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Effects of shading and drought stress on photosynthetic and chlorophyll
fluorescence parameters of potted Dicranopteris dichotoma

JINDi', ZHANG Mingru>, WANG Jiajia’>, GAO Lei*, HOU Ping'

(1. School of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. School of
Landscape and Architecture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] To analyze the causes for the development of Dicranopteris dichotoma monodominant
synusium, photoresponse process and primary photochemical reaction in D. dichotoma were studied. [Method ]
Different levels of light intensity (slight shade, L,, medium shade, L, and heavy shade, L;) and soil moisture
(sufficient moisture, W, moderate drought, W, and severe drought, W) were set, compared with all light
treatment, and the change characteristics of photosynthetic parameters and chlorophyll fluorescence induction
kinetic parameters of potted D. dichotoma were analyzed. [Result] (1) Under slight shading, severe drought
significantly reduced P, Yoq and Py, of D. dichotoma, and the P, of sufficient moisture and moderate water

control was approximately 34.4%—69.2% higher than that of ck; (2) Under medium and heavy shade, P,
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between three water control treatments was similar and slightly higher than that of ck, and there was no
significant difference in Lqp and Ry (P>>0.05), which indicated that the increase of shade degree could alleviate
the negative effect of water deficit on the photosynthetic parameters of D. dichotoma; (3) Under the same soil
moisture, the fluorescence parameters showed a change characteristic of first increasing and then decreasing
with the increase of shade degree; (4) Severe drought stress reduced the photosynthetic mechanism capacity of
D. dichotoma under slight and medium shade; under heavy shade, the wq, ¢g,, energy flow parameters and
PI,pg growed upward with the decrease of soil moisture, which showed that D. dichotoma had obvious drought
resistance in low light environment; (5) Shade and drought did not significantly inhibit the Pl gg and Pl
indicating that PS Il of D. dichotoma was not seriously damaged. [Conclusion] It is considered that the
combination of medium shade and sufficient moisture is more conducive for potted D. dichotoma to accumulate
photosynthate. Under medium shade and moderate drought, potted D. dichotoma has the highest activity of
PSII, with a strong adaptability showed to the changes of shade environment and soil moisture. [Ch, 3 fig. 3
tab. 38 ref.]

Key words: Dicranopteris dichotoma; shading treatment; soil moisure; photoresponse; chlorophyll

fluorescence
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1.1 #RF K i%it
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R 16.4 °C, AEHIBATEC 1 847.3 h, JLFEMIZ 237 do FEHAN R TR AT IR 2 X2 H 1L (30°13'05"N,
119°4023"E) i #k 160 m &b, #HUK 3 R 4F H B A —F 4 i 100 %k, T 2018 4F 5 A AR/ T
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Figure 1  Photoresponse curve of potted D. dichotoma leaf under different shading and soil moisture conditions
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W3 I P, 7E Ppg>>100 pmol-m *-s™' JEtkam V-2, 5 W, Al W, IR 22 5%, Pag>500 pmol-m?-s™'
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Lep SEREANETHE , BT RS H AR A RGN . 0GR E AR T P E A Lep(P<0.05), HIgfk(E
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A o B SR G AN FE LK AR TR LB AT . BRI S, 6 Ly &M, KA BEXE 13
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®1OERMTEASMETERTEN FHLSHHESE
Table | Photosynthetic and physiological parameters of potted D. dichotoma under different shading and soil moisture treatment

JEHIAIA M FMA TR0 SIS R UES LR EES

iy 7K

K Koy Lep/(umol*m?+s™")  Lep/(pmolem™+s™)  Yag/(umolmol™) Py /(umol-m™?+s™)  Ry/(umol-m™>-s™)

