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ST YR Y 20 G W % A R TSR 3 B A SO [1]
FEAE 1 S AE &N TEBERE ) I AT s 8 5 40 F
B A 0 A A AR A TS B0 e R 5 2K R A R [
fnseAEH .
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B T A6 50T B CCE 0B A G s AR
KRR 6 He i (116°357 E,40°01" N)FF e, 5
b A T S Y A I T A 2 R DR B 2 XA R AR
AR, BRI T, & 9N T DS
1.2 k4

At Rk B Ik K 14 R 1E BR 88 6 T AE R
SRR AR iR 8 X, B BT Oy B @ (0. 5~1 mm)
10.1% ., " 8 (0.25~0.5 mm) 12.2% . 41 # (0. 1~
0.25 mm)25. 9% B KL (<<0.1 mm)51.8% . # ¥ £F
YEFNFE S R BB R PR RS UL AR L, A UL & R
RSB 2,

T I T 6 38 FH AR 4 M L 2 B A TR JER JE AR R
T AR PR O T AR (3R K 1 R WO IX) , AR R - 58
L H 18 (Medicago sativa) 3 g/m”,—4F 4= B 32 ¥ (Lo-
lium multiflorum) 1 g/m* 6% 5 (Elymus dahuricus)
5 g/m*, ¥R MR (Melilotus officinalis) 4 g/m*, ¥K ¥
(Agropyron cristatum) 3 g/m’ K F (Lespedeza bi-
color) 7 g/m* I8 2% (Vitex negundo var. heterophylia)

1 ke
Table 1 Test material

IR b K2 7 R ik
BPTREN (PAM) LI IR RO RA T (R L R b BT 4T 120077
ROMW(PVA) WL EIMRBEA A T A LR A b RURIBERE 5 0k Y VPR R
L 2y L4 47 K ik K I %, i
FRAILFAE (PF) RV RN 6 SRR AT R 7 if;% WREARRAAEALZ I b b2 em
-
WP LT AR (CF) TR HEANGR o S R R A T thE SEMB S RO B 77 E R ME D BRI ML 0 2 em
SIRELF 4 (SF) P SR RA T AR B R K 5 10 B O 2 em
ALY (WF) 95 K2 A S SR A R 3 5 150 B O 1 om
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Table 2 Parameters of each index of soilandorganic fertilizer

BB pH f 5 AR/ (uSem ) 2R/ % W/ % 8/ % AL/ %%
+ % 7.87 128.75 0. 266 0.061 1.85 5.55
AL 7.74 8331 1.378 3.883 2.32 53.8

5 g/m? 47 4 (Caragana korshinskii)7 g/m* . > ik ( Hip-
pophae rhamnoides) 5 g/m*. T & (Syzygium aromati-
cum)5 g/m*. HEH) Fh R FIR U Ak B (R Bl 80 °C
POKIZHL 1 d, AR Y FF KR 1~2h)
1.3 K&t

SR B 2 R AL IX 20 353, B3N B A R A
LRERNS . A TR 280 BRI R PAM R
CIRWEPV AW EF e Rl 2 A, RIAR 0 47 4k PF i 22
L7 4 CF B RREF 4k SF ORLF4E WE . 545 B 254 57
SFAEPI AL G, ELUR TS 0o R AL B L2 3, L 8 A B,
AL I 3 AN T A, A U N RG A R FRL A £F 1Y
b3 R BR(CK) o FEf v LAt 4 R (f 45 138 A L
JIE DT B — B

SR FH A 40 3 0 R A A0 A 0 3, B G A
B A K 100 em X BE 40 em 3 bR 1:0. 75, SR Al I
A% AL S P B IR F Y 10 em, S BERE R L2
TR R R . K B AU B E R A A Y
ORI A BEREHL, ISP 50 . WEHE IS B 2928 10 em,
G 3R GE IR, e i — YR WS L T R AAE AN T S
T I 1 B Joi O o TG 25 A A W AL B 1 S 48 IF IS YA .
SR FH 55 R M Sk AT 0% W WS A K TR DR IE K 43 T R
Heehy . M A K296 A 527 BURE .

