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Abstract

In order to study the effects of nitrogen nutrition on the growth and photosynthetic physiology of
Phellodendron amurense seedling, the hydroponic seedling of P. amurense was used as experi-
mental material, the effects of different nitrogen nutrition on the growth, photosynthesis and
chlorophyll fluorescence of P. amurense seedlings were investigated under the conditions of 0, 2, 8,
16 mmol-L-1. The results showed that with the increase of nitrogen concentration, the fresh weight,
dry weight, base diameter and lateral root length, net photosynthetic rate (P,), apparent quantum
efficiency (AQY), light saturation point (LSP), stomatal conductance (Gs) and transpiration rate (T;)
of P. amurense seedlings were firstly increased and then decreased, and all reached the maximum
value when the nitrogen concentration was 8 mmol-L-1. While the light compensation point (LCP)
showed a trend of continuous decreasing with the increase of nitrogen concentration. Maximum
fluorescence (F,), maximum photochemical efficiency of PSII (F,/Fn), photo capture efficiency of
PSII reaction center (F,'/Fn") and rapid chlorophyll fluorescence induction curve (OJIP curve)
were the highest when nitrogen concentration was 8 mmol-L-1. Under different nitrogen applica-
tion levels (N2, N8 and N6), the photochemical quenching coefficient (qP) of leaves of P. amurense
seedlings was significantly higher than that without nitrogen application (P < 0.05), and gqP
showed a decreasing trend with the increase of nitrogen concentration (N0O). However, the
non-photochemical quenching coefficient (NPQ) showed an overall increasing trend. In conclusion,
the nitrogen concentration of 8 mmol-L-1 was found to be the most favorable for the growth of P.
amurense seedlings and to give full play to their photosynthetic capacity, which provided guidance
for the nutrient management and regulation of P. amurense resources cultivation.
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% W 2E A A KA AR, B DU AR AR, BRI &3 & 2= A0 Rubisco
BEEIEIESE . S8k, ARIEERMEIL AT LS B AL 3 DG IRGHE 22 55 R 3R G Gl % .

T BE(Phellodendron amurense) & 277 FH(Rutaceae) T A & (Phellodendron) m KT A, XRRPEHEE, %
I3 AT T IRIE AR AL X R Z IR S e K E W, SEak iy Tl AR db i X e L ik AAB R L X
TEMRE Wik ARG IS AR 0 BHEE . DA A DER A6 [3]. A SIRE AL “ =Rl " 2 —,
T E 2 SR AL GOR M i Fh—— A B ME— SR IEME ) . RO RIS R, 15 KBRZE, ##
BT Z DI[4], TR R T R BRI, A & R e — SRUFAE A 1) 2 B H A7) R Rt
TRARGE, (AIAEAREHSRD, SRKMEAN TR R T, IR IA R EETIE5].
ALY, EEMA N U B ARG IRER6] [7], ASCAERT N EFEZH R 7 ARRER
ACEXT R BER A A AR ERAR AN I S R ORI, e B KT TR M R R R AR, DUME
— X B BE BRI RS B N 32 2 B RO R ) U B T s SR R A

2. MMERZE
2.1. SRR

RIAE R AE ML R YD IR IR = rp AT, IR RCE N 18°C~25°C, REHIEIRIEV R 7 Mg 5
Moo ARFFTRRHR A S BEM T 3 5 R0 A THER T, RS BEA 2B K BIPT Fr I, PRk 35—
YRR BEAE G EFR AP BATKES, FEA LSRR 4 [ E . ghiiss bLE RKIE IR 2 K,
FEEL 50% B2 ¥ 76 42 Hoagland & 7RG 77—, ARG IS8 &8 R G 77— i, (B4l mi A Kt 236
S R — B T — B IR AT

SEATE FEMAESCHR[S T VAR #), B INf& 2 : NH,NO; (4.0 mmol/L). KH,PO, (1.0 mmol/L). KC1 (1.0
mmol/L). CaCl,-6H,0 (1.0 mmol/L). MgSO,-7H,0 (0.6 mmol/L). FeCl;-6H,0 (0.02 mmol/L). MnCl,-4H,0
(6.0 umol/L). H3BO; (0.016 mmol/L). ZnCl, (0.3 pmol/L). CuCl, 2H,0 (0.3 pmol/L). Na,MoO,:2H,0 (0.3
pmol/L).

