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Abstract; Accurate calculation of photosynthetic parameters by appropriate light response model is an important means to
study photosynthetic characteristics of plants. In order to understand the photosynthetic characteristics of fern species in

subtropical region, four light response models, namely rectangular hyperbola model, non-rectangular hyperbolic model,
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exponential model, and modified rectangular hyperbolic model, were used to fit the light response curves of 10 species of
ferns in subtropical region. Nine parameters, such as determination factor (R®), light saturation point ( LSP), light

compensation point ( LCP) , maximum net photosynthetic rate ( P dark respiration rate (R and apparent quantum
p P ’ P y s p ) pp: q

efficiency (AQE) , were analyzed to investigate the fitting effect of light response model and photosynthetic characteristics
for subtropical fern species. The results showed that the modified rectangular hyperbolic model and non-rectangular
hyperbolic model had the best fitting effect on the 10 species of subtropical ferns in this study, and the LSP fitting effect of
the modified rectangular hyperbolic model was the best, while the non-rectangular hyperbolic model had the highest fitting
accuracy. The clustering analysis of photosynthetic parameters and Technique for Order Preference by Similarity to an Ideal
Solution (TOPSIS) showed that the photosynthetic characteristics of 10 subtropical fern species were both similar and
species-specific. Polystichum makinoi ( Tagawa) had the highest shade tolerance, Parathelypteris glanduligera ( Kunze )
Ching had the highest strong light tolerance, and Stenoloma chusanum Ching had the highest photosynthetic potential. In
conclusion, the non-rectangular hyperbolic model and modified rectangular hyperbolic model are more suitable for the light

response curve fitting of subtropical fern species. The 10 subtropical fern species show similarities and species specificity in

three photosynthetic characteristics, namely shade tolerance, strong light tolerance, and photosynthetic potential.

Key Words: fern; light response model; photosynthetic characteristic; subtropics

FPIIEA AR TR RE 3 Ry v] FH A i AR (0 Ak 2 RE IR A T AT AL & B A e R R A K
RE BRSOl i R T £ SR o B b T AR A A4 G AR RN A (LSP) R AR AT
(LCP) J REDCEHAR(P,,, ) JEFFIGHEA (R, FIFRWLE TR (AQE) FLA S HUE MM YOG A Rk 1)
FEFE . EATE a0 AR A A SO AR A R B A UM AR AL R B A R B A R
LRAB IR | iy F AN o] — A 5 S 80 (AR 7E 22 5, DR Ak R 00 ) B 335 ' i 7 4SS 80 7 1F 5%
HEGE R T T

BRZSR) )32 o3 A T A4 M AR A RO PR B2 R o 2 ARV R A R R IR 2
UERERRRRE T A 7= 0y A BV S O RO B R A SR IRl R 5
BRNEOINCER , AW B 2 T SRR B, TR Y6 & B i 5T
B ELADLG BRZSAB 6 17 28 A DK 220 S T R ) — ol B A AU A T 004, B ok RS R A
RAEUS R SE SRR DL R BRSSO X BRI (I ST, AR TS AT AR R 5 T £ SRS ) 1 e e g it 2R A0
XA AT BB O BRI A MG B R T AT — i T 22

AT BE O s 5 - W R BSEBR ( Dennstaedtia scabra ( Wall. ex Hook.) T. Moore) k-3 ( Dicranopteris
pedata ( Houtt.) Nakaike) . X % Bk ( Diplazium donianum ( Mett.) Tardieu) | 8 & BR ( Dryopteris filix-mas ( L.)
Schott) Bk ( Hypolepis punctata (Thunb.) Mett.) | 3§ 3 ( Osmunda japonica Thunb.) | 4 B 5k ( Parathelypteris
glanduligera (Kunze) Ching) J8 /& Bk ( Plagiogyria adnata ( Blume) Bedd.) . 22 8% B Jk ( Polystichum makinoi
(Tagawa) Tagawa) F1 555K ( Stenoloma chusanum Ching) 3 10 F1 7 AT BRAAT P 25475 e 7 ith 28 0 2 , I % H
LA S ARAR Y JE T A AU ZRAS R A8 BORE TR 0 1 A XU £ A8 TEASE RN 4 ol FH S i) 1 A 78 ol JHL S i 3 4%
PEATHLE R 4 Tt b A AL ARG DU RE , SRR HH IR BRI AR ) 1) R S AR (W] 3 40 de 35Ol
M) 17 A TR A LM 5 S RS R ZE A T DG B S EUE AT HO B R RORTSE

