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Effects of shading on the photosynthetic characteristics and anatomical structure

of Trollius chinensis Bunge

LV Jinhui © ,WANG Xuan, FENG Yanmeng, LI Yanfeng, ZHAO Hongxia, WANG Yuan
College of Forestry ,Shanxi Agricultural University , Taigu 030801 , China

Abstract ; Effect of different shading treatments (0, 40% , 60% and 80% shade) on the photosynthetic characteristics and
anatomical structure of Trollius chinensis Bunge was studied to provide some theoretical basis for introduction, domestication
and cultivation of the species. The results showed that the significant midday depression of net photosynthetic rate at noon
was observed for T. chinensis under the full sunlight treatment, while the depression was not significant under the shading
treatments. The net photosynthetic rate increased at 40% shade but decreased at 80% shade. The transpiration rate and
stomatal conductance increased while the vapor pressure deficit reduced at both 40% and 60% shade, which was helpful to
photosynthesis. The stomata limitation, stomatal conductance and vapor pressure deficit were highest in the 80% shade
treatment by comparison with other shade treatments, which suppressed net photosynthetic rate and transpiration rate of the
plants. The fact that dark respiration and light compensation point declined in the shading treatments and that the 40% and
60% shading treatments resulted in increase of the apparent quantum efficiency and maximum net photosynthetic rate of the

species indicated that T. chinensis had shade tolerance to some extent. The results also showed that there was a close
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relation between the photosynthetic characteristics and anatomical structure of T. chinensis. Shading treatments resulted in
decrease of stomatal density and stomatal index, while increased the stomatal size. The average number of stomata in a leaf
did not significantly change at 40% and 60% shade treatments, however, the average size of stomata increased. Leaf
thickness also increased. The thickness of palisade tissue and layers of palisade cells reduced, while the breadth of palisade
tissue enlarged. In particular, a tendency of palisade tissue changing into spongy tissue was also observed. The thickness of
spongy tissue increased and the ratio of palisade tissue to spongy tissue decreased. The gaps between the cells of both
palisade tissue and spongy tissue became larger as the increase of shading degree. The above changes of the mesophyll
tissue structure were helpful for T. chinensis to improve the utilization of luminous energy. The shading treatment was also
able to promote the development of vascular bundle and increase the number of vascular bundle and significantly increased
the differetiation of xylem and phloem. The number of catheter in midrib and the diameter of catheters in midrib increased,

which was helpful to increase the net photosynthetic rate and transpiration rate.

Key Words: Trollius chinensis; shading; net photosynthetic rate; transpiration rate; anatomical structure
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BN IAFR S0 SRS S, T AR A3, — BP0, TR (1 9, 2 4) . AL
R T L TR AR Fof L J s AN, T R AN, R AR 2 5 B (P<0.01).

chinensis leaves under different shading treatments

*3 AREEWHLEWNEELHFAXEEESENZIN
Table 3 Effect of different shading treatments on Photosynthetic parameters of Trollius chinensis

L INES LS

pLAIRIDES JeME A FW T ROR O Rk .
Ab P G . . . . . Maximum net
Light Saturation Light Compensation Apparent quantum yield Dark Respiration .
Treatments 5o P oo oo photosynthetic rate
/(pmol-m™+s7") /(pmol-m™-s7") /(pmolem™+s7") /(pmol-m™+s7") P
/(pmolem™+s7")
K 992.0+8.32 b 72.7900+2.39a 0.0347+0.01a 2.32520. 14a 11.304£0.674a
40% B 1084.0+19.73a 64.659+2.44h 0.0355+0.02a 2.025%0. 13ab 12.366+0.8%a
60% 1 1008.0+21.96b 57.554+1.33bc 0.0354+0.02a 1.967+0. 06ab 11.500+1.01a
80% 780.0+10.41c 52.190+2.98¢c 0.0286+0.01b 1.357+0.05¢ 8.051+0.87b

AR FRZEST BEM(P<0.05)
ANFEEPFALEESZ I T A R R R, AN AR T AR R R T AR SRR RN, W R
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B9 AFEEHLEBTEELZHETE
Fig.9 The cross-section of Trollius chinensis leaf at different shading treatments

a: &GRS EAEAHE VITH (x10) sh—e: 5330 206 40% 60% F1 80% EWS T il B DI THT (x20) 5 PT . M2 24141 ; ST WG4 4 21

ARTCER LB ., v ik S8 8 A A8 AR W, ELBE T B R R B S TS B A AN [ A 3 ] 22
B (P<0.01) (K19, 4), EICHN 4RI BARAUA BT /AL A WL, S A8 AR S A T 2EAS SR BE 240
Je e, AT B ) B2 S, AR SRR kS e A BRI D T AL B (181 9,58 4) .