2.2, SKIRALIETSE

TESEATE IR 7 A b, 8 508 NHLNO; I FERCH] 4 ANZUREEKF: 04 2. 8 F1 16 mmol/L
(43 AbRIC N NOL N2, N8 1 N16). FFAMACHIR 3 REE, EIRK 3 REH 1 X, & RHFEES, LB
1E B BE AR R R AR AR o AR A 0.1 mmol/L 1) KOH F1 HCL K & 753 pH {H 22 6.0 £ 447, FEMH N
AN B IR Sy s TEAN AR R IR AL 3 AN H Ja il s AN 5] AL FR 4 1 45 1 A BB 40

2.3. S B2 B E

4% OB A1 (Li-6400, 32 [E LI-COR A 7)), #A%#% B 5 U6 7351 15 2 J658(PFD)A 1800+ 1500+
1200, 1000, 800. 500. 200 100, 50 F1 0 pmol-m 2-s™", % M85 H v B 55 29 590 00 5 AN ) S0 78
ACFR R S BEA I A LA TR (P, AL R (G NS #Z(T,), H o4zt P,-PFD. G,-PFD A
T,-PFD M 2%, FH B A X 26 7SR 13 P,-PFD M b7 i 28 R W& T RCR(AQY) IEIFIRGE R (Ry) YEAD
% 55(LCP) JEMIAN A (LSP) YU RN 115 A I8 R (Prnay) o

2.4. HERTASEHIME

SR A 4 =Xk b i 1) 52 YA (FMS-2, 5[ Hansatch 2 ]), ) FH IS & 82 32 6F AN [F) A BE R 35 BEL)) 1 T
WS 2 AR AsEIF I HEAT 0.5 h RSERL, S8 Hu 259107 B WIIE T 6(F,) T KU IG(F, ) AT a] A%
WH(F), VAERIGEN N B RKRIE(F,)) JEIERL T BIsNRAF,), THE PSIL & KGR (F/F,)~
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PSII S NG REF SRR (FV/F, )~ e AR R 8 (gP) AR E I A K (NPQ)RS . BRALEE 3 IREL K
2.5, RIBHEGFRISER NF L (OIIP) B E

EREAF KA T L) e A I i, #2547 30 min BEIE RS FIH Mini A6 kg
9¢ A% (Fluorpen FP 100 max, 1 57)ill 2 %1% & B 5 A1) OJTP 4. OJIP 4k i1 3000 umol-m2-s™" )
Bk e S, MR TOEERERIC RN 10 ps FFEAZE 1 s 2531, FIFH 5 IRE R HFAEZH OJIP k.
Hrb OJIP #h£E | O J. T AP A0 5124 04 2. 30 A1 1000 ms X SIS %], L A K 5520513 7R 0.15 F1 0.3
ms X B[S Z1

2.6. WAEAIE

FEANSZIG A AL 3 k. KM Excel 2010, Sigmaplot 12.5 Z58H34742 K. FIFH SPSS 18.0 it
1T Z50 M1 LSD vk AT 2 5 BB b, Hor, BEMAKTE P<0.05, NG FRER R B 7271,
WEMAKT P<0.01, LKREFRFR RN E 25,
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Note: Lowercase letter and capital letter mean the differences are significant (P < 0.05) and (P < 0.01) respectively, same
below.

E: F—2BPARRNE ZREREREEP<0.05), ARKGFERERERBEZEP<001), FFE.

Figure 1. Effects of different nitrogen concentration on growth of P. amurense seedlings

E 1. FRRREX REMEERE KEIFE

B 1 ATLAEH, B E TR IR RN, BBEAN AN AR b b AR A B DS
My LT AR T Y RIS BRI, I HISTERIRE S 8 mmol L AR ME, HIKE
(16 mmol- LM, 25 B i (1) 430 A e 5 AN+ B AT UK BN 2 mmol L I, (R &R EE R
FEEEAN T I A K38 I B i T R A . AN (R 2R B A B T B B 4 1) LA AR K 5 £ 0 R ) AR Ak
AL, B E N 8 mmol- L I B4R 43 il i -0 FZ 0 0.2 A1 16 mmol L' ¥ 19.12% (P < 0.05).10.81%

DOI: 10.12677/br.2023.121006 39 )5


https://doi.org/10.12677/br.2023.121006

SEIENS 25

(P> 0.05)%1 8.86% (P> 0.05), MiARK 5T 0.2 Al 16 mmol-L™" f] 17.73% (P > 0.05). 6.82% (P > 0.05)
F128.52% (P> 0.05).

