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Growth, photosynthesis and ultrastructure of mesophyll cells for
Cercidiphyllum japonicum seedlings with shading in summer

LI Donglinl , JIN Yaqin2 , CUI Mengfan2 , HUANG Linxi?>, PEI Wenhui?

(1. Forestry Academy of Jiangsu, Nanjing 211153, Jiangsu, China; 2. Department of Horticulture, Jinling Institute of
Technology, Nanjing 210038, Jiangsu, China)

Abstract: [Objective] To provide a scientific basis for seedling breeding and population protection, the effects
of shading treatment on the growth and physiological functions of Cercidiphyllum japonicum seedlings were
analyzed. [Method] With single factor random block design was adopted, using a LI-6400 portable
photosynthetic system, a series of shading experiments were conducted on C. japonicum seedlings to study the

effects of light on physiological characteristics, diurnal variation of net photosynthetic rate (P,), stomatal
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conductance (G,), transpiration rate (7,), and intercellular CO, concentration (C;) with seedlings being measured
in summer under four light treatments: full light (L), 55% transmittance (L;), 25% transmittance (L,), and 10%
transmittance (L;). At the same time, changes in growth, in morphological indexes, and in the ultrastructure of
leaf mesophyll cells were observed by sampling and transmission electron microscope technique. [Result] (1)
Shading affected the leaf water content (LWC) and morphology compared to the control; with an increase in
shading intensity, LWC increased (P<<0.05), single leaf area (SLA) increased (P<<0.05) too, both single leaf
dry weight (SLWd) and lamina mass per unit area (LMA) decreased (P<<0.05), and lamina area per unit mass
(LAM) increased (P<<0.05). (2) Shading had a strong effect on photosynthesis of seedlings. The “ noon
break” did not appear during the course of the day. The peak value appeared at 14:00, and other treatments
were relatively mild with the peak value appearing at 12:00. The variation curve for G, was similar to P,, and C;
basically showed a concave change. The daily average for P,, G,, and T, were L,>L,>L,>L;, but the order of
C; was reversed. (3) Chlorophyll and carotenoid content in leaves increased significantly with shading condition
(P<<0.05), and both chlorophyll and carotenoid content increased progressively with an increase of shading
intensity (P<<0.05). Long-term shading improved the light capture ability of leaves. (4) With full light: the
outline of cells in the mesophyll tissue could be identified, the number of chloroplasts was small, the
arrangement of chloroplasts was close to parallel to the cell wall, there was a large cavity in the center of the
cells, the arrangement of thylakoid body was uniform, and the starch granules and osmium granules were few.
With shading, the number of chloroplasts increased, the proportion of chloroplasts in the whole cell increased,
the shape of chloroplasts gradually became spherical or oval, the number of starch grains increased, and the
thickness of thylakoid lamellar was so. (5) For intensity shading L, and Ls, height (H) and basal diameter (D)
decreased (P<< 0.05), the biomass model D°H decreased significantly (P<< 0.05), and normal growth and
development of seedlings affected. However, there were no significant differences between growth indexes of
seedlings for L; (mild shade) compared to L, (P>0.05). Thus, intensity shading has a great effect on the growth
of seedlings. [Conclusion] The mild shading possibly beneficial for the growth environment of forests and
having no obvious inhibitory effect on seedling growth, but the effective radiation intensity should be more than
55% of natural light intensity. [Ch, 3 fig. 4 tab. 29 ref.]

Key words: botany; Cercidiphyllum japonicum; shading; photosynthetic physiology; ultrastructure
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1.1 R B AEY

IS HLA VLI MOl B2 5 B SE bk (Rt VLT X AR, 31°5125"'N, 118°46'37"E), #h
A I 2, R, AR 16.1 °C, Wi AR 43.0 °C, Wom i IR -14.0 €, AEA
KR RE 78%~80% , AERE/KHE 1116.3 mm, 4EX)H BEAI%EL 1912.8 h, JCFEM 224.0 d. {86 + 33 0 1113
FR¥E, pH M 6.8,
1.2 KBt

