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Fig.1 Ultimate anti-tension of a single Hippophae
rhamnoides root with diameter
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Table 1 Ultimate anti-tension of single Hippophae rham-

noides root under different diameter classes N
#4%/mm AFE T

Diameter class No mowing Mowing
0~0.5 11.15Aa 16.47Aa
0.5~1.0 25.41Ba 36.32Bb
1.0~1.5 61.29Ca 77.01Cb
1.5~2.0 97.87Da 125.77Db
2.0~2.5 155.83Ea 156.02Ea
2.5~3.0 179.31Fa 174.99Fa
3.0~3.5 211.661a 199.92Ga
3.5~4.0 196.94Ha 228.20Hb
4.0~4.5 187.62Ga 309.76Jb
4.5~5.0 247.32]a 279.78Ib

T KRG FREFORAR R AL BE R AN [ AR gz [ 22 52k 5 N Fhp
FOR AR ARG R P45 AR P 2 8] i 22 L P<<0.05, R IA] .
Note: Capital letters represent the difference between different diame-
ter classes under the same treatment ; small letters represent the differ-
ence between mowing and non mowing under the same diameter class

(P<<0.05), the same as below.
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Fig.2 Ultimate tensile resistance of single
Hippophae rhamnoides root with diameter
between mowing and no mowing
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Table 2 Ultimate tensile strength of single root of Hip-

pophae rhamnoides in different diameter classes between

mowing and no mowing MPa

9%/ mm . T
Di:lmﬁ(ter class A T4 No mowing Mq(j\ji—ng
0~0.5 75.41Aa 127.44Ab
0.5~1.0 68.91Ba 109.41Bb
1.0~1.5 50.83Ca 55.16Ca
1.5~2.0 42.37Da 52.91Cb
2.0~2.5 38.83Da 37.69Da
2.5~3.0 31.17Ea 31.53Ea
3.0~3.5 25.61Fa 23.60Fa
3.5~4.0 18.20Ga 21.50Fa
4.0~4.5 13.22Ha 20.45Fa
4.5~5.0 13.20Ha 16.30Ga

Fir 5 B Y (8 43 531 4 49.60,37.77 MPa, - # (B 38 A -
AR 31 %, AERFREY R 0.5~1.5 mm, F-1
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DU ARSI I . B 3FTLAE Y, AR
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Fig.3 Resistance tension of single
Hippophae rhamnoides root with diameter
between mowing and no mowing

B2 3 Al A1, 7E 0.05 7K P F LA & 7E 1.0~1.5,
2.5~3.0,3.5~4.0.4.0~4.5 4.5~5.0 mm A [d] — 42 4%
T AR R BARPUBH P A R 2
HRBEHT R VAE MV 2% 7 AW W (P>
0.05) o KRFEFELMFT L BR 3.0~3.55 3.5~4.0 mm

Hb HAR & ARG B B A7 AE 3 1 22 5+ (P<<0.05) 5
M TR AR 2.0~2.5 F1 2.5~3.0 mm G B % % F
PE, RS RHRI A W EE S, EREY N
0~5.0 mm I, P FEFIAR -2 5545 T V0 B AR Bt B
P I (E 53 5 43.37 4248 N, 22 R R B2
FEARFARAEYL N 0.5~1.5 mm A, -4 R P2 4 1F
VPR G RL  BI 0 1 2 17.3919.81 N, —
HERANLE .
x3  FHEFMKFEDIRAEE R RRGTER S

Table 3 Resistance tension of single root of Hippophae

rhamnoides in different diameter classes between

mowing and no mowing N
7/ mm RV P

Diameter class No mowing Mowing
0~0.5 7.28Aa 9.61Aa
0.5~1.0 14.37Ba 15.03Ba
1.0~1.5 20.40Ca 24.59Cb
1.5~2.0 31.88Da 31.73Da
2.0~2.5 42.35Ea 43.56Ea
2.5~3.0 49.45Fa 44.60Eb
3.0~3.5 53.58Ga 49.94Fa
3.5~4.0 55.97Ga 76.411b
4.0~4.5 75.14Ha 56.42Gb
4.5~5.0 83.25Ia 72.89Hb

