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Photosynthetic Characteristics and C and N Stoichiometry of
Phellodendron amurense Seedlings under Shading and Nitrogen Application
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Abstract: Selecting Three-year-old Phellodendron amurense seedlings in field, we conducted the artificially
controlled two-factor randomized block experiment. We analyzed the relative chlorophyll content, gas ex-
change parameters and carbon and nitrogen stoichiometric characteristics under different light [ full light
(S,)s 21.4% light shading (S,) and 8. 7% severe shading (S,) ] and nitrogen [ no addition control (F,),
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light nitrogen addition (F,) and severe nitrogen addition(F,) ] stresses, to explore the response mechanism
of P. amurense seedlings to shading and nitrogen addition. The results showed that: (1) with the increase
of shading, the SPAD value, T,, G,, C: N and PNUE of seedling leaves increased at first and then de-
creased, and the SPAD value under the two shading conditions were significantly higher than that in full
light. P,, WUE and L, decreased gradually, while the N and C contents decreased at first and then in-
creased; (2) With the increase of nitrogen addition, P,, WUE, L_,, N and C contents increased at first
and then decreased, while T,, G, and PNUE decreased and C ¢ N increased gradually; (3) There was no
significant difference in P, among different light and nitrogen treatments; SPAD value in the combination
of S\F,, S,F, and S, F, was significantly higher, while that of full light (S;) was the lowest. T,, G, of
light shading (S;) were significantly higher, while those of S,F,, S F, and S,F, were significantly lower.
WUE and L, were significantly the highest in S F, and the lowest in S, F, treatment. The N and C contents
were higher under heavy shading/light nitrogen addition (S,F,), while C : N and PNUE were higher un-
der light shading/nitrogen zero addition (S;F;). (4) According to the comprehensive evaluation of mem-
bership function menthod, P. amurense seedlings belonged to moderately resistant type to the light and
nitrogen interaction effect. The combination of light and nitrogen suitable for seedling growth was no ni-
trogen in light shading(S, F,) , light nitrogen addition in light shading(S, F,) and light nitrogen addition in
full light(SyF,). The research founded that the light factor is the dominant factor affecting the photosyn-
thesis and regeneration of P. amurense seedlings, but P. amurense could tolerate certain shade stress at
the seedling stage. When the light is not limited, the moderate nitrogen addition is beneficial to the growth
of P. amurense seedlings; when the light intensity is heavily limited, nitrogen addition inhibits the syn-
thesis of chlorophyll and reduces the light energy utilization efficiency in seedlings, which is not conducive
to seedling growth.

Key words: Phellodendron amurense; seedling; light stress; nitrogen stress; photosynthetic characteris-

tics; stoichiometric characteristics
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Table 1  Analysis of variance for the gas exchange

parameters and stoichiometric characteristics of P. amurense

seedlings under light and nitrogen interaction (F value)

$5b7 Index A S OB IR R
Nitrogen Light Light X Nitrogen
SPAD 14.361" 46. 087" 4. 207
e AR P 16.082 " 52.086 " 0.623
HMBHE T, 5.591°7 16.511" 3. 645
SALFE G, 3.489" 16.708 " 4.092
K43 F &% WUE 9.069 45.690 6.638"
AALBRIE L 5.122 33.442" 9.760
LRGN 20.530™  286.540" 9. 800"
A C 57.256 " 30.928 ™ 5.842"
WA C:N 6.671" 211,782 10. 957"
Wit A R A AR PNUE 12,2717 32.143™ 1.342°
Note: *. P<C0. 05; »*. P<C0. 01

BEXAMERMTEEYHBENHRESENSELHRBHENTHL

Table 2 SPAD and gas exchange parameters of P. amurense seedlings under different shading

and nitrogen additio

n combinations

YEHE KA Light level

A MK Nitrogen addition level

Eiikan

Index S, S, s, F, F, F,
SPAD 34.8643.91c  41.9148.22a 40.24%7.35b 41.33%7.1la 36.9947.60c 38.84746.81b
HOLAHEE P /(pmol » m™ %+ 7 1) 11.5542.20a 10.91+1.65a 7.2841.78b 10.1342.40a 11.0942.23a  8.8342.83b
HKBEWZE T /(mmol s H 4.1040.98b  4.914+1.11a  3.6041.18c  4.62=1.13a  4.0241.29b  3.991.13b
SASRE G, /(mmol+m P s 0.2040.067b  0.27+0.09a  0.18%0.07b  0.2440.09a  0.22+0.09ab 0.20%0.07b
K5 FI %% WUE / (pmol « mmol ™) 2.9940.53a  2.2040.43b  2.10£0.56b  2.4540.63a 2.57+0.50a  2.23-0.75b
SALIRHIME L 0.2840.04a  0.2240.04b  0.2140.05b  0.2340.05ab 0.25+0.04a  0.2340.06b

