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Effects of shades on the photosynthetic characteristics and chlorophyll

fluorescence parameters of Forsythia suspensa

WANG Jianhua', REN Shifu' ", SHI Baosheng® , LIU Bingxiang' ,ZHOU Yuli'
1 Forestry College, Agricultural University of Hebei, Baoding, China

2 College of Landscape and travel, Agricultural University of Hebet, Baoding, Hebei 071000, China

Abstract ; The effects of the full day light and the different degrees of the shades (43% ,70% ,97% ) on the photosynthetic
characters and on the chlorophyll fluorescence parameters of Forsythia suspensa were examined in these observation. The
results indicated that the light compensation point (LCP) , light saturation point ( LSP)and dark respiration rate ( DP) of
the F. suspensa plant were at a low level, the value of which decreased with the increasing of shade degree. The diurnal
variation of net photosynthetic rate (Pn) presented only one peak under both full day light, and all shade conditions, the
daily maxmium and average of net photosynthetic rate decreased significantly with increasing of shade degree, and there by
efficiency of the solar energy utilization increased. The diurnal variations of transpiration rate and stomata conductance in
leaves were smiilar to that of net photosynthetic rate, the values of transpiration rate and stomata conductance also decreased
as increasing of the shade degree. The net photosynthetic rate, transpiration rate and stomata conductance under full day
light and all shade conditions showed a positive correlation. The content of chlorophyll a+b, chlorophyll a and chlorophyll b
in leaves grown under all shades conditions were significant higher than those under full day light, and increased with
increasing of shade degrees, mean while the chlorophyll a/b decreased. Fv/Fm and Fv/Fo were significantly higher than
those under full day light and increased with increasing of shade degrees under all shade conditions. Results obtained from
above showed that the shade tolerant of the stinging nettle plant was contributed by decreasing the light saturation point,
light compensation point, dark respiration rate and chlorophyll a/b, through which it increased the efficiency of the solar
energy utilization, the content of chlorophyll a+b, chlorophyll a and chlorophyll b, and the value Fv/Fm and Fv/Fo under

the shade conditions.

Key Words: Forsythia suspensa; shade; photosynthetic characteristics; chlorophyll fluorescence parameters

E4TE . EHELUE DM HA5T H (2006BAI06A13-03 ) ; TALA ZE /TH H (2007464 )
rfE B #9:2010-02-26 ; f&iT B H#7:2010-05-04
# WIRAER Corresponding author. E-mail ; kjren3@ 126. com

http ://www. ecologica. cn



1812 A E = 314

UEAERe , B ST () Pt e v R SR B i 2 SR it T 0 22 Ik T b gk b R RO /D Bk T
SOCIABERR T TR R AR AR DRI, T AR A 0 RS, P A ST A R A i H s i R,
gEA AR R ARG TR B0, S22 E M bR S 5 2%, RERE & BLSE BR i A il Bl2A il B 7 R
KA AR S MRSk i R AR B IR S . R O Aot G B R RIS ORI
TR 77 1 ) B A TR AR | X 4B AR T 1 v S LML A E A

X ( Forsythia suspensa ) AR FREHZE S V& AR AL 64 8 W6 20 R R EMAHEAR 23],
38T el A A R XL 5 DXl EL T T T PR G S ) EE B O B (A G DE B MR e i 7, VRS SR AN T
P, RS BT45 0 N A M4 R i DL A B AR R SR R OB B e bR il AT T I , L R
Pel bR FHER AT 221555
1 #R5FHE
1.1 5o A

TR AE AT U Al 22 VAL X AR A el 2 AT X R AT, (R R 7 AR 2R, b X AR )RR 12,7 C,
FETREZK, BEFRINEH EREKE N 575.4 mm 4 H IR 2 447—2 871 h, L 165—210 d, J& BB IR
P A i 2 AU
1.2 R R

RIS T 2009 AEAEIT LA K 2FE R X 04T, DA R fdort KB —E0h 7 A58 #kE, 5 A28 H
T U VY B 306 15 ) 7R 26 1 Ak 3L, JBE T I35 A B BT 3.5 m e &b 3 e 48 o 3B 1 1) 1 2 MO R R R R A O
FHRREE RSB . BB AL TR 5N :0% 43% 70% 97 % , F- L4068 (TCIERT R ) /% IR,
A H ARG B, B FRIPLX BT, S BN XA 9 B, BRATEE AN 1.5 m, Ryt S bl B,
1.5 m BIXEIEE, A 3 W, 3t 12 AR IX
1.3.1 O6f HAS R G g h 4l