2) VD BRAR PR BT BT . R R4 v, S A
ARARE AT VR - 1 AR AR By o Y (A 8
B 5 AR A P 348 o T 22 R RO O, R AR AR K, A
PR AR PR % 1A B EE A8 0 A /)N, R AR A AR
RIPTRLR BE 158 THIR . 5340, FER AR 9 0~
5 mm B, AR RE R 22 2508 VAR SR b 57 5
JE 43 il 2 81.40~135.13.75.25~223.30 kPa, H# 4
AL, AR BR 2.0~2.5 fil 4.0~4.5 mm,
2.5~3.0 F13.0~3.5.3.5~4.0 mm 4 , Hi4x £ 12 2% Ji]
PAMRLIR U BT 3 B A AE 0 2 M 25 ¢ (P<<0.05) 5 1E
R FE AT 0.5~1.0 F11.5~2.0 mm, 2.0~2.5 I
4.5~5.0 mm, 1.0~1.5 fl 2.5~3.0 mm. 3.0~3.5 #l
4.0~4.5 mm o i #F M2 5 DAL, AR &R M b A
7 5 2 22 5 (P<<0.05) o Bk 2.0~2.5,3.5~4.0 Fll
4.0~4.5 mm, HARR GG T8 5 R 1 17
7E 5 22 5P (P<<0.05) o FEMAY 122 R 0~5 mm
BF, S R 2 25 R T BRSP4 5 5 B 4 48 43
S S 107.51, 94.51 kPa, - # i 8 & F 7 {6 2 &
14%., TERRFRARLE N 0.5~1.5 mm i, P2 FRF
TSN U AR PR T BT 58 B 3 {43 5104 115.00
90.26 kPa, F-FEHEAR A R 3050,
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Fig.4 Pull-out shear strength of
single Hippophae rhamnoides root with diameter
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Table 4 The difference of shear strength of single

root of Hippophae rhamnoides in different diameter

classes between mowing and no mowing  kPa

4% /mm KRAHE T
Diameter class No mowing Mowing
0~0.5 135.13Aa 223.30Ab
0.5~1.0 92.52Ba 120.88Bb
1.0~1.5 88.00Ca 109.11Db
1.5~2.0 94.18Ba 104.93Eb
2.0~2.5 95.83Ba 88.87Fa
2.5~3.0 89.57Ca 76.50Gb
3.0~3.5 85.27Da 75.25Gb
3.5~4.0 81.40Ea 77.44Ga
4.0~4.5 85.52Da 88.72Fa
4.5~5.0 97.69Ba 110.15Cb

3 W #

AT R, 7E I AR AR A 0~5.0 mm B, 76
TR S5 T VD AR PR BT ) R AR T RH
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37%6 5 W3 R FE A F R VD R 3 bt 55 56 B 24 1
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SR EEAT TH R . WFSE B, AR Y L 4 257 B
WG EY IR 28 s S AR R A& A0 35 9 T i b
F Ay, AT ERAR 2R A 90 532 i, X R B AR
NAME AR BRI & B SRS LA
AR RAEYI R 2 VE By B A PR L R TR
YU B A LR & A BTN . B S R &
P, ot G R AR R R B LR AR 8
KRERVAELIE, 55— Oy, W P RE S |, 3
FR AR BR BT 7 B H i 1 RIAR - + 5T B bt oY i i
EA it i, (AR AR IRAR /N R A 5 P AR AR B AT 567
RT3 U T B B A R AR Ak (S ) i 47 80

BT



o511

FER B A5 VDIR[0 2 52 i

113

53 37 ik References
[1] HAYATZADEH M, MOOSAVI V, ALIRAMAEE R. Assess-

[2]

[3]

[4]

[6]

[7]

(8]

9]

[10]

[11]

ment and prioritization of soil erosion triggering factors using ana-
lytical hierarchy process and taguchi method [J]. International
journal of sediment research, 2023, 38(3) : 396-404.

e, Z w0, BB, A5 RIERD 2 XK 4R Tl 3 RO AR R
PR R B2 (], +348, 2022, 54(1) : 198-205.L1 L, QIN
F C,QIAN Q Y, et al. Micro-geomorphic change characteristics
and process of slope under water erosion in pisha sandstone area
[J].Soils, 2022, 54 (1) : 198-205 (in Chinese with English ab-
stract).

