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Abstract: The growth of fruit trees inevitably casts a certain degree of shade on the grass plants in the orchard. There-
fore, the selected grass species usually need to possess a certain level of shade tolerance. This study investigated the
shade tolerance of two prevalent ground cover species in southern China, Alysicarpus bupleurifolius (L.) DC. and
Alysicarpus vaginalis (L.) DC.. Different shading treatments were set with full light as the control (CK). Growth and
physiological indices of the two species were measured, and a comprehensive evaluation of the shade tolerance was
conducted to assess the potential as ground cover species in orchards. Findings indicated that as shading intensified,
both species exhibited an overall increase in the leaf width, leaf area plant height and the proportion of aboveground
biomass, while the stem diameter and total biomass showed a downward trend. Compared with 4. vaginalis, the leaf
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area of A. bupleurifolius increased faster after 21 days of shading treatment, and the total biomass decreased less after
42 days of shading treatment. After shading treatment, the PSII maximum photochemical quantum yield (Fv/Fm) of the
two plants was higher than 0.80, and shading did not cause serious damage to the photosynthetic system of the two
plants.The relative electrical conductivity and malondialdehyde content of the leaves of the two species generally rose
with increased shading intensity, whereas the peroxidase activity (POD) activity under shading conditions displayed
distinct patterns. With the increase of shading intensity, the POD activity of A. bupleurifolius increased first and then
decreased, while that of A. vaginalis showed a downward trend. Principal Component Analysis (PCA) was performed to
reduce the dimensionality of 14 shade tolerance indices into two principal components, which cumulatively accounted
for 88.66% of the total variance. In the first principal component (PC1), the contribution rate of malondialdehyde (MDA)
content was the highest. In the second principal component (PC2), the contribution rate of leaf relative conductivity was
the highest. The results of comprehensive evaluation of shade tolerance by membership function method showed that 4.
bupleurifolius was higher than that of A. vaginalis under identical shading conditions, indicating that the shade tolerance
of A. bupleurifolius was higher than that of 4. vaginalis. In summary, both A. bupleurifolius and A. vaginalis exhibit
noticeable shade tolerance, with 4. bupleurifolius outperforming A. vaginalis, thereby affirming the potential as viable
orchard ground cover species.