3.2. NREIBRENRFELEH SRR

3.2.1. FEIEREXNRELEH e RERN MMM

HE 2 ATRLEH, AREWRE FEEEL A it & d %R P-PFD HIZI AR, HrhohiEh o
B, ANFEACER RS A P, ZE RN, BIRERRIRIE S Ry ZE RN, (RN [RIK FEARER TR LR BE
N 16 mmol-L™" i Ry e, 12K N 0 mmol L™ Fefik . BEA EIRAIIEIN, SR 0 mmol-L™" i 3% BE
SHI A P, B INIERE RN . BEE SR, FIREEN 8 mmol-L ™ I BEEELN T A (1) P, 8 Inile 5
Ky FHREHN 2 mmol L™ IRZ.

ARAE A A 2R 85k 45 P,-PFD Wil Bt &K 5 L G S HOT R (R 1), RUWETRE 40Y RKIA
N8 >N2>N16> N0, JeHIM G LSP RIUNM FIRI AR S, (HEEEL R A KD AME i LCP NIBEE &
FER T EIAR BE R I 2 IEGES . A FE IR AL T B BE L B i B AT B T P FERIKE R 8
mmol-L™" I i, &I 2 mmol- L™ kz, WIS FRUKEN 16 A1 0 mmol-L~' i, I FLifi & 7 A&
WPEA 0 mmol- L™ B B EELN I F 1) Py 1K -
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Figure 2. Effects of different nitrogen concentration on net photosynthetic rate to il-
lumination intensity in leaves of P. amurense seedlings

2. FEIGRE X ESELEM A% &R EE K00 B #h4 A0 200

Table 1. Photosynthetic parameters in leaves of P. amurense seedlings under different nitrogen concentration

# 1. TRGUREN HRAEH LSS H

MESH  RUETHE IR G 5 Ry JekME Rl LCP JMIAN R LSP BRI IR P

Parameters AQY (umol-m*s7" (umol-m 257" (umol-m 257" (umol-m 257"
NO 0.31 1.06 43.89 670.89 1.14
N2 0.64 1.23 19.21 778.00 8.93
N8 0.73 1.10 13.86 827.00 9.25
N16 0.59 1.27 11.92 739.88 5.47
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3.2.2. FEIEREXREYEH FS7L S E(G)FZRBIEER(T,) Y0 R thk A f2 0

HE 3 ATLAE Y, AFRIRE TR BELh M A 10 G M T, (AR AR1LL, BEF LS m, ASH 4k
N HEBELNHI R ) G AN T3 /NEEE RO RSN, (EREGERIE N, RN 2 A1 8 mmol L' I B EEL
R Gy A0 T 38 e 2 B S K T B0 9 0 T 16 mmol- L' i o 534k, EARFEDEIR T, AR E AL
R EBELN T A G T, 2R BN N8 > N2 > NO > N16, H:i N8 Al N2 kb s, IF HuE K
T NO F1 N16 Ab¥E
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Figure 3. Effects of different nitrogen concentration on stomatal conductance and
transpiration rate to illumination intensity, in leaves of P.amurense seedlings

3. PRRRENREMEM S SEMZRBER RN L0

3.3. FRIAREXRESEHH FHRRTCHHE RN

33.1. FRGERENEESEH FHERRASHENEIG

HIE 4 ATULE N, EEFRRTEWRER 0 mmol- L' I 8 BEL) I F I K P8 E(F,) PSII | A6k
FRUF(F/F,) M PSIL N H UG B SRR (FL/F, ) BIW RAR T AR BRI AL B, BIRIE N 2. 8 Al 16
mmol-L ™" N #BEL - Fr (1) F,, 23 5 T 20K FE N 0 mmol-L™' I 70.29%. 79.82%F1 75.50%, 434 i 2
Z2 5K (P <0.01), Fy/F,, 2 3l T2 E A 0 mmol-L ' i 14.86% (P < 0.05)+20.76% (P < 0.01)£1 20.24%
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(P <0.01), F/IF,/7 3T 2MKEHN 0 mmol-L™' I} 34.42% (P < 0.01). 37.76% (P < 0.01)41 24.86% (P <
0.01), i, ZUREEAN 8 mmol L™ I S BEL WM K F,n FJ/F, M F,/F,/ 5
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Figure 4. Effects of different nitrogen concentration on chlorophy II flu-
orescence characteristics in leaves of P. amurense seedlings