1 #MRERFE

1.1 A 8041 k)
WFFEREHA, FII A EBsmimt 28 AUSSH 3l (27°50'N, 117°43'E) , 4K 20 800 m, 1ZHb X J& T
PO 28 S AR 13.2—14.8°C AR R /K B 2583 mm, AR 28 & 0 778 mm, 4E 34 H IR S %k 774—
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1144 h, JCFEIZY 0 231 d A BTN 18 pH 2970 4.7,

EFE 3 10 mx 10 m REHD  FEHL 2 [F][E]FEAS /N T 20 m, X REH P9 e A B 2R AR 1 HEAT 8 2 | Ry 2t % 31
10 Fi [ SR A K AU BRISAE ) , BRI RIS B I 3—5 BRJC R A0S £ 0 BLBWR A B RR RS e B A i R
551 R S R (TCHR ) AT G R ZR I
1.2 St 7 £ il

T 2019 4F 8 A (A4 KIEREI) | 7ERE KK 9:00—12:00 Z ] LI- 6800 %45% 44X ( LICOR, Lincoln,
Nebraska, USA) il 4 10 37 HGHT BRISAE D B0 Gma b fli 2k . 76 IE 2P 3G 00 B 22 1, S5 f# H 1200 wmol m™ s
ST A EAT 30 min BOIE S, FREEEA U SRR BE 1R R 1200,900,600 ,300,200,100,80,50,20 pmol m™ 5™
O pmol m™ 87" P B RFIR AR R 5 B A 2 B ) Ol 120 s, S AR E Tl 200 s, CO, ¥ B & A 400
pmol/mol , i BEBEE S 25°C , Wi it 7 B, S50 B AN R0 B2 A Ot , B3 A 0 EE R 0l 58, BRI i 2 s
BN F T ROR R G AR RN, Tevk s A R T DR o AR S PR TR AR R
KE B FAEIE T LI-6800 H B AR SS Ha i
1.3 Sy R

SRFHLATR 4 Ffi s 1o AR 60 SE AAGHS R A A A T ema i i 264005 T H R HOE & 280
1.3.1 BRI e Asil

LA LR Bk R

a X PAR X P,
Pz X PAR + P,

K, P oEEA R (pmol m™ s7') sa WHIHA B TACH PAR AOGE A BURST3RIE (pmol m™ s7) 3P, K
RREFEE A (wmol m™ s7") s R NIEIFIE A (mol m™ s7™) .
1.3.2 B AU LA

FE T A XU 2R g ik 5O

aXPAR + P, —./(axPAR+P, )" -4 xkxaxPARXP,

Pn = _Rd

Ao b A S AR B R 2 S AR B B i A S BUEYE RS 0k <1, HESH0E LA |,
1.3.3  JREA
FEBORR S Ry
P =P x(1=e¢ " Fm )R,
A, e N HRMEBIIE, e=2.718, HES5E LW |,
1.3.4  HAXUINZAE EAR
LR ZR B IE AR ) ik 200

