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PrE A AR R AR 15 DMEARIIAF L B F(P<0.05). 80 KHEEXT PR IEDR, RAMRG 2T RO BUK, 28
AT B B 0T I S e Y PR L AR SR PR AN AL B B M BN, K3 X AR 0.50 mm<d<2.00 mm F{JAR R0 N 53
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Growth Response of Tropical Landscape Shrubs Senna alata to Water
Stress

YU Pinger', LIANG Junlong?, WENG Shufei'", HUANG Yichun', XU Feican'

(1. College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China; 2. Yuhua District Landscaping and

Greenery Maintenance Center, Changsha 410000, China)

Abstract: The strong seasonal rainfall in south China frequently subjects plants to water stress, making the selection
and application of water-edge garden plants a key issue in the construction of sponge cities. To explore the
morphological response strategies of tropical garden plants in water-edge areas, the leaf traits, root traits and biomass
allocation of Senna alata seedlings under three water stress conditions, namely continuous flooding, continuous drought
and alternate drought and flooding, were measured. The results showed that water stress had a significant impact on 15
indicators including leaf area, leaf thickness, specific root length, root tissue density, root biomass and leaf biomass of S.
alata (P<0.05). Continuous flooding had a greater impact on leaf traits, while root traits were more sensitive to
continuous drought. Alternate drought and flooding stress had a relatively small impact on the leaf traits, root traits and
biomass of S. alata. The impact of water stress on roots with a diameter of 0.50 mm<:d<2.00 mm was the most
significant. There was a certain correlation between the leaf and root traits of S. alata. Under water stress, the growth
strategy of S. alata tended to be slow investment and return type. Therefore, Senna alata has better adaptability to
alternate drought and flooding stress and is suitable for promotion and application in urban green spaces such as
water-edge green spaces and rain gardens where alternate drought and flooding stress may occur.
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H T 2R NS NSEEs R, SR
FER I I, WSRO g M i 3T A I s
R s AN 7K BT AR G0, A3k 55 o 5 Jel,
I, VR T St 2 (R IS 3E AT RO VL PR 1 2 52 316
TR [ PR EE A A 3 T 4 b s (] 1) EEAH BRGSO
BAYE S REK LSS EE )RR, Wi
Rty AR AT b X9 2 4 KRN A R v T A
5 KU DS LR 1 530528 B A5 7K 43 e 1 40
BT 2 e AR EEAR A B LR 2, S M3 T [ A
SRR RGN A R RS R R, HIt,
R FUH [l PR JE R 0] 7K 357 P A ) o 1 R A B
=&

MY AT LRSI Y, S | SRS LLE
REIFIED, I R AR LS K 5 % DA
KIS, IRAy AR, R R EE RN, R
FIET H—T5, WA REYE LB ET
YR, ReEACHRI FEAE, BN KA
A HE g 28T, K P TR R AR R AR K2 B
(B8R B 52 mT g it B Le AR R AR K Y; Ak,
458K 43 AT DA 2 S AR A A B R T, K
S N Y S YRR, S Y E S
AR 0T, T S AR A2 %o A 55 A A P 5 4% N 5
W& BRITK W a X T & S5 AV & 5 L
Wi, 3T A P Tl AR AR SR 7K 7 Pt A PR 7 14 e
I 0 A5 A e 1) el AR S P S B ) B, AR T A AR
KT Ko i & B T 92 2 J b AR A, B-
T DA AN, %o i P e PR A7) A& R ST
Hh 2 A Tl AR EE R R e S i B PR A TR D

S YL (Senna alata) )7 77 SE MG HLIX , 16T
A, fEEBR, EERTHLIX M R AREEAR;
A anlg, BARGSERS&5 N ENR Y, Har
T 97 3 LA TR 3 S e BRGS0k -
IR = S ARHE R s U1 S Jii i Ak B g )92 17D
DL FLAh 1A A ANy i AR P D7 T U, E A
FURTE AT T 7K 53 A PR3 S 8 77 o R 38 e B AL
ST R T ARAS R BRI T HE T, R
AF 5 A S g iR Ee A RE, R 70K 7 e T o
SR F R B AR W A3 T ) AR AR AR R K 4y
TE N SR, DA I 3 S e 7K 2 ) A A
N, PR ST el PR 49 () A A i a2k 5 B FH SR, DAl
ARHE A . FH ARG 52 1) & £, R At 12 it A 22 42 1 B 0
W, NGRS E A, BRI iR K 4%
WAS RGN PRI A S %

1 MRLRN 714

1.1 RIS HAE

PRI LE T M T R AT X 4 R AR b K 57 el A A
(113°35' E, 23°16' N)FZE RS AW N 4T T M
& B P B R U X, B IR IR 22 /. K E AT
FEIK S3 A AN S SARRHIE, F3SIEN 21.5 C~
22.2°C, EFFEWMELIN 1800 mm, XX E
79%.