ARk F b B AT R, A RERH: . MRS —B 2 RSB . 2018423 AT A]
EM, 2l 3MHMENARKE, M4 6 A 20 HIT 4G AR 0 b Tleab 2, JF— E4EHE3) 10 A
A EECHIRACCE, W 2.0 m, PRI SRR R, pEACEOT, B TERGESR . R
4NKEBR . 12O (L), fEEHEIRA Y T4 55%) . 2 26 (L,, $RSHOEIAR Y T 461 25%).
32 (Ly, $RFHEIATY T2 10%), 06 (Ly, REHEHR 100%) At EALE SR 8RR 2% i
XAAEI, TR 3R EP3ANXA), ANEXAESEATHES, XA NP &GN, BN A4
30 Bk, JFHEERbRIC. ARERACHT I, ANRALIEEI A 1.5 m BEIEE . WA R IR R, A
PREHJEAR R A T2, AR A B R AR R i — 2
1.3 ERNESH*
13,1 RESMEA LR 8 HEBGELLIEMIM AKX, FIH LI-6400 AL #E X0 1F I @ AT 6 G VE
HAMEI S . ANFASBEESE R B 52 44 3 0k, BMRIESRE 3 A B8 . K& R Daert (T
B A4 B, WERRIRER) TGE, HEZEAE 3d. H 7:00-18:00, B2 hiE 1k, BIRIE 40 ~ 60 s, Hll5E
BRI ARG, ARfEME (2 emx3 em). MECETERA . HOEEHER (P). RALFE (G). ZEMBHR
(T,). MulE] AR (CO,) BEIRAMEL (Cy), FIRAR P/ T, 3 FE M R K FIHBCR (Ewor)s FIFHEEA
FIALBRGIREE S SCA A BERS (Pap) R (T, KAHIMHRE (Hy). CO, BERHE(C,) %o
132 A&eFAAKIBAE H7H 10 HIFG, EERERCH RS0 S Zhe et G aR. fE20d
R 1k, BURERRZER) 9 . MHak R BT 70 80k 80% NERERE, 436t , JHARYE Armon A
TR AR (D) R (H) SRS RN R R RO &, FIHA YA D*H AN AL B F 47
P2 R0,
133 vthAA&KESTABE 9 HRKFHERICHTIREMIE M B &K E SR IES . HEECR A AM-
300 FREA M EAIIE 5 iR &K (Cowe) RAMETE00E, IR T ALIE: Crye = (M-
I J5 42 )/ T 5 A x100%; HE T AR (Spam) T EE E B (mpga) F AR 23088 . Spam = (1 1T ALY
M) mpga = (/A A< 100%M,
134 rtRAHEM 10 A LANEM FBMEHE . AR HESRE R DIREM (T 4 /), i
IR AR BOEE , BB RN 1.5 mmx 1.5 mme A TR B i B0k 2.5% 15 R EE 12h (4 °C),
0.1 mol- L™ BBRZE ik (pH 7.2) ¥E¥E 3 ¥k, HEIK 20 min, SRJ5 5585 2 084050 1% (4R 5 [ %E 4 h
(4 °C), WHEAEEEEMK, ZJ5H SPI-812 WAgE & . I, Leica UC6 @ # Y] A HLYI K 60 ~ 80 nm #i i ]
A, BERRAH-FrEE R A AL A, FH H 57 H-7650 3% S G5 %%, JF H Gatan 28w 4E 7 9 832SC1000W
G IR E R e
1.4 HELE

BT A B % - Bl bR A 22 B K s, B Excel 2003 YEIEl, SPSS 17.0 #4775 2% 20 Fr FLAH 643
Br, ZEHHECR B &N 251 (LSD ).

2 HEREGAHH

2.1 EXXTEEHEBEMER (Spa)BHTFRE (mgpwe) B ERE (mg w) B FE7KE (Cuwe) BRI
T AP 1AL EEXTE R A R R KB A RER . BT eI, S . AR



BITEHE W ELMNEE RFECETMAEILA . G R R A A0 Rt i 499

225 (P<<0.05), RI WIS MK Spp BFEH AR, Jolh Ly ALY Spp K (34.88 en’), HAETF
Sia 92,024 %, Ly Al Ly A EEEY S 0 S@0E FH A B 25 (P<0.05), 26N B i & (mg wy)
5L, L2ERARE P>0.05. BT 5 (ngwe) BEHEMEL . N R & KE (Cowe)
AR, B BDGIRE IEEE, R CLye BERIIN (P<0.05), X 7T R SMOLE AN SR TR, H
XV B I G

