oL R AR K OF F IR, 2022, 39(5): 1037-1044
Journal of Zhejiang A&F University
doi: 10.11833/j.issn.2095-0756.20210605

S REEMT ER DTS EESHNZI
R, 7 OB, KWAwm, FEEF, KEF, Eum

(HTTARMOR 2 KSR AR S H e, @i B 311300)
FE: [ B8] ifk #AA T 24K Styrax obassia XA AR AK KA AE, EASLE, BFLR, REENKEE
Bk ti, ([ FE)RMERFT G 75, WALARE LKL, 4FBELE [ 200K (ELE
100.00%)., # ik (&% H 47.30%, L)), FEEKX (20.00%, L,) F= & EEX (71.75%, Ly)]5 3 Fk AR N, (e
#5.0.63 g), N|(GEAR 0.21 g) o No(RER)], MEH 24 b pit Bl b b G EREoH0 T4 E, [£R] O/
WA AR F I, ARG SRR AN TAERETEERESHEAA DL I, Rk
W ABT R 55, HHRsaAe s A 140.00~481.33 pmol-m2-s™', EAMEE A 6.00~34.67 umol-m 257, vH4EE ab<2, @4k
B LAN, 2324, EAHEARAMEAAL, OL, 2T, FA0REMNAKIDTIRAA N, Noo Ny; Ly &
BT, %RAAHEH>400.00 pmol-m s B, N, A3 EALMAXRAREREZT Ny 42 N, 432 (P<0.05); @D7%
5 eIt BARS G S EERTH A H A AR BB EKFE (P<001), Hatih X IMREAALE, fE.
REBARE. (&) 2R Y EARBOREE, LS ERARREGRRAEALS NG EREK (L), Fhbi
0.63g(N,). B 14£3 426
REHER: BAGL; BRI, R RARH; RAEE; WHk
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Effects of light intensity and nitrogen application on photosynthetic
physiological parameters of Styrax obassia seedlings

ZHAO Nannan, WAN Qi, ZHANG Mingru, LI Qingxiang, ZHANG Tingyu, CAI Yihang
(College of Landscape and Architecture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study aims to screen the combination treatment of light intensity and nitrogen
application that is more conducive to the expression of photosynthetic physiological parameters, so as to reveal
the relationship between the changes of light intensity and nitrogen and the growth of Styrax obassia seedlings.
[Method] Potted seedling cultivation method was adopted to construct the two-factor control test of light and
nitrogen. Four shading treatments were prepared: all-light control with 100.00% transmittance, light shading
with 47.30% transmittance (L;), moderate shading with 20.00% (L,) and high shading 7.75% (L;). Three
nitrogen application treatments were included: N, (0.63 g pure nitrogen), N; (0.21 g pure nitrogen) and N, (no
nitrogen application). The light response process and the variation characteristics of photosynthetic pigment
content were determined and analyzed. [Result] (1)With the increase of shading degree and nitrogen
application rate, net photosynthetic rate (P,), apparent quantum efficiency (4qy) and total chlorophyll (Chl)

content of S. obassia seedlings increased, while dark respiration rate (R,) decreased, and light saturation point
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(LSP) ranged from 140.00 to 481.33 pmol-m2+s'. Light compensation point (LCP) varied from 6.00 to 34.67
pumol-m~+s™', and the ratio of Chl a to Chl b was less than 2. (2) Under all light and L, shading+N, treatment,
the plants died. (3) Under L; shading, the change of P, ranging from large to small was N;, N,,, and N,. Under
L, shading, when photosynthetic effective radiation (P,g)was greater than 400 pmol-m>+s™', the P, of N, was
significantly higher than that of N, and N; (P<<0.05). (4) Both light intensity and nitrogen application had
significant effects on photosynthetic pigment content (P<<0.01), and the influence trend in descending order
was light, nitrogen, and light+nitrogen. [Conclusion] The seedlings of S. obassia have strong shade tolerance,
and the optimal combination treatment of light and nitrogen is L;+N,. [Ch, 1 fig. 3 tab. 26 ref.]