FARE VPR B EHOR [T ] MOl B, 2016(6) - 98-
99. WANG G H. Seedling raising and cultivation techniques of
seabuckthorn[J]. The journal of Hebei forestry science and tech-
nology,2016(6):98-99(in Chinese).

LADOL S, KUMAR A, SHARMA D. Nutritional and health
benefits of high altitude wild food plant, Hippophae rhamnoides
for the himalayan communities [ M ]. Singapore : Springer Nature
Singapore, 2023 : 149-161.

RO e, #SF TR A, 55 AT A0 FEMCIR BUIR B J i [T ].
el T, 2020,10(7) : 30-34.CHEN Y F,DONG S P, XING
D L, et al. Current situation and development suggestions of
Caragana microphylla stumping harvest [J]. Agricultural engi-
neering, 2020, 10(7) : 30-34(in Chinese with English abstract).
RFIEBAEC RS B VD IE AT IR T A
I S R LT, A [ 2R MO 1, 2015, 34(6) - 38-43. WU X
H, WEIC G, TE M Q, et al.Status quo of stumping of sand-fix-
ing shrubs and discussion on trunk borer control by stumping[J].
Forest pest and disease, 2015, 34 (6) : 38-43 (in Chinese with
English abstract).

JONATHAN A, ROBERT E, MERLE V, et al. Spectral esti-
mates of crop residue cover and density for standing and flat
wheat stubble[J].Agronomy journal ,2012,104(2) : 271-279.
FREY B R, LIEFFERS V J, LANDHAUSSER S M, et al. An
analysis of sucker regeneration of trembling aspen [J]. Canadian
journal of forest research,2003,33(7):1169-1179.

JUNG-TAI L, SUNG-MING T. The nitrogen-fixing Frankia
significantly increases growth, uprooting resistance and root ten-
sile strength of alnus formosanalJ]. African journal of biotechnol~
ogy.2018,17(7):213-225

TRMGE . AL YDA 4 R AR - - S 4k BE BHAS PR SE (D], I
R . NS A0l K2, 2021.NA S. The study on the friction
drag characteristics of root-soil interface of four plants including
Salix psammophila [ D]. Hohhot: Inner Mongolia Agricultural
University, 2021 (in Chinese with English abstract).

NI JJ,LEUNG A K, NG C W.Influences of plant spacing on
root tensile strength of Schefflera arboricola and soil shear

strength[ J].Landscape and ecological engineering, 2019, 15(2) :

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

223-230.

SR A T 2019 4R HEEEK AT ORI T R BN BB )]
trEsKiZE (F2EH),2020,20(6) :170-172.WU W W.Calcula-
tion and analysis of effective utilization coefficient of irrigation
water in Jinzhong City in 2019 [J].China water transport, 2020,
20(6):170-172(in Chinese).

HIRE KB,V SCAF, 4 ZAEARTER 25 A S BB E
[J]. 7K L ARFF41R, 2018,32(1) : 128-134.XTIA Z Y, LIU Q, XU
W N, et al. Characteristics of interface friction between Indigo-
fera amblyantha root system and soil[J].Journal of soil and wa-
ter conservation, 2018, 32(1) : 128-134(in Chinese with English
abstract).

THLTHE M H R AL, 5 2RI K R ARFRIEAR YA R R
WFFELT ] oK AR FEE i, 2013, 33(2) : 165-168. MA H Y, Gerile,
ZHAO X H, et al. Quantity characteristics of root system of two
shrubs for soil and water conservation in waste dump[J].Bulletin
of soil and water conservation, 2013, 33(2) : 165-168(in Chinese
with English abstract).

SR, CHREW), T, A S AT AR AR - AT A R BT
FEELT] PO AR KA 2447, 2022, 40(6) : 883-892.ZHANG C
T,MA J G,DING M J, et al. Tensile properties of single root
and shear properties of root-soil complex of Bashania giaojiaensis
[J].Journal of Sichuan Agricultural University, 2022, 40 (6) :
883-892(in Chinese with English abstract).

