry valley and experimental site
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x2 FRALEMTFIENMERMIHER R
Table 2 The independent-samples T test of soil physical and chemical properties in different soil depth

3 + 3 B
Soil properties ! P Soil properties ! P
MM/ (g/cm®) 0.67 0.51 GC/% -1.78 0.09
BD/(g/cm?) -2.67 0.01 TCs/ (g/kg) 0.64 0.53
CM/(g/cm?) 1.27 0.24 TNs/(g/kg) -0.03 0.98
NC/(g/cm®) -0.83 0.42 TPs/ (g/kg) -0.80 0.43
MC/% 1.23 0.23
T AR ST 8 U (8 4) , SPYEBERE G+t AR o R T LK% 1 SR L I b
X 9 R ARETR S5 VDI O B i 4301 R 10.55 ¢,17.01 ,84.24 ¢,134.85 ¢,

BVA b AR T 3R AR T A 5 iR T HARAL B, 5 HL2T R BE A 7 A0 I b R4 U 1 4 ik 75 o
THABAL P (& 5) s MIRAR TR A 2 80 S B AE A R AR AL B2 W] JC 2 252 0 (18 5) AP i fd s A BE T
AU P A i T A AN B JF H0 IR rh s SR AR R Y Al 1 AR T HARAL PR (8] 5)
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Es5 FREISERMFEARMELETHRERTEHR . SR £ . £HEE
Fig.5 Total carbon, total nitrogen, total phosphorus and total potassium content in runoff under varying planting treatments on roadside

slope of the dry valley studied

2.4 HERREVE ST RAIE SRR 5 K R Ok TN Z TR AT OGS &

TURIMT R AR e vh 3 i 0738 S R R G BE W R R TR S B A R R
JER MK A (R Jevh & i) 1 FEAEHEN 1 HoK Rk (R Db & i) SN T R UG
KE(K6; %3),

Spearman AHICIMT 7R AR JEVD 5 B MO SR AR R B 80 e SRR R BRI
R HEARTRE WEAAY R RO TG AR YR DL R YR R R 9 MBI R S S (AR
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R BERRAI ) 2 0] 5 i 3 ) A R R &R (P<0.055 £ 4) 05 F
R 2k SR e EE SEARLE EREY
BEDEMIEMELER(P<0.05; F4), THEAE K

RO ——0

2
KRR BRI R SRR AR 2|
HEREE RBYDERELERDE (P>0.05; £5) ;1 2 o

~ -0.5

MM 2R eSS DEemR 2R 2
e A A IEAHOCOE AR (P<0.055 % 5) . . . R
N e . — -1.5 -1.0 -0.5 0 0.5 1.0

FRER SRS 2SR (Aehk 2 2 RDAL (08.55%)

ISR Hor BEA M RS AR

Ry R N Y E R T n  H6 FEASEEARFAAMELETEREEDEBME

THRE lﬁi: fi\ﬁ N fig B3 WA m?‘%zi MBHENSE LB RS M TR

Lﬁ ii%é@ééi /%‘j:]lé%“(P <0.05; %é 6) o ﬁ?ﬁmg Fig.6 Redundancy analysis of runoff, sediment content and

55 4ok B E S = E g5 A~k 322 plant community structure parameters, soil physical property

SRR BB R R W R G e kR

- o v parameters under varying planting treatments on roadside slope

SRR (P<0.05; % 6) . M AHIIBTELHT e ane votes st

%%& 5 + ig % B Il‘i }Jﬁ Z I‘ETJ G % *ﬁ %‘ri ( P>0.05; RO 723 & runoff; SCy : B VP & 1 sediment content; TC; B35 % total
%:_{ 6) coverage ; SR : Y Ff =F- & & species richness

R3 EYEEEHSH IEVEERSEN TR TPEREMED S ET OB TH
Table 3 Explains and contribution of plant community structure paraments and soil physical property paraments on runoff and sediment
content variation in redundancy analysis

