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Light response and chlorophyll fluorescence parameters in Dicranopteris

dichotoma with light intensity and nitrogen treatments
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(1. School of Landscape and Architecture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. School of
Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: This study was conducted to determine the photo-response and chlorophyll fluorescence parameters
of potted Dicranopteris dichotoma for different light intensities and nitrogen application. Using one of the
“marker species” of degraded vegetation in subtropical forests as the research material. Pot experiment were
conducted to design with six treatments of different light intensities, including transmittance 35.96% (L),
13.00% (1,) and 4.75% (L), and nitrogen level, including nitrogen (N,) and without nitrogen (N,). All-light
was used as control. The photosynthetic-light curve, photosynthetic characteristic parameters, gas-exchange,
chlorophyll a fluorescence parameters and photosynthetic pigments were measured three times for each treat-
ment. Results showed that: (1) Without nitrogen application, for L, P, and Ps were highest; Pic, Ry, and A gy
were least. (2) For Ny application, the order of P, and A gy was 1,>1,>ck>1,, G, was L, >ck>1,>1; for N,
application the order of P,, Aoy and G, was L;>1,>1;. For N; and Ny, the order of C; was ck>L,>1,>L,.

Wk H A, 2018-11-30; &I H . 2019-05-05

HETH . FEEKARPAREE T (31570611); #iTLA AARAREE I H (LY13C160012)

EZ I TAAE, IR 55 R 2858, E-mail: 1239513631@qq.com, B{GVEE . Mo, #HAZ,
MM HEVFF . E-mail: yunhhe@163.com



1200 LN 3 Ny = 3= 23 2019 4F 12 H 20 H

(3) For Ng, under I, and T, light intensity, chlorophyll a, chlorophyll b, total chlorophyll content and
carotenoids were significantly higher than those under I, and ck (P<C0.05), and the overall performance in-
creased with the decrease of light intensity. Chlorophyll a/b significantly decreased with a decrease in light in-
tensity (P<<0.05). For the same light intensity, the content of photosynthetic pigments in the N application
group was significantly higher than that in the non-N application group under L, light intensity (P<<0.05), and
significantly higher than that in other treatments (P<C0.05). (4) Except for L, in Ny group , F, and F, under
other light intensities were significantly different and increased with the decrease of light intensity (P<<0.05),
the F/F, of ck was significantly lower than that of other light intensities (P<<0.05). Compared with the N,
group, F, decreased significantly, F,, of L; decreased significantly, F/F, and Piabs of L, increased significantly
(P<<0.05). In a word, under full light, the photos-inhibition of potted D. dichotoma is the most serious. N can
improved the net photosynthetic rate of potted D. dichotoma to a certain extent, increased heat dissipation and
alleviated the photo-inhibition, but it is not conducive to the improvement of photosynthetic pigments of L, and
Ls. [Ch, 2 fig. 3 tab. 33 ref. ]

Key words: plant physiology; light intensity; nitrogen addition; photosynthetic pigment; chlorophyll fluores-

cence; Dicranopteris dichotoma

TEV $GHT IR L1 e B ZRARAE B R AL ML X, 23 Dicranopteris dichotoma FVH. 15T Miscanthus floridulus
SEU2ILI SR A HIUE JE B RS U AR JZ XL ER, TR R A ZE B, PR B R Gle-
icheniaceae T2 HJ& Dicranopteris Z4EHE 4k BRISHEY) . BAMAA R, =H ARER TAZAK Cunning-
hamia lanceolata, 5B Pinus massoniana AT Phyllostachys edulis SALHEE T2 . W Myrica rubra,
Pl ARG ) LR RIE LIRS b, dn] 2R KT R A E LB RUR IR 2L R X
NET B PEEE IS T RO ER 200 | MEBR IS IR BRI RS2 ML ke
R BB AR B Y ARl F o SEsR AR R WA YDA A B R AR SN, A
JE A Aey ] R R AR B AT S 0 OG5 A R R AR, SRS B, E N eI, IR Hy-
drangea macrophylla var. macrophylla W38 3 £ & - WRSOGRE [ FAFE RS PS 1T A PERE B HUER A9 7
i, W55 HO B REMI AR, TR SECEERL Leymus chinensis S8 AR SE HIEPIRINAE,
RIEIMER ZARX SR, SCEEHRE i, S ZA MR T ER, S A&
(ecological filter) "MLy | BIXIAR AL AL = A “adug”, o aG Hpk Wy Ay o 2 R T 2
FERHAR T AR AR TR 5 SECRMA I RS2, AR RN, PR B R I D
ARSI, SO SR B R —RE BRI AR AR A, RIS DA AR e
B MOLEAL AR BSINABE R, BOMmB S B OEREE TR S TIERONILIR | AL
TIEFEFA A BRI T 2O A A BT VAR A AL, s e X IR A AR BN G A A e
BERFE, SRR B IX PR B A 2 e s | (e i ARk 1 i 2 FRE i 4R AR A