F4 REGETHAIET &M R

Table 4 Effect of different shading treatments on anatomical structure of Trollius chinensis leaves

EREAMERE T RNEE It Tk E R HE Pk AR
IR . . PR .
AbHR . Thickness of upper  Thickness of lower Number of vessel Diameter of vessel
Leaf thickness . . . . Number of vascular . .
Treatments y epidermis cell epidermis cell bundle/ in midrib in midrib

pm /pm /pm undie] iz /pm
Esp i 273.93+2.11C 12.78+0.48B 14.28+0.11C 16.33+0.33C 17.67+0.33C 10.66+0.21C
40% 393.79+4.15A 28.42+1.12A 23.27+0.27A 23.50+0.29B 53.50+0.29A 16.10+0.43A
60% 1 357.39+1.15B 32.53+0.69A 17.48+0.33B 29.67+0.17A 51.33+0. 17A 13.38+0.24B
80% 369.35+2.34B 29.43+1.82A 13.79+0. 18C 24.33+0.33B 25.55+0.40B 13.53+0.27B

AFFERFR2ZER B EME(P<0.01)

R T 26 RS 1k, )EIT 2N 3 J2 MR A0 ML 4T A, AS 1) J2 B2 40 b T 254K
HES TS BU% (19) . W ZUHED R % A ) T FEARZE 16 S 7K, S AR 0T i85 o BRORI T 52 9 — o 3 1 P 3R
B, A TR AR TS AE S0 S T Ak B MRS 4 4 rl o 2 A M 4 A, AT R AR 1 E MR A &k, b K
FEAR o 80% ERALIE N IR )ZMA= AL SV [n) g 2R 2 20t BE ke dh . N IR) B 7 b 20 i 25 52 e 156 1 2 AP 4 i
fe B 409 T AR R A M S A R S s T E AR, 5 2 AR A A 2 AT SR B RN RDE | HES 5
Py BB 2 U 4 Ll VIR AN R AL PR ) 22 5 B 3 (P<0. 01) o 40% B A 4 USR5 4% IR A i
H2E 5 ,60% F1 80% i FFi AL T 5 RN T L ZURRE (819,38 5) o AW 40 M 5 23 fin | AN ] Ab 38 ) 22 S
BE(P<0.01),

OGN G LU 3 240U ZE B, el B 9 2 RS R O B RDE 48 BB 1, 26 3 = h B 1
SRLHZ HEPT AL IR VAR 2 2 ph HES B AL BN U B8 5 R R A0 A AT B, ST AL BRI N TV AR L SRS
RiELIEE 177 32 3, V6 2 200 M [) B 5 R (TR 9 ), A 2L 2098 403 A 8 LU ARLUBE /), A ) Ak B ) 22 S 3R W i 2 7K
(£5),
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x5 FTREIEMHLEN & EEM BT SEERNE
Table 5 The effect of anatomical structure of Trollius chinensis leaves under diffetent shade light

551 EMH 552 EH 551 EMH 552 EHH
v 21 i s B 21 i 5 BE 21 i 55 B

HHE A MM S RS

b Palisade Palisade tissue Spon;
AL . . . First layer of Thickness of Breadth of Breadth of . P .gy PT/ST
Treatments  tissue density thickness . . tissue thickness
PT thickness second layer first layer second layer
/(A4~/100pm) /pm . o i /pm
/ wm of PT /pm of PT/pm of PT/pm

M 15.8320.17A  104.44+1.20A 48.47+1.15B  52.9220.38A  9.7420.36C 8.54+0.64D 104.58+1.04D  1.0+0.02A
40% Y 8.50+0.5B  109.59+1.56A 75.04+1.87A 48.72+0.18B 16.88+0.22A 15.02+0.11A 193.52+2.78B  0.57+0.02B
60 % B 8.50+0.29B  90.68+1.01B 52.12+0.58B 29.34+0.2C  16.33+0.21A 13.50+0.25B 204.42+1.46A  0.44+0.01C
80 B 9.00+0.0B 79.57+0.88C 47.08+1.68B 24.49+0.16D 14.00+0.31B 10.03+0.23C 170.82+2.63C  0.47+0.01C
AP RE IR 22 5 B EAE (P<0..01)