S, .S, M S, 4rhIR

FR 100% 61 21, 4 %GR 8. 7% LI, Fy JF, Ml F, 205 R A &I i 28. 21 g « m™* 4l AIfGE 56. 42 g -

m A s AT A ) B 3R 7R 4% TN 26 P A BRLTE] £E 0. 05 KP- 2253 B3 (P <<0.05 )5 F 1A

Note: S;,S; and S, represent 100% full light, 21. 4% shading light and 8. 7% shading light. respectively, F,,

trogen. 28.21 g+ m * pure nitrogen and 56.42 g+ m

significant difference among treatments at 0. 05 level (P <C0.05 );

F, and F, represent no ni-

? pure nitrogen, respectively; The different normal letters within same factor indicate

The same as below
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AEFRE) C = N ORI PNUE 43000 1 S, 3 F# A% 10. 27 %
A 27.65% MBI HE S, 4b B i 2 AL 22, 98 % Al
37.92% . IO, BEME AR B M 5 B 5 ok ¥ IR 2 5
FEL T o 2 S5 &) 1 3 3ok 9 0 R 9 % 43 R 23k I R
FOEIRES
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Table 3 SPAD and gas exchange parameters of P. amurense seedlings under light and nitrogen interaction
W 2R
Mt LR oAD R L RARIRE AL
nitrogen "L, h T, S, WUE L,
interaction  /(pmolem " s ) /(mmol*m “+s ) /(mmolem ~+s

Sy F, 11.28+2. 10a 35.03=£2. 60e 4.50=£0. 69ab 0.21%0. 06cde 2.95+0. 56ab 0.284+0.03b
SoFy 12.03+2.52a 35.08+4. 76e 4.11+£1.00bc 0.23%+0.07bcd 2.85+0. 54bc 0.274+0.05b
S, F, 11.31+1.95a 34,5144, 34e 3.61+1.07cd 0.16=0. 05ef 3.3040. 33a 0.312£0.03a
S, F, 10.89+1. 40a 44,85+4.51a 4.88+1. 34a 0.27-0. 06ab 2.25+0. 48e 0.232+0.05¢
S F, 11.15+1. 60a 38.92+10. 18cd 5.04+0. 96a 0.28+0.07a 2.26+0.37de 0.227+0.03c
S, F, 10. 56 +2. 05a 42.344+7.65ab 4.79+1.06ab 0.26+0. 06abc 2.08+0. 44e 0.22-+0. 04c
S,F, 7.85+2.04a 44,59+7.71a 4,42+ 1. 24abce 0. 23-£0. 08abed 2.1440.55e 0.20-0.03cd
S,F, 8.59+0. 83a 36.66+6. 23de 2.89+0.95d 0.14+0. 05f 2.60+0. 36cd 0.26=+0.04b
S,F, 6.53+1.47a 39.73+5.87be 3.70+1.00c 0.18=+0. 06def 1.7440. 41f 0.194+0. 04d

R4 BEMEBRNTERGEHRAUZTEFEHEL

Table 4 The stoichiometric characteristics of P. amurense seedlings under different shading and nitrogen additions
b7 Y HEK S Light level A BN KF Nitrogen level
Index s, S, S, F, F, F,

N 3.22+0.16b 2.63£0. 16¢ 3.52+0. 16a 3.1240.38b 3.25+0. 40a 3.01-£0. 48¢

C 42.23%+1.59%a 40.2740. 98¢ 41.53=+1.47b 40.67=+0.18b 42.91+1. 30a 40.66+1.38b
C: N 13.154+0. 85b 15.32+0.59%a 11.8040. 35¢ 13.16+1.71b 13.34+1.36b 13.77+1.94a
PNUE 3.87+0.31b 4.51£0.61a 2.80+0. 98¢ 4,2140.56a 3.81+1.03a 3.15+1.08b
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W %5 Bz B 47 & VE ¢