_axPARx(l - B x PAR) R
1 +9 x PAR d
{h B,y WEIERE HESHE LR |,
1.4 BAPEAY
FKHYEE RE(R?) IR 2E (RMSE ) FPF-540 5% 5% 22 (MAE ) R E TR R 01508 BE A PFfr, R K
RMSE Fl MAE 7 /)N 0] 158 FASC 20 () 480 & pF0 B2 ek 70 0 b R2 9T LA 8 56 & T3 BE8 (hitp - // photosynthetic.
sinaapp.com/calc.html ) 715 3% | 117 RMSE F1 MAE 7] LA SPSS 26 #4745, AR,

1 n
RMSE: /\/nz (yn,i _./ym,i)2
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MAE= — Zlym Yo}

K,y My, SR %E‘Ji?ﬂﬂfﬁ%ﬂffiﬂiﬂﬁﬁ;n R AN
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TOPSIS ZE G VN R G TR A R R 2 AR S 0 d 1 — RS0k el 3 — 1k 5 i 2L
PR INEACHE RS $oth 2 HAR v dset B AR Fnie 45 B bw (IE BAR A0 62 BRAE % ) | 20 i3 25 P H bn 5 1R BRAR
fiff R £ AR (0 BE B, ARAS A5 H A 55 AR 1 0 3 4 BHUARLAA 2 00 2 1) R/ NHE Y, O LA RAE A PR B 45 1Y
s>,
1.6 Fdnabd 5 aHr

TEIGA TR (hitp . // photosynthetic. sinaapp. com/ cale. html ) H R B A XA A 3 B A DU 268t
Y 8 BOBIRRN B AU 28 IERTRIIEA OGS SEN TR, 4 Fotmm RS i B B AR B 248 IE A Y fig i
i B BT ISP 1 EL A S AR T R B A O B R L o T # P, = AQEXLSP-R 3R LSP, =
AQE J2F WA T3, PAR<200 pmol m™ s FHUA H Ly BRI | S8 HO8 A E 7 R B 6 4 il
RN 0.9P,,, 3% 0.99P,  WF KR A6 A R SR B AR B LSP P H SR (14 45 T A S RS
SEIBE A E BT A Excel 2016 SPSS 26 il SPSSAU H X Bl E AT BA PR 207 22404 BB 2%
Sy HE A TOPSIS £i AP A FRAN 04T ) 7E Origin 2018 FH2 4],

2 HRE5HH

2.1 ARG AR R e 1 2k AU R
4 Tl 1 AR ARLE 10 Fif 7 $AH R 2K AL ' ey 7 T 2 400 9 TR E AR B R HRAE 0.96 L L, {H LSP [ LCP
P, R ECESEARMGHOR A PIZER (£ 1.8 1) 4 e BSRLAS A0 7 26 anfel 2 Fios

F1 4 FEBEN 10 MITRAHEREEVHEESENESE

Table 1 Four light response models fitted values of photosynthetic parameters for 10 subtropical fern species

AR, M, TN IG5 3 4 R
e e 0 (umolm s (pmolm™s™)  (pmol m™2s™")  (pmol m2s7")
FE855 D. filiv-mas CL — ~600 ~65 ~2.876 0.344 —
NRH 0.012 301.633 4.807 3.266 0.354 0.9974
MRH 0.012 — 4.565 — 0.367 0.9882
EM 0.013 — 30.959 2.662 1.093 0.9783
RH 0.012 302.658 4.709 3.276 0.356 0.9974
Wik H. punctata CL — ~600 ~16.3 ~4.258 0.762 —
NRH 0.022 232.182 16.416 4.526 0.583 0.9868
MRH 0.021 525.906 14.301 4.407 0.845 0.9975
EM 0.022 — 28.429 4.103 1.204 0.9914
RH 0.020 295.759 12.029 5.541 0.966 0.9635
HAF D, pedata CL — ~600 ~17.2 ~4.686 0.762 —
NRH 0.022 268.061 16.983 5.473 0.693 0.9995
MRH 0.021 742.624 14.564 4.747 0.827 0.9950
EM 0.022 — 30.278 4.614 1.164 0.9988
RH 0.021 307.1 13.529 6.165 0.898 0.9878
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S M YL 155 (R SUES ;
(pmol m™ ™) (pmol m™s™)  (wmol m™s™")  (jumol m™*s7")

