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Effects of Shading on Growth and Photosynthetic Characteristics of
Extremely Small Populations Styrax zhejiangensis Seedlings

. . . * . .
FU Guolin!, LI Tingting®", FANG Qin', XU Ke!, WU Chuping?, JIANG Bo?
(1. Forest Farm of Jiande City, Jiande 311600, Zhejiang, China; 2. Zhejiang Forestry Academy, Zhejiang Key Laboratory of Forest Genetics and Breeding,

Zhejiang Hangzhou Urban Forest Ecosystem Research Station, Hangzhou 310023, China)

Abstract: Styrax zhejiangensis is an extremely rare wild plant endemic to Zhejiang Province. To explore the
effects of different shading environments on seedling growth, the growth characteristics, nutrient element contents
and photosynthetic parameters of two-year-old seedlings were analyzed under three light intensities: full light (Lo),
50% shading (Lso), and 75% shading (L7s), for 4 months. The results showed that the growth of height and ground
diameter, as well as leaf structure of seedlings were significantly different under different shading conditions.
Under Lso, seedlings enhanced their light energy utilization by optimizing leaf structure; while under Lis,
seedlings increased their height and ground diameter to spread leaves more widely to obtain more light
energy. Shading promoted the increase of nitrogen and potassium contents in the leaves of S. zhejiangensis, but

decreased the contents of phosphorus and magnesium. With the increase of shading intensity, the apparent
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quantum efficiency (AQY) and maximum net photosynthetic rate (Pnmax) increased, while the light saturation
point (LSP), light compensation point (LCP) and dark respiration rate (Rd) decreased. Chlorophyll fluorescence
parameters indicated that the potential activity of PSII (F./F,) and the maximum photochemical quantum
efficiency (F./Fm) significantly increased with the increase of shading degree, while the effective photochemical
quantum yield (F,'/Fn"), photochemical quenching coefficient (qP) and electron transport rate (ETR) first
decreased and then increased. The seedlings of S. zhejiangensis have strong shade tolerance and photosynthetic
regulation ability. Therefore, moderate shading had a positive effect on their growth, nutrient balance and

photosynthesis during the seedling stage. Reasonable shading management and fertilizer application could provide

important support for the protection and artificial cultivation of the species.

Key words: Styrax zhejiangensis; Shade; Growth; Photosynthetic characteristics
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Fig. 1 Effect of shading on growth and morphology of leaves of Styrax zhejiangensis seedlings. Lo: Full sunlight; Lso: 50% shade; L;s: 75% shade; *: P<0.05;

**: P<0.01; ***: P<0.001; ****: P<0.0001. The same below

1 BRI 2 LAY IR TR R

Table 1 Effect of shading on nutrient element contents in leaves of Styrax zhejiangensis seedlings

s % e E o NK NP
Treatment N (mg/g) K (mg/g) P (mg/g) Mg (mg/g)
Lo 4.35+0.34b 0.88+0.12¢ 2.49+0.12a 2.65+0.46a 4.99+0.28a 1.75+0.19¢
Lso 4.65+0.10b 1.04+0.04b 1.99+0.38ab 1.81£0.27b 4.47+0.24b 2.38+0.37b
Lss 5.62+0.14a 1.66+0.04a 1.85+0.21b 1.72+0.03b 3.39+0.08¢ 3.05+0.30a

[ FIHE 5 AN A 3 B R 22 57 i3 (P<0.05). R F]

Data followed different letters within column indicate significant difference at 0.05 level. The same below
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S B h 2400 25 SRR BH (3R 2), 5 Lo AHEL, Lso
Ab PR WL % B T R W T ROR(AQY) B At
TrE, BRIFIEE 2R (Pamax) FIG LR AT (LSP)IE T
B, (HARIR B 2 7K o T Lys 038R, AQY A1 Pomax
1358 2 BN (P<0.05). LSP. YA &S (LCP)AIIE
Il T % (RA) B B AR FE 38 0 22 R e % DLk
SERLH, WTVL 4 B AT B R T T
FE P FEIERH TR A RGHAT e SR, B I
PHREFE N, 4 P me o AR PRI
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Table 2 Effects of shading on photosynthetic parameters of Styrax zhejiangensis
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B 2 R R BB RO G- R 2. Py 106,
PAR: SRR -
Fig. 2 Light response curves of net photosynthetic rate for Styrax zhejiangensis
seedlings under shading. P,: Net photosynthetic rate; PAR: Photosyn-

thetically active radiation.

