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Response of photosynthetic physiological characteristics to nitrogen addition by
seedlings of two dominant tree species in a broadleaved-Korean pine mixed forest

on Changbai Mountain

SUN Jinwei', WU Jiabing®* , REN Liang', ZHANG Guanhua', REN Feipeng', YAO Fugi'
1 Changjiang River Scientific Research Institute, Wuhan 430010, China
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Abstract: Photosynthesis is an important factor when evaluating the carbon cycle under a global climate change scenario.
Available nitrogen is a key nutritional factor for plant growth, which affects plant photosynthesis in case of high nitrogen
deposition. The ecophysiology parameters of two dominant species ( Pinus koraiensis and Tilia amurensis) were studied in a
broadleaved—Korean pine mixed forest on Changbai Mountain through nitrogen deposition experiments. The nitrogen input
levels were 0, 23, 46, and 69 kg N ha™ - a™', respectively. The maximum net photosynthetic rate (A, ), stomatal

conductance (G, ), and water use efficiency ( WUE, mmol + mmol™' ) were measured using a Li- 6400 portable
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photosynthesis system under different nitrogen input levels. Additionally, leaf nitrogen content, leaf chlorophyll content,
specific leaf area, and photosynthetic nitrogen use efficiency (PNUE, pmol mol™' s™') were also measured. In this paper,
the variation in A, with increasing nitrogen input was analyzed, and the reason was explored combined with variations in

other leaf traits parameters ( G leaf chlorophyll content, leaf nitrogen content, PNUE, WUE, and specific leaf area)

smax ?

1

under the same treatments. The results showed that nitrogen addition (0—46 kg N ha™ a™') resulted in a significant

increase in A, and when the added nitrogen was further increased to 69 kg N ha™ a™", the A, decreased. The variations

of G

w » leaf chlorophyll content, PNUE, and specific leaf area was similar to that of A, under different nitrogen input
levels. Significantly positive relationships were noted between A and leaf traits such as G, leaf chlorophyll content,
PNUE, and specific leaf area under the different nitrogen input levels. A positive relationship was noted between A __ and

leaf nitrogen content only for nitrogen addition of 0—46 kg N ha™ a™'

. No significant correlation was noted between 4, and
WUE. The increase of eco—physiological factors of Tilia amurensis (A, , G, , leaf nitrogen content, specific leaf area,
PNUE, and WUE) were higher than that of Pinus koraiensis under each nitrogen addition treatment. Our study results will

provide the basis for assessing the effects of nitrogen deposition on carbon cycle in the northeast of China.

Key Words: nitrogen addition; photosynthesis; ecophysiology; broadleaved — Korean pine mixed forest; global

climate change
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2% ) o
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of P. koraiensis and T. amurensis to increasing nitrogen input

F1 FAERAFMAEMIMMEBRYESEBESSHNRHIEETLR
Table 1 The increased degree of the eco-physiological parameters under nitrogen input levels compared with these parameters under the

without nitrogen addition treatment for the seedlings of T. amurensis and P. koraiensis

HERE RS AR AL EE i Species
Ecophysiology parameters Nitrogen addition treatment 2T Pinus koraiensis S4B Tilia amurensis
BREEEHER/(A,,,, pmol m 2 s7") A 17.0 41.2
The maximum net photosynthetic rate A 39.2 63.7
RALRBEE/ (G, mol H,O m™ s71) fiRA 24.9 57.8
The maximum stomatal conductance PR 47.0 79.5
M4/ (mg/g) fiRA 22.1 19.5
Leaf chlorophyll content A 60.5 56.8
A/ % fRA 21.3 25.4
Leaf nitrogen content A 24.4 29.2
A 31.1 41.3
MY (em?/g) fIRA 4.8 11.9
Specific leaf area A 9.4 17.8
Y4 BAFHRR/ (PNUE, wmol mol™ s71) R4 1.0 26.1
Photosynthetic nitrogen use efficiency A 2.2 49.7
KA FIFHECR/ (WUE, pwmol/mmol ) LA 6.2 12.6
Water use efficiency A 9.2 16.8
EA 7.0 23.7

# The low, middle and high nitrogen addition is 23, 46 and 69 kgNhm™2a™!, respectively
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mol H,0 m™%s™") of P. koraiensis and T. amurensis to increasing

nitrogen input levels (i.e., CK, +LN, +MN and +HN)
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Fig.3 Variation in leaf chlorophyll content (mg/g) of P. koraiensis and T. amurensis with increasing nitrogen input levels (i.e., CK, +LN,
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Fig.4 Response of leaf nitrogen content ( %) of P. koraiensis
and 7. amurensis to increasing nitrogen input levels (i.e., CK, +
LN, +MN and +HN)
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Fig.5 Response of specific leaf area (cm?/g) of P. koraiensis
and T. amurensis to increasing nitrogen input levels (i.e., CK, +
LN, +MN and +HN)

