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To investigate the photosynthetic responses of Phellodendron amurense to nitrogen levels, we detected
the photosynthetic parameters and chlorophyll fluorescence of liquid-cultured seedlings under four nitrogen
(NH,NO,) levels, which are 1 mmol/L (N1), 4 mmol/L (N4), 8 mmol/L (N8), and 16 mmol/L
(N16). The results showed that the contents of chlorophyll a, chlorophyll b, carotenoid, and total
chlorophyll increased initially, and then decreased with the increasing nitrogen supply. They reached the
maximum under N8 (4 mmol/L. NH,NO, ), followed by that under N16 (8 mmol/L. NH,NO, ), N4 (2
mmol/L NH,NO,) and N1 (0.5 mmol/L NH,NO,). The chlorophyll a/b reached the maximum under
N4. The light response curves of photosynthesis were consistent under N4, N8 and N16, while the net
photosynthetic rate (P,) increased rapidly, then slowed down significantly, and finally presented gentle

changes when photosynthetically active radiation ( PAR) was enhanced gradually. The maximum net
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under N16 and N4 were lower.

nmax

photosynthetic rate (P, ) under N8 condition was the highest, and P

nmax

However, the light response curve under N1 was slightly different with others. After reaching the peak,

P, gradually decreased with the increase of PAR, and P, under N1 was the lowest. Under N8, the light

saturation point (LSP) and the stomatal conductance ( G,) were the highest, the apparent quantum yield
(AQY) and the intercellular CO, concentration ( C;) were relatively higher, while the light compensation
point (LCP) and the dark respiration rate (R,) were relatively lower. With the increase of nitrogen
concentration, the maximum fluorescence (F, ), variable fluorescence (F, ), photochemical quenching
coefficient (qP) , original light energy conversion efficiency of optical system Il (F /F ), PSII quantum
efficiency (®PPSII ), and the electron transport rate (ETR) all increased first and then decreased, and
reached the maximum under N8 and the minimum under N1. The initial fluorescence (F,) and the non-
photochemical quenching coefficient (NPQ) under N4 were the highest ones. All these results indicate

that increase of nitrogen supply can significantly enhance the photosynthetic capability of P. amurense

seedlings, but excessive nitrogen is not conducive to seedling growth, and N8 is the optimal condition for

937 %

seedling growth.
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chlorophyll fluorescence

RAERITAMYIEF EREFRLTEHREE
FOR, —BEEYERNGEERN0.3% ~5.0%,
E IR A P S I TR N R 11 5 (A8 B A,
PIEA T A A AR B s T 0 I 2 38 9 4 18 4
XHEYI AR E IR EENER , MY R IG5
R EHAAAE T rhgedRr, EZH TRk T
A 338 VR [R) A 55 4 G 28 1 B i A A B, S 52 I AR 4
JeAAHR N EE SRR Rk
Y O 2P R T —28ih WA B AR 7
1, IR B G AR F A A: BRI AR 9 1 3 51T,
ELAN [) e A 0 X6 60 P 3 2 3 1 AS ] [ o A 4 7
R A & B B Bt R B T SR AR, 25
T MY A AR S A s R A B AR R A A
M AR XS TAE Z 4 rh TARVE 5 255
P2 ST HERUK 5 R RO A R OE R
LTI DOz

T BE ( Phellodendron amurense) X FREE I8 B | #F
% B22E R Rutaceae ) # B J/ 5 IR A, J& T
ESE R i N | L A /7 N 9 SR e e 7 L
oA T E BRI EAAR LT NS A
A e E A R A S E A R 2 IR AT
ARAbHL X 9 B M R, SO AR AR 1L
PR B T ECBEAE KT AME, M 20 4D 80
AT, B A BRI B T R R E R R
HAR I AL AR o AR T B SR A AL
R (M BA RIRER B A0 Jo M ZAa R ME) |, T S
R A GRS R U D 1989 AR H R G ¢ P B2 A
fE Y O 1990 4F R Hh A 4T iz A5 )
HRHL T BES A B H AT 1k R B R A5 3

nitrogen condition; Phellodendron amurense seedling; chlorophyll content; photosynthesis;

