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Effects of shading on the leaves and photosynthetic characteristics of Ligustrum

robustum
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Abstract; We study the effect of different shading treatments (0, 20%, 40% and 60% shade) on the leaf growth and
photosynthetic characteristics of Ligustrum robustum through artificial shade, aiming to provide scientific advices for
cultivation and management of the species. The results showed that (1) the leaf width, leaf area and leaf thickness at 40%
shade of L. robustum were significantly higher than those under other three different treatments ; the palisade tissue thickness
(64.70 pm) at 40% shade of L. robustum was significantly higher than those under other three different treatments; there
were two palisade tissue layers at 40% shading treatment comparing to one layer at the other three different treatments. The
contents of total chlorophyll, chlorophyll a and chlorophyll b in leaves under the shading conditions were significant higher
than those under the full daylight, and the chlorophyll contents increased with the increasing of shading levels. That L.
robustum showed significantly higher leaves growth and the best overall growth and development at 40% shading treatment,

which could be regarded as an appropriate shading intensity for its growth and development of L. robustum. (2) The net
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photosynthetic rate increased at 40% shading treatment but decreased at 60% shading treatment. The stomatal conductance,
internal carbon dioxide concentration and transpiration rate increased while the vapor pressure deficit decreased at both 20%
and 40% shading treatment, which was helpful for photosynthesis. The vapor pressure deficit was highest while stomatal
conductance and internal carbon dioxide concentration lowest at the 0% and 60% shading treatment comparing to other
shade treatments, which suppressed net photosynthetic rate and transpiration rate of the plants. (3)The dark respiration and
light compensation point declined in the shading treatments while the 40% shading treatments resulted in the increases of
the apparent quantum efficiency and maximum net photosynthetic rate, which indicated that L. robustum had shade tolerance
to some extent. The Fv/Fm and Fv/Fo became smaller as the increase of shading level, the Fv/Fm of 20% , 40% and 60%
shading treatments were about 2.71% , 4.59% and 8.03% significantly lower than that under full day light respectively, and
the Fv/Fo of 20% , 40% and 60% shading treatments were about 6.89% , 11.99% and 19.81% significantly lower than that
under full day light respectively. All fluorescence parameters of 40% shading treatment were significantly lower than those
under the other three different treatments. Shading significantly depressed the efficiency of chlorophyll molecules capture
excitation energy and potential activity of photosystem Il (®,.; ). In summary, L. robustum is shade-tolerant plants, and

40% shading treatment ( the daily PAR values within the range of 273—1222 wmol - m™>-s™") is an appropriate light

environment, which could significantly improve leaves growth and photosynthetic capacity.

Key Words: Ligusirum robustum; shade; leaves characteristics; photosynthetic characteristics
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Table 1 Effect of shading on leaf characteristics of Ligustrum robustum
WsESER 0% (CK) 20%3EE R 40% B 60% R
Determination standard 0% shading 20% shading 40% shading 60% shading
W Tree posture REITIS REEITIS RS TIS REITIS
FRS I Treetop color IRERTH R LR wEk e i)
7 Leaf shape il KAk KAt T
{4, Leaf color g Biges ek [HE
W1 Foliar TR L FHOLEE TR
2% Leaf margin ¢ (¢4 R T
0 Leaf quality ik Thk K Tk
3L Leaf base L5 5 37 L3
2R Leaf tip 2R AN Wik R

NFE 2 AT UL 3 X TR P A g
AT EEZW, 546RMLE, 40% 1 60% I 1
SRR TSR I 1 RS R T JC R 454 L 1H. 60%

ETYT 5 TG 1 2% 1 2 1) 28 5 AN I 209 JE 1 A 2

3 (N TR AR Ef a3 DB i 2 B NI B
IR, A M T T2 R A A RO R i i B
PR AR

R2 EHXETHRMMFXNZm
Table 2 Effect of shading on leaf size of Ligustrum robustum

Jb B RS -5 - iR
Treatments Leaf length/ ¢m Leaf width/ ¢m Leaf area/ cm?
0% (CK) 0% shading 5.34+0.08B 2.31£0.15B 7.83+0.09B
20%3HERH 20% shading 4.81+0.14C 2.14+0.10B 6.16+0.12C
40%3E T} 40% shading 5.82+0.19B 2.87+0.05A 9.88+0.18A
60%3HERH 60% shading 6.67£0.25A 2.10+0.05B 8.12+0.09B

FHIAR RIS TR QR 7 5 A 3 22 [ 7 e 3 P 2% 57 (P<0.01)