LR S. chusanum CL — ~600 ~12.8 ~4.933 0.588 —
NRH 0.024 253.196 12.75 5.538 0.539 0.9986
MRH 0.023 634.251 11.281 5.095 0.698 0.9967
EM 0.023 — 25.388 4.899 1.133 0.9990
RH 0.022 296.729 10.326 6.321 0.8 0.9819

LR P. adnata CL — ~600 ~6.5 =~2.572 0.436 —
NRH 0.012 285.55 5.95 2.984 0.443 0.9984
MRH 0.012 648.929 3.838 2.563 0.469 0.9891
EM 0.012 — 21.659 2.466 1.175 0.9934
RH 0.011 300.183 3.586 3.129 0.474 0.9873

WEFR D. donianum CL — ~600 ~12.8 ~4.322 0.536 —
NRH 0.021 260.819 12.365 4.949 0.528 0.9994
MRH 0.020 684.406 10.921 4.228 0.562 0.9956
EM 0.021 — 27.779 4.283 1.136 0.9993
RH 0.019 297.267 9.772 5.527 0.715 0.9865

24 0. japonica CL — ~1200 ~14.1 ~3.955 0.678 —
NRH 0.018 302.167 13.164 4752 0.687 0.9994
MRH 0.018 1125.39 11.781 3.886 0.734 0.9980
EM 0.019 — 33.073 3.746 1.16 0.9940
RH 0.017 318.378 11.445 4.976 0.755 0.9973

il D. scabra CL — =600 ~12.5 ~4.098 0.454 —
NRH 0.020 254.115 12.371 4.643 0.439 0.9997
MRH 0.019 684.406 10.921 4.228 0.562 0.9956
EM 0.019 — 31.883 4.095 1.125 0.9994
RH 0.018 294.795 10.166 5.263 0.633 0.9854

4RI P. glanduligera CL — ~900 ~15.2 ~2.628 0.516 —
NRH 0.013 286.831 13.805 3.193 0.536 0.9991
MRH 0.012 949.666 11.61 2.586 0.577 0.9957
EM 0.013 — 49.095 2.491 1.201 0.9938
RH 0.012 305.677 11.131 3.383 0.591 0.9944

SEHE P. makinoi CL — ~600 ~4.5 ~2.476 0.15 —
NRH 0.012 233.058 4.236 2.646 0.151 0.9999
MRH 0.011 580.786 3.57 2.534 0.217 0.9895
EM 0.012 — 32.426 2.442 1.076 0.9967
RH 0.011 260.942 3.301 2.896 0.236 0.9811

AQE?FZXELE%?&$ Apparent quantum efficiency ; LSP : YA A1 Light saturation point; LCP M Light compensation point; P, i KEOEA H R Maximum
net photosynthetic rate; R IR 3 2 Dark respiration rate ; AQE FMETFRCR Apparent quantum efficiency ; RH B AUt et Rectangular hyperbola model; NRH ; E[H
BABU AR Non rectangular hyperbola model; MRH ; AR 2B TE R R Modified rectangular hyperbolic model; EM ; FE B R Exponential model; CL; S E

Measured value

FE LSP B rh , B AU S A8 TE AR R A6 5 SEIE TG i 3 P 22 55 (P>0.05) , SUA BCR & iF, H A
XU T2 A5 AR A 1A B AR A U5 (B S S AT il 25 M 25 55 (P<0.05 ), HLIz I TSI, 1M 4 2R 14 T
EEMISP(E 1),