B 4. FRIFRE XA EM MR RIS NS

3.3.2. ARIERE X RELSEM FIEX N FERER VPO FEER R (¢P)RIRN
HE S ATRAR Y, HEIKRE 2 Al 8 mmol-L7' i, #EEELNIIH F i) NPQ 55K E N 0 mmol-L™ i )
FE SN AB S B FE R AN E] 16 mmol- L™ I 2043 5% 0.2 Al 8 mmol- L™ U FE T EBELN T H A i) NPO
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Figure 5. Effects of different nitrogen concentration on ¢gP and NPQ in leaves of P. amurense seedlings

5. FREIFRE X BB @M L E R R R (gP) MU FER(NPO)RIFNE

3.3.3. FRIFREXRRLEM 7 OJIP HiILZRAIK I

FH ] 6 1T DU, AN [R) 0k B2 AL B S BE L I (1) OJIP 28 4% s IRIAFG 2 S 5 BE B S AN ], Fe
RN % 15 BRI 98 T8 LA 8 mmol- L' I e, BUKEN 2 A1 16 mmol L' AbFR N #5EL)
B 85 a5 AR 56 6 R P 240 W S ARG, T /E U BN 0 mmol- L™ B, O A5 T 55 (EP 0 ms~2 ms) (A%
POGIRER = T H e 3 MBI, M 2 ms B, BEEEYI I % B AR 28 0 BE B A T K
o 8 mmol- L™ i, #IETUKFE N 2 A1 16 mmol-L™" i .
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Figure 6. Effects of different nitrogen concentration on OJIP curve in leaves of P. amurense seedlings

& 6. FRITRE T EEELEHF OIP BhZZHOEN
4. g

RN RN EENE R TR —, EEYNE R E O RE SH EZABA[10]. 53
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WA ER EWEARF, Hb, ERREMENA, BB 3. R et AT E AR AR,
I HHERER BRI R K E B SR T ST, B2, FEEEIFRBPROREE I, ek
(16 Hhy b= 350 b A e DA R 8 S IR e S PR i B, JE BN [ AR R 38 LUK A 8 mmol L
A A, BB BEL K 261 P ROE B ML EUK L8 8 mmol L', M IR s sl R 35 2
I EEL B I A

e AR I ST AT e B (AL, B MY S R I B R sy, ARSI RE ) BRI
EEPIRERERIRISCRIRI A, R, B T B AR I A K R AR FR A 25 (R B2 S ma A 470 1 o
HYER13]. BREA G A A i 2 P P AR R, =2 W B — R RS F[14]. ASHE
F, ARG EAKT T BB A e &8 P, (EAR DGR R EAE, HAARFZK T T LK
JE N 8 mmol- L™ i 85 BEL M Fr i) P, s, 10 LAZURFE N 0 mmol- L™ A, e WA JC2UE 77 (1 S s B 2 410
T B BEL I BB AR IR RE R RE J1,  FLR R R RE 5 O AU S BE L W SR A R
), FEEGRERAIRRE TR RC, BUER MR R 3 B AR AR SCEE I & g 1 32 B4
A 6, AHIX 7 ISR R BB I 7t . A4h, BER MRS =i, BIZEUREEN 16 mmol L' I 3k 5
Y R AR 2 B T BR G, X HEEANRAE AN LEK fA e A AR 15]. e A i ZIA T
SR BT R (AQY) RN e e A AR A B R bR, L TR SO E 7 T & 1E R N RE
[16], HH & B 1 55 K TG R (P ) TR I T RE DI TE 6 BE JI[17], Y AME s R4 £U(LCP 1 LSP)
ST ARG RE IR BE 1. ABTITH, R4 B A X 2R R SR 45 P,-PFD Wi 7 i 25 i % & S 40T L
FE i, EEELNE A 09 AQY AT LSP I N8 > N2 > N16 > NO, i 5L 1 H B (1156 4M & LCP T
BWE&E E TR P B B I N R REACESS, BRI, S BEL ot BE Rl AR i 0 W
BEAEG, AR )2 0] 55 6 IR SR R 0 AR s R F e 0 T B2 S 8D Sk AL B BRI R R 2 —.
ARV AR T B BE L i B S AL (G FIZR S T R (T) AR A AL, RS eamr3sn, AN F kb2
NEEBELEI RN GR T /NEEE RN, (HRE YRG0, FIREEA 8 A1 2 mmol L I EEL N
JH G AT T 88 0 e R SRR T UK 9 0 T 16 mmol- L' . B4N, EARFEDEIRT, ASFRRE LB
THEBEL I ) G, N TR N8 > N2 > NO > N16, Hirt N8 1 N2 b s, HHBE AT
NO F1 N16 AbFE . Ui 754 I 3 HEN T AT DURIESEBEQ) i Fy (0 SFL T AR & R 28 26, DALRIIE
W FAE R CO, B IR HE R A 7K AR A2