1 Mo ik

1.1 #RE5LEAR

PERCR S AR — 30y 1 AFAE P sm B okl , SRR 10 em A4 OHVIREE ) RAZHE, T
2017 4F 3 HARAE TS A 40 ecm x 21 em x 17 em BIAEZLN, 18R -Z0" ZR BN YL ¥ E, T
FHSCMINGEE 2 A, T 2017 4 5 HIE K AEEA — BN 2R 250k, BEPLIT I 6 41, 10 #5-4,
SPAVE T 3 A ECIN, 2 A8, A RiIx 2 ABEF TN, FIREZ (N, ) A3

WA E R 1, 2, 3EZRERIRMEHMN, EAFRCRAH, &% (35.96+0.04)% (L),
(13.00£0.01)% (1,) Fl1 (4.75+0.01)% (1), VATCIHESCALBE (B V6K 100% ) R X BR (ck) . H A AR AT A
XA KA R DT R BE 17, FREL 3 ¢ BB [ (NHL).S0, ] /AT 4l ## T 200 mL 4Kk rf, 5yt
AZEW ;. A AR IR A SE R K, AR R H PG A K (5-7 A, EiR IS 2 Pk DU IE
RIS AZ TR,
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1.2 WARMNERHE
1.2.1 AR IHRBAE Ao S AAE A Sbrh i eyl 2 R RS SO0 A e R4 Li-6800(Li-COR, SEH)
MSE e 2, T 2017 4F 9 ARER 8:00-11:00, BEHUKH—FWIhRET A, 344", EE 3K
TRIE ; BE G A A AR SRR B S 2 000, 1500, 1200, 1 000, 800, 500, 300, 100, 50, 30,
10 #1°0 pmol »m+s™ JME HHEA AR P,(pmol-m?+s™) | L G.(mmol-m?-s™) | Jia[a] S ALRKEE
IR434X C.(mmol *mol ™) FIZENE A T,(mmol -m+s™) o A N 2 S'tsmen 1 fy 2 IF 4R A5 B B8 A T SRS B
TR LedE, F A S 28 IE RS i EA T4 A1 ARSI A3 B Ko & 3% P, (pumol - m™ -
s) L OB Ps(umol - m+s7) | SEAME LT Pic(pmol-m™-s™) | FWLETRLH A gy (mmol - mol ™) FIRE P 1l
R R, (pmol -m2+s7)
122 whgpd b Asemle  SRERIE G R AT R, ST 40 min BYRHE R ALEE; FIH YZQ-
500 ZhASHEEAN (G EZRLE 2N 7)) I A2 0 B Hedin 4 258 615 S 3 F12k 4 (0-1-1-P fh4), H3w0iG
PN(F) . FRIE(F,) . FEMYE SRIVASTAVA 250907 Wit A5 B a8 3¢ 6 (F,) . PS TR M (F/
F)) . PSIEKIASARCR (FIF,) VAR LIRS GRE SR A PEREFE B (P o
123 eHgZ R odane BE s RIS AT, NIRRT E R BOR, R0
JETHI 2 IR SR IAE WA 470, 663 Fl 645 nm TG FE(E, %8 LICHTENTHALERD ™% Jy i H5345% 2 it
%% a(mg-g') . MEE b(mg g ) HIZEIHE MK (mg-g)FHEE, MHEER (mg-g!) IMHEE o Hit4t
b EAFER,
1.3 HIESW

A B a2 R Excel, SPSS #EA7ANEE, FH Origin Pro 8.0 il 8l . >R A IK 2K J5 2253 BT (one-way
ANOVA ) Fldge/ N . 35 2275 (LSD ) FAe AN [ B s 4L ] 1) 22 Sk . R FEOBUEE 28 7 2293017 (two-way AVOVA) ki
gotin . AR MHZHEEHIDOCERESE . & ORI BIOCSENE W, X5 A s
HARERER

