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Abstract: [ Objective] This study investigates the effects of drought stress on soil reinforcement performance of
root systems in the water-level fluctuation zone of the Three Gorges Reservoir area, providing a theoretical basis
for vegetation restoration, soil and water conservation, and ecological protection in this area. [ Methods] Taking

the root-soil composite of Cynodon dactylon as the research object, samples were collected from the field and
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subjected to adaptive maintenance. Drought conditions were simulated through controlled water supply in pot
experiments. The experiment established treatments of different drought intensities (CK for control, moderate
drought MD, and severe drought SD) , drought durations (0, 5, 10, 15, 30, and 60 days), and root contents
(0% for bare soil, 0.1%, 0.2%, and 0.3%). Direct shear tests were conducted on the remolded samples to
analyze the effects of drought intensity and drought duration on the shear resistance of the Cynodon dactylon root-
soil composite. In addition, the microscopic mechanisms of the effects of drought stress on the soil reinforcement
performance were revealed through microscopic tests of roots. [ Results] 1) Samples under all conditions exhibited
distinct strain-hardening failure characteristics, and drought stress and root incorporation had little effect on the
variation patterns of stress-strain curves. 2) Short-term moderate drought improved the shear strength of the
Cynodon dactylon root-soil composite, while long-term severe drought significantly reduced the shear strength
(p<<0.05). Root incorporation significantly increased the soil shear strength, and the enhancement performance
increased with the increase of root content. Compared with the bare soil treatment, the shear strength of the root-
soil composite in CK, MD, and SD groups increased by 8.70%-51.52%, 4.35%-63.64 %, and —13.04%-39.39%,
respectively. 3) The response patterns of cohesion to drought stress and root incorporation were consistent with
those of shear strength, while the internal friction angle remained relatively stable with slight fluctuations.
Compared to bare soil treatments, the cohesion of the root-soil composite for CK, MD, and SD groups increased
by 42.46%-63.99%, 15.08%-67.50%, and 15.08%-48.49% , respectively, while the internal friction angle
increased by 1.55%-1.83%, —1.61%-1.68%, and — 1.16%-1.43%, respectively. [ Conclusion] Short-term
moderate drought stress can improve the shear resistance of the Cynodon dactylon root-soil composite to a
certain extent, but excessive stress severely damages the root structure and reduces the shear strength of the
root-soil composite.

Keywords: drought stress; root-soil composite; shear resistance; water-level fluctuation zone
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Fig.3 Effects of drought stress and root content on cohesion and internal friction angle
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Fig.4 Microstructure diagrams of Cynodon dactylon roots

AW TE LA = W oK P 3l 1 F AR I BETE X &R
A 28 4 T J B Y 0 A B, e ] ) R S
30 AT — 5 AR bR T AR - S R BT 5
RE , EL 32 Mol 300 B O T O 6 2 AR AR AR 245 4 OF: 11 55 AR
5 A KBTS SR, Sy = P DU TR B AT
JK b if B R A 2 PR BT A O 4R A R AR G . R
AR AT R 2 R AT LR B RDORY 1
i 7K R AN S AR R T I B A i A v A T A
S R R M AN A A5 Al R RO 25 9 8 B
J& 22 ] 25 pE R T R A aURE DL X AR A IR
LEMIRBEIR o TR E R B Al R, Y B

U2 B 2 5 A S A 3 At AR A R
P BB 7 A B0 R TS 300 7 £ - B Al
Al 3 11 5 B0 B - 52 A R DY Yk BB AL A £
i — BT
4 % 8

D T AR 56 48 A X RE B 7 - 28 i 26 725
AL B R K 8493 B R 1T 619 197 75 T A 7R IR
B AE

2) T 5 I 3 0 - 5 A O 7 A5 iy 2 8 £k
TR L0 BRI 7 T R 3R G 0 e
T R0 T RSN . R ATT B BRI+

http. // stbexb.alljournal.com.cn



%4l P VRS < T 5 200 0 S AR AR A 52 5 AT B P R Y 2 103

PRPTBT SR, HAR R & 8 M 2 5 TIOR8

3D FH B 3R T 5 I B R A e A
YUY 5 BE — 2, AR T S R e NS 90N e
R T R R RSN EAR RSB T R
Xt N R A A R

SE Xk

[1] Ault T R. On the essentials of drought in a changing cli-
mate[ J].Science, 2020, 368(6488) : 256-260.