2.2.2 EPTR G ALK F R

A [ T 7 A B R AL A B S R L B A AL 2 A T R B s il T 30 el T A AR
D HAAHRE T REAEZ 1 (E10) , BRI REAR T 48k R <AL % L8 %, 1H 40% I
60 % JHE T Ab T S-S FL AT B 284k, 80 9% IHE T AL 3 DU A . 25 ARG 17 B by <AL (8 10,58 6) o IR
A BT LGN A A 70 1) 38 R S 35 v T 4l IR AN TR i Ak B ) B A 2231 (3R 6)

é )0_.:- F .w, ;.’.-:}MW’ s —“7 e a‘ ‘|; - . —r Sore O 1. :r" = B s R
g v )% P oA - J Vg i "_ P = - i = ) ,, g 2 ) b
e bi@e 9 ®e Fe - (I = @ 2 ' £7,54
L - [l S & BT ol g A
? g gl 22 o & c= S '__' 5 2 2 ] g [ A
.l 3 ? : o= - Caa n
’a--“: e | Y g = - '_‘?":-G . 4 ‘a“r' 3
' 7 =, S alria ) L%
A @ =T e t 5 o
. @ " o Dol SLe i ’ § - 4
"D = a"h’“ v 2L ’n 1/‘-'-(’
2 - b KQ e =5 c i g 7708 d
10 AEEHLETSELMHSAES
Fig. 10 Somata of Trollius chinensis at different shading treatments
a V6B, AL ;b 40% BT, KL e 60% R, S FL ;d 80% W, KFL(x20)
x6 EHEWNEEXHSAKENZIN
Table 6 Effect of shading on growth of stomata in leaves of Trollius chinensis
L= ] Ry 2 o 1 2l
SALEE Y / i/ S ALE A "
e u - Jykilﬂl{: pm ﬁéfﬂik pm S AL A ALK
/(/mm*) Vertical axes Horizontal axes Numbers of stomata .
Treatments . R Stomatal index
Stomatal density of stomata of stomata in per leaf
Eoe A 9.81+0.11A 3.16x0.07b 3.25+0.17B 2.80x10%£78.74A 0.35+0.08a
40% W 5.55+0.19B 3.52+0. 10a 4.12+0. 16A 2.86x10*+108.77A 0.24+0. 15b
60% i1 5.44+0.201B 3.76+0.08a 3.93+0.28A 3.08x10*£113.31A 0.25+0. 16b
80% L i 3.97+0.96C 3.68+0. 16a 4.11+0.29A 1.69%x10*+87.77B 0.18+0.08¢

[Fl— 3 RANE TR RN 1% B 5% KV F 2250 REVE, MR T HRR 27N B3

3 FitHitie

JCRS R RIS SRS ARG A AR B RO B B A S I AR T b BB AR e A
DIREFAE R IREESF B UIAOC T B SRR AR A S HL AR S T B R R i B L S EAEEAR
[RGB FEE e 1 T3 I IS RIS R, L 5 A R AR A B 1 A/ 5 A 285 PR 14 52 T R Ak X 35 19 128
Yoo YA IS SR b TR ML NS ARBUE O A R TR ST i R B BRI 4l
YU R A XDEREARRE 1 IR AR B AR/, HES B X i G BRI R — i
ISE PR AN [ 2 X R VS R AR A ARG AN — A Y A% 1 A B A 2 2 0 R e 2 2 2 20
P Z B HEF B, iR SRR AR W SCUR A ARG T, M 197 P R P AL B R
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RTS8 MR AL T 305 BIPRS00 L A TATAE R A S0/ NSESER RS
R, ARSI IS ERI, BB EEREAN 0k F LR 2 B SR W R 4, T A
SR TR RE AR 50 % WE BT ACER T 18K, =22 J Bt 305 1977 38 398 S i PG, SRR A SO ST A R TR
T AR I R WSO 22 4, BRI IE T T AR A ' R B U 5 A B B v I A A RE R R R, o
TEKRBES S AL 2R AR o mT By 1k 2 VR FH 1 VR T BB AR T R IR A VE L, 0 AL B 4
AR A AR 2 20 B AR 2 AL SRR RSN, S AR A A e AR A S B AR A 55 6 A — b
RiVERIR, LRI 2 AR T R T RS S S RS T OB RE R R B2
O i M 2006 VA 4% 40 A D B A, AP 4 i 5 S A, B 40 B 5 S 3 1, i b A vl e P P
FE AR R A R, $ 5 SR AU Y B WA g, SRR AR 5 0 A A B I ) T TR 40t T AR
3Tl T AR T P 2 AR 53 A 9 B SN AZ T AR T A A 20 S AR 2 B A R B S AR ) A K A B K 43
AR N R ERRS L Bl T S REE BB RS L 2/ 1 4 4 4L L AR N | 3 e 1 A — 2 R
MU FEREIN' 2 SIS AL 4 AR VM2 5 HESI B UL IR DO IR R A e AL
FARXT TR, R B R IR M L 2R S ALK T R AR B RIS (38 N R, R AL BT ARt 48
TR 2R A SRS, U BH I B A ) T 35 /K AR AR 3 m KT MK A 78 A2 | 2 2 S AE R I = 25
HORADE A R AT,