2 R

2.1 RABEMERMNEHTEN G-I FES AR Mm

AFDEE AR, ZRE R KOG HE AR (P « TR (Ps) . JEAMER (P) . WEFFIH
(R MR TR (A o) AR IIA— (R 1), RIEELT, BAAEI P FI Ps BEGIRIE NG
FHGkE, HIYIE LG B KM P AR, BEGIRIE NS “N” FIRAEIL; P, R, Ay 7E 1, 0GR
It R/ ME , EEFARAL, L Al L, GR T P YR EE T L(P<0.05), {H Ly FIXF IR 2SR B#
(P>0.05), MiRMAS KGR, Fra G T 2k w5 W P, WATES, B L ML Rk H
Ps BT, Ly FFE, HZERARE(P>0.05); L FEARTHEN P, R Ay ¥IREIE, L BT, LiF
T8 —ZA A

MR R 250 R (R 1) . AR EDCERAES I WA B3 (P>0.05), St 3H0E
BFRFIESHIN 0 B35 (P<<0.05), 5 AL Z T A0 v FOG M2 SURTS I 3 % HLAT g 35 M 58 1 R i)
(P<<0.05), XHMGEFESEBEC AR E,
22 FEMEAEHNAREEXASELLSHNEM

B C A BRSO N, AAk R p, BRI, Lo LR T, MR AR P ok
EH SRS 1500 wmol »m2-s I, KA LHTE 1 200 wmol -m2-s™ Bk EF A, BEJE FFE(E 1A), L,
IR RS KRR AR P AT A L> L > X > 1, iR m L>1L,>1,, kit
HABGRSI, S T OAMAR AR SRMEEML, ME L M L J6oR ARt E TRRL, R
A AR TS T, KN R L>L>X > 1, A4 L>10L>1 (B 1B), BEGAARERSEm,
PRI ¢ MR RS SAEAEM L, A L F L GR N aatt I ¢ e, R A Ak
H CR/NVBARNF AR>S L > L,> L, AN L>L>L(E 1C), @053 6, BG A A S80m S i1
AR NI 2% (L 1D), Ly YEsm N, #3616 A A SRS N 1 000 wmol -m2-s™ Ik | ek,
BEFS TR RIEAH G R/NEN L>X > 1>y MAH N Li>1L,>1s 3 FOGE T, KA
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Table 1 ~ Changes in photosynthetic characteristics of potted D. dichotoma under different light intensityies and nitrogen applications

poEi) Prey(pmol-m™+s™)  Pi/(pumol-m+s™) P/ (pmol-m?-s™") Ry(pmol-m™-s7") Ap/(mmol - mol™')

No L 1024 + 0.32 a 1 158.06 + 0.72 a 19.14 + 0.78 a 1.21 £ 0.04 a 0.068 + 0.00 a

L, 10.52 £ 0.24 a 1 233.66 + 20.01 a 539 +£0.30d 0.30 £ 0.00 ¢ 0.057 + 0.00 a

Ls 6.27 + 041 b 117426 £ 9.29 a 8.25 + 0.77 cd 0.42 + 0.08 ¢ 0.058 + 0.00 a

ck 747 + 023 b 1 008.87 + 40.05 b 16.87 + 0.96 ab 1.06 + 0.04 a 0.069 + 0.00 a
N, L, 12.03 + 0.54 a 1 172.00 + 14.65 a 13.29 + 0.66 abc 0.84 + 0.05 ab 0.067 + 0.00 a

L, 1123 £ 0.25 a 1255.00 £9.77 a 11.24 + 1.18 bed 0.62 + 0.07 be 0.058 + 0.00 a

Ls 6.43 + 0.29 b 1158.22 + 15.96 a 11.68 + 1.27 bed 0.45 + 0.04 be 0.038 + 0.00 b
ANOVA L ok ok *% stk ®

N ns ns ns ns ns

LxN ns ns * * ns

DA, # o ] e SRIFIR P<0.05, P<0.01 F1 P<0.001, ns ZRADE, [H5)AEFEEF0R A HLE 2% 5 5.2 (P<0.05)

14 3.0
T‘." 10 :.‘.” 2.4
|E [E
~ 6 —= 1.8
: :
S < 128
Al ; ~ '
Y 0.6
0 500 1000 1500 2000 0 500 1000 1500 2000
WEE S/ (pmol -m2-s7") HEBRERS/ (wmol - m2-s7)
0.6
= 0.5
g
= "
2 0.4 A
£
5. 0.3
0.2
0 500 1000 1500 2000 0 500 1000 1500 2000
WEE SRS/ (pmol -m2-s7") HEBRERS/ (wmol - m2-s7)