1.4 R FAE

141 sUME SRAXIIY. 3805 + 7k 0 255
JIJEFB AN AL 2 4 58, Fn Bl FL T 55 , AR L i
h W oo K BB LF R TN P B KR I 24 h, R I
i 7K 57 26 B 75 T 55 2 eme VR MR B L Z 4K
Gy S RVEREE e Woo FRTTTE 6 681 B 7 S A 08
AU TR Sk L E 3 h, BRI A B HE R Bk Ay B
IR B W I RR IR T B A R K
L0 W HHEIE:

TP: W2 7 W]
VP=W,— W,
CP=TP — AP

AP TP R EALBRE (%) s W R T4y WOK 5 3
J1FEFHIK B (g) 3 W ok B8 7 FRC 6 5 ) o i
(g); VP il S ALBREE (26) s W, ok 31 ) 681 B HEK 5, 36

T B IR K B i (@) s CP O BEFLBE (%) .
1.4.2 #ITRE MBUEETY 1GR9 B % )
Bk KRR /N 61,8 mm X 20 mm. &% 4 T4
J5 AR ME(GB/T 50123—2019) , 2% Fl ZTY — 2 B i 75
F ) 2L BY A3 (DU B B ) X A B8 B B R AT IR
R 2 AE % R AT RN ) R ) A 4T BT 0, By
YIS 2 1.2 mm/min. ¥ W) 1 g 43 50 % 50,100
150,200 kPa, 45 8 Y1 J5 , 457 7% 45 41 o 1l )7 iR 3R

F3 WG EZ R

Table 3 Experimental design and treatment names

s TR (/%) 4 27 4 e 148 4 5
(w/w,kg)

T (PF) 0.4 PAM-+PF

RO 03 22 (CF) 0.4 PAM+CF
(PVA) SR (SF) 0.4 PAM+SF
AK(WF) 0.4 PAM+WF

Kt (PF) 0.4 PVA+PF

R T A B i . M2 (CF) 0.4 PVA+CF
(PAM) SIJFE(SF) 0.4 PVA+SF
AK(WF) 0.4 PVA+WF

20

T B AR 22 (M, 2019) 1, 21 4 14 2 2% (B 5%, 2018) 12,
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WA C SR, — A ST )28 2 4 mm, #50 J7 1t
Ak 2 1, D) A 5 U0 A GA B 6 mm Sy 1k . i
Bah s e R 2T S A B BT SR o, LAk 1 R )
AR bR B0 DT 3R B < g PAAR AR T T Y 5 R R )
07 ) B 0% ZR i 2R, A e AR A D Ay - A Y D R 5 A

@ IZERAE Y AL BRI AE DA N R T e

PO 9 B A TN

7=Cy(R—R,)

AP NPT R B (kPa) 5 C ok i Ty R 45 2 R 8L
R it S 30 1A 4y 3200 e K40, 82 28 4 mm
A 3250 (0. 01 mm) s R, Mg i J3 B8 F 00 4R 1 4k .
1.4.3 A4%%F ABHAEFEL KK H 20 cm X 20
em I8 Bl — AN BORE A0, B Ak 3 3 & U R
FEEAAE Y, 43 0045 B HE A R0 B A R 0 Bl T O
TE R LL O 45 A U ) BCIRT O K R A A
A3 SRS 9T B AR, S ST AR R AR R
LB - X 1A o 7/ B T O L R (A B 7 B o 1S
Y

R AR R

AR B
FA A P
R4 AR
i N 1575 e
i 1575 i R
1.5 HiESH

% FH Microsoft Excel 2016 # 17 %% & 4b 2 , #)

IBM SPSS Statistics 25 #f 17 22 5 & & 1k 7 2 45
(Waller— Duncan ¥ , P<<0. 05) , #] H Origin 2021 #E 47
2K,