FE LCP B rh 48 BB AL A G165 SE B A7 0 25 M 25 5 (P<0.05) , HLae i T S E, 05 ROR 3
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Fig.1 Comparison between the fitting values of photosynthetic parameters for four light response models and the measured values of 10
subtropical fern species
LSP; YU Light saturation point; LCP: Y64M A Light compensation point; P, : e KiFHEA # % Maximum net photosynthetic rate ;R : lif
I 34 % Dark respiration rate ; RH ; B AU 224 5 Rectangular hyperbola model ; NRH ; 3F B 1 XUt 445 % Non rectangular hyperbola model ;
MRH : B A XU 2818 IEBLA Modified rectangular hyperbolic model ; EM ; #5457 Exponential model; CL: SZJU{H Measured value; 74 a #1 b 3
N2 53 8.3 (P<0.05)

25,1 53 A =P RL LA (H 5 SEINE TE B 35k 25 5 (P>0.05) | (HARFH A TS ME (181 1) .

TE P, BRI 4 RS G305 (8 5 S AR AN A 7E 1 350 22 5% (P>0.05) IS RORBGF  Horb e 8k
R (R FUL (B ASARF SCIE, HLE 3 ol iy A% 76 ) 400 A (RS o e (L 1)

FE R, B Fe B8 400 5 5 S A7 7 S 3 1 25 55 (P<0.05) |, HLIzk i T35, L6 30O A 22
HE 3 T A Y (400G 5 S TC 5 M 22 5 (P>0.05) , b R B A XU S RY 9 405 (EAS AR T 52
DU, L Ff1 O TEASE R AR L A O A i 0L 5 (R o TSI (B 1)

2.2 Stm BB A EE

Syt A I 4 RO R AR LA RCR , ABFE S I R? RMSE F MAE SR PEAG 157 () 401 5 K5 B2
L 3 a] A, AR AR Y RP A RMSE 5 H B =R 777 835 1 22 5 (P<0.05) , H. R*5efI%, RMSE f51,
VO HAL ARG B e 22 . T8O AL | B A XU R 6 TE AR AR 1 A XU SR AR AR I 22 W) R AEAE B 5 Pk 22 57 (P>
0.05) ,{H3E i LhEE R* \RMSE Fll MAE W] %0, #0655 B p v B0 20 501 SRy Al 1A 0L 2 7Y i B5ORE 780 AR1 15 £f XL
HIEBICNR N

I AT 10 Ff E AAGHT BRI A 35 (B -5 S0 A9 22 S5 RIS TR 400505 3 T 0, i 50K 7 0 B 1 WL
Hi 2R AL P B R A 25, B AR O 2R A6 1E AR TR AR B A SR ZR A B 4005 SO B, R A e, b B A
XU 2R 1 IEAR R BN EE2 R0 B0 13t LSP, iR EL A S 2R AL LA RS B fe s o BRI, 7 10 B #4y
BRISHIYIE A S B eh  LSP SR FH B AR Ui 2816 15 AR RS (R 40045 (8, FEAR 8506 2 B0R FH AR T AR XU £ A
R LA E
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Fig.2 Light response curves of 10 subtropical fern species

2.3 10 ARG BRI OL A S8
231 JGHAE

HER 1 Al BEEERAY LSP JCikTHE, T 9 RO T BREHI Y LSP 1Y ¥E shu [l A 523.906—1125.39
pmol m™2 s™' N T HE—LHISE O FhE AT BRIEHIY) LSP FOARIME , Xt LSP BEATHRE0HT (18 4) , 9 FhilE #k
WIRISHE) 73R 3 28] AR E R I R, B — N 4 BRI SR 3 G2 LSP 0 s 58 R k3t |
BR RS AR IR U B RN SR HBR XS LSP AR — L8 55 =IO R FIBIER , iX 28 LSP e fli (K 1),

http ; //www.ecologica.cn



3340 JAE = 24

R2
1.00 ;a a == b
I__:fl -
QOJD .
g
£ 098
iz
B
0.96 |
EM MRH NRH RH
0.20
RMSE MAE
10 | :
. 0.15
b a
; T e =
g 0.10 T
~ 05}
= a b
” 0.05
0 — e m— | P
0 -
EM MRH NRH RH EM MRH NRH RH
R Model