R SR B RBUR SR A VP £ R R A A R B
B B R A BRI R A AR IR . B 6
AL O RAE B A S, F, .S, F, Al S, F, R & R 57
BB AT 0.631~0. 652 Z ], hy 5 208 s 6 A

N

SR
2

x5 REXETHEIHEHALZTEFLENTHL

Table 5 The stoichiometric characteristics of P. amurense seedlings under light and nitrogen interaction

MRS b B

Light and nitrogen interaction N © C*N FNUE
S F, 3.365+0.021b 40. 67040, 156¢ 12.08640.030d 3.99040. 057bc
S F, 3.26540.035b 44,0304+0.127a 13.48640.107c 3.72540.403c
S, F, 3.02540.063c 42.00041.089b 13.88440. 068¢ 3.885+0. 488¢
S, F, 2.63040.028e 40. 34540, 049¢ 15.34140. 146ab 4,81540.177ab
S Fy 2.80540. 106d 41.31040. 198bc 14.73940. 628b 4.94540. 332a
S F, 2.46540.007f 39.150+0. 212d 15. 88240. 040a 3.77540.247c
S, F, 3.35540.120b 40.3904+0. 127¢ 12.04740. 470d 3.83540.629¢
S, F, 3.68040.071a 43.375+0. 587a 11.79040. 386d 2.75540.502d
S, F, 3.53540.035a 40.830+0. 240¢ 11.55040. 047d 1.79540.092e
6 ARALTEMNERHHEERNFITERENE SR IEM
Table 6 Evaluation of comprehensive effects of light and nitrogen interaction on the physiological and
stoichiometric characteristics of P. amurense seedlings
HA E AR s R B
Lightand = qppy  p, T, G.  WUE C N Cc:N pNUE  PHME O HEA
_nitrogen Membership ~ Order
interaction mean
S, F, 0.05 0. 86 0.75 0. 50 0.78 0.75 0. 31 0.74 0.12 0.70 0.556 5
S, F; 0. 06 1. 00 0.57 0. 64 0.71 0.67 1. 00 0. 66 0.45 0.61 0. 636 2
S F, 0. 00 0. 87 0. 33 0.14 1. 00 1. 00 0.58 0. 46 0. 54 0. 66 0.559 4
S, F, 1.00 0.79 0.93 0.93 0.33 0.33 0.24 0.14 0. 88 0.96 0.652 1
S F, 0.43 0. 84 1. 00 1. 00 0.33 0. 25 0. 44 0. 28 0.74 1. 00 0.631 3
S, F, 0.76 0.73 0. 88 0. 86 0.22 0.25 0. 00 0. 00 1. 00 0.63 0.533 6
S,F, 0. 97 0. 24 0.71 0. 64 0. 26 0.08 0. 25 0.73 0.11 0.65 0. 466 7
S,F, 0.21 0. 37 0. 00 0. 00 0.55 0.58 0.87 1. 00 0. 06 0. 30 0. 394 8
S,F, 0.50 0. 00 0. 38 0.29 0. 00 0. 00 0. 34 0. 88 0. 00 0. 00 0.239 9
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WA A S, F, S F, fl S, F, )@ mECEFHH K,
T 0.533~0. 559 Z (0], J& T rh &8 ; i ot & Ak 3
H4E& S,F,.S,F, Ml S,F,, @ ok F ¥ AN T
0.239~0.466 Z[a], J& FALR AL, B EELEnt R4
ERRPE B Ak 20T i e E G AR A A B SRR pR 5K
CEATEN B R 0. 518, J8 Trham, 4,40k
HR(S) MR FEEOE (SO ST 3 F A = K-F 88
o B AR UK R VR O S F, Al
S F, KASLIE S F, MifEd A . EEEL &M
T 3 PR FE KT Ak 3 BE 4 0 e A BRI b
THERRIE R e 2%, RIS H I BEL AR K