Keywords. Alysicarpus species; shade tolerance; morphological indices; physiological characteristics; comprehensive
evaluation
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Tab. 2 Biomass of two Alysicarpus species (after 21 days) of different shading treatments
. IV, e e M S ity -3 o . o
p MEMER MRS R RN OPREER 0N wOr - BERAI g
1Y AbFR . . . W Proportion of .
Plant Treatment Fresh root Proportion  Fresh stem  Proportion of  Fresh leaf  Proportion Aboveeround  above-ground Total bio-
weight/g  of root/% weight/g stem/% weight/g of leaf/% ovegrou o mass/g
biomass/g part/%
CK  14.00+0.54" 3248  15.78+0.47° 36.60  13.32+0.69° 30.92 29.10£0.56° 67.52  43.10£0.27°
L8 LS 13.84+0.51"  28.43 19.06+0.52° 39.21 15.72+0.40° 32.36 34.78+0.55° 71.57 48.62+1.02°
H4E
) MS 8.22+0.45° 19.32 18.68+0.69" 43.92 15.60+0.46" 36.76 33.64+0.68° 78.69 42.50+0.49°
HS 7.1640.50°  19.19  16.12+0.49" 4336 13.92+0.35° 3745 30.68+1.07° 8242  37.20+0.83°
CK 24.32+0.59°  27.16 12.00+0.32% 26.21 9.48+0.44° 20.69 21.48+0.56° 46.90 45.80+0.56"
b LS 10.12+0.43°  48.16 13.04+0.74* 34.73 14.36+1.11° 38.11 27.40+1.51° 72.84 37.5241.45°
5 MS 6.08+£0.26°  30.64 6.64+0.68° 33.00 7.24+0.42° 36.36 13.88+0.98° 69.36 19.96+1.13¢
HS 4.80+£0.38°  27.46 5.2440.42° 30.12 7.34+0.43¢ 42.42 12.58+0.44° 72.54 17.38+0.81°
W ANE/INE FBE R AH [FAE ) AN [ 308 B Ak 34 1) 22 57 18 2 ( P<0.05 ),
Note: Different lowercase letters indicate significant difference between different shading treatments of the same plant (P<0.05).
x£3 AFEIEPLE (42d) 2MEXESTEEYHNEYE
Tab. 3 Biomass of two Alysicarpus species (after 42 days) of different shading treatments
e g e v e Ho_E S : N -
MBI ORI EERR RS R ol W ORI
Y AbEE . . . A Proportion of .
Plant Treatment Freshroot Proportion of Fresh stem Proportion of Fresh leaf Proportion Aboveground above-ground Total bio-
weight/g root/% weight/g stem/% weight/g  of leat/% ovegrou o mass/g
biomass/g part/%
CK 30.72+0.49" 4044  26.54x0.30 34.94 18.7040.37°  24.62  45.24+0.37° 59.56  75.96+0.61°
o LS 25.44+0.35 3550  27.7240.55® 38.67 18.5040.27° 2583  46.22+0.59" 64.50  71.66£0.67°
-
%o MS 13.20+0.40° 21.55 27.90+0.24° 45.57 20.12+0.33° 32.88 48.02+0.14* 78.45 61.22+0.35°¢
HS 8.86+0.07¢ 1627 28.28+0.47 51.91 17.34£0.37°  31.82  45.62+0.67° 83.73  54.48+0.69°
CK 19.66+0.48° 45.83 17.36+0.15% 40.52 5.86+0.22°% 13.65 23.22+0.24* 54.17 42.88+0.59*
E3 LS 9.06:£0.09" 28.56 16.78+0.10° 52.90 5.88+0.09* 18.54 22.66+0.12° 57.26 31.7240.18°
G2 MS 6.22+0.07¢ 30.82 8.62+0.08° 42.72 5.34+£0.05°  26.46 13.96+0.08° 60.85 20.18+0.07°
HS 3.760.08° 28.28 6.72+0.07° 50.53 2.82+0.07°  21.20 9.54+0.12¢ 64.44  13.30£0.09°
s AN[E/ING B3R R AH [FAE ) AN 1] 188 I3 Ak 38 1] 2 57 {2 2% ( P<0.05 ),
Note: Different lowercase letters indicate significant difference between different shading treatments of the same plant (£<0.05).
R4 AEHEPBPLAIE (21d) 2SS BEEMHEESER
Tab. 4 Plant morphogenesis of two Alysicarpus species (after 21 days) of different shading treatments
L7 G OB P Ey il RS - 58 - FR
Plant Treatment Plant height/cm Stem thick/cm Leaf length/cm Leaf width/cm Leaf area/cm?
CK 45.56+0.67¢ 0.31£0.00* 3.19£0.11° 2.00+0.06° 4.49+0.02¢
c b b b c
il LS 53.94+0.79 0.28+0.00 4.15+0.06 1.93+0.06 4.89+0.03
E 3] MS 56.18+0.38" 0.27+0.00° 4.17+0.13° 2.11£0.06° 5.98+0.03°
HS 60.34+0.68° 0.26+0.00¢ 4.90+0.10° 2.43+0.08° 9.49+0.03*
CK 26.14+0.64¢ 0.26+0.00" 2.33+0.08° 1.85+0.04° 3.17+0.04°
LS 28.34+0.31° 0.24+0.00° 2.9240.06° 1.85+0.05° 3.05£0.05°
%EQE b b b b
MS 30.26+0.44 0.24+0.00™ 3.16+0.11° 1.93+0.05" 3.19+0.03
HS 34.62+0.42° 0.23+0.00° 2.5240.07° 2.07+0.07° 3.71+0.04"

T ANTR)/ING B3 7 A ) AR 4 A () i 9 b B [R) 22 5 . 2% ( P<0.05 ),

Note: Different lowercase letters indicate significant difference between different shading treatments of the same plant (£<0.05).
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Tab. 5 Plant morphogenesisof two Alysicarpus species (after 42 days) of different shading treatments
i A P =M RIS g L NTEA
Plant Treatment Plant height/cm Stem thick/cm Leaf length/cm Leaf width/cm Leaf area/cm’
CK 55.34+0.45¢ 0.50+0.00" 2.75+0.03¢ 1.77+0.03° 6.46+0.11°
S R 3 LS 75.54+0.68° 0.34+0.00° 4.18+0.04° 1.49+0.03° 6.77+0.11%
= MS 78.08+1.08° 0.31+0.01°¢ 4.90+0.04° 1.48+0.02¢ 7.14+0.06°
HS 85.60+0.67° 0.29+0.01¢ 5.31+0.03° 2.19+0.02° 10.83+0.19°
CK 53.40+0.43" 0.35+0.00° 3.82+0.07° 0.78+0.02° 3.70+0.06°
o LS 54.52+0.73" 0.32+0.00° 3.79+0.03° 0.76+0.02° 4.88+0.07°
BERE MS 53.54+0.48" 0.31+0.00° 4.06+0.05° 0.94+0.03° 5.32+0.04°
HS 40.52+0.62° 0.26+0.00° 3.65+0.03° 1.27+0.03* 6.21+0.07*