1.2 Rt

AR RIFHKH—3 0.5 a ERHSE Y]
(Senna alata)SEAET T 2017 4F 12 A 5 HHMEHEHAT N
1 28 d 117K 73 B AR o 350 B B IE H Ba K O R
FRELT R (RT3 FEGK AR KA AR B AL
B (AR )3 4 4 K oAb 38, AR FE 50 #%, X
IS ZE R, EEUAE AT IR 5 BRAEYEEAT AH S TR AR
M52 o BRI A 8] R PR 45 B 37K a3 BRI A
LK, REFLIESKEELEERZAN. £
2 Fr NI 5 1 0 ) () 4 K i, IR
I AR H R R K B 70%~80%; FF4L T 5 i
AR B Ry F )R 7K R ) 50%~55%; R 827K 9 i id b
HON IR L LE 5 om BK; TR R, K
AEBRJE HARK 3 d HHEE /K E WAk H A RF K 2 11
50%~55%, B AL B N AL E N 2 d FrEK
H-3d HAROK-2d FRee+ 5, [l 7d v 1 A, %
ST 4 AT
1.3 Fi%

MR BRI T, H
WinFolia 2008 M- T B4 CH R R 15 TR (LA),
Bt /5 0.01 mm 5 B2 ()3 b5 = RO &y JEBE(LT),
WEFF IR R R L R TR 3 AN B AR R SR
FEMA: RSB o bR T IR T E B,
AHEFE 80 CHEZfEE, BIH-FELDW). iIH Mk
FULV)=LAXLT. LLm A (SLA)=LA/LDW FlIrf2H
2% FF(LD)=LDW/LV.

R R AR FAEYI R R e 88 I A
&K P4 5 F B & ScanMaker i800 Plus 12 R F##4%
45 IR LA-S TR R 508 RG AT 0 #r, 3K
ARKRL). REIMARA) RIAEFRRV). 75 XH
(RF). HOEEH(RO)EIR R, AMEARHL = fE A
RT-ERDW), HHHARK(SRL)=RL/RDW. AR
f(SRA)=RA/RDW Fl i 2 Z1 % & (RTID)=RDW/
RV. ARG RILER SRR, 58 3 AN,
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W40 : d<0.50 mm (Gradel, f&iFKJN G1), 4HHE:
0.50 mm<d<2.00 mm (Grade2, fAiFKHN G2), JE4HHR:
d=2.00 mm (Grade3, FRA G3), 2 HlEMRK
(LG1. LG2. LG3). MREMF(SG1. SG2. SG3). I
AEF(VGL. VG2, VG3)FIRRE(TG1. TG2. TG3)-

AMESBCER  REYBREREIR R, %
MRy 2 3 E RN ER, BN 80 CHt

FAPHLT RIEEERE, RSREDEM) [Rith
N Y E(BDW)] EEYEMs). HAEYE
M), iHEH A E(ADW)=Ms+MIl. B4
#(TDW)=Mr+Ms+MI1 FIH i L (R/S)}=BDW/ADW »
1.4 FAEHGIH5 1T

Fi 6 %4 F Microsoft Office Excel 2019 #E4T4]]
AREHR, A SPSS26.0 X E 34T Duncan £
H LA Pearson AHIR TS #T . 84 Origin 2021 £
B o B3R T Bl SR P 25 {4 hR #E 7% (mean+SE)

1 KB HAERAR B 52 R

Table 1 Effect of water stress on leaf traits

IR
2 SR

2.1 7K FhIE XTI 1R B B e

5 2 HTER B, IK o FoaE 0 3 3 e B 1 - i
UL R BRI J5 R A 2 35 52 (P<0.05), X b
TR APURH M- 2H 285 B V8 A 5 35 B2 RN (R 1) o ARESON Ak
B, A o AR S AR AR R 3B PR IR (P<0.05)
IKHEALFR I AR R R R I B B I 3 PR (P<
0.05), 7 AbBRAN I T i 3 PRI (P<0.05) . Ith4h,
T2 57K A PR R P A B AR AR
BEAR(P<0.05), 7K A P 5 5 55 b ¥E2 %) o JEL 2%
BEAR(P<0.05). X 3% BH 52357 22 & o e % PR 1) 5%
ML/, FEEKHET MR R R, FRg T2
RZ .