(2] FEx, 2308 s 55 RKIC R RIOK SCT 2 5 5
AR B AR LT ], TR, 2024, 26(6) : 157-168.
Wang Yun, Li Wenxin, Zhang Jianyun, et al. Historical
evolution and future prediction of hydrological droughts in
the upper Yangtze River basin [J]. Strategic Study of
CAE,2024,26(6):157-168.

(3] FBe R, o , B0 55 3k, 55 . 3031k s /K X /K % 3 o

WA RBUIT AR A 2 ma [ V] K L R 4524 42, 2023,
37(5):111-120.
Zheng Xiaolan, Bao Yuhai, He Xiubin, et al. Effects of
periodic flooding on shear resistance of root-soil compos-
ite in the water-level fluctuation zone [ J].Journal of Soil
and Water Conservation, 2023,37(5):111-120.

[4] Mahannopkul K, Jotisankasa A. Influences of root con-
centration and suction on Chrysopogon zizanioides rein-
forcement of soil[ J].Soils and Foundations, 2019,59(2) :
500-516.

[5] BRilGE, IR, K30, 46 SR 4 22 Mk AR Z XS i g - A
HUSTHR LA (7] K £ R EFE AR, 2019,39(3) - 87-92.
Xue Hailong, Tang Biao, Zhang Jingyuan, et al. Effects
of Hypericum perforatum roots on shear strength of slope
soil[ J].Bulletin of Soil and Water Conservation, 2019, 39
(3):87-92.

[6] EIR5E, Flaivk, A8, 55 g oF MR F HU i ik ae X 7K i
AP AR M RE LT ] Al T AR 2441, 2023, 39(6) : 103-110.
Xia Zhenyao, Yan Rubing, Zhang Lun, et al. Response
of tensile properties in Cynodon dactylon root to submer-
sion duration [ J]. Transactions of the Chinese Society of
Agricultural Engineering, 2023,39(6):103-110.

[7] Williams A, de Vries F T. Plant root exudation under
drought: Implications for ecosystem functioning[J].New
Phytologist, 2020, 225(5) : 1899-1905.

[8] ka2, oA e, i, 4%  BARAMACAR R A AL T 5 i
A S ML (). BT Al 241, 2022, 53(8) :2215-2223.
Zhang Jinju, Guo Youyan, Tian Qing, et al. Response
mechanism of Lycium ruthenicum root architecture to
drought stress[J].Journal of Southern Agriculture, 2022,
53(8):2215-2223.

(9] FEEM, A BP9, % TR TN E R NS

[10]

[11]

[12]

[14]

[15]

[16]

JOAR R AR 09 ¢ R [T PU AL R ML K254k (A 4
Bl ,2014,42(4) :48-54.

Tang Yujing, Ma Meng, Deng Xiping, et al. Relationship
between drought resistance and root characteristics of
wheat under drought stress[J].Journal of Northwest A&.F
University (Natural Science Edition),2014,42(4):48-54.
5K K AR TR, SR AT, 3 R I A A SR BT R S
LR IC R [T]. T R IXATFY,2022,39(2) : 572-583.
Zhang Yu, Zhu Haili, Zhang Ke, et al. Relationship
between tensile properties and microstructure of single
root of three riparian plants [J]. Arid Zone Research,
2022,39(2):572-583.

Bao Yuhai, Tang Qiang, He Xiubin, et al. Soil erosion
in the riparian zone of the Three Gorges Reservoir, China
[J].Hydrology Research,2015,46(2):212-221.

g, SO, RBHE S =S DT T A K A8 AL X
%A C NP S AR IR S [T]. A4 42
#2,2020,40(3):976-984.