-+ NL, o NL, —— N,L, —— N,L, —— N,L, —— N,L; —— X &

A1l FAELBRRAEZAEESERTEIRIBRAHN T

Figure 1 Changes of gas exchange parameters of potted D. dichotoma in different light intensits and nitrogen treatments

AT G Y m T A,
23 XEMEEMNAHEEMNFEZREHE MERESEHFM

BEOCTRFEML, RMEAA BRI FRtsEER a, AR b, SRS bR TR 50
I 2), L, Al Ly JEom FIF4EE a, &R b, BISRE A MR o508 B8 & T L A g
(P<0.05), MZRZE a/b BECRIEISETERE, H2E5 B3 (P<0.05), Lot T, Jiti &4l Ak rs H 4%
Fa, MEED, DMHERAEAE M REESBIYEER TARMBAL(P<0.05), H L, 1L &84T,
JRAM T ARMAA, AR FE SR a, R b, BRI PR TES B RER
alb /NN Li>1,>1,, H2E555 B E/KFE(P<0.05),

WA BT 20T R RI(F 2), ik, BRRIOCEA RIS P H 423K 2, MR b, BnFsg
R N F TR I Ak 2 K F (P<0.05)
24 XEBMESMEHEEMFMHEEWRASHNEM

3. SARMAAMEL, A 3 FGH T 2R H F YR ERIK(P<0.05); L Al L 1
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Figure 2 Pigment content of potted D. dichotoma under different light intensities and nitrogen treatments
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Table 2 Effect of different light intensity (L), nitrogen (N) and light x nitrogen (L X N) on the pigment content of potted D. dichotoma

szl M4 E a M4EK b MaER K MR
JtiR 25,7k 24 2k 25,3 24, %%
AR 46,5k 38,6 44 42 Dk
xR E 94, (% 90,2 93 3k 89. 5%

P . # o o e 353 R P<<0.05, P<<0.01 Al P<<0.001

Fm, L3 E/:] E/Ell, E/Fo & Plalb B%{E&; L2 E/:] F'm, Ll %[] L2 E/:] F'V/Fl’ll, R/Fo %[] Raha ﬂ%o *ﬁ@ﬁzﬂﬁﬁﬁﬁ Fo,

F., F/F, } F/F, BR/NIF IR I <L, <1,<Ls,

F, Ml F, &K L,>1,>L,; FJF,, F/F,# Py 2#WHN L,>L>1s,
MR R F ZMa REH (R 3) . ik, AR IOCmxE R BB T 28 H 0 1R 56
KN (P<0.05), 1EXF PS I S KAL2ERCRFE I AR IR 2 2 7K (P>0.05) , YEimx SO GRE I TERETS

BOC &R

M (P>0.05), R ZE MOGamxA ZE WX Hm i % (P<<0.05)
K3 AREARSHERLEREFTEEMHHFMHEZERASHHTHL

P RIS 1> 1> 1y MR B3

Table 3 Changes of chlorophyll fluorescence parameters of potted D. dichotoma with different light intensity and nitrogen application

Ab

F, F, FJF, FJF, P,

No L, 40413 x 50.2 be 12 865.7 + 105.9 he 0.69 = 0.00 ab 2.18 + 0.06 be 0.90 = 0.03 ¢
L, 42443 1+ 534 b 13 5753 + 3892 b 0.69 = 0.01 ab 2.20 £ 0.10 be 0.93 = 0.07 be
L, 48453 £202.1 a 16 377.7 + 340.1 a 0.70 = 0.00 ab 2.37 £ 0.09 abc 1.00 = 0.08 be
ck 2059.7 + 1369 e 6233.7 + 5543 d 0.67 + 0.00 b 2.02 + 0.08 ¢ 1.22 + 0.06 ab

N, L, 30873 £77.54d 11 056.3 + 401.8 ¢ 0.72 = 0.00 a 2.58 + 0.08 ab 1.22 % 0.05 ab
L, 3795.0 = 36.8 ¢ 14 253.7 + 3402 b 0.73 £ 0.00 a 276 £ 0.11 a 131 £ 0.08 a
Ly 3709.0 = 75.4 ¢ 11423.0 + 10714 ¢ 0.67 £ 0.04 b 2.09 + 033 be 0.88 = 0.19 ¢

