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Effects of shading on photosynthetic characteristics and chlorophyll fluorescence parameters
in leaves of Hydrangea macrophylla

CAI Jian-Guo", WEI Meng-Qi, ZHANG Yi, and WEI Yun-Long
School of Landscape Architecture, Zhejiang Agriculture and Forestry University, Lin an, Zhejiang 311300, China

Abstract

Aims The objectives were to investigate the effects of different light intensities on photosynthetic characteristics
and chlorophyll fluorescence parameters, to clarify the physiological responses and photo-protective mechanisms
of Hydrangea macrophylla to changes in light regimes in view of the distribution of energy absorbed and photo-
synthetic characteristics.

Methods Three light regimes including natural and shade (shading rate 50% and 75% of natural light) were ap-
plied to plants for 60 days. After the treatment, the gas-exchange, chlorophyll a fluorescence and photosynthe-
sis-light curves were measured by a portable leaf gas exchange system (LI-6400).

Important findings The results showed that the weak light intensity treatment reduced dark respiration rate,
light compensation point and light saturation point of plant, but increased apparent quantum yield, suggesting that
plants had the physiological strategy to utilize the weakening light by reducing respiration. The net photosynthetic
rate, intercellular CO, concentration, transpiration rate and water use efficiency of plants grown below 50% of
natural light showed significant difference compared with natural and shading rate 75% of natural light. There
were significant difference between natural and shade treatments in the maximal quantum efficiency of PSII
(Fy/Fn), as indicated that it was significantly less at full light than that at 50% of natural light. Initial fluorescence
intensity (F,) of plants was higher at full light than that at 50% of natural light, suggesting that photoinhibition
occurred in natural light. The non-photochemical quenching (NOP) decreased with the aggravation of shade str-
ess, indicating that shading decreased the efficiency of photochemical reaction by reducing the fraction of incident
light in photochemical energy utilization and decreased thermal dissipation through regulating energy distribu-
tion in photosystem II (PSII) in the leaves of Hydrangea macrophylla. In general, the 70% of incident light in
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photochemical energy utilization was distributed to thermal dissipation, 20% was distributed to non-regulated en-
ergy dissipation and 4% was distributed to effective photochemical reaction. In conclusion, responses of plants to
increased irradiance are governed by strategy: to utilize a high fraction of incident light in photochemistry and
regulate energy dissipation in PSII and weaken the accumulation of excess excitation energy in PSII to protect the
photosynthetic apparatus in the leaves of H. macrophylla under saturated radiation.

Key words Hydrangea macrophylla; shading; photosynthesis; chlorophyll fluorescence; light adaptation
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W /NEAR(BOSESE, 1995). FHAEmTfE B Hai%E, B
OB 1602 b L pHAE H9 A AL T A2 AT
OEIE . TS EROW T RCR B E BLt B, BE T
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Fig. 1 Light response curves of net photosynthetic rate (P,) in
Hydrangea macrophylla under different light treatments (mean
+SD).
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Table 1 Effects of light treatments on photosynthesis-light response pa-
rameters of Hydrangea macrophylla

24 EoSl WHEFS0%  HHFRTS%

Parameter Full light Shading rate Shading rate
50% 75%

T TR 0.03 0.04 0.03

AQY (mmol CO, mol ™" photos)

AR ETER 3.50 3.85 3.83

Pmax (umolCO[m’z's")

I e i 0.53 0.36 0.41

Ry (pmolCOz-mfz-sfl)

T 15.75 6.71 8.00

LCP (umol-mﬁz-sfl)

SN A 307.42 278.14 281.57

LSP (umol-m2-s's™")

TR R r 0.919 0.908 0.948

AQY, apparent quantum yield; P, net photosynthetic rate: Ry, dark res-
piratory rate; LCP, light compensation point; LSP, light saturation point.

AR, T CREAR UL A Fr [EE CIIRE T3 E e 75%
HECHR T I G5 50%3 G 46N 1 2 7 B
P& T 50%, it BA I A R B R e 4 BRI SRR
AE77, A SIEM FHIP, TR AR, FERIEE
FEIER 5, w2zl i B n 7,80 92 = CO, [FRl4k Ty 5k
P Py, RIS FEUE R 22 S Py R, R R G R
IRAE AR B SRS 3R ) T % .
2.3 EAXMHERRRASHIE

MR R C A E R IRE, B S 5
GBI LA T G G LA PN — SR A B T A,
Fu/Fons& PSIDGRERE AL MR AR (SRR 155, 2007). HH
KIGE M, W FEE/F I, 350 AL 8] 2 5
B3, AN TF/F KT 50%ENF A, FomT
50%IEEZ A0, AR TR SFA (1999 M AL, Fort Al
W7 PSS H o Ja B 15 150 11 B B b, Fy b THR B
PSIIR N 0052 BN ER IS, Fy/F I B2 6]
(B EERRAE, BRIUR A A B N S Bk kA T
e . NPORIAEAL M T dE b 2= RE BTV e &
HorpdE 7R BARIEFERUARE, ML E VI
H IR AT L (T R 2055, 2006). A KGIE 1
55, NPOETEFRAK, 10 B Ab BE RIS T PSITR £k
o WO RE AFA I T SRR IR L, #2051 PSII
WS e IR 0%
24 MRS EER S ED