2 HRESW

2.1 AEAEABETK
PAM+SF 4 & 1 2 L B B2 B 3% K T CK(P<

0.05), /& CK 4 1. 26 ff5 ; PAM+SF 41 & B & LK ¥

3 KT CK(P<C0.05), /& CK 1. 375 ;PVA+WF

QEAE@‘%%%U%‘F?E%/J\?CK(P<0.o5>,,ﬁ\ﬁﬁzﬂ/a
WAILBRE S CK¥ TR E 25 (F4),

MR =

Mo =

x4 TEAGABETK

Table 4 Porosity variation of different treatments

Ak 2 AL/ % THEILBRE/ % i AALBE /2

CK 31.87+4.15 24.23+5.52" 7.63+1.66%
PAM+PF 34.25+3.85" 26.60+3.40® 7.65+0.45"
PAM+CF 34.854+2. 95" 26.15+3.15% 8.7040. 20"
PAM+SF 40.05+2. 35" 33.2042.60° 6.85+0. 25"
PAM+WF 32.95+4. 75" 26.5045.10" 6.45+0. 35"
PVA+PF 37.85+1. 45" 31.40+1.80" 6.45+0. 35"
PVA-+CF 37.98+1.43" 31.19+1. 46" 6.79+0.15"
PVA+SF 38.60+5.10" 30.60+5.50" 8.0040. 40"
PVA+WF 35.85+1.45" 31.00+0. 30" 4.8541.75°

2.2 AEHEMEEET
1E 50 kPa fif#, F ,PAM+PF 1 PAM+ WF 41 &

(P05 5 B B 3 = T CK AT B 414 (P<<0. 05) , HU5Y

SR OEE 3 g2 CK iy 1,16 %5 AN 1. 1545 (% 5) . 7E 100
kPafir 2k T, 2 4 & & BT By 38 B 300 T CK Y
M4 . 16150 kPafif 8 F , PAM +SF 414 A 51 09 5 i
B T CK A4l A (P<<0.05) , B BT 5 i S CK
1. 22 4% . 1€ 200 kPafar 2 F , PAM+SF fl PAM +
CF 21 & my i 5y s 2 W 3% 5 T CK A H A 41 & (P<
0.05) , HL BT 58 BF 43 5 & CK 19 1. 41 /5 A1 1. 16 4% .
T PAM (9 241 4 7655 28 09 07 3T BB 04T A4 THiE ) 27

B — + G AR BB MR E . FE A EGRE T LW
PVA W24 S5y o B2 W% /T CK.

PAM+CF fl PAM+SF 41 4 P9 JB 8 ffy W 3% KT
CK A H At 4 A (P<<0.05) , 43 il & CK 1 1. 71 £i5 F
T PVARAEGNEZEMY R ERT
CK (P<<0.05) , PVA+SF, PVA+CF, PVA+PF,
PVA+WF 41 & 1 4 FE 48 i K /N HES , 43 ) 2
CK 1. 4045 1. 394% (1. 34 f5Fn 1. 26 £% .
AN R B E T CK(P<0.05), /2 CK W 1. 14
fio WWIMPVARHGNE R E/NT CK,

1.881% .

PAM+PF
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Table 5 Shear strength of different combinations and shear strength index
hm alUE L L WEEEES PR /Kb
50 kPa 100 kPa 150 kPa 200 kPa

CK 74.12+4.17° 110.19+4. 23" 130.03+23. 60" 131.42+6.37° 20.9542. 84° 63.51+£2.43"
PAM+PF 85.6845.97" 102. 74+4.61° 120.36+15. 24" 129.31+15.21° 16.49-+4.00° 72.4040.81"
PAM+CF 45.2144. 55" 86.7747. 20" 127.35+5. 58" 152.44+6.37" 35.9141.47° 12.37+6.29¢
PAM+-SF 64.66+6.31° 108.06+13. 77 158.51+9. 72 185.03£7. 28" 39.4540.99° 26.1744.69°
PAM+WF 85.16+2.73" 101. 68+4.02* 117.14+19. 37" 130.37+12.75° 18.84+£3.91° 65. 00+6. 08"
PVA-+PF 38.37+3.28" 77.19+7. 20 101.56+12.79% 119. 33+8. 69 28. 04+ 3. 60" 17.3043. 92"
PVA-+CF 39.95+1. 82" 72.93+16. 00" 106. 3942. 79" 121.95+7. 94 29.19+1.09" 15.44+2.47%
PVA+SF 32.59+3. 64° 67.0749.97% 101. 56+8. 53 115.12+10. 34 29.42+0.98" 8.5742.46°
PVA+WF 39. 95+ 3. 28% 58.5644.02° 99.94+4. 26 108.81+8. 78" 26.36+1.71 14.82+2. 00"