ANOVA L Hkok Hkok ns ns ns
N skekck sk ns ns ES
LXN ES sk * * ES

PRI, 0 e A3 BRI P<<0.05, P<0.01 F1 P<<0.001, ns £/RARBE, FHIARFERIRAHE 2% R 83 (P<0.05)
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REJI B ™), HER AP B SR T 4, SRR YDE S, SC B ES o] e WE
YA AEFDERERITRE S . AW R JEsmx = ORISR B2, (AL RIESHYY
M, DGR MR R A HAR XS R B BOE Mk 28, TGEA 57, L, FriHoeifm
ML (Pis) M BERCORAEL, DEAME AT (Puo) B /IMEL, RIS MO T A SR A8, HFFE T,
Ly PR P DTRHR, WE/NT L, Ry(EEZE /D TR L, YO 50 i B e H e R R A L
Yo, REL T PSR SECIEEAIE I, FEUR T RCR (A o) BB TAEYIXTSOC A RE S . ARSI T
KA R A 7 0.04~0.0777, ARBFFEH, MR Ly AR R 38 Ao (IR TIER(H, BEWIIAL BT
TEHAZF - RERIG

B T AR PR P, WG —ERE LA T REDESEHIEE S, iR AT L,
TEHA P, MERE a FIFSEE b BRI R E R T L M Ly, UERIRE SR & AR XL I A i3k e
JIRFHRES ™ L B iR 8 bRl oliod Z 0088, RIS S E 2 i . AR ab
PR TR EAME T RIRDCRCR ™, AU B BOGRIER, AR o/b REGES, (iR
H L SRR ab AP ETE, UL HAERS I MR 2R 3R a 4% R b TR /- HORIE I S50 ERsE . B
FERFFEV N R R THEAE A 2R B ), AP A B M T ARIRA, MR AL L Al
(/01 A L DS R 'S a0 4 (AT = P oo 0 S B i U0 < <90 LR B Vi O B )
AR, P R A AR PR RE AR XD RERI I . AR Ao

YDA HEAR MR R T AL G NZRIEE AR T, i35, MG A 3R R LR
HFAESALBR I R, 27 P R 6. F1 C RN RRE, WEASSLRRE], midk LB &I R R 32
2 M PR AL RE I ARG >, AW AL 230 P, 0 CFLRRA, AT 2 Fh IR AL

5 R B RASSHAR AL, PO ESEORA R “NAErE” AR, BRI a1
PR EEZEF B, [ i REAS Sz AR D0 A R BB (R AN 52 RE 15, F, S R IRE D P58 0TI
REANACOSPRES T RIS R, F R, MYHGERUEIN; F, o8 PSIDEIRRSERCH] T 2™ 1,
FJ/F, 3RO CREMBFERIBE A LU . A58 F,, F, FF/F, BEOGSRSE TR, B3
THFERUR SOCORIPHLE], RIS T PSIL A FALBEETT . FUF, Al Py BIRES B PS T EZNEE™, {H P,
EE AR IIRE, F/F, TR Z2DEME . ABE5EE FUF, BRI, P, 16
SIS B (R, BEWDESRIEINE P2 ) 7RI/ 26 T AR 204 P H A 75 480 22 S8 DA £
TERERR AR TIRE . PAHMEEPIWIF R TR RERRARAY R A RIA T RE s ADFTE L. MRS
Ly L O N2y FUF, AL E/F, P30, A G O RER I i [R] A FE R i, el
59, [HJE L 6o PHERA S IOCSEHOIRER, nl eSO MY, BARA —Emmtpite, (A%
FESDLAME PIERAREAMCIRAIA R, R DA RMAIR, EROLE GRS, Ak
T IO IR R,

LR LRTIR, Stamrxt RO REE W, AR EEENE R RS, LR GEE
R 13.00% ) N B FOLAR AR AL TE 5 580 (L) BB (L) T Bk F H BOLIN®I, it U BE T EOL
REZYTC, B AFEHOBA NI s L LR (BOLFRN 4.75% )0, FRE I 0E B AOLH G R FUR
OIEORAR R X SOCHY I, &3 A, AR A I IR S A M TR BD A AL BT EE TRIER
H, RN BAAMEER . RIiR RO B ARFERAY A LR AHE LR, it %2 7
AL B R ARG SR 1 D AL RR
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