Y- L SR e BTk

Plant-soil Paraments Explains/% Contribution/% F P
TC 37.99 46.05 42.23 < 0.001
SR 53.50 64.85 14.61 0.02
BD 2.51 3.04 0.07 0.84
MM -2.82 -3.42 0.15 0.74
CM 3.20 -3.88 0.11 0.77
MC 1.80 2.18 1.31 0.31
GC -4.27 -5.18 0.47 0.53

TC: B35 total coverage; SR: ¥IFP T species richness

x4 TEUSERON S TEMBEEEHSHSRRSHZE Spearman XS (n=12)
Table 4 Spearman correlation analysis between community structure parameters of indigenous plants and runoff parameters on roadside slope

of the dry valley studied (n=12)

,ﬁi%é*ﬁj RO SCy TCy TNy TPy TKR
Community structure

CH -0.583 " -0.583" 0.216 0.216 0.216 -0.583 "
SH -0.828 " -0.828 " 0.370 0.370 0.370 -0.828 "
HH -0.335 -0.335 0.476 0.476 0.476 -0.335
TC -0.584" -0.584" 0.519 0.519 0.519 -0.584"
SC -0.728"* -0.728 " 0.662 " 0.662 " 0.662 " -0.728"*
HC -0.734 " -0.734"* 0.540 0.540 0.540 -0.734 "
TB -0.799 " -0.799 " 0.216 0.216 0.216 -0.799 **
SB -0.761"" -0.761"" 0.696 " 0.696 " 0.696 " -0.761""
HB -0.799 ** -0.799 " 0.216 0.216 0.216 -0.799 **
SR -0.838 " -0.838 " 0.441 0.441 0.441 -0.838 **

# RIRAE P<0.05 K- (RN b A » o« RIRLE P<0.01 K CBUN) B A 25 AH G RO AR i HE runoff; SCy : Y V0 3% Bt sediment
content; TCy : HIFRAET P2 i the contents of total carbon in the runoff; TNy, ; HB AL H 1 4 A & f the contents of total nitrogen in the runoff;
TPy, : HB R4 Hh 2 it the contents of total phosphorus in the runoff; TK, : #1 #4237 HF 24 the contents of total potassium in the runoff; CH ; i
VE Y average community height; SH; #E A28 B average height of shrubs; HH; BLACSE 34 5 B average height of herbs; SC: J# K 35 & shrub
coverage; HC ; BEAS 35 B herbaceous coverage; TB: S 4+ total biomass ; SB: #E A Mt shrub biomass; HB : BLAS 4= #) 5 herbaceous biomass
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*5 TERUMERAYETEELERSHEIFRSEZ E Spearman HHXESFH (n=12)

Table 5 Spearman correlation analysis between soil chemical and physical property parameters and runoff parameters on roadside slope of the

dry valley studied (n=12)

sﬁﬁ?f RO SCr TCx TNy TP, Ky,
TCq -0.281 -0.281 0.799 ** 0.799 ** 0.799 ** -0.281
TNy -0.453 -0.453 0.691* 0.691* 0.691* -0.453
TPg -0.518 -0.518 0.907 ** 0.907 ** 0.907 ** -0.518
BD 0.216 0.216 -0.194 -0.194 -0.194 0.216
MM -0.151 -0.151 0.194 0.194 0.194 -0.151
CM -0.086 -0.086 -0.151 -0.151 -0.151 -0.086
NC -0.022 -0.022 0.086 0.086 0.086 -0.022
MC -0.453 -0.453 0.065 0.065 0.065 -0.453
GC -0.119 -0.119 0.325 0.325 0.325 -0.119

* FINTE P<0.05 7K (XUIM) | 8 3 AH 5 5 s FIRTE P<0.01 7K (CRUI) |45 8 3540 56

F6 TEASERNEKS TEYEEERSEMTEEREN MRS E Spearman HXHEF T (n=12)
Table 6 Spearman correlation analysis between community structure parameters of indigenous plants and soil physical and chemical property

parameters on roadside slope of the dry valley studied (n=12)