B TP N TG &5 0 RO8 o A S O B IR A 25
SEJT T AR RN T R R AT
BELIHT B A DR, WA ) v 0 s R R Ak
F | Dy e BEL B0 R 5 e 17 53 182 AL HR S 1 A AF 5
ST | R oy v B8 0 A I e R A 4R A A
XA,

1 MRET &

1.1 {Es 54

BBEA A I IR = R AT IR AE 18 ~ 25
C, 5 HOGHRI ] 12 h, KR JZ FRAL 2R A 2 B b
TSGR TR IR AL, M2 K 2P Jo
I, e S) — SR B BEA R AR 2 K 35 em  5E 25
em | F 14 em RYSRHE TRIARE 77 43 20 Bk, BB
HALE R TR BEA A B . 2l Selh ARk
3R 2 d, H LA 172 R SE B SRR AR T d AR
PIEREIRWIGIR T d, 4 R KA i m HEA T
4 TR R B SR AL B

SEAE IR L SCHR[ 17 ] B9 7 ik BL ], (H
J& B NH, NO, 4 mmol/L KH, PO, 1 mmol/L KCI
1 mmol/L, CaCl,-6H,0 1 mmol/L MgSO,-7H,0 0.6
mmol/L FeCl;-6H,0 0. 02 mmol/L, MnCl,-4H,0 6
pmol/L H; BO; 0.016 mmol/L, ZnCl, 0.3 pmol/L,
CuCl,-2H,0 0. 3 wmol/L,Na,MoO,-2H, 0 0.3 pmol/
L, 7ESE4 8 FRMEERE b il i 22 NH, NO, ¥ B
Fe i s 4 4B 1.4 .8 A1 16 mmol/L (4351
PRICA N1 N4 N8 FIN16) , HpAAEHRIE 3 IREH A,
B3 d B 1 R, AR AEE A, R 0.1
mmol/L (] KOH H1 HC1 ¥4%5 F2 M pH {HH % 6.0 /&



%12 3

JHREREE . NI R R AKCE X WG ALY WA O & SO 19

A, I SRR 78 G A MR B B SR, TEAS
[ R RV AR B 1 AN A e AN [R) A BT i AR Ok
DU TR A BB
1.2 JEHE
1.2.1 vr&EZesne

2 3R R A R RER S S T
1.2.2 k&% AHnE

TERSIEGF IO ST e N B AR TR
3 oA RIF M YIRE i T 8.00—11.00 #1764
SR E , K 1i-6400 F A #8520 A7E I 2 1L
MEFEEEAE(P,) AL (G,) i =ik
R (C) A tabrn, B ES 3 Ik, bh
AR (PAR) 5 B M\ 5 2R E 24 1 800, 1 500
12001 000,800,500 ,200 100 .50 10 pmol (m?-s)
10 A4, FIH 4 FAbFE A T T e 5 R,
251 P, -PPFD (O F il % ) i hy ph 2k, iz
BRI ZABIERIAIZE G SPSS FAF 1y A Ze vk [l 1
TSR A B R RS A BCR (P, ) JEA 5
(LSP) JEAME2 S (LCP) LA KGRI K (R, ),
AR A5 P, -PPFD i i i 2 09 9] 4 A8 58 R R
M FRE(AQY) .