sl HTEA (cm?) AR (cm?) MR (mm) LEHTEAR (cm¥g) A (g/om’)
Treatment Leaf area Leaf volume Leaf thickness Specific leaf area Leaf tissue density
CK 369.415+79.798a 5.244+1.368a 0.141£0.010a 352.237+27.537a 0.020+0.002a
DR 159.035+8.825b 2.022+0.343b 0.136+0.006ab 347.928+47.317a 0.021+0.002a
FL 178.980+31.653b 2.006+0.425b 0.11140.007¢ 384.827+8.312a 0.023+0.001a
FD 391.116+120.183a 5.012+1.646a 0.12740.006b 386.265+16.213a 0.020+0.002a

CK: IEH MK, DR: RS 5HMA; FL: $F80KMENNE; FD: SE0 & Ma; RAEE G R 7 8RR 257 B34 (P<0.05). R

CK: Normal watering; DR: Continuous drought stress; FL: Continuous waterlogging stress; FD: Alternating drought and waterlogging stress. Data followed

different letters within column indicate significant differences at 0.05 level. The same below

2.2 7K 73 R EXTAR R AR KR MR
2.2.1 XHR AR

T3 Z MR, BREEAR IR, K o3 B aa skt
3 PR A5 AR AR A T i R YA A R SR (1)
SxHRARLE, TRAHEMERK. REmMMA. R
PRARRT B AR K 2 AR, R 1% R 8 2 0 v
IKHEALER (B AR AR AR L AR A AR G 25 BRI
B0 A E AR RER AL R AR AR H %
J X 3 AR

TR PR F T A A AR L ARARFRATEEAR
KEFFE, RANFERLEET & KRB
A PR MR AR AR AR AR 2 25 A, AR
RIEFHL WAD XHEZET F; TRACHBOKE
ARFRIF LEARAC 35 AR, IRAH K B E T, B
ANFFEET R XR R B, R SRR

Zoo TR 28 B W I XTAR Z A0 Y (P 5 M /)N
2.2.2 MR AR BAEAIR AT

T &SR, K PhExt G2 FIRK(LG2).
RFMF(SG2) MAAF(VG2) AR AREU TG T
FR, K G3 FIARK(LG3) BIRAFA(VGI)VEAE B
M., LG2. LG3. SG2. SG3. VG2. VG3 1 TG2
EHNFAEREETE 2). AR, BEK 5
9 LGI>LG2>LG3; iR L M 7t A SG2>SG3>SGl;
FRISE 5 Y TGI>TG2>TG3; HRARFL S H N VG3>
VG2>VGl. X TIFEHE, /K53 Ml s2miil 5 5 3
HIEEN G2, Bl 0.50 cm<d<2.00 cm.

MR T XA, 52T G2 IRK . R
RA R ARRAATE G3 MR AN B35 %
IS AMAET G2 IAREK . A%, R mARM
RAAEE G3 BIMRK . MR A AR AR AR 35 15 35 1%
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500r \:l KK TA Root surface area 1500 18001 I: M Root length 11800
V22 HeARTR Specific root area 1600 22 HAIK Specific root length {1600

400 - ab 4400 1400 F
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300 300 a
1000 -
¢ 8 : 800 b
200 200
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100 100 400}
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0 0 0

10000 [ A Z %45 Root connection number 710000 201 1 HR4AHL Root volume

9000 F P22 ¥ %4y S8 Root fork number 49000 18+ ﬁééﬂ—,\&.rﬁ“ Root tissue denSIty
8000 | a 48000 16} 1
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4000 - a 4000 8t
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0 0 FL

Ll_ﬂl Treatment Llﬂ Treatment

41400
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[LES &
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MR R
Root connection number
HRHLVHFE (g/em’)

S R =

BT R e AR AR R 5

Fig. 1 Effects of water stress on root traits
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DR FD CK DR FL FD
Qb HR Treatment AbHR Treatment

& 2 KA HHERTR R AR . G1: d<0.50 mm; G2: 0.50 mm<d<2.00 mm; G3: d=2.00 mm; LG: #; SG: REMM; VG: HRIERL TG: HRIHL.
Fig. 2 Effect of water stress on grading root traits. G1: d<0.50 mm; G2: 0.50 mm<:d<2.00 mm; G3: d=2.00 mm; LG: Root length; SG: Root surface area; VG:

Root volume; TG: Number of root tip.