2.2 RN T AR I A 45 R 1 5 TR R4 A SRR L 2 R A AR

AR T T AR b R IE ExR WL TREAMEE XS AR E, i,
FEAY N 22.29—17.37 pm  14.47—10.42 wm, B4 40%BERT TR ML SUR R B35 T HE 3 4
HAURESEE ] 92.77—72.62 pm ML 1—2 2, JE 0B WHAZUZECH 2 )2 (3R 3) , RUIFE 40% K 1
FE R 64.70—48.91 wm, J7 255 MT, S MEHTALEE SRR AT AR T AS I R 2

R3ETEXET MM R SEER M0

Table 3 Effect of shading on anatomical structure of Ligustrum robustum

of R RREAMIERE TR AR TGHR L SR B 2 SR g
Qb3 .a—x Thickness of upper Thickness of lower Spongytissue Palisade tissue ML 2H 212 %%
Leaf thickness . . . . . .
Treatments Y epidermis cell epidermis cell thickness thickness layer of PT
m
M /pm /pum / pum /m

0% ( CK) 127.35+11.33C 17.37+2.29a 10.42+1.74a 76.70+5.23ab 48.91+4.10b 1

20% B 175.11+7.02B 20.84+0.87a 13.60+1.33a 72.62+8.29h 49.63+5.50b 1

40% B 202.02+3.51A 19.68+4.37a 14.47+£2.19a 92.77+7.95a 64.70+4.29a 2

60% T 144.72+8.34C 22.29+3.62a 10.71£2.79a 78.86+8.44ab 50.57+4.36b 1

BRI 8 92 s B AL B2 1 77 5, K5 7 i B KT P<0.01, /NG 5K T P<0.05

Bk TR RFm T REMAFE TSR (P<
0. 05) , FLFf 88 13 55 3 f) 08 R -2 38 35 1 52 L TH#E

2.3 EEEXEE T RR RS R A AR R
TR R R AR AR a b B R AR
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Table 4 Effect of shading on chlorophy II contents of Ligustrum robustum

e MR WK b R R MK o/
Treatments Chl &/ (mg/g) Chl b/ (mg/g) Total chl conent/(mg/g) Chl (a/b)
0% ( CK) 6.17+0.10d 2.89+0.04d 9.06+0.13 d 2.13+0.02 a
20% B 6.79+0.06 b 3.36+0.08¢ 10.15£0.12 ¢ 2.03£0.04 b
40% B 7.91+£0.08 b 4.01+0.08b 11.91+0.14 b 1.97+£0.04 b
60%iERH 8.76+0.09a 4.86+0.14a 13.63+0.09 a 1.80+0.15 ¢

AR ING RN R B0 E T AL L BT SR3R B RY 22 S 3 (P<0.05)
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Fig.2 The effects of shades on diurnal net photosynthetic rate

of Ligustrum robustum

£S5 TRIEFHLEXETFMM A XERERNZM

Table 5 Effect of different shading treatments on the photosynthetic characteristics of Ligustrum robustum

Wl CO, % RS Bt

Internal carbon The vapor

LS

Stomatal Conductance/
(molH,0-m™%s™")

Transpiration rate/
(mmolH,0-m™%s7")

L LS
Net photosynthetic/
(umolCOym™2s7")

Sb B

Treatments dioxide concentration/ pressure deficit/

( pmolCO, mol ™) kPa
0% ( CK) 2.91+1.570 b 0.026+0.015 b 225+11.064 d 0.58+0.389 b 1.86=0.555 a
20% T 2.82+ 0.973 b 0.046+0.023 a 240+3.617 b 0.91 £0.373 a 1.7240.584 a
40% 3.34+1.199 a 0.053+0.017 a 247+2.999 a 1.030.490 a 1.72+0.542 a
60% T 278+ 1.270 b 0.033+0.021 b 232+6.363 ¢ 0.57+0.320 b 1.78+0.528 a

FEBIA A /NG - BEARFRAN [ 2 7 Ak P 2 1] 7 A S 25 1R 25 5 (P<0.05)

2.42 Cond.Tr H7AEL

i 3 TS0, 4 FREE R AL PR Cond H ZRfL#EF K
A, ¥ g dh £k ) 08,00 FF4R T, 12.00 42
IR A, 18.00 2247 B R AR AL, BT 40%
FIAEEE Cond H FI{HE 4351 L B 20% .60% F1 0% 1
REFREEANT 17.09% 56.19% F11 105.98% ( P<0.05) ,