REVE L

Community structure TCs TNy TP BD MM CM NC MC GC
CH 0.28 0.343 0.133 -0.545 0.566 0.161 0.301 0.084 -0.526
SH 0.384 0.473 0.547 -0.36 0.317 0.004 0.275 0.24 0.189
HH 0.511 0.862 " 0.298 -0.294 0.277 0.172 0.095 -0.028 -0.483
TC 0.357 0.715*" 0.55 —-0.445 0.595* 0.448 -0.046 0.354 -0.288
SC 0.422 0.707* 0.636 " -0.307 0.307 0.014 0.129 0.229 -0.018
HC 0.413 0.727*" 0.545 -0.413 0.147 0.175 -0.014 0.392 -0.112
TB 0.364 0.259 0.238 -0.336 0.287 0.021 0.301 0.084 -0.235
SB 0.542 0.401 0.789 " -0.19 0.232 -0.232 0.204 0.345 0.569
HB 0.364 0.259 0.238 -0.336 0.287 0.021 0.301 0.084 -0.235
SR 0.271 0.293 0.479 0.007 -0.007 0.021 -0.186 0.600 " 0.319

# FIRTE P<0.05 K- (U ) |- 5 ZEAHDG 5 * + FIRTE P<0.01 K- (U ) F- A% i 25 AH G

2.5 HEEHETE SE A RRAE A Y BRI R i K R 1Y PLS-PM 43T

R T BRUHAE WA 7 285 A0 AR i R A SR S SO K - 3t 2 (R s el FRATTaE— 2D A T e /N e B AR AR AR
(PLS-PM) , BEIBUBEARBIHLEILEE (GOF) N 0.576 (&1 7) . AHBAKZ S XS /K L ift < G2 i 2 A THIP ) &
RN (-0.935, P<0.05) ; 1A #8452 M) £ 389 BEME 5 (0.229, P>0.05) , 1 [ 4552 7K £ 37 5% (0.272,
P>0.05) AR 55 .