K. THAHEKBAAE AT REZR, WP 558K A B 8 6 e W] AR R R iR,
WHBAERARAR E XA BB B 5. FFEET RSB LB RN, K Braxs 0.50 mm<d<
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2.00 mm FIHR AR MBI RCER o8 8%
2.3 Ko EEX YRR

T ZE RN, KA IRAEYE . Z4EY
B WAEYE. W EmEYEN SRR
s, A TR LE RIS AN B2 . AR TR, T
UK AL B S A E A E YR R R, T
AL M AR KR AL PR R AR B
2 EAR(A 3). TP A B % TR R AR b T
T2, B R AKA AL B 2 6] TG 3 AR,

=3 ME Total biomass -
a B R Root-shoot ratio
L )

553
(=}

(=]
(=

TRAKEAL B3 e e, AR A
YERZEIRT RULE. B, R8T R5580K
TR XS R B B R R R, TS B
16 KE P S P Y ) AR RN o

FERMEAN PR, 3 B T ¥ AE4
i, L ERAE RS e TR AL
IR AR R L, e B B
Mo FEKTTETS, SHIE B RIAR YR AN Y
BN, ZEAEVIRARBUN, BRI

=}t |7 Aboveground
B 3t 3 Underground

%
S

X 60f

SEYIR ()
Total biomass
MIE
Root-shoot ratio
=
=]

553
=3

O = N W s N e
L L L L L L
O = N W s U N o

(=]

CK DR FL FD
Ab P Treatment

3 Ko et A e L B K R

Fig. 3 Effects of water stress on biomass and its distribution

2.4 FRMESHT

FAFRMED BRI (E 4), HARIRTERR . R ARVEIR
TabrFI AR FE bR 2 [RAEEARSME, Hod, ERE
ZIEMZR(P<0.0)f1J2: Mr 5 TDW. Ml 5 RA. Ml
5 RV. ADW 5 RL. ADW 5 RA. ADW 5 RV,
R/S 5 RTID. LA 5 RV. LV 5 RA. LV 5 RV; &
B IEAIR(P<0.05)/1/&: Mr 5 ML, Mr 5 LV. Ms
5 RL. Ms 5 RV. ADW 5 SRL. LA 5 RA. LA
5 SRL. LV 5 LT. RL 5 SRL. RA 5 SRA; £k
B MAHIR(P<0.01)ff12&: LT 5 LD. SRL 5 RTID;
£ E U I(P<0.05)2: R/S 5 SRL.LV 5 LD,
SRA 5 RTID. iX 3 B3 3% th B it 5 AR R MR )% )
FHK

3 MRS

3.1 e PR 7K 43 R 38 R Wi
MET R Ia S, 5 R TR AR AR sk
DRI 2H R BB NI R Y. AR R B, Hesk
5N B B e AR AR B FRIC, XS
FL A 5 5 2205 T 4z A8 A (Zanthoxylum  planispinum
var. dintanensis)FIHFFE 45 R —8 AR T kb B

AL Treatment

o
—r s

CK DR FL FD
Qb HE Treatment

HAEE KB, $EmK o R 8 . KL
N REY TR AR, RREE KR T S ke B
A FHRRRAN B RE 1 225 T 1%, X 5ILHR
45 23V} = B35 7 ¥ (Alternanthera philoxeroides) 1]
W Fuas R —2, Horbrt BRI 7 DR K g
71, W RBREAE KRR TR, S R AR KR AK
SRR R E R TR T R N o A, HEN
S BRI FE A R T HAE R 2K ME IR 8 R 4k 47
A, MHRFEET 5T 75 ORFRL i JE R LR IE 2
W5 (RIIK AT o

MG R I, AR S YRR
F 20 2385 FE AR A ) 9 2218 5 5 i 2 284 P A
WA, A 5T W 3 P B AR KRR SR T R R
AVERERD, WHLSEEMANE R, ERE0K
WS RPN AR A W m, REHTEIK S )
18T 3 3 P B AR A SR ) T g AR R R A, B
W2 T BiHEER .
3.2 SRR BIAR F MR 7K 43 P2 PR ) 82

ERFET R EREKET, W RREK,
RF A ARAATR 2 TR, RAFFEST 55K
S REMGIMEIRARAELK, SFEERER LRE
(Solanum tuberosum) IR FL 45 R —5. WAL E



88 HAH W AR 27

34 %

-

Ms 0291
Ml 0.5

o - R
o A

R/S 0657 -0478 -0.194 -0397 -0.114

LA o I“. 03
v o

LT 0451 0093 0477 0239 0343 0259 0401 0.222

RL

RA . 0.462 0385 0.366 0.743 0340 0.'.‘:‘99 0.325 0417

RV . 0;35 ‘l),"l.ﬂ 0&36. 0338 0.'7‘13 0.’7'08 0.331 ...