ck 1 037.3+33.0 ab 273+1.5a 0.044+0.006 be 7.644+0.479 bed 0.981+0.148 a

WA 1146.2491.9 a 20.4+10.4 b 0.046+0.006 b 9.780+0.955 a 0.879+0.420 a

L; W, 979.6+£174.0 bc 10.7+3.8 ¢ 0.054+0.011 a 9.207+1.128 a 0.614+£0.292 b

W; 820.7+138.9 de 18.0+£7.0b 0.037+£0.012 ¢ 6.172+0.835 ¢ 0.554+0.027 b

\WA 914.0+138.2 bed 7.3+1.5¢ 0.055+0.003 a 7.805+1.028 be 0.405+0.065 b

L, W, 892.0+17.9 cde 9.3x1.9¢ 0.054+0.005 a 7.505+0.172 bed 0.486+0.060 b

W; 1021.8+40.0 b 9.3+5.0¢c 0.056+0.004 a 8.197+£0.167 b 0.448+0.194 b

WA 866.2+102.4 de 8.0£3.3 ¢ 0.055+£0.003 a 7.357+0.578 cd 0.416+0.144 b

Ly W, 829.3+114.9 de 10.0£2.0 ¢ 0.044+0.003 be 6.976+0.179 cde 0.432+0.073 b

W3 786.2+39.8 ¢ 8.9+1.7¢ 0.045+£0.005 b 6.931+0.295 de 0.413+£0.077 b

VLR BB P AebRE2E . ARRVING FREFR R Rl — e AN R Ak 2R 22 5 1 3 (P<<0.05)
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Figure 2 Effects of shading and soil moisture treatment on fast induction curves of chlorophyll fluorescence of potted D. dichotoma
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o, TEHY op, BE K BB TR, BRSSO R K A B E s PS 1T R RIOBRE L, M
SEOK SRR, N5 RSN HTR RN ck 1Y ¢p, BE/NTFAEEAARE (P<0.05), UL
TR PS T B E AN . wo A og, S PS T ZARMI A A5 4k, Ly A1 L, S#EGALFR T, W, po3Ent
F ) wo Fl ggo FHLE Wy A1 Wy (I T FEE#S, HTE Ly T wo Ml pg, Rl 138K 50800 M . AFERRY
TR gp, £ L) FEHIAK, L, FEEMAREVMEK R Wi, Wy, Wy, Ly FRHW, . Wy, Wi; ck iy
Ppo 1L 1H T A5 HESCAE B, BAHH 2 N r- 0 )3 8 T AR B9 6B AL, DLIRER IR AR AR P A RE
T AR R G0

®2 OERMTEASMETEREENR V.M, FIEF 7~

Table 2 V), Mg and the yields or flux ratios in leaves of potted D. dichotoma under different shading and soil moisture treatment

LS Ko vy Mo ?po Yo PEo ?Do

ck 0.564+0.058 a 0.952+40.095 a 0.635+0.035 ab 0.436+0.058 ¢ 0.224+0.055 ¢ 0.496+0.066 a
W, 0.433+0.057 be 0.740+0.159 be 0.646+0.034 ab 0.567+0.057 ab 0.362+0.052 a 0.365+0.035 cd
L, W, 0.426+0.054 ¢ 0.648+0.107 ¢ 0.623+0.051 ab 0.574+0.054 a 0.373+£0.049 a 0.354+0.034 cd
W3 0.470+0.080 be 0.784+0.213 abc 0.683+0.042 a 0.530+0.080 ab 0.334+0.075 ab 0.377+0.051 cd

W, 0.424+0.052 ¢ 0.632+0.146 ¢ 0.667+0.056 ab 0.576+£0.052 a 0.395+0.055 a 0.317+0.049 d
L, W, 0.440+0.065 be 0.655+0.205 be 0.634+0.089 ab 0.560+0.065 ab 0.377+0.068 a 0.333£0.056 cd
W3 0.472+0.112 be 0.738+0.264 bc 0.550+0.071 cd 0.528+0.112 ab 0.345+0.104 ab 0.384+0.098 cd
VA 0.498+0.065 ab 0.830+0.149 ab 0.602+0.083 be 0.502+0.065 be 0.281+0.070 be 0.408+0.039 ab
L W, 0.464:+0.065 be 0.744+0.208 be 0.648+0.041 ab 0.536+0.065 ab 0.328+0.081 ab 0.403+0.099 be
W3 0.421+0.032 ¢ 0.635+0.126 ¢ 0.504+0.066 d 0.579+£0.032 a 0.376+£0.042 a 0.352+0.041 cd

VLWL BB P IR IEZE o AR PR 20R [F)— 8 hrAS R 2R 3 8] 22 57 9 3 (P <0.05)

242 A LRSI H et R @R P E AR

Eoox

2 ML

SR

SyHTEe 3 HIH:

L, BESGAL R 1 RC/CSy Ab TR, BEH b BEEO T 0 iy XGRE A FHRE B0k 5 ok (1
RC/CSyy i I T GACFE , 158 B J5 1 0 38 2o 398 0 308 1 1) B2 07 Hh O B30 SR R AR (R A it
o Ly BGAFET, A ABS/CSy. TRo/CSy #il ETo/CSy YW B35 F L, Al Ly, MWAH PSTT &4
18 Ly G T A w9 TE M AR RDK AR FIR S W, hfs, BB LW, 197K 5 5 658 iR B
RASFE PSTEM: . ok P53 A T B F A AKE B DIo/CSyy RN 45 HEE AL PR, F IR E ok 53
BT TR G RE AL TR K . BESGAL B, DIo/CSy 7E LyW, H IR A, SR % 55 ' A A1) 2
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Table 3 Density of RCs and phenomenological energy fluxes per CS in leaves of potted D. dichotomaunder different shading and soil moisture treatment
W Ky RC/CSy ABS/CSy, TRo/CSy ETo/CSy DIo/CSy
ck 2223.5£847.4 c 7194242 013.2d 3756.3+1462.5d 1711.5¢8252 ¢ 3437.8+568.1 ¢
VA 5109.7£984.1 b 13 513.8+2 288.7 be 8596.9+1 606.4 be 4912.3£1 180.7 ab 4916.9+£867.8 ab
L, W, 5806.5+1 315.4 ab 13 482.6+2 359.9 be 8 744.2+1 733.9 abe 5099.3+1 370.1 ab 4738.3£817.2 b
W3 4850.0+1 1454 b 12 426.4+1 370.0 ¢ 7762.7+1 141.7 ¢ 4174.1£1 0994 b 4 663.8£762.7b
W, 7112.5¢1287.6a 15061.4+1 166.6 ab 10 305.1+1 157.9 ab 5980.8+1 043.8 a 4756.3£561.9b
L, W, 7 581.4+1507.0 a 16 112.84967.6 a 10 766.0+1 177.7 a 6101.8+1216.1a 5346.8+843.4 ab
W3 6 116.3+2 2259 ab 13 815.4+2 180 abc 8943.0+2 429.1 abe 4 966.6£1 990.4 ab 4 872.4+436.3 ab
W, 4509.7£1 958.7 b 12 909.0£3 402.0 be 7 289.6+2 666.1 ¢ 3812.8+1789.1b 5619.4+931.8 a
L; W, 5402.1£2 4493 b 12 860.4+3 576.2 be 7971.1£2875.1 ¢ 4423.3£1905.1b 4 889.3£1 031.1 ab
W; 5803.6+1 397.4 ab 12 981.7+1 838.6 be 8457.3+1 462.9 be 4918.6+£962.2 ab 4524.3+585.0b

VY BUE R PR EAR R . IR RN R — 8 B A R Ak 21 ] 22 55 {3 (P << 0.05)

AR T FEPGFER; HALA AL F P FE Y DIo/CSy 22580/, R, 2387 i FR
JEMAFTEI 22 5, (HAE - 5K /3 Ab 3R] 22 R A 3 (P> 0.05).

243 #ERFe LIE RS A3 et H RS AR I (Plpgs) Fr B A REFEHL (PLio) 9% 7A  Plygs &M
WOGRERITEREFE SR, b Fy/F(@p,) BESE MERA M S WA DG S M AIRES . fRIE 3 AT UL L, B GAR B2
HOUA VA GE ) Feom, HBE 38K 43 i s/ iy T e, o R RN R R T R A B0 i) B S R K 3 Ak BT R
8.38% 1 21.51%, Ly AN[FIKITALIR Plygs 2557 B3 (P<0.05), FURE 556 T ro3H0T - HK 28 L B i
o Plyy FEMHTHIRCRG RN R FAEBEME, nTdE—2 b xmy it At R 1 B Em .

F RIS AR

Pl HZEALEFREL |5 Plags AHIA . LW, JGIRK 70 BEES DG ST HERAR, 58506 FOLRSE 1 Ay
TRES B
20 0251
1.6 0.20 aba—ab —raa a
g 121 _0.15] M ab
= 0.8t Eam—c \ N
0.4 0.05 ﬂw \
0 "Ta L L, L,

b3 b3

Cck AW, AW, EIW,
AR [E) 5 BER R [F)— B bR AN R b 38 7] 2 5 553 (P<<0.05)
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Figure 3  Effects of shading and soil moisture treatment on PI,gg and Pl in leaves of potted D. dichotoma
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