T RSB R R 73 3B oy — 2 K4
PFEHIRE (D), R M TS R BLHIE 7 (P),
=R O B R N AERL ) e EL(E) (Dep-
uydt et al., 2009). 7 HTRBOGRER T ECEA AT T
e FEL A I R IR AL ' BB T 4 T SR (A ST AR
2015). HRAR] F, PRILN: 50%IEEHE > 46>
T5%IENH . ERIA: T5%IENE > 50%EEHE >
Ve, DRI EHIAERTS% DI & T
HEIEE50%, HILE H, BEER50% M) BRI

T2 AN AR AR RS S B CF B AR HE i 22)
Table2 Effects of light treatments on the gas exchange parameters of Hydrangea macrophylla (mean + SD)

AbEE Z ¥ Parameter
Treatment 2 " 2 4 2 1
P, (nmol CO;'m™'s™) C;i (pmol-mol ™) G5 (mol'm™+s7) T, (mmol'm ~s™) WUE (mmol CO, mol H,0)
4= Full light 1.64 +0.34" 326.55 £21.45° 0.04 = 0.004 0.92+0.11* 1.82+£0.53"
EEH50% Shading rate 50%  2.14 +0.38° 300.46 + 17.85° 0.04 + 0.009" 1.40 +0.22° 1.54+027°
JEYE#75% Shading rate 75% 1.73 £0.28" 293.99 + 18.33° 0.02 +.009" 0.86 + 0.26° 2.11+£0.47°

G, MUECOREE; G, RALRLE; Py, OGEEE, T, AWM, WUE, K3 FIHRE . RGN R BER R A B A 72 57 23 (p < 0.05).

C;, intercellular CO, content; G, stomatal conductance; Py, net photosynthetic rate; 7, transpiration rate; WUE, water use efficiency. Different letters in same

column indicate significant differences between treatments (p < 0.05).
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R3O A B 3R TS B P B R R HE (W 22)

Table3 Effects of light treatments on chlorophyll @ fluorescence parameters of Hydrangea macrophylla (mean + SD)

Z ¥ Parameter

AbEE Treatment

46 Full light

JEJEZ50% Shading rate 50%

JEJ#75% Shading rate 75%

PSTTRHIEREFEL AR FolF 0.63 £ 0.03°
PSIIETEIETE FV/F,

HIRTOE F,

1.72+0.21°
786.59 + 13.23°

PSISERRG BT /=8 FUF, 0.25+0.01°
AR K RE NPQ 239+0.16°
JAER R R gp 0.17 £ 0.04°
ML T AR % ETR 19.43 + 3.88"

0.67£0.01°
2.00 £ 0.08°
770.21 £ 21.12°
0.26 + .04°
1.95+0.09°
0.18 +0.02*
20.31 +5.53*

0.60 + 0.04°
1.51+0.20°
836.86 = 28.73"
0.28 = 0.06°
1.41 +0.34°
0.15 +0.03"
18.57 + 4.50°

ETR, electron transport rate; F,, initial fluorescence intensity; F\/Fy,, maximal quantum efficiency of PSII; F,/F,, potential efficiency of primary conversion of
light energy of PSII; F\/Fy, actual photochemical efficiency of PSII; NPQ, non-photochemical quenching; gp, photochemical quenching.
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LSP450-1 000pumol -m 2+s '8 # i (Boardman,

=4 IRIBOLRER L

1977). ZEERIILCP96.71-15.75 pmol'm >s™', LSP
4278.14-307.42 pmol-m *+s ™' Ik, FERJE TR Y]
HY), WA NSRRI T &N, X Ul
ERA I G A BRI PR B B N, S ERTE B IR B T
AENG B T PR LCPAILSP IR 1 5 %5F 55 6 it A F g
5 EYL5E2009) [0 Fo g A AL, AQY WL T
EFEHEE TR G Ee ), HAEK, RPHEDK
WhE LR R EAS SR Z, HYF 5
HHIBE JI5E(Richardson & Berlyn, 2002). 45ERTE
F9MEIAEE R IAQYE A Y IR IA BT N i, Ud BA 5 BRoxt
F5 A BRI R
EEEON, BA IS8 4 1 705 i
3R Fy F o/ Foe LEEE SE 1, — REM0.80—
0.85 (VR4 2013), {H@ASLIR3FEIEAL I T 55
BRI FFn P EMEUCN0.63, BEM T IEHE, PAE
AWK, WA AT RE A R, TEvkuER
TEEROGE T WIS 7], (515550 T A K IR AR5
KB R TE LR T, SEOCENU I R K
RE MR I N, S KOG 5 a BR A, Rl HH B
FHHIIL R (ZEEHLE, 2014). HF)/F{s FJFafF,
(T RRAR, R F W L ol 45 B3R ) A SBT3
RO MR RLFEAL(VF R4S, 2013). 5 —J7 I, HI3R3
FRAEH, EHRTS%INFEIREM  Folok, W

Table4 The distribution of light energy absorbed in Hydrangea macrophylla under different light intensities

b OS]

AEE AL Energy distribution

Treatment N
Fraction of photons dissipated
in the antenna (%)

Fraction of photons utilized
in PSII photochemistry (%)

JetbA S MR L FEefl s e N FERT
Fraction of absorbed photons by PSII
neither used in photochemistry nor

dissipated in the PSII (%)

4% Full light 74.55 £5.32
JEBI50% Shading 50% 74.22 +4.50
JEBA75% Shading 75% 74.55+5.32

4.44+0.89 21.01 £1.12
4.65+1.27 21.12+3.34
4.24+1.02 23.64+£6.13
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