2R R OGS EO I 2 5t G 3 i & 7]
A HEAT R HE 5 Xk i i 98 A (FMS-2, Bt
[ Hansatch 23 7)) 2 M8 Hu 251 07 W20 52 %) 4R 9¢
J6(Fy) FRFOE(F,) AIZEDOE(F,) JARetks
PERZB(NPQ) AL FIE KRB (qP) RGN
RV RER A A (F /F,) (PS T i 7205 (DPS
) KW L8 HE R (ETR) &4, B b P 4T
3,
1.2.3 #¥E>HF

iz JH] Excel F1 SPSS #4156 B 4l i 47 58
153, R L 2 07 22 79 1 ( One-way ANOVA)
Fitde /N 38 22 5 1 (LSD) Fb 8 A [a] %5 45 21 1al i1
%5,

2 HBREGHH

2.1 AAREFUTEREYEHEESENTL

MR AT LU 1, 4 RO ] R0k B A 38 2% A
THEENEMT A SGE a SEEAVRNESR,
N8 4t A4 3R a Fritd, 203l N1 N4
HIN16 2440 F B 54.9% 19. 8% 1 13. 5% ;5 N1
ZEWMEE(P<0.01),5 N4 272 EBH(P<
0.05),5 N16 ZRHARE(P>0.05), 4 FAFIA
WAL PRI T B BEL I 4R b R 2=
5 ,N8 S R4 2 b & st i, 40 b N1 N4
FIN16 18 F AT 50% 21.7% F19.3% , 5 NI

S E (P <0.01),5 N4 fl N6 22548 3
(P>0.05),

ANFIALAAF T A bR & i AR
255 N8 SRIF T HZEEAS bR S &= a, sl Tt
N1, N4 FI N16 514 T (% & 113.8% . 47. 6% Fi
35.5% , 1M HLARIA 2] T i) . K F (P <0.01) , N4
5 N16 ML, FELXHE PREEES, Z5 A0
F(P>0.05) (HEANS NI MHE, 22 #0828 T 4%
BEKFE(P<0.01),

I B SRR SRIEE L SRR a HAR
HHIE], N8 B i f i, KUK & N16 N4 Fll N1, 45 Ab 3
ZIp 2SR, ol SR E o M, sk
# a/b ' N4 (B , SRR UGZ N8 N1, N16,{H
BAHEZ [ 2EFARE(P>0.05)

2.2 AREREFMXTEEEL IR #h & A T

ME 1 AT LUIFE H N4 N8 Fil N16 = Fft kb B 4% 1
BRI G  ph £R AR T R A — 3, H P,
{HHIETE PAR <200 wmol/ (m? -s) B PAR Y340
TV K, 2 Je i B G R R, 7Rk 345 F B R
LGB Z G 2P AR, Hd N8 1Y
P, M5 E, & N16, 5 J5 /& N4 ;{2 N8 1 N16
ZEERABE(P>0.05), &5 N4 ZHRE

R1 TRRERZFHTEROYEAAGRESE

Tab. 1

Photosynthetic pigments content in leaves of Phellodendrom amurense seedlings under different nitrogen conditions

PR MR a MERE b

ETIEZ N M4t a/b SR

Nitrogen levels  Chlorophyll a/(mg-g~')  Chlorophyll b/ (mg-g~")

Carotenoid/ (mg-g ") Chlorophyll a/b

Total chlorophyll/ (mg-g~")

N1 1.126 0. 127¢B 0.392 +0.019bB
N4 1.456 +0. 183bAB 0.483 +0.091abAB
N8 1. 744 £0. 068aA 0. 588 +£0. 059aA
N16 1.536 +0. 081abA 0.538 0. 051aAB

0. 116 0. 010cC 2.870 +0. 255aA

0. 168 +0.011bB 3.040 £0. 191aA
0.248 +£0. 014aA 2.982 £0.242aA

0. 183 +0.018bB 2.864 +0. 155aA

1.518 £0. 140cB
1.939 +0. 273bAB
2.332 £0. 118aA
2.074 £0. 130abA

TE RPEAR AP IE = bR (n =3)  ARVNEFRFIRZF BE (P <0.05) , ARIREFRFIRZERM L E (P <0.01), T, Note:Data

in the table are mean + SE (n =3) , different small letters indicate significant differences ( P <0.05) , and different capital letters indicate significant

differences( P <0.01). The same below.
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Fig. 1 Light response curves of P. amurense seedlings

under different nitrogen conditions
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Tab.2  Photosynthetic parameters and growth status of P. amurense seedlings under different nitrogen conditions