LiRui, Ma Wenchao, Wu Kejun, et al. Effects of water-
level changes in the hydro-fluctuation zone of Three
Gorges Reservoir on carbon, nitrogen and phosphorus
stoichiometry of Taxodium distichum[J].Acta Ecologica
Sinica, 2020,40(3):976-984.

B SO, ELRSE A 0 B A S T IR AL ROR
R 000 2 R RS AR AP (D] AR 3523, 2025, 45(22)
11117-11130.

Xiao Hai, Pan Wenzhou, Xia Zhenyao, et al. Adaptation
and compatibility of gravel mulching with Cynodon dacty-
lon in water-level fluctuation zone [J]. Acta Ecologica
Sinica, 2025,45(22):11117-11130.

K4 2 DA 5 SRR IR T R U RFIE S8
FTFFERAEEA [T]. K £ARFFIFFE, 2020,27(5):213-220.
Zheng Jintao, Peng Tao, Dong Xiaohua, et al. Evolu-
tion characteristics of meteorological drought and assess-
ment of risk of disaster factors in the Three Gorges Reser-
voir area [ J]. Research of Soil and Water Conservation,
2020,27(5):213-220.

R A E R 2022 F H FERILHBAL T 245
fiE K AR LT ] N RKAT, 2022, 53(12) :6-15.

Feng Baofei, Qiu Hui, Ji Guoliang. Characteristics and
causes of meteorological drought over Changjiang River
basin in summer of 2022 [J]. Yangtze River, 2022, 53
(12>:6-15.

dk—Je g, 2R R RPTRE SAR EHT
FRAVRAE K A IR 0 T 5 Wk aa i o [T ], Bl 4R
2023,32(3)>:163-178.

Zhang Yilong, Yu Qikun, Li Wen, et al. Aboveground

and belowground phenotypic characteristics of Cynodon

http. // stbexb.alljournal.com.cn



104

PSRV R 3

840 %

[18]

[19]

[21]

[22]

[23]

dactylon lines differing in drought resistance and endog-
enous hormone response to drought stress[J].Acta Prata-
culturae Sinica,2023,32(3):163-178.

TRHEGAS , PEUE I, 0P, 45 SRR RAR 1 52 & PR RRAE XS 3
WPREENER M [T ] K 2 R 4, 2024, 44(4) :33-44.
Zhang Yanjie, Pang Qinggang, Liu Yang, et al. Influ-
ence of root-soil complex characteristics of Amorpha fru-
ticosa on stability of loess slope [J]. Bulletin of Soil and

Water Conservation, 2024 ,44(4) :33-44.

SCAR L AR AR, AR R TR B T AR AR R L
PRI AR AT TELT]. T34, 2016,37(1) : 124-130.
Wen Wei, Li Yanrong, Li Guangfan, et al. Study on the
effect of herbaceous plants roots reinforcement on soil
under the condition of different confining pressure[J].Chi-
nese Quarterly of Mechanics,2016,37(1):124-130.

e N RN A B R & A B . - T e vk R o
GB/T 50123—2019[S]. Jb5t - -4 i pitdt:, 2019.
Ministry of Housing and Urban-Rural Development of
the People’s Republic of China. Standard for geotechni-
cal testing method: GB/T 50123—2019 [S]. Beijing:
China Planning Press, 2019.

SRR T BE RS AR R DX 3 R R AR - R A S AT
BPERE BN R [T ], w5l 24), 2020,29(12):27-37.
Qiang Jiaojiao, Yan Zhehao, Chen Yun, et al. Factors
affecting the shear strength of root-soil complexes from
three types of grass hedgerows in a karst area [J]. Acta
Prataculturae Sinica,2020,29(12):27-37.