RC 0.131 -0.096 0.130 -0.017 0028 0.036 0010 0.104 0241 0.141 0.018 -0.082

RF 0.138 -0077 0.150 0.003 0047 0017 0024 0.123 0260 0.162 0.048 -0.061 ..

-0.071 -0.358 -0.049 -0.402

SLA 0214 0092 -0.124 0017 -0.055 -0.131 0.059 -0.031

LD -0.294 -0.195 -0401 -0.280 -0.326 -0.158 ... -0.224 -0.133 0318 0.128 0.145 -0.382.

0.321 0481 -0.203 0.:79 0235 0291 0.043 0.042 0326 -0.091.

SRL  -0.045 0478 0472 0499 0397

SRA 0014 0367 0361 0383 0320 0349 0324 0332 0102 0377 0.229 0312 -0219 -0.180 -0.343 0.189 0452

o oz ot [ogn [0 o1 o s 0 [0
* *

:: 2@

0.200

-0.200

-0.400

RTID 0347 0452 -0297 -0417 -0231 0£91 -0397 -0328 0350 -0234 -0.007 -0.158 0319 0298 -0.396 -0.016 ... .

Mr Ms Ml ADWTDW R/S LA LV LT RL RA RV RC RF SLA LD SRL SRARTID
B4 - MR RMIR S A E ST ARG AT M ARAEY &S Ms: ZAY)E; ML A& ADW: i EEAY&E; TDW: SV R/S: UGS, LA:
A LV: AR LT 2R RL: MR RA: MRRTFL RV: ARAARR; RC: JEHEEG RF: 40 X3 SLA: HeH AL LD: HHHZI%BE; SRL: HUARK;

SRA: HARMEAL; RTID: #RZZVEE; *: P<0.05; **: P<0.01.

Fig. 4 Correlation of leaf and root traits with biomass allocation. Mr: Root biomass; Ms: Stem biomass; Ml: Leaf biomass; ADW: Aboveground biomass; TDW:

Total biomass; R/S: Root-crown ratio; LA: Leaf area; LV: Leaf volume; LT: Leaf thickness; RL: Total length of the root; RA: Root surface area; RV: Root

volume; RC: Number of connections; RF: Number of forks; SLA: Specific leaf area; LD: Leaf tissue density; SRL: Specific root length; SRA: Specific root

area; RTID: Root tissue density. *: P<0.05; **: P<0.01.

R IR R AE KRR B 2 20, R R
TSR R K R E T, RAAKEEE
Tt KT EPE FEYRREDE AL
15, 5 EMES SRR 2 Pl B 28 e A 1) - 5 il i
FEER—B MR RIAT 5 Lo Hree e arth 1 e
VISREL 3K o FIFR o IR ST, ABEFRERH, Ko
AL T E R SE P 0.50 mm<<d<2.00 mm [
Z, Xf d<0.50 mm (IR R AR E, HENZHET
K53 Tl 5 SO AR PRI 2 ) i 2 s, S A=
MR — e AR FE EIEAR 1 7K 43 Jolh e o) A 40 AR A2 4 = 1)
FE, I0UE T d<2.00 mm IR AR R A Bl Bk )
oI,
RATFER, AR RmARE. R4

9% L AR B AR B ven AR A 1) T 2248 B BT i i
TAFIHERO. ASHIT FE h I SE P IR R 5 N HAR
KEZFHFC, WAZEERZE &, RYRET5
I R WA 2R i 1 SRR PR U R A . ASHIT T
ST EEAR T AR S AR A 2R 2 25 A o0, LEAR
KGRAPEH L RRZ TR, T REAT
TR R R B AR AR R AL . X
UE 1 AR AR A 5 ) S Dl A A 1) (R R 2R
3.3 IR B KIS BU K 73 Bl i e
TR 7353 HE U 2% W AR AE 7K 73 T 38 I 2 A 4k
- DAGES 3 i BE A BB S K ) S M 1) 2E
Ko B K AR AW T K 23 i il
SR ZE AL Ay G LR, AR R
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b, SRR P B G OO0 AR E RN S
b, DL4EREE GAHCERThRE. X 5K EED
B X K A6 K 55 (Lagerstroemia speciosa) it 78 45 S
— B, REREIK A WA S K 53 () 2 Ee AR S i 2 22
V. ST RRUKEEA R, SR A
IR N, TR SRR A K B A IR
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