T2 SC AR AR - L SU I AEBLARE DR ST (D] 0 R e« N 52
iy gl K2, 2009. XING H W. Test studies on the surface fric-
tion characteristics of 4 kinds of plant roots-soil [ D ]. Hohhot : In-
ner Mongolia Agricultural University, 2009 (in Chinese with Eng-
lish abstract).

XK, ET,BRE,F AR R R LR
FE[T). TRHARMISE ,2021,6(2) : 244-245.LIU F, WANG W,
LUO D Z, et al.Study on soil consolidation characteristics of Sa-
lix matsudana root system in ecological slope protection[J].En-
gineering and technological research, 2021, 6 (2) : 244-245 (in
Chinese).

FANG X W,LIJH,XIONG Y C,et al.Responses of Caragana
korshinskii Kom. to shoot removal: mechanisms underlying re-
growth[J].Ecological research, 2008, 23(5) : 863-871.

TR SFAERE X 7 25 B R L AR 2B A B AR BRRFIE RS2 [D ]
PRI 4« NS A0l K2, 2018. WEN I.Study on the growth
and physiological characteristics of fine root of Caragana korshin-
skii kom. by flat stubble measures [D]. Hohhot: Inner Mongolia
Agricultural University, 2018(in Chinese with English abstract).
ARG , 3 /NRG, T B AR o 5 e e R 28 B4
FEBUIRLT . il A= 24412, 2000, 19(3) : 226-233.SHI T Y,
YUAN X F, DING G J. The reviews of study on water deficit
compensation and over effect for crops [J].Journal of mountain
agriculture and biology, 2000, 19(3) : 226-233 (in Chinese with
English abstract).

RIS . A7 2R B XS JLFRE R M AR K AR BA S LRI (D], 22



114 LRI I NI <3 4 843 %

I H Al K2, 2011.ZHANG H N.Ecophysiology compen- YN T FE SRR [D ] RFFIE R A5 Al R4, 2018,

satory mechanisms of Caragana korshinskii after clipping [D]. ZHAO W H.The effects of different stubble patterns on the ami-

Lanzhou: Gansu Agricultural University, 2011 (in Chinese with no acid and photosynthesis of Caragana microphylla root [D].

English abstract). Hohhot: Inner Mongolia Agricultural University, 2018 (in Chi-
[22] MASCH RRPEREBL A by 4 R J LA F i 2 e i I -4 32 nese with English abstract).

Response of soil consolidation mechanical properties of
Hippophae rhamnoides roots to rejuvenation of mowing

CUI Tianmin, Gerile, Yibole, Chaligan

College of Desert Control Science and Engineering ,Inner Mongolia
Agricultural University,Hohhot 010018, China

Abstract A single root ultimate tensile test and a root soil interface pull-out friction test were con-
ducted using a TY-8000 tensile machine and the root system of Hippophae rhamnoides, a pioneer shrub
for soil and water conservation in the arid and semi-arid areas of Inner Mongolia to investigate the effect of
mowing measures on the mechanical properties of roots. The effect of mowing on the soil fixation mechani-
cal properties of Hippophae rhamnoides root system was analyzed. The results showed that the ultimate an-
ti-tension and resistance tensile force of a single root were positively correlated with the diameter as a pow-
er function under the conditions of mowing and non-mowing when the measured root diameter was 0-5.0
mm. The ultimate tensile strength of a single root and the tensile shear strength of the root soil interface
were negatively correlated with the diameter as a power function. In the representative root diameter class
of Hippophae rhamnoides ranging from 0.5 to 1.5 mm, the average ultimate anti-tension of a single root in
mowing was 31% higher than that in non-mowing. The average ultimate tensile strength of a single root in-
creased by 37% and the average pull-out shear strength increased by 30%. It is indicated that the diameter
has an impact on the strength of tensile and shear of the Hippophae rhamnoides root system, and the prop-
erties of tensile and shear have been improved after the mowing treatment.

Keywords Hippophae rhamnoides; root system; tensile; friction characteristics; shear strength;

mowing ; water and soil conservation ; biomechanics
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