3 it

3.1 - EERRETE SR R T R AR Il O A K SR AR

FET R W it P 1) SRR EE AR F R S A B A SRR S R IR T, WK 52 T W O 2818 AR F S AR A
ST AT B S+ HEAR R AAE Y B R, , 407 3 M ERZFELUG AR AN T A RS T 1
FIFEAE 26.1—46.7 em ZJA]  BEVE BB FEAE 63%—89% 2 [0) , BEVE B B Wb AE 347.02—593.78 o/m* Z [i] , FEV%
SEMRSE , M TIRYT T RIS X (RS RGN ZAR ARG X RILRAT R4S & S
HEAVE SOREVE BB NS SR PR A 3 K IR S A B T R A L MR B AR R R R, e
ST AR 25 FR G0 Hh TR v 74 e P R AR ) B AR S AR =
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3.2 AR T Y S SRR SRR
3.2.1 MYIREELEH [SR] [7B] LTC |A [ cH |
GIESRUN BN S i e R N A B £ 0% €]
TR i AR ) 10 T R D A AR R TR R
BKOF TR R e R B R Y g
RO G B RS | AR B S A AR R M P i
VI TCYi A AR 28 51 0y ak MR R v AR
SR (R FRATT A& PR 2 R MK AT R 3
LT AR W oy, O T AR W A AR R R
A2 3 AR ZEDLG , M 7 25 AL B R (0 AR B
ERRE 2ERE MR SR R > A R 7 EWEHT. TEYEERSKIRENBERNREZE
B (PLS-PM)
(F 15 2). Fig.7 The Partial least squares path model ( PLS-PM ) of
B AR LA DU RE I D i R K gy vegetation characteristics, soil physical properties and water and
3 M EJEE L 5H FEE ALY, B8 soil loss
3 - HEFE4Y 3 H I R S S B A A S, b B A R S R A R RO 6 R IR (4%
M 5ThaE | YA bt 7 L R, N i B Y SRR /R IR PR AR T SN AR R SE R, FoR B TEK
MR BN ™) HOCHF G 7E R X SRt s T <000 B IRIECCOR) 2 0.0208
T ARSI A I A — 5, BN, FEARF R T 5
TIAY X, 5 R AR Tl oRD 2T 24 BE 7 55 AL BA Eb , ARARIE I -+ A0 i B 35 48 v T b SR A TR A )
H(E3), Xl T RS XY K SH LT FEOREIHZE DT 2005 LR Em+F
B ST AKX TR AR 2 b e B B S AR VR UMb AE = JE 0 DR A L A Ak A2
FERIL, e W IR E A R U S L R AR SR R A K B X HE 3,
T RUARTE AP A B A A R 2 R T kT e Rl Y i VR | T A
Wb R S SR B AT YRR T A4y, 7 o5 AR B 0T T S A e R v A A LA i
Ve, AR E S R AT A G B AR ACAC B N T8 + A7 3 980 OR LG T p A gtk &2 0 Rt
17 126 T ST A 35 B AR R B T 5 Atk — 2D B AR -3 aR A T
322 IR
TR N TA A R R 2 R ek e AR R R0NGE 5 A SRR X R AR
(Control ) fE7E2E 5+ W35 (P<0.05; & 1), 1 ARG HEVE 5 N TR E R HE RS h i KK | ISR
R RKE | R RS ROKE | R EOR  HIES AT E 2R (P>0.05) . TR LI EX At pt
FER IR, MY HEBE T Rt X} 22 2 139 5 /K R A R F LB B HLA B S 9 e R (R IR O AN K
A 2E e L 2R AL S R RO W2 T SR 50 S AR 2 HaiRa 4 2 75
(Al S MR TR EE Y AR TR EAC 7 R X a2 52 X A I AT W sh Vb sl s A Ak 2 4R
AT TR SN vD s, 3 A5 (0 8 & B v T 240% ; T A WL AL AR 19 & B Ak AN R
XEERFFE IR, N T HEVR AT AR i R I LT, X T30 s 3 A 2 A o 2 3 S (R (3 4R RALN) A
THEEN T2 T 5 X e e e SR A B, H B2 Z M2 S AR (£ 2) i —2 i)
A,
3.2.3 KPR
TR AN R A AR AL B N T AR I VA o 2 A2 0 i B B AIC T A SR R 0 % B RS ( Control ), R
T i AL ) A AR NS N A T i RS AR S A M PR S W I ER T S A TR RE T, A Ak D b R AR
FrE R R Tb s . RERIRFFESRIE T 4F A B e K T AR i A M AR . Ban, 5 b Ar e, 1R 22 2

[BD] [MM] [Nc]
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AEFE AR 67%—99% 1 T IR U R i/ 26%—81% AR 1 | Ui I 21 4 B 7 AR WK 52 400 301 % T oK 4%
R BB AE T, (R A9 & PR 22 £ 4 BE 7 55 S BR300 ( LIS 2T 4R BE i R o) | SF e BB 5 10
INIX T R /N X AR SN 150.29% A1 228% ' 3 1T fiE 55 121 3 b B LA B £F Ak BEARAE A5 IR R A O, K AE£F
Y b AT YEIE B SRR T A R Y AP AR TR A A S A B R M 3 A A
DT, —J7 TR B A BN 5 55— 7 T DU A2 3 1ok 52 e A A0 o 1 e e s K Ok . AR ST e A
WER 3 AR FE K R RIS R R R E VI A e B e i TR e JE R SHA =4 ab B
FEL, ARV T MR AR A ik i & R, T R AR TR 97 00 3 R IR 4 b i 5% 43, X i Al B U A
TR R Rt Tk SRR B B
3.2.4  FEEREVESEHIRRAE SRR PR R S K R I 22 ] A e R