Key words: Styrax obassia; shading treatment; nitrogen application; photosynthetic parameters; photosynthetic

pigment; shade tolerance

S AN 4R R i b 2 B MAE A5 56 A G FE B BRI 0 S [) b2 pA %o A B8 i AR 1k
PRI PR SR AR K B 22 Sk, B BB AR B AR BEOGRRIE I m S HRE i, B A AR ) 27 35 B
B EIRa A, — eV ARG MR AR R A L AERRK S B SR T IRRE T s MR, 59065k
T, MY e SRR R A, WSRO AR ST RE T o A RS i HEER LA R, IR
ZZ A Y OCRE R A AR R . YA T —E MR RN EE R, B A F P m ot
AHRE MR HEE A B, KBS RBUEYOCE AR T, AR, S E Y
PG FE IS

FARAE Styrax obassia J& T B AFF} Styracaceae & B & Styrax (7% /N ARBGEAR, FE 54T
P AR MK, MR B AR, WAL A 2L TR, AL BFRER E S AR 7
[ Ah o3 A T H AR A A i B PE pg . 2 BB EAG 31 FEY), (LERAE . e 85 S
roseus I LL AR ALY, ERMRITHE, Hotee, BRI TE, B “E££7 , EKAEEX
FEAR, MR EE ALY, AR 1 3T DED AR A 2 () O R AR AR, AR L SRS KM A
2T E

2020 4F 8 HVEETE T g E R Y B SR RP X 828 Stewartia sinensis FEV%FEHLH A B UL BE 1 ¥R 42
o MR ERBACR MR, RIVERMLIN . . HERZMH T BRI = W4, v g5 1A
T G AIWBESS A OC. R RIS . SRR AR RN AR IS A MESS Y 2 BB R
A1 B BOOS T A A B A 0 DR A 28 AR B S o R, A R R S A S IR RN B, AndeaR A,
M AR MR AR . K S EA RS G, FEF T A, lEKREEZT)
ZIPIET, BAIABET IR IR, FIHED . — 7T R AL A SRR R G MELLE RIS BUOR SRR, ok
PR ZFRNARMEIN R, FrxERUREE; S — g AR SRR I 2OR K, R HHE TE
SR R T ML R BRI AE R R B TR, SR ERERREH AR R MK
KB 2AHTEZM., AR ATSBEEEZS 2 A E 24 SN FHEGEAEN, EEduhEamA
R, WERBECMANER S ERN, ABEEIME ALK AR EMAS . BAT, AXERLD
WF5E 248 th TR AP ORBRUO . 35t AR 0938 I B B2 2281k (AFLP) 20t R REvEr . JF 4
S HEF R &, XL A SIS BPE RS AR TR

FET BT, AR AR S A SRR L B AN ROR DL, AR ST AL LG S R R N &
AR, BHURRDCRMAR W ERAS, B R BRI A M S 2R, ks T
LA A AT B AR A R LI 5

WL ERE

1.1 R XEER
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R R A AR
1.2 ke

T 2021 4F 3 7 M- Bt [ AR PR DAY 1 (e BBCRC 4 R A L i B2 REAS— B0 BAAEST 100 Bk, #REN
(46.08+3.83) cm ., HiFEH (6.1240.44) mm, FARBALZE (BAE 20 em, 5 15 cm), RRAARME 1 bk, Aopk 00
ZEIR CRBMEPRIELRR): pH 4 5.08+0.01, &K (1.53+£0.01) g-kg ', BfEZECH (184.92+8.61) mg-kg ',
FRHE N (8.76£0.11) mg-kg ™', HALHI N (275.00+£12.19) mg-kg ', AHLF K (31.58+0.10) g-kg '

PR ERAE & T 3 2N T, IEW 5K, 30 d Ja¥sltid A vRREdL s ik 9 41, R4
54, BEINAFEDCIRA G RM, 0 kR GEOLR 47.30%, L)), HEHEL GEOLRE
20.00%, L), MG (BNH 7.75%, Lsy)o S REE XTIl Phoebe hui 7545 1 It & & ,
AESCAC PR E 1 X HRZH Ny (R A1 2 DMl RUEEE, 435108 Ny (i 0.21 g). N, (%L 0.63 ), A
NE A RS [(NH,),S0,], HFFE 15 d Wl 1 7k, X IR S K, Az 4 K.