R1 AREXFHETEEMI R SKERMFRESERNEL

Table 1 Changes of leaf water content and morphology indexes of C. japonicum leaves under different shading treatments

e HTHIR FIfEE T Lt R oie Bk e EALRTIEA
(SLa)/em?® (msLwe)/g (msLwa)/g (Crwc)/% (mpma)/(g: dm™) (Sam)/(dm® g2
Ly 17.26+5.31b 0.36+0.11 a 0.14+0.04 a 159.27+6.46 ¢ 0.81+0.19 a 1.27+0.27 b
L, 29.65+6.03 a 0.45+0.15 a 0.16+0.06 a 190.97+18.52 b 0.52+0.09 b 1.96+0.38 a
L, 28.36+3.93 a 0.41+0.02 a 0.13+£0.01 a 210.45£19.29 a 0.47+0.04 b 2.14+0.17 a
Ly 34.88+3.11a 0.45+0.08 a 0.14+0.03 a 221.22+7.38 a 0.40+0.05 b 2.55+0.38 a

] BlE I EEAR R, RPN R 5Bk 22 5 B35 (P<<0.05)

%
Q‘_—Q-

L, L,
B SRR AR T A AL E 6B

Figure 1 Effect of shading on morphological development of C. japonicum leaves

2.2 ENXITESHM R EEAERR (Spaw) FALEME (myy,) BN

M (mpya) AL AR T g, BT TR AR RN 20 AR 1AL, e XS
myya A Span FISEMRECK, FRINN Bl T SR B A3 0, mypga HBQDDN, 1T Sy W H SR, 238
EXF (P<0.05). HECTELH Spa B mgpwq A, SEMTHFECT mpya B Spam 1952221
2.3 EAITEFRM R XEERBTHH RN
231 AkbrFE(P) SCHEDEAIT P, 2 AR RHE (B 24), WIS, 2% F P22
EIAXFRA “JL” FIE, 12:00 Z A4 T 284k, i B R fE TR 14:00, 14:00 J5 2080 T R
L, 3T P, RS Lo 2500, (BHASEE NG, W 1 BITE 12:005 L, F1 Ly Zb3F P, 0 52 B X5
R “IL” M. BTN, RNEEES TR, 12:00 B P, e KIEA 46T 0.61 1
04215, HI PNKREVNEF N Ly, L. Ly, Lyo FZESHEY: AFELGHTHY P A REZESR
(P<<0.05).
232 AIFE(G) —MmFE, [ILRERBKRI AR AK I SHEY M &S ae e
o HE 2B AL, GEOGAIETS Gy BISeT i Ja AR A AR AR AR, B 5% B LR AR A /I . AL 3
T, 11:00 B Z R b Gy EEARRZEE TR, 12:00 SR KA, FIRIFA TR, X—55 P, ik
FEAMML, RUIHAZAS P, 22— NEET G H AR, 10:00 ZHTHEA TR, H
10:00 Z J5 iV sy, 14:00 ik KAE, TEFTA BT BCN G, —H & T HABE G, H Y G, WKREI/
HEF A Ly, Ly, Ly, Lo HESHEN . RRILHE HY G A B HEES (P<0.05), HL, 5L, [
SARE
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Figure 2 Diurnal variation of net photosynthesisrate (P,), stomatal conductance (G), intercellular CO, concentration (C;) and transpiration rate (77)

2

of C. japonicum leaves under different shading treatments

233 JAIA ZRALRE R 5 (C) AREET G RIEA S MNIEAA L, BIrh4 2 iTZ 8K, B
JE iz eI (K 2C). ARGETS HYY G NKEBIIMKIK R Ly, Ly. Lyy Loo 2200 R R[R AL EE]
C; Z5 W% (P<0.05), L; ZAbBHEREEHG, 14:00 DS BREsREE O 2RIG, mH G, TR, & biklEfe
RAL, B2 A BRI, 2 C R TR .
234 RlpkF (T) AR5 A RAKLE (Eywp) WME2DATW . &, T,HZfEEE KX, LU
12:00 i 7, BG IR, I 3 v TG T (il (8 (P<<0.05); TMEGANIET T, ARk h M, Jf
TE 14:00 BT FRE, RUESGR ZME 74 mzEBER . $EH Y T, MRB/IMERIR M Ly, Ly, Ly,
Ly, 705 BEOCA PR B 3.48(L). 2.58(Ly). 2.51(Ly) f5. JrE kil L5 L EERARE, H
Lo 5 3 FhlEBabHE R A 3 22 7 (P<<0.05),

WA P, AT, ] A A B Ewppe W1 T Ly AbFRHA B S A P, MM FE B T,, 7EFTA AL B
Ewue K (2.82), BEE THEEBE (L. Ly) FAIIEM (1.73. 1.27)(P<0.05).
24 HEHXABEREMHKESKERMBESERNEXXER