T8 ARTR)/ING B3 7 A R AR A A () i 9 b B [R) 22 5 . 2% ( P<0.05 ),

Note: Different lowercase letters indicate significant difference between different shading treatments of the same plant (£<0.05).
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Fig. 1 Changes in F,/F,, of leaves of two Alysicarpus species under different shade treatments
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Fig. 2 Changes in chlorophyll content of leaves of two Alysicarpus species under different shade treatments
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Tab. 6 Physiological indices of two Alysicarpus species after 21 days of different shading treatments

e A =
M MR swp REC% RWOM  MDAemen  PODsamiy
(nmol-g ™) (U-g"'min )
CK 0.83+0.00° 40.30+0.60° 40.71£0.97¢ 77.3242.29° 38.09+0.40° 2437.11£27.02°
e} LS 0.840.00" 42.54+0.37 45.16+1.05° 78.8241.45 41.62+0.39" 2619.80+56.61"
E A MS 0.85+0.00° 45.00+0.87° 53.13+2.18° 83.38+1.73° 42.05+0.34° 2926.67+94.37°
HS 0.84+0.00° 43.96+0.42% 68.30+1.84° 89.05+1.47° 45.16+0.54° 2509.90+37.19"
CK 0.86+0.00° 40.42+0.44° 37.23+0.64° 88.16+1.12° 26.86+0.62¢ 2970.23+60.49°
o LS 0.85+0.00°  42.46£0.34"  43.46+1.24° 86.95+1.25% 29.10+0.49° 2302.13+48.70°
e MS 0.85+0.00° 43.64+0.52° 42.11+0.60° 85.52+1.76™ 31.50+0.37° 1570.79+42.53°
HS 0.85+0.00° 41.18+0.46" 48.32+1.01° 83.03+0.83° 36.00£0.76" 1263.31£56.54¢

TE: ANF/NG 553275 A R AR 4 A ) 0 9 b 21 R) 22 5 . 3% (P<0.05 ),

Note: Different lowercase letters indicate significant difference between different shading treatments of the same plant (P<0.05).

x7 AEEALE (42d) 2 HEXTEEY R EEER
Tab. 7 Physiological indices of two Alysicarpus species after 42 days of different shading treatments

— PS= N V=

U2 L FulFy SPAD REC/% RWC/% hfﬂiii/ P(I;glzc(gvriy/
Plant  Treatment (nmol-g™") (U-g"-min'
CK 0.840+0.00° 40.04+0.46° 39.90+0.94¢  75.07+1.59" 30.34+0.42° 2523.15+23.84°
B B - LS 0.856+0.00° 42.30+0.40° 43.65+1.35°  78.35+2.37° 31.08+0.39° 3095.52+39.09°
EAS MS 0.864+0.00° 45.12+0.34° 54.85+0.56°  84.25+0.80° 32.48+0.41° 3301.65+59.08"
HS 0.856+0.00° 43.28+0.32° 59.44+0.75"  86.19+1.58" 34.90+0.27 2365.48+25.74°

CK 0.842:+0.00° 41.80+0.32¢ 42.98+0.79°  61.49+1.81° 25.28+0.34¢ 3176.67+178.83"

o LS 0.840+0.00* 43.54+0.25" 47.73£1.95°  57.73x1.52% 35.84+0.52° 2572.17£129.74°
e MS 0.832+0.00°  45.82+0.33" 46.89+0.82°  54.42+1.79" 40.74+1.31° 2437.10+£53.82°

HS 0.826+0.00° 40.24+0.49¢ 51.11£0.23"  48.97+2.80° 44.79+0.36° 2019.84+179.00°

TE: ANF/NG 553275 AH R AR 4 A ) 0 9 b 21 R) 22 5 . 3% (P<0.05 ),

Note: Different lowercase letters indicate significant difference between different shading treatments of the same plant (P<0.05).