1.3 MEIEIRS A%

13.1 sbmpstfEen g ZENCSHELT 70d 5, %8 6 A 5—14 H K 9:00—11:00, fiH) Li-
6400 FEHEROGEAL, ME EEAEL M 7 b6 R (P, BB HA(T) . ILTIE (Gy) Ml — 481k
TREEIR 3 HL (C) 55 . BRAKbBEBERE 3 #Rahl, WARIE 3 Fvb i, B bBdk o N . e i
2000, 1500, 1200, 1000, 800, 600, 400, 200, 100, 50, 20 F1 0 pmol-m2-s™', i FEiE N
1 500 pmol-m™+s™", FEFAF[E] A 30 min,

132 k& eZRmEoiame RHOCERPEENEEA O R BCER e 2Bk 31k,
Y2 0.20 cm AYFEF, B 0.20 g LA 10 mL ARBUA 00 95% M L BEES A, BB B U ek 4%
Bl UV-2550 BIEAMMOEEET, 7R 665, 649, 470 mm PEATHL(, B IRKAIMOEE, HELEM
R BRI ARUT . Cop .=[13.95%D(665)—6.88xD(649)]x V/(mx1 000); Ccyp=[24.96xD(649)—
7.32xD(665)]xVI(m=1 000); Cep=[1 000xD(470)xV/(mx1 000)-2.05% Cepy ,—114.8%Ceypy 1245, Hid: Coppan
Cenips Cear ZPMFERIEEZ a, MR b S N KRR/ (mg-g); D(665). D(649). D(470) 435I
FIR 665, 649, 470 nm AbRYISEEE, VO ORTRBGR AR (mL), m AR BT ()

14 ZUESH

iz FH Excel 2010 X SR tn B A 7L 3, P48 B OGS BT+ (Photosynthesis) 215 H DGR FTAL (Lsp) -
TEAME R (Lep) FME FRUE (Agy) . WP (Ry) FIEKIFOEE AR (Pray)s FIFH SPSS 26.0 5
G -tma N AFES B E A AR T o 80 AE . brifE2s, Ik S 2 5 W2 5 B Origin 2019 il &l

2 ERERH

2.1 kSRS RERHEANRT 55 T8 40 i e im R ph 2 9 R0

FEH R 1 A0 : 76 Ly AbFF, 0 EA GRS (Par)>30 pmol- m s i, AR L4 1 45 it E AL FE
1) Py MR BN/ IMEIR Ny Noo Ny, 24 Pyg BEHIZE 2 000 pmol-m™2+s7' i, Ny AbFRFA444E P, i N, b B
) 2.88 1%, 76 Ly AL, 24 Pug B OB % 300 pmol-m 2-s ™' I, % ZACH E AL P, e,
I 300 pmol-m -7 I, LR Py WREN/MEIKA Ny Noo Ny, LytN 2R3 E444EH P, AHE T
L, Ab 3 2 FE A 28.80%., 1E Ly AbBR R, 24 Py 7E 50~400 pmol- m 2+ s A8 AL, 4% i 0 Ak B K 48 16 Y
Py IMREIMER N Ny Ny Ny, 24 Pap>>400 umol-m2+s™' J5, Ny N, kb3 E4448 P, KEzir, H
W T N Ab L BESEECAR BEE N, N, A BN B AE P, (A SR B W8 55, LN, b B R4
P, b Ly AbBER L3801 304.99%