Kb PR AQY Prmax LSpP LCP Rd R
Treatment (umol/gmol) [umol/(m?-s)] [mol/(m?s)] [umol/(m?-s)] [umol/(m?-s)]

Lo 0.084+0.009b 2.914+0.73b 953.89+88.62a 25.13+8.67a 2.00+0.35a 0.99+0.00

Lso 0.102+0.013b 2.27+0.24b 867.97+70.37a 18.18+8.98ab 1.68+0.43b 0.98+0.01

Lss 0.153+0.013a 4.89+0.27a 728.43+76.74b 7.75+1.55b 1.16+0.06b 0.99+0.01

11111

AQY: Apparent quantum efficiency; Pyma: Maximum net photosynthetic rate; LSP: Light saturation point; LCP: Light compensation point; Rd: Dark

respiration rate.

2.4 BN HSRFISEKEHE

3 A0, BEAERHFE A NGE, PSILIETEVE
PE(Fo/Fo) fli KOG B TR (FFn) ) R 23
Frita#h, H Lys 4R R Fo/Fo Ml Fy/Fo B3 & T Lo

R 3 AFEDCALTR WL 2 B A M R VO S HI

A1 Lso 078, RUULIEHEL T PSI BDGHli 3k HE /)M
FNEE MR B ERT . BROCE T &F/Fu)TE
Los b N KR 25 Lo MEAHIERIKT, BE&T
Lso AbEE o YeAb 7 K REU(qP)TE Lo b3 N i, (H

Table 3 Effects of light treatments on chlorophyll fluorescence parameters of Styrax zhejiangensis

Tre%\tffent F./Fy F/Fn F,/Fy’ PAR qP NPQ ETR
Lo 2.19+0.60b 0.68+0.07b 0.63+0.04a 158.40+1.25a 0.88+0.05a 0.28+0.23b 37.50+4.22a
Lso 2.63+0.45b 0.72+0.04ab 0.55+0.09b 156.68+0.13b 0.83+0.02b 0.42+0.28a 30.53+£5.31b
Lss 3.34+0.67a 0.77+0.02a 0.68+0.03a 156.41+0.10b 0.85+0.02ab 0.30+0.21ab 38.15+2.20a

FJ/Fo: PSIIEAETGTE; Fu/Fn BAOGIHAR TR, Fv/Fm': HROCE T8, PAR: Jea G R0EN, oP: Yol AW K 23 NPQ: HE6ib i K R 3L

ETR: HL7fEiid 3.

F./Fy: Potential activity of PSII; F,/F,: Maximum quantum efficiency of PSII; Fv/Fm’ Actual photochemical efficiency; PAR: Photosynthetically active

radiation; qP: Photochemical quenching coefficient; NPQ: Non-photochemical quenching coefficient; ETR: Electron transport rate.
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o, WL B RO e T
FORZEARIERH A FIEE M, DAAERR IR AP 75 (1)
I
HEMMEE AR, #L S EL
HRE AR S AR AN N 2R RS, X TR
HT 4 A KE R RLE, FEONIX TR F K
Ko BB, WL B AL AR N RAIK
() U LE R U LL R B, AR K2 B R R R ). L
BeRE ) B S R R A 1, A R s
B HIERME SRR EUE AR EE
AR5y, AR WG AR RE 1A % Re R AL
B2 SO YN~ AL [T 62 R S P P 1 o 58 4 125 2 Sl N YA
MEZANEME SR, DR E A fliE s
SE B IEFE, VBB RO AR R . [F
TE NV AT B 2 i) P AR P H AR 3P I, 38 U B AT
AT ST 2 A A B AEAR T IR % FE A0 R
3.3 ERAXNHIL R BB AR R
B TR S R AE ) AE AR O 9 PR 858 A i
ML OCREIRE ), BUEBS, WY NAAER
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Z I F R A R O E SR, WL B
Y EER A TR ETIE S T2, &R
B LT 95 6 PR 58 B A Bom & N YE . A ER
9 G M ARG T A R B B R R 6 i R
71, RET HFREAOCRER. HAEYRE
M2 B H AE 10~50 wmol/(m?+s), AN A LE 100~
200 umol/(m?-s); 1M BH2E #8419 e #h32 £5 o 50~
100 zmol/(m?s), MR ZE 500~2 000 gmol/(m?-s)26%9),
AW, Wil B & BA &N g [728~
954 umol/(m?-s)| AU I Y6 # Mz 1 [8~25 umol/(m?s)],
KPWL 2 B EHN AR A LM E F LR
AR, (ATESS I N R kAT A L &1
AR, X AFREAR AL B A B 0 1 13 R