SAESN, HABAACHGERA 21, 42 d MM SR EESE G B, BEA BRI BRI, B
XL REAREI R E T CK. B 21, 42d, Seint SRR RO S OK R EFEGES, HS ALBM
HESE T REE AR RO, R AR AR AR SRR BE R T CK

WG, MS, HS ALBRI 5 AR XS 5 KR BEH AR A3, GERA 21 42d, 2 FE
BERT CKo HEIEM MM SKREAS SECEAEY MDA SRR I Ed, (HiEp
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42 d#EJE T ) MDA 5 5 18 I B v 58 55 5
o, HAHEAE LS, MS . HS ZbFE 251360 41.77% .
61.16% .77.18%, Ifij 5 H5H -5 352 2 43 5134 A0 2.44%
7.05%. 15.03%; #EBA 21d, LS. MS. HS AbFHLE
AN EYE G POD TP B E ST CK, H MS
AFREY) POD Mk ; BEJETTE LS. MS. HS
A3 POD 17 1 47 bifi 5 308 B2 B () 185 I B A1

H¥YBEMT CK, #BH 42 d, LS. MS AbF L%

M4 G /9 POD I B & T CK, 1fii HS 4k
PRI S CK 225 A I8 3% 5 5 36 5 76 FH AL B %) POD
TP B ELT CK, HAMb 538 21 d 94
TR

24 2 MIEET BENH PSS TN

AR 2 il 3% TR A DT 42 d AL TR
SR fET. E 0% h B0  STCHE B E) RC
fH L% 8.

X8 AEIEFPAIE (42d) 2 XS EEYHME R « &

Tab. 8 Shade tolerance coefficients a value of two Alysicarpus species (after 42 days) of different shading treatments

) AbFR afl avalue
Plant Treatment pLw  TB PH SD LL LW CHL REC RWC MDA POD FRW FSW F,/F,
sy LS 152 084 068 137 105 102 109 1.04 1.02 123  0.83 1.04 099  1.06
MeE MS 178 084 061 141 110 103 137 112 107 131 0.43 1.05 1.08 1.13
¥ HS 193 123 059 155 168 102 149 1.5 115 094 029 1.07 093  1.08
LS 099 097 091 1.02 132 1.00 LIl 094 142 081 0.46 097 1.00 1.04
45%;@ MS 1.06 121 089 1.00 144 099 109 089 1.61 077 032 0.50 091 1.10
¥ HS 096 1.63 076 076 1.68 098 1.19 080 177 068  0.19 039 048 0.6
HER 42 d, 2 Fhik e G E Y 45 Ab PRI ] & ®9 GEENRRBRABRE
B E UMM ILZE 90 BT 2 A R4 B Tab. 9 Comprehensive index coefficients and proportions
AR CH 68.63%F1 20.03%, Zitwik Rk B COmpreﬁfiﬁiﬁfﬁemciem
88.66%. i 1 EMSI, W WAL, F/Fy. T T PR Y B
R AR 7K MR i A R R ) AR T Pl Tl e b Pe!
92 ERST, AR SRR EANEE o aan o 0
RN F\JFy 0.98 0.16
BT FEB e B, R SRS eR £k w i I F A 7k % 0.94 0.32
FIZRET 2 Pk 36 O @ A 25 G 8RB [ Z(x)] . B 331 0.93 0.29
e PRBCIEL [ (o0) ) B2 AR DA 2 BV E (D) B 0.93 -0.29
T, FR 3T D EXT 2 Fh € 58 A4 1 i B b 0.92 0.00
PEIEATHERE (3 10), 4%, sebintpesen PODTH 02 o
£ LS S0 D RK, 2 MBS RmEE " -
REEFIAR IR D K T H A B b 8 - 053 s
“ps URES Soa s 0.74 0.00
3 g eI -0.65 —0.63
FEPIRERS FEAE X A B A 45 4 1 32 sh i 4a ok I F AT, G 0.4 0.8
Ik AN TR B AR AR Zh A TE BE, TCiR et - fi AL ~0.64 0.69
RS B 1 T il 2 W AR, ST A Kk AR ik 0.62 ~0.65
BT FEACHE TR, B A HER 1029 3.00
B, 2 BRI RRRS . OHR L SE T, 08.63 2003
ZiH BT/ % 68.63 88.66

TR ANy e AN Y AN B e A S L o A
e, YR 2T EE . AR, A
WA P B R St 1 255 BEAT IS, A
EER AR AT LI, B SR AR S OEIREE R By

PEAESE G 1 5 IR AR SRR, g
BRI IE XS 2 it S G m AR B R R 25 1 AR
WEERLW, A AR AR IR 25T TGS i dE
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Tab. 10 Comprehensive index value (Z), subordinate
function value (#) and weight, comprehensive evaluation
value (D) and order of shade tolerance