FEAFED G+ AAL IS, ERALLE G, F T, BBl Pag 3G RIS L AP &5t A AL # Y
R G, Z RN WEMECFREREIN, £5 i 20 AL B A) 22 H B Wi K. 24 Pag M 2 000 pmol-m 2+s!
Bf, LytN, AbFRA BRI G #HER T LN, AbFEIG N T 552.70%, MIRl—ESE T Ny 4bHAY 2 £% . 76 L, 4b
HF, SMiAAE ERIE TAHZER K, X4 Pag N 2000 pmol-m >+s™ if, Ny fbHEF K& T, HE T
No ZbHRNFET 67.40% 7E Ly+No AEEF EAE T, b FomKoF; 78 Lot N, 0BT £ 7, B & T
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Figure 1 Effects of light intensity and nitrogen application on light response of S. obassia seedlings
Hifty 2 At AL

FEL. Ly f Ly b BN, BTN C B Pag 390 KB 28 N FEAR G 2212 [l 19 A8 fL R AE o 2
P r<<400 umol-m2-s™' B}, N, AbH ERAAL C FREIERE RO, WS S AR 3.
22 NBERIEMEMIT EELTEM B S-S0 R 45T S B 20

S b FEAE S ERE NS S WA M AE AN R R BT AR OB A W aE . JEREFIFHRE 1 SR, E T A
YIRS . 38 N SR A AR ) AR AR IR I R/ NE R . AT 1 Rl BEEECRREERT I, ERTEL)
WY Lep BWNIEAR, 250 AL FEAE Ly A6 EE Ly 20900/ T 71.16% . 72.70% F1 75.00%, Hrf N, i)
Lep W/NEFE e K. ANFEMERALFEAE Ly, Ly FI Ly A FR R, ERAEL 0 Lep 2 9 4 24.00~34.67.
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Table 1 Changes of photosynthetic light response characteristic parameters of S. obassia seedlings under different light intensity and nitrogen application
pbsei}
Lgp/(umol-m™-s7") Lep/(umol-m™2+s7") Agy/(mmol™) Ppa/(umol- m 2+ 57" Ry/(umol-m™-s7™")
i EES
No 288.00+30.87 b 34.67+5.44 a 0.043+0.301 a 1.649+0.155 de 0.464+0.001 b
L, N, 220.00+28.28 b 29.33+5.76 ab 0.046+0.111 a 1.924+0.225 cde 0.512+0.005 ab
N, 140.00+1.89 b 24.00+2.83 ab 0.066+0.080 a 1.247+0.068 ¢ 0.352+0.014 ab
Ny 164.00+8.49 b 16.00+2.83 ab 0.054+0.305 a 3.246+0.102 b 0.346+0.001 ab
L, N, 226.66+38.84 b 16.00+9.98 ab 0.060+0.056 a 2.276+0.090 cd 0.297+0.009 ab
N, 324.00+33.04 ab 14.67+2.18 ab 0.067+0.089 a 2.127+0.217 cde 0.295+0.019 ab
No 270.00+29.70 b 12.00+8.49 ab 0.065+0.080 a 2.733+0.525 be 0.276+0.002 b
L N, 306.66+47.19 ab 8.00+3.77b 0.075+0.110 a 1.943+0.166 cde 0.170+0.011 ab
N, 481.33+86.52 a 6.00£1.41b 0.080+0.421 a 4.121+0.248 a 0.132+0.061 a

LA BRI EAR R, /NG TR ) — SRR TEAN [ AL B E] 22 5 3 (P <<0.05)

Lgp 73914 140.00~288.00, 164.00~324.00 F1 270.00~481.33 pmol-m 2-s ™', fE[Rl— G AT, A [Eit A
Ab PR E S AEL T Agy MREI/MKIKN Nyw Ny Nos [F—i &K T, WREVMRIK N Ly, Ly, Ly,
Wit B AR Agy WIIEIN o Ly+Ny ALY Py 24 4.121 pmol-m™?-s™', AHEL T Ly+N, £ FH I
T 50.78%, 2 T IHABAL I (P<0.05). Ry MIH/MAHILTE Li+N, A5 403, Ui BESE R A i
308 3 B2 PR T 2 23 3 3 559 D AR
23 HEESREENNERESEXLEBRERENHNZM