Spearman FSEMESIHT 5 PLS-PM 4345 3 0H A A0 55 8 | A 400 o A B 465 F AR 0E X 0l A2 o AR
PhUEA W AR (3% 45 TR 7) |, DA PRsA H58E B £ A R IR T S AR 3K R B B iR B
BRWAE , —J7 1, A 0 e 2 AT AR AR A K B ARG RN 10 Bh AR, Dl QIR B, O FLJE - R REVR (0 2 2 45
FA AT ARSI RS, ) FEAHISE o RDA 4 Hr4h 0 2 WA Bl 26 B8 X 42 i it L UV & A0 S A 25 4 v A 1
RERITTIR (R 3) o 59— 7 T, 5 4 MR AR 25 BB A 100 skl R T B ) 4 Pl T B, 7 AE T/ N AR 30, DT
BRSO T LR R AE 112 BeAh, bR VR 2t B 1 22 J B A A5 K SCHBE, Al B RN B8 A
B T LS SRR R R i B (R M SR, ARG A E R, MR VS P 7k
T ORRFE IR BRI R . BT A R 30, A v 0 5 ) i AR AT, ARt B R R 2 o AR i R A
KARG /Nl e R 22— 5340, 306 X s T 3R g L e 45 % | BB, KUK XU, A /S | ik S 3 3
PRVEYIXMELL AT AP HIAR AR5 0 R & A st T LA N B A B B SR | R i B R e T | A SR AR
FasEtE Wom R A R AB

R RS T ARG N -+ 3T LT, 2003t A S B T (AN RIS - 4025 1 ) R SR AR o, B n 31 1B i
P, TR0 DA T RR 0T FEARER I BEE AR RRAE S R 2 ) B AR G S R A R
Bk AR BRIE R 2 (A ) R IF AR (R 6) . FEEE IR X AR e M8 & ad R v, AR 55 S I R AR &R
AR R E A A R AR (>0.25 mm ) B PRSI A A AN VD R D Y SRR HLA B
SR T A= U 0 B R I T FEARSE R AR RIS e M R S B )
i A B B A DG (P>0.05;5 8 5) , FHOZSS S 1Y 3 20 F PR 7E T35 1001 A [7] oA Ak 2 2 [ 7 58 3 o
TV>E A A2 5 (P<0.05; & S) fH & iy T 6 X A7 25 AR ), AN [) Ao Ak B8 27 ) B A 3% i+ B2 9
FREEFY LU ACAR DL, B I - AR B S5 A0 0 25, WK A2 A PR AR, R Ak AR 6 1 - R 5 40 1 5% e O R B3 (P>
0.05; % 1), PLS—PM 43 #7245 e th 36 W1, A w30 it 5 i+ HE 4 BV o (0.229, P>0.05) , 11 Xof 7K 4= 37 2%
(0.272, P>0.05) (IRIEERLNEL5 (B 7) o S48 ABISE T v i i -+ e BRZE AL S50 IR, OG- 1)
ISR FRRE ST, YA R ARa e MR RN 5Y o B 55 RE NS S ML = Tk BE T B B S T i — 2B 5T

4 #ip

S A AR A R T S A T B I R AB R S, A R X R A A RS R B
B RTINS R AR AL BE R 1 A2 At A7 AR W 22 5, 7R A ORI S5 A 2 B0 T, R 45
AEER L o+ B A AAL BN RO B, 3 AR R F R RIS X 41,83 om , VR BTG 74% , fEVE BAE YR
506.35 g/m’, WFE KT XS IR, A [ Ffrbd b P ) b 98 20 IR AR ZK b (R 495 R0 B 28 SR 23 BT 45 21 W7 | B3 AB F
LFUERR A T T AR B e+ b 3 R P ALAL B[R] - 55 0 22 S NI (RS A RIS RE AR L, 4% A 2
YU AR TE T8 0—20 em 12)2 L8R RBIIIYE EAGEE & + RE RO OA B I S R A, K
T BRSOV T T AR IR S A0 S B S AR 2T A B RN AN AN B R T AT S R PR TR BE ), REA R
DHLRARIR , R )2 LR AR, AL BB A D T 87.8% R VD U R FEREAR T 92.1% , £ 4R BE BT T AR
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