2.3 EWEKEBR

2.3.1 A4%% PVA+CFHA/MEAYREFKRT
CK(P<<0.05) ,PAM+PF . PAM+SF 41 4 % #1 - 7=
Y& 8 E 0, PAM+CF .PAM+WF . PVA+PF .,
PVA+SF .PVA-+WF 4 & i #h 154 9 i o 25 B AIK
(P<<0.05)., PVA+SFHGMM T AW &R ERT
CK(P<<0.05),PVA+WF 414 % #b T A= Py i o5
HARHA T Y& B FH R (P<<0.05) (K 1-A).

Xof BEZH #b b F8 AE W) A A D 25 X BR L B I PAM
FPVA (20 5 b b8 A W 5 46 1R 5 B AL, 2 A 431
AR ABL A 1 AR R {E PAM AL 7 3 AR X AR
Yy A ALt PVA A0 5 /> PVA 4L A ) 3 A X
PAM 20 5 S5 A g 8 (& 1-B) o X T HL T 32L&
CK A A X B, BUE A A ¥ 5) . I PVA B 41558
A PAM 414 30 B 1l

Hb 8 A Wy CK 2 ) A6 R e 25 %, L 1 8 A
Yy B WO CF>PF>SF>WFE (K 1-C) , A [ #1#)
£F Y20 ) Y H bR P A RO I, CE>SF>WF
>PFo WS INAS [6) 4 90 45 4 20 & 22 1) 9 M 58 A4 4 o
S E R A A CRK 4 504 M X Bk, B o0 A3 1
5. BSERLE WF>SF>PF>CF. A [A MY 4T 44l
S B M A ) i A 8 SF>CF > WE>PF,
2.3.2 RBRAEEIEL SAHHAEWMREL T,
PAM~+CF .PVA+SF .PVA+WF 344 & AR

B % K F CK(P<0.05) , PAM+PF, PAM+SF,
PAM~+WF ,PVA-+PF PVA+CF A & i 1t B &
/INTF CK(P<<0.05) (K 2-A) ; 8 M4 A WY #E w5 L v
PVA-+CF 3 7 L i # K T CK(P<C0.05) , /& CK
1 1. 36 £ ,PAM+WF 20 & 72 [ 2 %/ T CK(P<

0.05), HAth A& 5 CKIC % 2200 (K 2-B) .
3 itie

o 8 LB S P A R B R — L BE
% Jz W e A LR IEOK BE T, AR BRI AE G . B INAS
[ 25 5 %66 45 5] FIAEL 0y 2T 4 1% Wt 7 5 o L B 88 R A 2
AR A2 3o R v A AR BBOOK o SR 2 14 G 5 i [
o HEABEFE R, 7R WRE L b IS I — 2 B AR )
27 4, W39 nT LAWK 23 3840 - BORE 22 18] /4 18] B, 15
T AP e SRR W) 47 AE B e I, TT AR JUK A ) 21 4 B A7
f M 7 B R SRR, B 88 Y B A L B R e <AL B
JE DT 4 i -0 3 9 58 <GB K PE AR B B R R T
AS TAE W 27 A A 0 o AR S S I B 5 50 S R £
e Mg 2 o Y AL B R KO TG b =5 22 001) , Wt 4
SR A B LB LA R AL B ) ROA 14 I
KT CK, KA 5 CKIF % 2 5, i vl fE 2
TV T HE st 1 L EAE R , T 25 50 B AR AR 254
WR A TohL, 4= b 1 — 000 R ANORL 22 [ A 25 ] . 2t
6 45 2R 5 RS A S A A — B WS A G R A
Vet 4, 4% 5y A2 SRR AT S i T ST B 5 R
Y E KA AT RE