WSS R ER ., ST, mtRM eSS ESH 2N THERNAE ., #ERNER
RIS K> B i T K R B S R M R s R R R, R E SE MR, 5
ERAMZE KOs kel U N A A Ak ISR RO S T RS ME R A A TRk e A
VI izt , R AR Rt A R R PR R

KA B 5 AN SARAS R R A3 HR 1) 25008 | R WAEYDE A FZEBIEHM N EZ —, Y
MBI b PRI 1 A 2SR A AR AT R 1 AL A A AL B RAL RN AL S AR ) FE 301 S oK o e 1)
SN R RBURZ Y CO,, BTABIFEIAN HYE I RIS ALE R T 40 R 072 R AL BE s &
FEHY T 5 AR FRBE 038 B, AL T IR AR AR R B A 38 1 2 SR AR SCRIF SR S5 5. 40% 1 60% BET
4 S AR Y NG A T RROR R R I B R B AL B FRATCHT SR AR DR 22| 2 4 S A X T 1 BB g — ik
MR, 2CITE RS EHOK S AR, SR E R B ALD, ALREAR, RALRR IR, 25
EAE IS , Dk /D T 2808 oK & (BRI T A E M T, iE B e & 1T AL TR, B AR T LR i,
CO, FKZES M ASILBL /N, AR T A E R R . AT LR B2 I 1 AN G i 5 2
WERH AL BT 43 E AL LR BRI, (B S A X FLFR B PR T LB o AT 2

LA G A R SRS R B YT, AR A A X A A IR 3 N A O A R SRR A, &
W TR A VR PO BE R AR A — Rl BT, ROt B e 5B 00 RO A BE >, R TR
A, M S O RE R (O R B T AR T e FIFHE5 G RE JBaR > 409% 1 60% BT T R T
ORI  , Ud W 4 AL X B S T — A A2 v, A RS AR R B R, R PR N 0. 03—0. 051
80% AT , FMEFRCRALT 0. 03, Ut 80% 451F TOLH ARG IHIL, Mk T4 LRI 32 1% , SGREF| FH %
%o SCHIRLERDCARMEE S B TR X C IR FR oK 7E — B L RE S WA ) I B . e, SR A
S AR R 5 E FA RE T, D' b R s v 1 B ) 1) 5 E O BB DB o 3% s BH SS9 A R I AR AL B 61
554 500—1000 5% B2 ASHFGE IR 80% EBTALBRAL | e kb BT SEHHI 5 7E 992—1084 wmol -m >s™! 2
B, erMz s R B A 556 RE ST . BRAE R AN 55— B 7E 50—100 pmol - m™s™" | BHAEAH )
MRYEHM A FAE, 2YEI T S EACAMES N 72.79 wmol - m ™ s7" BEHIE B R FE MK, M T
R o ARG T A RO 22 s, AT 44 DT 4 S A8 S T FH PR B A | 3 SR 4B £ B B h 52 5 R BH P T I A
PP G IEAETOCEN TR P AR T A 2 18], ORI F &AL A ik RS R R B 28—
M, i B B 38 3k 3 X 4 S AR M S5 A — e, A AT RE = AR T ORI, 40% 1 60% I B AL BLRFAIK Tk
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