2% 3 9 G RFE BE 05 I LR AR I RO B 3K
RATELERE ), TR TP I A2 A '
REM IR0, Fo/Fm ZHURBE PSIR R H O 3R
WO R R, H TR EMEII R, HH 5
KW, ANELRED Y EAEA R DGR T ) Fo/Fm N
0.69~0.75, Herp —BEAE HERH 26 1F R 23 W T 100%
JEREEO, b, RRLAMEPUR IR, &L
(Ligustrum vicaryi) 1 7R 7 (Euonymus kiautscho-
vicus)H) Fy /P FEMERA 254 N B35 ETF, BoRih REF
I GE R . AT, WL e BEFSEEAE
Heim N H Fyo/Fi N 0.68~0.77, H.BE 7 1015 A2 19 5,
Fy/Fm 1 Fo/Fo 3 FH s, i~ He BR824
TP E R A HACE . ETR /& A YI7E SL bRt s
N R B R T AE B KOG g (1) O A
Fabr, Bm ) ETR 2 B BAG 558 1 S H i fe
2B, RBEFL, Wi 2 B A ) e R (Los)
ALFETRIK ETR 225w TP RE M (Lso) 03, 5 Fy/Fo.
Fu/Fm Fl F'/Fn S SN I NG 35— 5, RFEHEE
WERAZEAE T, PSR GAL S R R RIS A T 115 31 2
ZF, Mfedt 7 ETR B35 5%. [FIf, qP 7 Los
AbER R AT PR R = 7K, BB PSIT e S A G AE AR
B RN R R T IR BE . NPQ 7E Lso 4b3E
MR A Los SO ER R R EIVE, R T WL B
4R AN [R] 0 T A2 FE R RS REFE BRI T B8 77
AL, Gt FEFRICHENAN, Lys BN
PInREERE B, XATRe AL A LA Al
HL AL B AR ISR TR A 1 B E 7 S 7225,
Zx ERnA, WL BEYE A
JeE N AT EREAER LA A E FR T R L E S
NG, HEOR TOGRERIHIER . AR R, BRI

H SR IR G IE R RE T

ZE b, AHEFUEIE W % S G AR AN [
BHERE N AR EFRuR S EM AR
T AT, s T R BRI & A4 0E R
filo 76 SO%IERA T, &) 3§ hi ek A AR
PERCREIIZRAE /15 TAE T5%MERA T, 407 Wi
80 e AN M AR DL SRR I R SR 2 R R .
Gb, HERHAFR S A RS ERE BT T
BERVEE SR N, O T 4 s s R RN
WAL 43 BC RS B 55 e A 55 . e AR E AT R A,
41V 7E T T 2R I A8 R W & T RCR AR AL
SRR POESHL,  RRE TR mGRER AR LUK
FHEAE o BF LSS AN B T AR 2 B & 1
ARIERNME, o N TR AR TR 7 Rl
WA o AR FE AT DAdE— AR MR 0 VL 2 B
4t B ANFR R B 2, BA LA [F] 3ERIK
Ir S TG B AR AL, AT 2R G R A 2
PRHLTE A TH R SR
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