ANFEERE T Tr H 2SS Pn —2 (K
4) HR Ry Huge” UM 2 W {E 1 IRAE 14.00, 453
PR R T 450 Tr H 3B KM < B 40%

> 20%>0%>60% ., MK 6t Pn 5 HAWSGE 4
S 43 B AT AE 20% F 60% HER 5514 K, Cond 5
Pn S HAHIC,40% 17T Wk i 25 TEAH G ;4 A B
SRIET Tr 5 Pn ¥R IEAHSE, Hoh 40% F1 60% i B
Ak 31 4 & 7K (P<0.05)
2.43 Ci Vpdl HZZ L
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Table 6 The correlation among photosynthetic parameter in leaves of Ligustrum robustum at shading treatments

4t MO A R LR Wl CO, ez e HEIUR T bt
Treatments Pn Cond c Tr Vpdl
0% ( CK) 1 0.270 -0.526 0.526 0.473
20% 3 1 1 -0.830 -0.961 0.923 0.795
40%iHE 1 1 0.992* 0.960 0.996 * 0.052
60% 3 1 1 -0.999 " -0.999 " 0.991" -0.999"

* 3 UK P<0.05

T, PRI T A5 5B Pr BEAGZ RS
LHRZG R (E 2.’ 3. F5), &6 20%F
60% S5 T Ci 5 P 2 HAHSE  {H TR 60% i 1
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Fig. 5 The effects of shades on internal carbon dioxide

concentration of Ligustrum robustum
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2.4.4 GERTAM T T AR X AR A A i i
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LCP .LSP R, MYARfL L3 7, 45 3R MH 35 T A it
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Table 7 Photoresponse parameters of Ligustrum robustum under different shading treatments

] REOGA R AR AR JEAMEE T 1 ol 3 T TR
fh g Pn,, Maximum net LSP LCP i u?}:& /ﬁyp AQY
Treatments photosynthetic rate/ Light Saturation/ Light Compensation/ ¢ o Apparent quantum yield/
(pmol-m™%s7") (pmol-m™2s7") (wmol-m™%s71) Cpmol-m™570) (pmolem™%s7")
0% ( CK) 8.32+0.063 b 574+1.155 b 41.06+£0.203 a 0.911£0.006 a 0.0195+0.191 d
20%3HE B 8.26+0.046 b 516£0.732 ¢ 27.50£0.231 b 0.802+0.269 a 0.0230+0.202 ¢
40%iBERH 9.14£0.063 a 648+0.577 a 20.81£0.115 ¢ 0.686+0.019 a 0.0423+0.102 a
60%HE T 6.55+0.057 ¢ 402£1.254 d 16.20£0.173 d 0.478+0.098 b 0.0331+0.178 b

S A /NG B A QR ) R T A B 22 A1 A 7 2 281 22 57 (P<0.05)

2.4.5 N[ A R R T AR I R )
Al

G L, R REAR T3 T AWM R Fo/

Fm Il Fo/Fo {8, BEZ 85 5 5 (934, 3 i 15 4%

R Fo/Fm IR BT 2.71% . 4.59% F1 8.03%,

Fo/Fo HMRKIEAR T 6.89% . 11.99% 1 19.81% ( P<

0.01), 4iEREIEF] 60% I}, Fo/Fm 1 Fu/Fo {65

CK AL FIA S 25 225+ (P<0.05) o PASHR PS 11 J54)
FERERL AL AR (Fo/Fm) A PS TV 7L M 5l 1%
R (Fo/Fo) BFIPIANSHOR T EBIFEAR T35 T
AR SRR O TR A BERYRCR SO R 4 1T
(PSIU) ARG, LI IR 2 308 17 568 2 P 8 e 1
(3K 8) .

R8 AEIEMAETETZMUHERLLSH

Table 8 Chlorophyll fluorescene parameters of Ligustrum robustum under different shading treatments

s Bt KT A PSIRAOCHAEACE  PSTMEAEACE
Treatment Initial fluorescene Maximal fluorescene Variable fluorescene PSII maximal efficiency PSII potential efficiency
T ments
catments Fo Fm Fo Fo/ Fm Fv/ Fo
0% (CK) 158.38+0.03 a 451.83+0.06 a 293.45+0.04 a 0.6495+0.35 a 1.8530+0.21 a
20%3E B 148.75+0.12 b 405.28+0.22 b 255.53+0.32 b 0.6319+0.07 b 1.7253+0.19 ab
40%3HER 160.98+0.65 a 423.70+0.18 b 262.73+0.45 b 0.6197+0.04 ab 1.6308+0.03 b
60%iHERH 134.58+0.02 ¢ 334.33+0.03 ¢ 199.75+0.03 ¢ 0.5973+0.55 ¢ 1.4859+0.24 ¢