31 ®

3.1 EEYEAXABERRHEFATENE

Ot MR 55 2 s A ) AR BRI £ R R L
AR B B b e R EE X MR i AE K R B T)
TR S L . AR5 R W] v B 4 v 2 B B O
JEGEGARA 21, 406) I RE 8 3 o £ i it ik 4 R
FAXT 5 A (SPAD) AR K 230 R BCR (WUE) S,
FLERIE (L), 54 9% &) B OG5 68 1 ok i B 55 06 26
B 2R W 3 AR AR BB R X O — 2 IR RE DT .
FABIESE R AR T v e 4)) v BE 2L T — e AR RE A
BA . L fil 58 A8 IE BB, ) Ul B i B fE A Ak
BRI AOEA R ET L A e g R W B R R
IR B BE I R 6 A R 5 5506 T o B 4l i 1y
I g R S L BB A AR S0t B ALY
S s HIHOGRER %0 T 2 BB R 3l Ry 3
i ) O B T PRI AR 22 A8 SR IR BE A 1E T Y8
PE. AHIEIE SRS E A C R E — 2L,
3.2 ARMMEESEEESFENE N

HMYKRRTEEYWEYDERKNELERNFZ
— o AWIESE K BT E B A K F R B BE Al v e i
T AL AT R R 2 I R 1 oK 43 ) R B <AL
R 8, DASE I EUAS I 32 m ot AR, Hid =il
N B BE A i A SAL B TR R BRI R AL R
75 1 S A RIK A3 H ik ORI OB SR S 20g
A BT R ARE I BRAR, S HOE R AR, A
SR 5E R W LTS I & AR | T 42 1 A O A AR
L i it R 7K 1 A O R S B S AL B
W it 280 3 o R R N O G R Y
I 2 A AR G — S S E A AR OK O T
PE T K G R 2 S A KT G A R 2 BB
s 3 S I N U I A A S Y G T
BE KHEHE M (Larix olgensis) . K K (Correa

carmen) N B (Leymus chinensis) W) & HF 58
AL g
3.3 AEEEZFGTEESENEEETERIH

SRR AN Y A K BB, K
1T — PR WA T B ity F8 0 R AE . R
T O I o BE 4y B3 Ao H R AR 0 R RIOR B AR
AR R PNUE L C 2 N B, 7 a7
BE R A i 52 PRI T g 4 v A OBOR] R A AL
MR AR R L B B A F B4 6 IR s A AL (5
“HEIF W E 2. PGB S T i i AL f
AR F AR AT v G, # B
g CON & B[R I3 m , fHH PNUE A1 C ¢ N
25 BEAR R WU ™ E R JE I, 4 Y R 40 A
DL 2B A3 5Ot & R B L. A XA
faf (Schima superba) . E K (Zea mays) KM E
WAL BY (Rhododendron Lapponicum ) #3058 115
WML E5

AHIEFE O U DR 3R N B BE 4 A 3 i R
e et B RRAE Y 40 A s, D U AU R B S
S B B AR AR PRI I R . SRR R RS TR
R UL, B R OE ., TS A B (S,Fo) FER A A
(S, F) K el B B RN (S, F o) o i H 6 BE 4y
HARKMREENCAASG, B S F, Ab A2 BE 4 ot
REOICS R IRE S R RUE SRS &/ NP - NN (DORLIR i
(Phoebe bournei) %I Hi 3t A= J A VE 1Y 52 i 0F 5% 15
FIRMILER . eI L 8 BE 4 R AR i
LG AR, 32 58 B A Iy i R LT IT L B
RZE S R, (R E M ] CO, R BE L B A% /K 43 1) FH
FLCFEO R N SRR OGS R, A T ik R
B B B TS N B AR oK P4 L 4 AL
JETT 0 B AT o 78 1 T AR AR S8 T [, /K 23 ) AR AN
FLER AR 0, v B NLC 5 o FEAR, i A &R 2
T B SR A RETFESN ) S L 4506 & 1E
FH D, FEPNUE M1 C = N I, 6 A R A
G HRFE I L B BE A GG AR PR HTE B 75 A
I A R TR 3R 2 RSO RE R T L H Y A
e A CER RO D S It AS R L4l i i e B R

wHEL i I i SPAD {2 BE DO R i AE TR
i 52 38 A5 B JRCS 0 B 20 () AR LA ) B 52
I RSB R B T L X S SPAD fE 5
BRI OE A OC A R OR — 8, [E AR 3
T B AR AS AR W 9 BiF 5% 3R B, € 3 TR (Viburnum ) B
e SPAD B 5 i Fr 0% i A0 SC v B X T H Al
BB, R BE 2 B T AR T I E (LMAD 22 R,
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