B3 4 FxmERERT 10 FITEHREREEYHINERERLR
Fig.3 Comparison of goodness-of-fit on four light response models for 10 subtropical fern species
R* . HeE R KU Coefficient of determination; RMSE : ¥ 75#31%22 Root-mean-square error; MAE ; SF345 %115 2% Mean absolute error; 71 a Fl b %
TN R (P<0.05)

232 HEREOLAEHER

H126 1 AT, 10 R BREAEDY) P, IIF SIS N 2.646—5.538 wmol m™ s, ik —2HF5T 10 FlE
PAFERIAY) P, SIRRIE X P AT RIS (] 4) , 10 R4 BRI 70 R 3 ZEmt, &R 1E 55 I
o BIENBRERGER X P, B B IO ER BUE BR SRR X R P, AR 5
REEERR JEERR SRR AR E R Xk P, wIR(FE D).
2.3.3  ORME R I A R R AR RO R

LCP \R 1 AQE RAFAW A 55LRE I M EZESE, R 1 AT, 10 P HGH RIS LCP 773l
Bl A 4.236—16.983 pmol m™> s™', R, BI7FSNVE B~ 0.151—0.693 wmol m™> ™', AQE AU 77 B A 0.012—
0.024, A T 5% 10 B 5SS A4 A1 550 68 0 (AR U, X1 H: LCP (R, FIl AQE #E1T RIS 4347
(FE 4) 10 FhE AT BRISHED) 430 3 2em), B RpIE RN B I8, 38 — O W Bk Fn gk v2 22 | 3 28 Y LCP (R, Al
AQE #BHLE & 55 2N R RS HR R R A4 B R , X JE ) LCP (R, F AQE #B i Hh 55 55 =28 Wik £
TR R L BR AN BB LR | X280 LCP (R M AQE #RELANMR (% 1)

e /R A FH S5 GRE 10 LCP Al R JZAROLTE 5, 1T AQE A AR bR, fi SRS vl A1, 10 Fl IE $4y
BREAED R — A UL e pn A UL Ae b 2 A2 T 204k, S 350 DL L BRI 55 06 RE T i KN, S ite— 20 L
B2 10 G BRSAE YA 556 R BE 0, WEEEHEAT TOPSIS 25 1A, 25 5 ank 2 s,
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Fig.4 Clustering analysis for photosynthetic parameters of 10 subtropical fern species

AQE; FME TRCF Apparent quantum efficiency

F2 10 FIHRFREEDLAME R BEFRER RUEFRER TOPSIS ZEHZER
Table 2 LCP, Rd, AQE and TOPSIS ranking results of 10 subtropical fern species

PR M [EARREE e FOCRFRE AR HEJ3 25 24
Fern species LCP Rd AQE Relative proximity Sorting result
BB D. filix-mas 4.807 0.354 0.012 0.455 2
Wik H. punctata 16.416 0.583 0.022 0.2 8
BRPEFE D, pedata 16.983 0.693 0.022 0.207 7
BER S. chusanum 12.75 0.539 0.024 0.248 4

JE LR P. adnata 5.95 0.443 0.012 0.338 3
WHEHR D. donianum 12.365 0.528 0.021 0.208 6
3 0. japonica 13.164 0.687 0.018 0.136 9
BBk D. scabra 12.371 0.439 0.02 0.22 5
4R P. glanduligera 13.805 0.536 0.013 0.08 10
BEEH PR P. makinoi 4.236 0.151 0.012 0.778 1