ST 2 AL R Ly AR, SR BT SRER a T L (Cop o) AAE B35 25 5 (P<<0.05); B
WECTRBE IR, o] — G A B N A9 A AEM F Cop o FHAT, Ly A B A 6] it AL BE R 42 A6 40 v Y
Cona THE 25 (P>0.05), [Fl—jili BALFEAR RN T ) ERRAE Cop o FA7E R FH 25 (P<0.05). BHEMEE
FEREERANN, £SAAMTLRE b T8 (Con o) FFEEHEIN, AR 25 Sz W, L AT, A
FHOMT Copnp (P<0.05), Ny, N, AbFRS: 51 LT BRZHIE TN T 237.40% F1 137.80%; L+N, ZbH R Copy o
Cenp N Li+Ng 19 36.00%. L, 3T, AREEARAMEE R RS BEFE R 25 (P<0.05), L,.
L ZbHE A [R] 75t A Ah B TH] 22 53 AN I 23 (P> 0.05),

x2 XESREEMNEREDELSCERES NI

Table 2  Effects of light and nitrogen interaction on photosynthetic pgment contents in seedlings of S. obassia

o Ceno/(mgg™) Cenv/(mg-g ™) (Cenra*Conp)/(mg-g ™) Ceal(mgg ™) Ceni o/ Cenp
iR AR
No 1.621+0.050 d 0.711+£0.024 2.332+0.074 f 0.253+0.008 a 2.284+0.019 a
L, N, 1.929+0.033 b 2.399+0.115d 4.327+0.082 d 0.176+£0.017 b 0.822+0.054 ¢
N, 2.080+0.016 a 1.691+0.098 e 3.770+0.085 e 0.25740.029 a 1.269+£0.085 b
Ny 1.799+0.031 ¢ 2.960+0.126 ¢ 4.760+0.098 ¢ 0.083+0.023 cd 0.619+0.037 d
L, N; 1.640+0.014 d 3.598+0.049 b 5.239+0.038 b 0.123+0.017 be 0.457+0.010 ¢
N, 1.577+0.020 de 3.806+0.082 b 5.382+0.064 b 0.075+0.018 cd 0.417+0.015 e
Ny 1.525+0.011 ¢ 4.114+£0.024 a 5.638+0.018 ¢ 0.073+0.012 cd 0.371+0.005 e
L N; 1.530+0.014 ¢ 4.134+0.025 a 5.664+0.016 ¢ 0.070+0.018 cd 0.370+0.005 e
N, 1.496+0.020 e 4.136+0.056 a 5.632+0.040 ¢ 0.058+0.024 a 0.362+0.009 e

AT Bl I (EEAR R, /NG P REROR ) — SRR TE AN [ AR HH ) 22 55 35 (P <<0.05)

EE%% 3 Ef%ﬂ %gﬁ. ~ ﬁ% N %gi"_/ﬁixrj‘ﬂi%é\%@ﬁﬁg CChl a» CChlb N CCar N CChl a+CChlb *l] CChl a/CChlb
R MR IR B 257K F (P<<0.01), SEMIAYRREE MR EIMRIO s . AR . L+ AR
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Table 3 Anova analysis of the effects of light intensity and nitrogen application on photosynthetic pigment content of S. obassia seedlings

Ap SR KI5 & il FlHEE ¥1o5 F P
Cehta 0.722 2 0.361 102.841 0
Cenip 49.298 2 24.649 661.922 0
et Cear 0.161 2 0.081 37.618 0
CeniatCenp 38.378 2 19.189 727.670 0
Cent o/ Cento 9.629 2 4814 808.793 0
Cehla 0.080 2 0.040 11.322 0
Cenip 5.853 2 2.927 78.592 0
S Cear 0.008 2 0.004 1.815 0.177
CentatContv 7242 2 3.621 137.307 0
Ceno/Centp 2.666 2 1.333 223.955 0
Cehla 0.793 4 0.198 56.493 0
Cenip 4.565 4 1.141 30.645 0
JER+AEER Cear 0.032 4 0.008 3.775 0.012
CentatConiv 7.301 4 1.825 69.216 0
Cento/Centp 3.859 4 0.965 162.081 0