WA TRIEE S A B T 3 B ) 6 B 3R 5B AR (Par). M &K (Cowe) KM RIEASE
PRAEMIE M ILEE 2. G50 3EM . Py 5 Pag. mpya 2035 IEHE (P<0.05), MM Cpyce 20 & 7
K (P<0.01), 5 S, BEBEFEAME (P<0.05); P, 5 mgpwe Fl mgpwg AHCES AR AT, LM
T, SRR Spa I, BT mppa BN, P EIBEZ TR, SE R0 B L i A A
25 EBEXNEFWMAESEBERSEEKNZME
251 FRRABEXEHTEAMLASE TN TN HEEEHYDCOVER I EA R R I (0,25, Tk
A N RWEATHDN AR, FIL SR A N E RSSO EY S ER R I RS
o Rk, EETTOLIRSEAS s B 2 2K R N R A RS A, T8 R0 B T R
R mHADERE T, B 3 AL EERHE R I R R R N R R B E A
M) (P<<0.05). HECHIW] (20 d) A[RILEFREE R R MRS P RO A BEZER (P<0.05), RILHIEE
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S M AR R RS N E B ER N, DAL BEAR AR T R AR R DGR R R BE GRS R Y
SEZE, N[EALFRE AR AR ER a, HERER b, FHERER atb, KA PR EMEZH LN, (HZ2E LK ER
54 2257 (P<0.05). SWBEHERE, ENFETHRAMSERa, SR Db, R atb, K
NER¥AYEIN, HEEEESCHREINH BTR  Bos s . R, A DG IR RSt e R NS
%ﬁ%ﬁﬁﬁm,%%@N@Wﬁ%ﬁ@%ﬁgﬁﬁM%mﬁ$,%%ﬁ%ﬁ@%ﬁﬁwﬁmﬁéﬁﬁ
A Az B, BT R b 3, SR AR a, MK b, MR atb WAL AR .
252 Lﬁﬁﬁéw%mik%ﬁ%fm GRS TR R TR, S 2 4 AR KB
Ao EOCIE, EFWYE N EEH AR, (B (H) AR (D) RUGH TN, 25 3 4
AR (£ 4), ZEILEERW. L, SXBMLL, H. D. HD. D*H MRS HSRE BF 2L,
BRREIEO (L) T R4l iy A Kl R W i A Kl (HR, FEEEEOY (L, M Ly) &, H. DM D’HW
H/NFXTR (Lo)(P<0.05), TEEHEESEXT & i B A4 A B8 A E T, Xl i A

®2 EFEMMHRAASERSHEMFAKkERESERHEXE

Table 2 Relationship of the photosynthesis parameters with relative water contents and morphology indexes of C. japonicum leaves

Fatbr P, Ppr Sta msLwt msLwd Crwc LRV
P, 1 0.889% —0.661%* —0.205 0.110 —0.800%* 0.674*
Par 1 —0.796** —0.295 0.058 —0.895%* 0.862**
SLam 1 0.704* 0.427 0.640%* 0.701%*
mspwre 1 0.919%* 0.184 —0.055
MmsLwd 1 —0.208 0.297
Crwce 1 —0.833%**
MEmMA 1

BLHA . =, =3 BRI A MES0.05F10.01 K

R3 FAREAXAFHTEEMHAMHERERENAE NERESBHIEN

Table 3 Changes of chlorophyll and carotenoid content of C. japonicum leaves under different shading treatments

AT ) ot & (R B 40 (mg g7)

