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Abstract: Waterlogging stress is a key driving force for the coordinated evolution of plants and environment in the hydro-

fluctuation belt ecosystem of the ecological system in the Three Gorges Reservoir (TGR). Consequently, exploring the root
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traits of Salix variegata Franch., Salix babylonica 1. under waterlogging stress and their impact on the soil environment have
great significance for a comprehensive understanding of the adaptation mechanisms of willows under waterlogging stress.
However, it is still uncertainty about the root characteristics of willows and their impact on the soil environment under the
influence of off-season water level fluctuations in the TGR. We conducted a simulated flooding test ( waterlogging, 2cm
above the roots; control, no waterlogging) using the cuttings of S.variegata and S. babylonica in the TGR to reveal the
effects of waterlogging stress on their root morphology, physiological characteristics, and rhizosphere soil enzyme activity.
Results indicated that: compared with control, (1) the root surface area and root volume were increased significantly by
110.92% and 168.48% in two types of willows under waterlogging stress respectively. This indicated that the two types of
willows respond to waterlogging stress by accelerating their root growth, enhancing the area and ability to absorb nutrients;
(2) the CAT activity of two willow species was significantly decreased by 69.31% under waterlogging stress, while the POD
and SOD activities did not show significant changes. This indicated that willows achieved a new dynamic equilibrium state
by coordinating the stability of these three enzyme activities, thereby defending its ability to withstand waterlogging; (3)
the SCAT and SSC activities in the rhizosphere soil were respectively increased in S. babylonica under waterlogging stress by
41.73% and 58.6% , while the urease activity in the rhizosphere soil of S.wvariegata was decreased by 47.89%. This
indicated that there were interspecific differences in the impact of these two willow species on the soil environment, and S.
babylonica has a better ability to enhance soil biological activity; (4) correlation analysis showed that root morphology was
closely related to soil SCAT enzyme activity in two types of willows. Root SOD was positively correlated with rhizosphere soil
SSC and SCAT activity, while root CAT was negatively correlated with soil SCAT, reflecting a close relationship between
root morphology and rhizosphere soil microenvironment. In summary, the above results indicated that the root systems of two
types of willows could effectively adjust their root morphology and physiological characteristics to adapt to waterlogging
stress, and their root systems had certain improvement potential for the soil in the subsidence zone of the reservoir area.
Moreover, the improvement of soil quality by the root system of S. babylonica was superior to that of S.variegata. The results

of our study can provide a scientific reference for the application of willow trees in the ecological restoration of the TGR.

Key Words: root; rhizosphere soil enzyme activities; antioxidant enzyme system; waterlogging stress; Three Gorges
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Fig.1 The process of water level change in front of the Three Gorges Dam
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CK XTI SY /KM ; P o e -V I (e An v 22 s A RVING PR AR AL BRAE P<0.05 /K 122 5% B3

2.4 ARFRMR SR PR A S EEE T A S

FIFHAR Ay B K s e T BR5E B S5 Rk e A AR RE S FEBIRAR A C R . HIE S a0, MiA R
ZILE SRPR1IE SCAT 5 5 IEAIE (P<0.05) , S4IAR CAT 7if P 5 A 55 (P<0.05) , M4IAR CAT jf 15
HIPR 14 SCAT F1 SSC G R A5, WA 4EAE MDA S5#Fx + 3 URE 404 POD 1% PEIEAI S, 4048 SOD 1%
PESHRPR 14 SCAT A1 SSC HA IEAMKK R, DL 25 REM , giiRPT S LS PE S5 R PR 1 5 2 Rk R B %,
4 SOD 1 M S AR PR 158 SCAT \SSC i 35 IEAH G,
2.5 PCA /37

ARAFGERF 2 AU BRLAFKAEMIFN AN 12 DN HARFE PR IEAT T2 805050 BT, T35 S BK A0 R T Mtk A 7 32 B
3530, B 6 BRI AT %0, /T 2 A RSB BATTHER A GE 69.9% , X RS LI AR RRICE 12 Ak
B2 S A3 S, , 7S B30 X6 P AR AR R T 25 UNSC 19728 Ak LA TE [V FH , BRI A AY CAT 1515
ALK NSC KR RAPUAILE R G2 AR, AKX BRI Y 52 i = ZE4E TP 7E AR 22 L SCAT A1 POD i
P£,PC1 R T 66.8% 19 SR, FEMIM T RL; MAETENI T, PC1 R T 58.2% 1) S0 AR S5, 7K s 3 %52 e i
WIAmAR TR R G RR b+ HEBEE M, DL B S50 | K X BRI AR 2R T8 245 5 i d 2, L AR K R i)
B HAR K e BRI T () SCAT ,POD MR RIEAS, 1M 32 25 W RKAEA ) 3 AR Br + 3 . SOD |
POD AR RIEZA
3 g
3.1 KA XM AR 2R 2 A0 A BARAE ) 52 M)

S S 7 X 7K 3 I BRI AR RIS 0 RIS S IR, K A A R R R v B URIAR A B
X REZH 20 301 S S BN T 2.1 £i5 0 2.69 £i% (P<0.05) , i 2 B PRI 7 T8 25 2 b X /K HE ot e B 1 3 i
VR RIS 8 3 AR 2 TR R URTAR (AR 4t vm AR 7K 3 IR BG40 RN 400 25 eI LA RE g, A B FAE A
A 200 b DA BRI RS A R 7K b Y 2D i AU SR AR AN Ay T3 S 7KV B TSR R A A B A S
Femg 2 5 ( Cyperus rotundus) P U AR ( Cynodon dactylon) ! AR ZARFRAE KV W an T #B I 5

http ; //www.ecologica.cn



15 1) I A A A X 2R DXRK AN AR ZS AR RIAR B A SRR A (9 R R 5
1.00
RL 0.87 073 047 046 -0.46 -0.038 -0.45 -0.10 042 -041 021
0.80
RSA / 097 056 049 -031 027 -0.68 0.18 068 -0.42 041
RV ’ / 057 048 022 040 -0.72 028 073 -037 046 0.60
ss " 0.98 -0.011 022 -030 029 036 -0.18 0.0051 0.40
st / -0.080 0.082 -0.19 020 022 -022 -0.15
0.20
MDA ‘ 046 032 0.61 -0.061 0.65 0.11
0
SOD -049 056 0.66 045 083
-0.20
CAT ‘\\ ‘ 0.42 -090 0.46 -0.63
POD "‘ 052 -0.025 031 ~0.40
SCAT ’ ’ ' \ -0.18 0.78 ~0.60
0.23
- QOO0 S
ssC \ ,
-1.00
3 < z v % < a = 4o g © U
=4 n
g = g g 3§ 8 § SE

B 5 FEMMEOIRARS, EE R SRR T IEEFEEX TS
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Fig.6 Principal component analysis of root morphology, physiological traits and rhizosphere soil enzyme activity of S. variegata and

S.babylonica
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