3 i fngin
3.1 itig
3.1 k3R Rt ALY S ken AR Hen JCAVE A AR EUE K T A R A R
7, ARSI BRI S e T A B — AR SR 18 N AR BE o AEPDG A RE I AR Z B — R ER 1Y
o, 2 C MR, RILERZE P, TR FERRA; M, 4 P, BUNAEER C R, FEALE R
A R REAR A B BRI, AR, N, A FEF Py 3 F R RSN R, R AR A b
B, Ny b B A AL R AR SC e RE e, DM ARIIE T 5506 T EE A4 HO6 GV R BT &5 Sy 11t
%o PESIARAEUT RS R AR AL, W SALBE Ty, MG smZ A . AWrsErh, Ly Ak
PR E 7 SALIF AR, H G B3GR S R T, (9 R0, HEN AT BB IR AR Ly AR R OsREL
55, W T ERAELET R K

Lep Fll Lep AT RAEFE Y it Fr X6 53 016 1 55 06 19 A FH RE O DA K O't i AR 285 MR 09 5 78 MR EE o Tl I AL 4 1Y)
Lgp 7E 50~1000 pmol- m - s~ A AL B AR, Lep W/NT 20 pmol-m 2+ s ABF5E, R IELHIH)
Lsp 7 140.00~481.33 umol-m2-s™' 281k, Lcp 7E 6.00~34.67 umol-m2-s™ 784k, FMH T 44 4640 i HA 40k
AT T 1 o

AW IR - B G AR B ROR AU N, B AEL 1) Lep R Ry BWI/ N, Ay B W11
K, HAHRESCRRET, RGN L. Agy M TAMAELIE, Lep, Ry/NTARIGALIE, FRULEFH R
Tt R A B T A A 1 T A 3 N 55 6B . AR AR S XA R AR BFSEAE RAR— B AR
MIFDERAET , ERIELHE A FEAR Lop N Lep, HIMMM-4R 5855, (OGRERAOHEE L A1k RE; [
I R I FE K, AR HIEA A A, AT DR IEA ) 1 AR R R P

ARG, ERLE N P, 7E LytN, A T A i RME, 4 4.121 pmol'm™+s™, 7 L b3~
Py 3N, Lo AP T R M I 22, B BB HT . ML AR LyBER, Py AR B/ Ny,
Ni. Ny Ly ZbBETF, P, MREIIMRUCH A N, Noo Nyo B, EBELEDEERE I R RAEROLR S
T AME PR 5 Ly+N,, HUOH Ly+Ng.
3.1.2 REL R EARS GRS EFRES AT MR BCREIRE TR R
1 5T 43 BOR FRAE o ASBEFE T, BEOEXT EAA LA O A O R B - BN R T AL, il &K Tk
et A, H2ERBIREIN B E KT (P<0.01). MR LHE S5 FI SR B AR — 3, BETESEA
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T, AP SEEIEIN Copy AERTHIRERERI AR T1™Y, Con o/ Cony BAK BB B 17>, — i [
AW Con o/ Conp 8T 359, ABFSE, BRI Con o/ Conp BIE/NT 3, #E—2BE5 LT IHA
AEGRAT T, A B R SR B LA BT A . B AR A S i AR
R BRI FEARBESE R, L ML BT, ERENERESAERESRERDE (P<
0.05), L, 5 Ly ZFARE (P>0.05). IAME S5 EH B g R —i.

S G AR  HEAT EER A 2 AR, JERRERE , FAEXTE Y AR K AR RSO R 2RO AR SR
H, Ly JGER N Ny AFREI BT N, b3, HON, AbBRM R AN RS, e Fr RN AT RESE
N, A2, H L #CHRMET Pap B8, MWIRAKGZERBR, #5598 m R W R84t
RGBS, G550 BRI ZIREE, BRI G, st sig.
32 #ig

g Lk, s AE E X ER AL G A A FURR A B R . R AL A 2 B 0 (4 TR B
e, EEDCHEELIE T, R EEA PRI Lep. Leps Rav Como/Contvs B ConatConp Ay 55
A O N SO, DAAER Py AL TR KT o ARG TR B LA AR S BUR RIS RO
WL AR AN LN,

4 5
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