yisz| EiE 7
20 40 60 80 100d
M4gRa 3.04+0.04 Ba 2.64+0.78 Ba 1.44£0.04 Db 1.76£0.04 Bb 1.73+0.10 Cb
4D 1.33£0.02 Ba 1.06+0.37 Bb 0.58+0.04 Dc 0.712£0.02 Be 0.70£0.06 Cc
Lo -4kEKatb 4.37+0.04 Da 3.69+1.15 Ca 2.0240.08 Dc 2.47+0.06 Bb 2.43+0.16 Cb
HKiAE bR 0.67+0.02 Ba 0.61+0.17 Ca 0.30+0.01 Db 0.36+0.02 Bb 0.35+0.02 Bb
M-4gRa 3.22+0.25 Ba 3.870.11 Aa 2.2240.24 Cb 1.70£0.03 Bc 2.04+0.04 Bb
4D 1.48+0.10 Aa 1.48+0.03 Aa 0.90£0.10 Cb 0.70+£001 Bc 0.92+0.12 Bb
b -4gFatb 4.71£0.36 Ca 5.35+0.14 Aa 3.1240.34 Cb 2.41£0.03 Be 2.96+0.09 Bb
KA PR 0.72+0.08 Ba 0.84+0.01 Ba 0.39+0.04 Cb 0.35+0.01 Bb 0.38+0.05 Bb
4t %RKa 4.04£0.02 Ba 2.79+0.01 Bb 2.79£0.03 Bb 1.95+0.06 ABd  2.47+0.04 Ac
L 42D 2.04£0.01 Aa 1.04+0.02 Bc 1.18+0.02 Bb 0.83£0.02 ABd  0.96+0.00 Ac
Mg atb 6.08+0.02 Ba 3.83+0.02 Bb 3.97+0.05 Bb 2.78+0.08 ABd  3.43+0.04 Ac
HKiAE b ER 1.46£0.01 Aa 1.14£0.02 Aa 0.47+0.01 Bb 0.39+0.01 Bc 0.47£0.01 Ab
M-4¢Ra 5.96+1.56 Aa 2.86£0.04 Bb 3.30£0.10 Aa 2.27+0.52 Ac 2.29+0.17 Ac
L. 4D 1.43£0.67 Aa 1.01£0.02 Bb 1.4620.05 Aa 1.00£0.26 Ab 1.11£0.08 Ab
-4gFKatb 7.40£0.93 Aa 3.86£0.04 Bc 4.76£0.15 Ab 3.27+0.78 Ac 3.40+£0.14 Ac
FHH bR 1.73£0.30 Aa 1.13+£0.01 Ab 0.53+0.02 Ac 0.45+0.05 Ac 0.48+0.05 Ac

U s B R 3R s PR 5 [T AR ING A 3R ] — A AR [ A BRI (7] 25 57 1 35 (P<<0.05) s [RIBIR ) K 'S 3R [
— (] AN [RI AL B ) Bk 35 25 5 (P<<0.05)
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Table 4 Effects of shading on growth indexes of C. japonicum seedlings

gLl SRR H 5% Hfcm D/mm HID D’H/cm®
Ly 19.71+4.08 a 140.20+£16.01 a 14.37£1.96 a 99.13£18.17 a 295.68+£97.64 a
L; 21.29+3.99 a 146.41£19.67 a 14.07+£1.71 a 105.65£19.61 a 293.38+79.22 a
L, 23.03+£5.07 a 138.97+£14.49b 13.11£1.98 b 107.77+£16.64 a 246.80+94.58 b
L, 22.02+4.77 a 121.08+12.88 ¢ 12.08+2.40 ¢ 103.82+21.93 a 183.06+£75.64 ¢

BB : [ [R5 B R [ —HE R AN [ Ak PR E] 22 5 1 25 (P <<0.05)

2.6 ENXTEFRIM A BR SRR

2R R R A A TOC SRR T, AR 40 X S A SR B A AR Rk, A A
TRBYSE R AZ A TT LI AR ) T 52 AN RABE T B AR BRRONEAE R A Re . NI B et i (181 3) AT AR Hh . 4t
(Lo) Z1F N, s BEOCHA M NSV h A fE B T 4, ih&gfA (Ch) Bt /b, BEEEAMIEE (CW) 2l
Fio3A, JRARIE , ThoRyE ks (S) W1 . i TrHa R G A, A b JIB A R s i, 2Rk
F 2SR KT RO AT HESY , BRI R BRI (Th) WS A WK, BR R B A BT, R UL A v Ok
(0G) 70 ii (Kl 3A. E); Ly ALBE T AAMIN AR ERTE 0T, Ch BCEA BT, fedifh A mptgm, H5
CW ZIRIRY[EIBEINR, OG AHNZC IR, S i/, M-apfhrh Th #i9) 5%, Z L Sk 2
M (8 3B, F); Ly, Ly AbBRARMIZEHY S it ap AR (AR, (HI 2 R8s RS 2, 20 P9 2 I 1 AR
N, EERARANE B WL N B ERE S Y, S ML, e AT L ECOR,, Fr A OG,
Th &5 K W i M, 2RO, (HHEZ A B AN, BT RGBSR (B 3¢, G, D, H),
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Figure 3  Ultrastructure of mesophyllic cells of C. japonicum leaves under different shading treatments
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