3 it 54£iR
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B PRRORE A R — AT AR, ek R LSPLY Tl AR P, M 0.9P,  F 0.99P, I XJ
(650 LSP (A THHAE 2 RBR S T T AR ATTEE, 435I 0.9P F10.99P, i AFRES R (1 Feik =
IEG AR R A6 A S5, SR IG5 ASTIF ST 10 Bl 30 BREAE I 4 LSP , B LTSI XA T8 05 15 0T fig )
AT TR BR AR LSP TR
3.2 10 RO BRISH D G A R

i 1 G R R E ALY ) LSP LCP (P, (R, Il AQE 268 S RO SRV S FR I T B8 A%

LSP {3 T A s R s G RE ) R SROGAE 77, s LSP SRISHM M ml i, 9 Fh Sl 4GS Bk A 40 11 i
SROGRE S B — e ML, FT A 3 28, RO 3 0 A ) A0 119 4 B BCR 48 3 | it s ot BE 0 Ry 59 i k3 5
B IR R R U B R S B R | LA Tt 5 Y R 7 e 59 14 W BR RN BB

P, ST R R RO E R R ER YOS REM EE S Y i P, RIS 10
TSI ST BR S HE I G A B LA — IR, FTRA 0 3 28, RIDG A TR B A R AR 1S R 5 55, YA TR RE RS
TR MR BR X5 Bk R FERNRIRR | LA KOG T RE S (I 10 6 B BR 99 JE R L 4 S R A S0 ikt

LCP R A AQE ZACFEAUY A 3568 11 0 = A EESHCY , Winl (R Y A BAERE 1, Hovb Lep
SEFEAE) (00 G A R SR TR 1 R 1k BP9 D63, LCP I, 106 W 00 0 ) 55 016 1) A i > | it A
PERE AR . R ORISR THCAVEFIR, HFEA ML A= R BRAK , UL Y TH FE A A AL 2
Rt A RE 1 BRaR . AQE JEAR G A VE I BUGRER FH AR, AQE B &, BEHH T i YL BB 5% Ak sl &, A H]
$5OGARE SR T B B PERE bR, @ X LCP (R, AN AQE HEAT RIS AT, 10 Al BT R IAE 4 7T
A3 R 3 2 BIVTIRS 555 0 B 0 i | P WA 5 6 /ARG 1 1) )R 8803 e ) Ak ATk v 3 T 559 ' B 7 e P I S
B FOREE 1 R FH AR AR o 1 S B AR IR 50 BBk A 4 R R, L BT 555 Y68 70 58 I 2 T /D T S 1 )
FHRCRAR A5 B BR IR L BRI R B R . A T SR A M e LA LA 10 7 B4 15k 21 420 T B 44 8 7 17 3
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Table 3 Ranking results of three photosynthetic characteristics of 10 subtropical ferns: negative tolerance, strong light tolerance and
photosynthetic potential
[IES 1 B BE 1 1§ 5 G HE T oA RE

Fern species Negative tolerance Strong light tolerance Photosynthetic potential

BBk D. filix-mas
WiHR H. punctata
BRIEH D. pedata
LR S. chusanum

S EBR P. adnata
X HR D. donianum
3 0. japonica

WiBk D. scabra

&RPR P. glanduligera
BHEE R P. makinoi 1 5 10

7
6
2

O AN W kR 0 00N
(oI S R >\ T B S I )
o W A W O =

S
—_

25 BRI A UM A IERTRL AR B A XU AR AT 10 Bl BRSAE ) A5 R8OCR B, He
B R ZAE TERCRL Y LSP 40L& S8R el , A B A AU AR R 4GRS B s o X 10 ARG RS
TP OGS SR T 23 I TOPSIS Z-8 4RI, 10 Fb 7 AHF IR ZSAE H) (4 int B PE R ) | Tk 528 S BE )
T AT RESF A R ERERA AR AT e D R e S, JFG v RIS LR (4 i B 1 BE 7 i, < 2L Bk 1) T o '
Jihei, SRR G T RERCOR
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