S 2R H AR N A C S BB F B —, fERNAEYDCEAE N IENLEL, R5 502 PSI
A S E A G RER 7 T R R BB RVEI[18] [19]. ABFFEr, ARG EAF T B L ik
WH(F,)~ PSI s KGR (F/F,) A PSIT RN A0S BB SRR (F/F, )Y W i i T R R AL
BV 23R (1 (L R 2 B X2 S ) S B A0y i (¥ PSIL DAl 530, (R A FEHEEUKE T, BEELIHI 1 Fon
FJF, R F/IF, Y UUE SRR AR E N 8 mmol- L™ i f iy, BIILES B BEL 1 ) PSIL Ye b 2R e
R B BRI 3 2 06 3L PSIT Ak 22880R, X 50 FfL 4 R A, X2 SECRF 4
H 2 (M) BT I R O A A 2 R Z RN FE RN . Yotk 22 K R B (gP)E— B L IRN. TR RS
11 S B O TR CREFE (201, 17 Li 22 NI TR B, Bk 228 K (NPO) I 5 A - 35 22 96 A T AR E R
FIEAR, B NPQ FE N 5 R IG M Re BFEEGT 20 [21] AT A, ARBFAKFE N EREY
R gP WS TAEOK, BIEE w] LI SR g B BE L B i Fr 1) PSIT S RE A oG TFBORE B2, {H B
ERIRERIIGIN, EEEY I gP 2G-S, T NPO MR AR 23S, WIHREERET, &
BEGI A A F B L I AR T S S 1 B AR O AT RERL, DA PSTT RSO
71, ABFEREBENES, BT NPQ ACPEUK, ERDGAETREAREHEAT A RFERL, il S B PSIT R A
CrYETFTBRE BRIk 25 i PRI
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AFRKT T2 W R A 7 B BEM A A PR 4% 3 9 6 2 80 1 52 i 28 (OJIP) h 20148, Tl X AN [H]
ARTER BB A 1K) OJIP I AARIEAL AT T LA, AR ZKCT T BEBEH 1K) T sl AR AT 22 5O8 2 9
BAIE, Horb, BIKEEN 0 mmol L B SEEELN I T i T RURAHR TR SO i, (H ) AR R AR
PG AAIR LT R T 1 o T RUAIARRS AT ARG AT LS W L 7135 K Qu HOIE TR &, B Qu IR &,
J R AT AR5 G I A RO & TR I Qa OL R 1T -l RIS AT i T 32 8) 21 Qs O
RGN TR EE R AL T2 ) AR5 52, RS QuRBEREZWIE L, 1 1 mueAR I S mk
T PQ RIS BE[22] [23], BIFETCRGRBERIN, 38ELh vt Fr PSIT HL 3% B HL 1 32 AR ) L 7 4% 38 52
BH, FRILN PSIN SZARMIE 32 BT (A RE ST BRAR, (EH 2 2L A AL R 2 BORAAE Qu 17 Qp HHL TR
2, B QpHESZ LT REIIIBEAK, 1052 PQ FEMIREMAAHXT N . J34h, TERIKEE 8 mmol L™ I 5 B4l
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