AT O SR R 2 S ik R TE A B B B R E
O FE b 2 — o e A A B 458 i 3 RIORY R ik B2 L[] 4
T RBUYBE E PN EE 5 AR N R ) e AR R
FIURS 58 07 10 LWL e S50, om L ARAESN Iy (T,
FRI 7K ofo ) LA K% 5 X 3 8 48 45 ) AR R — 38 23 AR X
T3 — ¥ o3 M A 0 Sl TR BT BT U A B R
1SR i1 e SN U v A R A e I SR 7 NI S B2 4N
P70 5 i B2 I, b A BRIV B0 SR o 7 S B A %
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Fig.1 Above—ground and below—ground biomass of different treatment combinations
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R A R — 2 AR S dE A 5 Jn , N EE A fi b XoF M 2 S 194 0 5 A R i i g LA 4 R 2k —
P2 i DUAR W) 27 4 3R 1o E B ) AN L AZ U 45 o &, N HWTE . SMHG,6 NG RN EE AR TR (P
RO RT EZ RS RO 4SS 10 . J85 PAM <<0.05) , AH HE T B H I 45 AR 3 R KT A S it in

A LT Y ) A A R AR TR ST R ik 5 A v Y SR AC R R O R 3 A LD B P EE A B SR A
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Fig.2 Root-crown ratio and shrub-herb ratio of different treatment combinations
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TP AM X A AT 55 58 B (4 42 AR T PV AL T
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A K T L R S b T AR A RO . MR
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M EZEHR Y A2 H R, AN B A 5 2
WA A K ET &SI TR KR R
JE L AFJR 25 VR 0 g ) A ) 2 00 O MO B 4 L
il & B A DL AR R PR ok A a5 A A R AE
RIS R E G R Ay A4 )5, 2t B
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Effect of different binder and fiber combinations on
shear resistance of substrate and plant growth of
spray seeding

ZHANG Chuan-yao',HU Xing-bo®, YE Kang-jun®’,ZHAO Bin®, XU Jin-peng’,
LI Jin-bo"*,SOMG Gui-long"*
(1. School of Grassland Science , Beijing Forestry University, 100083, Beijing, China ;2. BeijingShoufaTianrenEco-
logicall.andscapeCo. ,Ltd. ,102600 Beijing, China ;3. Ningxria Huashuo Ecological Agriculture Technology Co. ,
Lid. , Yinchuan 753000, China;4. Engineering and Technology ResearchCenter for Sports field and Slope Protec-
tion Turf, National Forestry and Grassland Administration , Beijing 100083, China)

Abstract: [ Objective] To investigate the effect of adding “binder + plant fiber” on the shear performance and
plant growth of the substrate during the early stages of guest soil spraying, and to provide reference for engineering
practice. [Method] The ring knife method, direct shear method and simulated slope method were employed. Two
binders, Polyacrylic amide (PAM ) and Polyvinyl alcohol (PVA) , and four plant fibers, palm fiber (PF) , coconut fi-
ber (CF),sisal fiber (SF)and wood fiber (WF) , were selected. The porosity, shear resistance and vegetation growth
characteristics of sprayed substrates were investigated under the two combinations of binder and fiber. [ Result] The
results showed that (1) PAM+SF exhibited the highest porosity, with total and capillary porosity significantly higher
than CK (P<C0.05) ,at 1. 26 and 1. 37 times higher than those of CK, respectively; (2) Addition of PAM enhanced
the shear strength of the fiber-soil composite, with internal friction angles of PAM+ CF and PAM+ SF significantly
higher than those of CK and other treatment groups (P<C0.05),at 1. 71 and 1. 88 times higher than those of CK, re-
spectively, while the cohesion of PAM+PF combination was significantly higher than that of CK (P<C0.05) , at
1. 14 times higher than that of CK; (3) PVA-+SF combination showed the best plant growth condition, with total
biomass to root crown ratio significantly greater than CK (P<C0.05). [ Conclusion] Combining with PAM can im-
prove the shear resistance of the sprayed substrate; PAM exhibited better shear strength compared to PVA. Shear re-
sistance of sprayed substrates was influenced by both binder and plant fiber. The "binder + plant fiber" combination
promotes vegetation growth recovery.

Key words: spray seeding; polymeric adhesives;plant {ibers;porosity ;shear strength;plant growth
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