SR Li-6400 AU 5O A D e A, B U T BB 7E R RS R (8 H 26—31 H) , M 08.00—18 .00
FEBE 2 h WA TRIHERE 25 F BERLIEBUE 20320 A — B AR I Fr (BRALBE 3 bR, AEbk 4 Ao AR 3 vk,
36 NEE) TG HR(Pn) FRBHFE(Tr) SILFE (Gs) e BB RIREM (PAR) H6 A SH AT 2 , 3k
O EHAR AL ES, SLRHE Ls% = (1- Ci/Ca) x100% , Hrh Ca 23S CO,MEE . FIH] LED 21
AR 5 Aofs B I HE B8R T A ()8 B AL BN 4 G BB IR 5 % 220 Pn-PAR (64 -tma i ) fhiZk . REEE
A - R AU A R EOT BRRAS M S (LCP) AR (LSP) (IR 2R ( DR) Je e Kot A s %
(MNPR) , HERRIEISE T IEAME S DGIR AT s IF I R % fe Kie A ORI 22 5%, KA - b il
LAEMCA A BRI T A A RO 2R 115, SR A 4530 B A B ) 2 FRICR (AQY)

1.3.2 mEERSEE

2 A0 2 B R ] SR DS BRTE 5 VR P I B B, A3 OB BE I 28 | #% Lichtenthaler 2SR H &
RS W 6 A A AR R AL 8 AR B B Bt R, B b3 3 AN EEA, BOF- (B A iz b 33 i 44 €2
ESE
1.4 RIS EIE

W5 AR B AZ AR R FAE 45 A R0 73 A A (Poket) #E4T 1% BT 7 G R DO S8 H AR 1LY
DUSE , AL SR ALK o 658 (3500 wmol - m ™+ 87" ), W5 8 AR AL HE R 45 5 (Fo) (i R (Fm) (W A58k
(Fv) F1 PS I KAACFRCR (Fo/Fm) BERG 2 h P 1R, BRRINE 6 AN F BOHSE Y4, I 5 ik 22
A HEAE LY 15 min,

2 ZER551
2.1 ERRGE - R i e s e
TR 25 T AL L T R 114 i 7 5 4 s R OGS R ) AR — 30, 45 A BV O B R Y B A A A AR S

http ; //www. ecologica. cn



7 ] T AR ERDE SRR SR IO S E R 1813

WS LI, 2 PAR FHm B —E BT, Pn 1L
AT RS BLERDCRAS S DA BRI R TR,
2 S A BN G A - g Y it £ 3T
UHHZRN G o T 38 10 Ak PR s 5 6 o 7R 3 1 48t e A
AU LR BTG, O & R BRI T 426 BT
TE SR AME 5 A [ 7E 20mol - m s AR T, TG 400 800 1200 1600 2000
AT S [ E 1000 pmol-m s L 1], BEBRRFE RS oo o)
HOEHME S5 AN A | e KV 't B 30 S5 R I I %% | A S
M WA (R L L) o B BTR R 4R Fig. 1 Net photosynthetic rate-light response curves in leaves of
Sl SEHIAIE  Fe REf BOR MBI W HR Y o i suspensa
MR FEAG . Horp I RH 97% B S #b 2 05 e 2 e B A
TREAIR T 48.7% ,JEARFT SRR T 30. 6% , BENFIRHURIEAR 1 46.4% X R HEMAEFDEIIE T, 7T KRR
ROCAMEE SR, 46 S X 55 G B FI FH RE 1 I B AR PR WG I AR, DL AR A AR 1 5 AR DA T X 55 6 PR R
T AR Y 3 1 g

FM TR R CEVE OGRS RBCR I —Fh 2 &L, 7T DLE b S WO S U PLEE R 22 1k, L mT
PAR e 55 550G AR AR S S5 IRFRIT (3R 1) , B R 3 W 1 4500 3 Bt 30 1 R 3 A 398 I O W . e, L
AR EE R T 73% B DA w300 & T IRAIE T 0y, Ul T 55 % (%38 I N A FH R 7 Lo, %
T LATE A 2 5 't i RICR O N AN R R, TR S 6 B3R

1 AEAEGEGETEIAHRXESH

Table 1 Photosynthetic parameters of Forsythia suspensa under different shading

KA A MNPR
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Net photosynthetic rate
e}