LLEZA 2) #e) p HHF
Plant Treatment 7] 7 ul u2 Order

s ] LS 128 -0.15 1.00 029 0.84 1
i MS 062 0.89 0.76 0.73 0.75
FHE HS 068 155 030 1.00 046
LS 0.48 -0.85 071 0.00 0.55
MS  —0.19 —0.83 047 0.01 037

-
<l
[« VLY, T VS B S S}

HS -1.50 -0.62 0.00 0.10 0.02

FRY O 07 AN — 5o DAE BF A B 1% A ) e AR A R
F, MEMT 21, 42 d FA0PRSEH -5 T 0 BEY)
LN R B N e N 3 2 Bi: VB T STER O S
e € A Kt B ) 5 N T RE SE

I R 8 /IS RN R 422 52 e A 4 o D' i 1Y) 45
BOICR S F AR E R, RS H FJFy
e PS TR ot YR s, AP AE
MR E B SE, FEEF AT, F/F, —
JBEA T 0.80~0.85 Z 8], LT 0.80 ZE W eim |2+
TEARBEFE R, SR8 B AL BER Rl 30 2 FbgE e
JRMYIN Fy/Fo ¥ TFIERJEH . ULRHMERIX 2
FOEPIOG A RGO A R HEGE, —HYHE
AR BARE 1. BEAh, 2 FhE € SR Y7
WG REEERT (LS. MS) &4 Tyt aR &t
T, TR RENSAE— M AR R A i a3
BT ZHDEAER, WL, 2 FhEESE TR
M4 HA — 2 TR B RE 1 o 7 38 P e B AL B R
AT DA 3 Ao 3 0 S 2B Ol T wR AN AR RO BE LA
STV ED e

WEFAAL LTS, AE Y 0 20 i T i 2 8 A7 — e
FER I, B LAV R, AR
HL A A e i Y, R 51 % 40 M T L R
Fhin, PG T R A0 B A S B ERBE T A
RE R AP ARRFgH, AR 2 FisE
SE B AT AR G L FoR BN, X R R A AN
LER) TN HEZ 40 . MDA JERI Y I R 48 Tt Sk
Jof R T A B SR P, LT S W )
a2 A AL AR i R R T LA A R P,
TEABFZE, R 21, 42 d PifhEE X TR Y&
AF) MDA it FIH s, (BFEHER] 42 d,
HEIE Y MDA & & L TS & A e

SRR AL BT, BEJE T RS T
3 5T 32 B 45 5 TR

FEA AT LAGE 3 7= A W2 a0 POD i P4 55 ) i
SR T 1995 R B i 7 £ 35 v S A B A 45 B 7
ARWFSE R, SEH I BESE T POD 1% 1 Fifi 25 38 [
3G N2 BSE TS RS, 3¢ /) POD 15 1
PRI TGS, EEYIRN, ROS 5 MDA %
R LTS, EYS)E s A S PUE
ML, iEid 1% SOD, POD., CAT %5t AL
FITEPEARE, DA RS 16 P ™ A 5 i Rt R Y
AT, FEMiScPAT MDA & 8 A R0 5
REARG, A B 0 20 i 110 £ B T S vk 5 0 AR
A, WEURAE YA IR T By A AE IS N e T ST
Witk REZ O AT UL, S - S A B Ak
PR AT DL 52 T POD I 1 ok v i M Y
2, DO AR A4 ) SESE Y POD T
P AT T e R A FLAE S B A5 1 T b A Ak e T s
55, JOEEA SO BRI N A R TR, AT
AL IR

3 3o A8 A SR R PR BRI A A B A SR 1
BIFEARIEA T AL B, EMZE AT PN D E
KPR TR R RE 1 B 2z P AR
YT D EXT 2 FhbE € G R R AT BA 58 k7
LEAAYHT, & BULE R R3[4 BT S A B SE S
() D AEY K FHEIET., VLR L5 5% ST B fig
FHEIEE

ZE LA, 2 Rl A B A AR H R A B
A — Wit B RE 7, AR AR K AR B Ao 3 B
(e N AR SE A A R . BB A N, S
JEE MR A, R R AR GERR
Fi ) POD JE 1 A K F#AIE MDA &4, i 4E 54
Ko MEZT, 83T AR T P ELhe
155, [SEOLEAI T S, AR TR
TR, ARV, Sty AW
SR ()T B RE 7, AT 38 A 6 AR P R 8 v 1) S el P AL
T4 39 K2 TR 9 A 0 DU ARG 5 55, 3 FH A b
BARMI I o AW 58 45 5 5 ¢ 5@ A P 6 38
T 7 SR el A v (1 g P 4 R AR B
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