BHNARF/NG FREFRRTE 0.05 K 255 W3

TR A B Pk LR R TR bR Y
BRI MR AU — )2 A M A R
B A I G A, W i ) A A ] A DAy ] 4
M CEAE AR T A b, AIPA: 21 2R s R
PR ITARBOR R ARBEFEAS ) 409% HE B A1
R RIS L SR e T 3 A

3 Fr5rtig

I o o A S5 A P i i | LA S v A ] 28 4
RIGEE 2, 8 TR AR OUR R Y E 2
TR, [RTI 0 2 HEAT 'G5 A A 45 A A I 5
B EL G Y B, W IR R R AR PR

http ; //www.ecologica.cn



13 4 EV/INFT A G T 2R I R RRIE OGS R 3545

VLTS T AW TR 40% 18 15 B mT 388 3k 338 fin o - TR
PR TEI R IR ISR 22 1 0, R RN IEE B ek k1 ' IR e
AR, NI T A B GRERI R S Ak T
ZPFERE B 25 0F T3 T &2 b i ik, gk
F b 7EHEEOGER A i R A B TE , Tl B AR T R
WSOCTEMOGI N IR AR ot 2 T 25 AE
JEIR A PREE T T B i 55 0 A — b AR LS N, A
HAER BT ER T Re b R A 2 ot . Bk ot
FEH, 40% I B A5 14 AT A R oE v T AR B g A
Ko 9 TRt gtk i A K Ok B edr, B0
FeER R,

Poorter 25\ HAH Y75 V3T 61 1] BE HE = v A
R B G A PR XA VR Y B2 i 22 1
B AR, 60% 14 2 BE I B T AR A
Pn BERTHE AR, H Pn 5 Vpdl &2 83 7 A
XK, 5 Tr 52 535 IEAH G, 3 2 R R Y 28 75 R 75 ik
BRI, AR R B K BN I K 3R R, 28 R
BEARR 0T, 2% 1 S 56 114 6 A1 572 i) 5 J G 38 R 7K ) T
W, e sg G A E R BT, [FIRT, 78 1 3 SR R AR
AR = AR 7 AR R ], 2 R AR
AR R AT DA T I S B B T A
R GG R T B R R B 28R 5
TR Z i o 38 AR AT T 3 Y

F R FRCRROCAER PG Re R AR —
P, v] DA IE B b 2 W A HLAS I ML BE AR £k, th AT
LS e 5 %ot 55 56 B R BE Y L AR 5T Hh i
40% A0 FRAY AQY F K (0.0423) , T4 G IR R 3 T 4%
R AQY (0.0195) 2T A AR 55 T — e AE P 1 3=
W TRL3(0.03—0.05) "8 W TRUR MK,
YR S ot ie R EAR G IR TR Z,
FIHFIGRE Jybnm ) 80 B 409 Ab P {if 1555
TAR RS ot Re i B R E AR Ak
i, DT A R g R 55 6 BE 0, R R RS
MR

2R RO G A VR M BE4E, mT 5 52 1 o A
H R 7S B CXTRE F Pr BOSEBLEN ) ABFSY
b 2 0 B R W 0, Fo/Fm N Fo/Fo 384K,
Fo/Fm WK PS TG RE S B R0R , JE 8 451
TZS BN, AN Z R A K S R
e 20 P iSO 8RR Fo/Fm R
T A BB A SR R, Fo/Fm (R AT fE

JE— AL SR ALE, R & S 8PS T A
EOO TR AE 60% i B AL HL R & E Ok
SHUE R EICT I 3 Fhab B, 0B Ao B B e,
TR R SR R S T AR UK BB I RCR B R
i1l (PSID) WAETE PERRAR 3% vl e 2 T 2t
Xt i 55 0 — i o 9

ZE LR e T AR P E B, Ok
B A it 5 A K R R A SOk, A e
BT TR A B A A A, NI A R s T
BN S T, AR T A AR B A
PR A PR DL 409 388 B 5 R ( H OB U0 S
273—1222 pmol - m > s YL N ) Ry e fE A4, B AT
0 o 7 A ] o 6 K 56 e AT AR W) SRR 38 3 28 5
A AR I R
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