B AR Prl(umol m™-s™)

|
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T BE I I 4 38 DR Mo . JEAMEE S LCP JeAF LSP T THOE AQY
Shade degree Dark espiration rate h ld?(m;llri.l?e " Light compensation point Light saturation point Apparent quantum yield
/% /(pmol-m=2s7") E((:L:Z]H me_;;‘li; /(wmol-m2s7") /(pmol-m=2s7") /(pmol-m2s7")
0 1.25 18.71 21.46 1410 0.0582
43 1.03 16.48 17.93 1215 0.0576
70 0.87 15.52 14.87 1125 0.0586
97 0.67 12.49 10.99 978 0.0583
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E/‘J Z‘Lﬁ @ﬁﬁ jj %l] 7";” FH sg j\jﬁﬂg ﬁE jj?[%%i Fig. 2 Effects of shades on the diurnal varitions of net

photosynthetic rate in leaves of Forsythia suspensa
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Fig. 5 Effects of shades on diurnal varitaions of stomatal
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Fig. 4 Effects of shades on diurnal variations of transpiration

. . conductance in leaves of Forsythia suspensa
rate in leaves of Forsythia suspensa
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Table 2 The correlation among net photosynthetic rate, transpiration rate and stomatic conductance in leaves of Forsythia suspensa under shade

conditions
TR A AR M AR SR ERG AL FE AL S R
/% Photosynthetic rate and Photosynthetic rate and Stomatic conductance and
Shade degree transpiration rate stomatic conductance transpiration rate
0 0. 989" 0. 973" 0. 975**
43 0. 991*" 0. 966" 0. 963 **
70 0. 981"" 0. 976" 0. 983**
97 0. 991" 0. 969 "~ 0. 983**

“xox "FRIRTE0.01 K SRR

F3 BEHINEMSANXEEE ME CO,RE SALSE SILREENZE
Table 3 Effects of shades on net photosynthetic rate, intercellular CO, concentration, stomatic conductance and stomatal limitation value of

Forsythia suspensa leaves

R HOLAHR Pn JaIa] CO, W Ci LR Gs ALIRBIE Ls
/% /(wmol-m™s71) /(wmol-m™s71) /(mmol+m™2s7") /%
Shade degree Net photosynthetic rate Intercellular CO, concentration Stomatic conductance Stomatal limitation value
0 12.78 190. 81 0.473 0.499
43 11.83 178. 66 0.438 0.531
70 9.87 140. 11 0.375 0.632
97 4.91 214.61 0.358 0.435

BN R B 10 s8R Ko

R4 BHEFHTEIAMHFERRSERLENZE

Table 4 Effects of shades on chlorophyll content and proportion in leaves of Forsythia suspensa

SR % H4%2 a /(mg/g) M43 b /(mg/g) M2 a5 E b Mgt E o/ iR b
Sh a E ChloroPhylla ChloroPhyllb /(mg/g) /(mg/g)
ade degree Chl a+Ch.1h Ch.1a/Ch.1b
0 1.335 0.512 1.847 2.607
43 1.383 0.579 1.962 2.389
70 1.906 0.831 2.757 2.294
97 2.217 1.023 3.240 2.167

BB N S bR e 22 B 5 A AN R PR R 2R B (P<0.05)

2.5 EFAXE R SR IOES B
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H o e 2 iy i Ze (& 6, & 7) , H 565 HARALA XTI OE R 7E 1200 Z 476 e i B Fo/Fm Fl
Fv/Fo TR Z  UIHIAFE MR NG . AIRIETAFLEEXS Fo/Fm F Fo/Fo Y945 .25 5200, 26 B0k Bl A5 JEE T
FERERIAR i, Fo/ Fm F1 Fo/ Fo BRI E T BT BDE SN Aoy PS TR RO~ 833 FITRR A 7 41 B 20 19 132

ENEA =TT oA
3 itig

FE P CAMEZ S RN ALY = (R B R T AR 85 6 R AR ) RAE I B PPN R B AR b, —
M AR R P REAE 5B P AR AT . YERME s IR ELG AR AN A5 5 B A A RE 6 I 2 RO 8 L ARBFFEIA
SRy SR B RN, YA S R A AL, SR 3 el 1 AT A A B N ML N, R R M
SBR[ 20wmol - m s AR ] DGR AT S A [ 1000 wmol - m > s™ LA E ] R T — Fh i i R 5 HL A
ZROCIHEE IR
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Fig. 6 Effects of shade on the diurnal variations of PSII Fig. 7  Effects of shade on the diurnal variations of PSII

maximal efficiency ( Fv/Fm) in leaves of Forsythia suspensa potential efficiency ( Fv/Fo) in leaves of Forsythia suspensa
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