. 45 Photosynthetic parameters/ ( wmol-m ~2+5 1) HERARBL Growth Status

EeF St - P =

. } Fir B UR71

Nitrogen levels P LSP LCP AQY Ry
Height/cm Basal diameter/cm  Fresh biomass/g

N1 4.21£0.09c¢C  689.23 +43.329cB  11.88 +1.014hB 0.060 £0. 003aA 0.636 £0.057hB 8.532 0. 879hC 0.289 0. 020cB 5.223 +0.954hB
N4 4.56 £0.147hB  891.30 +32.272bB  18.74 +1.801aA 0.050£0.002beB  0.826 £0.058aA  10.231 +£0.737bBC ~ 0.313 £0.024beB  5.607 0. 407hB
N 6.48 £0.098aA 1253.12 £117. 157aA 9.92 0. 716bB 0.054 £0.003bAB  0.502 £0.039c¢BC  14.433 +1.307aA 0.381 £0.023aA 7.410 £0. 714aA
N16 6.34£0.06aA  1240.19 +144.275aA  10.26 +1.352hB 0.048 £0. 003cB 0.468 £0.070cC ~ 12.835+1.624aAB  0.348 £0.032abAB  6.257 +0. 503abAB

2.3 AEREFHNHEEYEHMEE CO,REMS
FLEERZIN
M 2a ] LA 7E PAR <200 pmol/(m >+

490
470{ a
450
430
410
390
370
350
330
310
290

C/(pmol « m2-571)

1 L L I}
800 1200 1600 2000

PAR/(umol +m™2+57")

0 400

s) B, A A PRAEAE T B BRI 1Y C (B BE PAR R3S

2R R B, AR AT AR —F [H N1 8T FEIE

EfRR ., BEE A A SRS AR S238 fin, N4 (N8 FI
0.055

0.050

0.045 fbﬁ%

0.040]

0.035F

0.030}

o {f/nv—n—’—“'—“\g__———u_\a

0.020 Z[(X_X—_H‘\"\,H

0.015

0.010

204

G /(pmol +m

1 1 L I}
800 1200 1600 2000

PAR/(upmol em2+47")

L
0 400

—%—N| —8—N4 —— N8 —o—N16
K2 AR ST BRI MR CO, YR EE (a) FISFLREE (b) iy i 22

Fig.2  Response curves of intercellula CO, concentration (a) and stomatal conductance

(b) of P. amurense seedlings under different nitrogen conditions
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Tab.3  Chlorophyll fluorescence parameters of P. amurense seedlings under different nitrogen conditions

N1 N4 N8 N16
F, 140. 000 +19. 287aA 172.333 +37.861aA 126. 000 4. 726aA 126. 667 +9. 387aA
F, 479. 000 +36. 638bB 752.333 +70. 253aA 861.333 £22.259aA 840. 667 +64. 191aA
F, 339.000 +37.072bB 580. 000 +104. 971aAB 735.333 +£25. 036aA 714.000 +54. 945aA
F./F, 0.706 £0. 043aA 0.758 £0. 077aA 0. 853 £0. 008aA 0. 850 £0. 002aA
dPS1I 0.406 =0. 063bB 0. 647 0. 044aA 0.682 =0.015aA 0. 664 =0. 005aA
qP 0.392 +0.076bB 0.761 0. 081aA 0.850 0. 016aA 0.737 0. 076aA
NPQ 0.900 +£0. 367aA 1.594 +0. 444aA 1. 027 £0. 103aA 1.590 £0. 109aA
ETR 1. 111 0. 161bB 2.379 £0. 427aAB 3.037 £0. 036aA 2.697 £0.299aA
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