KRG IR AT R Y 4 S5 BB A HG 1] 280 3
WEFELT). A I8 Tl R 22 4 CH SR BE 2 0D |, 2014, 37
(2):225-228.

Zheng Qiping, Xu Degian. Experimental research on the
mechanism of herb ecological slope protection and the
effect of roots on slope reinforcement[ J].Journal of Hefei
University of Technology (Natural Science) , 2014, 37
(2):225-228.

Tsige D, Senadheera S, Talema A. Stability analysis of
plant-root-reinforced shallow slopes along mountainous
road corridors based on numerical modeling [ J]. Geosci-
ences, 2020,10(1):el9.

BRIN , 22 30, B AR IA A5 B KA R B e B A AL )
MR AN AR B [T ] 7K d PR 352440, 2018, 32(1) : 104-108.
Chen Jie, Lei Xuewen, Huang Junda, et al. Experimen-
tal research on reinforcement mechanism of herbs root
system on granite residual soil slope [J].Journal of Soil

and Water Conservation, 2018,32(1):104-108.

[24]

[26]

[27]

[29]

[30]

B TR SO B 5 04 4 R T I RN Y BATAR 52
ERTIAPERERTTELT]. AR E 441, 2024,33(5): 38-47.
Zhong Xin, Jian Wenbin, Fan Xiufeng, et al. Mechani-
cal properties of Moso bamboo root-soil composite based
on field prototype testing[ J].Journal of Natural Disasters,
2024,33(5):38-47.

ZETT L RAEE TN, R B, A T R fe i T R S A A ) AR B T
PR 5 O 5 M 1 OC R [Tk LR FRITFST, 2018,
25(2):240-249.
Li Ke, Zhu Haili, Song Lu, et al. Relationship between
tensile properties and microstructure of two typical plant
roots in the Qinghai-Tibet Plateau[J]. Research of Soil
and Water Conservation, 2018,25(2) : 240-249.

TRTTHE R W R, A W TR M R AR R ) A
PE B WU B RIS T PERIF 52 [J]. A TR 28 B B 41, 2020,
37(12):53-58.

Zhang Qiaoyan, Tang Lixia, Pan Lu, et al. Mechanical
properties of shrubs and applicability of model WU in
karst area [J]. Journal of Yangtze River Scientific
Research Institute, 2020, 37(12) : 53-58.

LR, Belil . T R K SR AR R B Al AR ACR A
AR [ T]. 9 T7 Al 2440, 2019, 500100 : 2241-2248.
Xiao Fan, Jiang Jinglong, Duan Min. Growth and physi-
ological-biochemical responses of Cucumis sativus L. seed-
lings under drought and re-watering conditions[J].Journal
of Southern Agriculture,2019,50(10):2241-2248.

R , B, AR 23T, 45 L R ) o T 5 e T Sl AR AR
RICASRFAEREE [ T]. TEIRAOI F 4% , 2020, 36(1) : 39-46.
Chen Li, Jiao Jian, Zhu Shaodan, et al. Effects of pas-
ture intercropping on root morphological characteristics of
olive under drought stress[J].Jiangsu Journal of Agricul-

tural Sciences, 2020,36(1):39-46.

SRR, D0 AL, SR I5 . FH I X AN R T R A
MRAR AR S A AR R [T, vh [ el B 27, 2018, 51

(5):868-882.
Zhang Cuimei, Shi Shangli, Wu Fang. Effects of
drought stress on root and physiological responses of dif-
ferent drought-tolerant alfalfa varieties[J].Scientia Agri-
cultura Sinica,2018,51(5) :868-882.

EJ‘%EH?* Wi B30, A 2R A, S R 3 A7 X /K PR I 9

BER AT BE R (T]. K 3C, 2019, 39(1) £ 15-19.

Zhou Zixuan, Lu Ying, Zhong Ronghua, et al. Research
progress on soil environment of water-level fluctuation
zone affected by dam operation [J]. Journal of China

Hydrology, 2019,39(1):15-19.

http. // stbexb.alljournal.com.cn