Pl A (H kiR  n =4

ZIHN BB I AR (AR ARG | R e ko PR AL L I T B A 358 IR B L3 1, PSR R 2R 2 7
HIIGMTEE S A, G TR S B ACAR R AR Th EKCE T S0 b T AR Ay 38 N F2 B2 (11.9%,17.8% )
P18 LA XS B ZKF B 3 M (4.8%,9.4%)

2.2.3 A ERIHBCRFIK R HRCR

N AM AR (PNUE) B R S50 7 &S 0 H(E, B A S A A 2UE SR F A B Be A g

1 R KRB Y A KR EIEPR, 2 2 BN R L0 FTERAR PR 6 A ZUR FHRCR ( PUNE) 7E AN [H]

i B AKCE TR, MWEPRI LA 1, PNUE AO(EAEXT TR 2H 3 b B A (B W B I, 20 R8s A4 T Y
PNUE (B4 H PR
TR EEH PNUE BUEAER A A& o e ovt BB 2H PNUE (H ARG AR R W2 1, ™A Fh PNUE {8 A9 1

IS A G JERE AR K RZKE T Stk b it T AR A 1S A 2 (26.1%,49.7% ) ¥ T
ZLRAXT KT B3 e (1.0%,2.2%)

FH 2R 2 WML ZEAN R SR MR A RN in A B 1) 7K 4 A1 ACR (WU ) 349 15 T X6 BRZEL AR, (76 A W) 600 n
(K P AR Z RIJCH B 22 5%

LIRAFIEARAE A A AL B R |, WUE B (R % BR L (0 34 AR B D26 1, i 8 1m0, 2848 WUE 7645 &

http ; //www.ecologica.cn



21 4 NG A SIS P L 2 AR 2 AR AR Iy 8 01 5 A B A 2 RRAE ) R ) 7

W INAL1E (12.6% ,16.8% F1 23.7% ) 24115 T X5 b Z IS NIN7KF T £0AR BB (6.2% ,9.2% F1 7.0%) .,

F2 HEANRFMAE(MHBREAMKEE FRAMSTRE) TARMEBHALEEF FAKE(PNUE, pmol mol™ s™') fzk 4> F A% % (WUE,
pmol/mmol )
Table 2 Photosynthetic nitrogen use efficiency (PNUE, pmol mol™' s™!) and water use efficiency ( WUE, pmol/mmol) of T. amurensis and P.
koraiensis under four nitrogen input levels (i.e., CK, +LN, +MN and +HN)
X HRZH Xf R 20 Xt R 2 X HRZ
/(CK, /(1LN, /(MN, /(HN,
0kgN hm™2a™) 23 kgN hm™2a™') 46 keN hm™2a™') 69 kgN hm™?a™")

RAMAbHE /( kgN hm™2 a”! )

Nitrogen addition treatment

e EUFI AR/ (PNUE, pmol mol™ s™')  ZIHA Pinus koraiensis ~ 169.8+9.7 b 171.5+14.5 b 207.7+14.5 a 129.3£11.3 ¢
Photosynthetic nitrogen use efficiency M Tilia amurensis ~ 140.8+12.3 ¢ 177.5+13.1 b 210.5+13.8 a 167.0£10.7 b
KA FIFHRCR/ (WUE, wmol/mmol ) LI Pinus koraiensis  5.00+0.03 b 5.31x0.18 a 5.46+0.11 a 5.35+0.12a
Water use efficiency M Tilia amurensis 5.08+0.08 b 5.72+0.58 a 5.94+0.47 a 6.29+0.56 a

# PRI I LRI B ) T RE R PSR AS () 9 804k T 2 ) 0 3 1 2 S B LR (R IR 35 2290, P<0.05)

23 HHAEHAESSEZMMAHLLR

RV RV RN i R 65 S A e iy #EE SR R 30 T RO G A, 58 AR S S HCZ 0]
PRI FR . ZRMEAULA T LIS A, BB AE R UK T 54 R & & PNUE (It G, 38
REWFIEAEKR, A, WES RS EET IR 2 i R ALK R TE B B B A E R BIPA ItE oe &
HEAET—E W RE R N . XU Z R IO G AR VE FHAEAE— A BME . ER SO AL BRI AH GG
FUWE3,

R3 AMMEBRHANEXSEEEEEREBESSHZEANMEXE

Table 3 Relationships among the maximum photosynthetic rate (A, , pmol m~2s7!) and the ecophysiology parameters
M8 Tilia amurensis 2T Pinus koraiensis

LRSS — _—

The ecophysiology parameters KAEA 2 KFEA 2
. . . R . . . R
Coorelationship Coorelationship

SONE D e S S

f]‘ijt %}[L R IR . y=3.823x+0.251 0.89 y=3.945+2.069 0.86

The maximum net photosynthetic rate-Leaf chlorophyll content

B KI5 G A BRI

BTSRRI y=10.727x-10.148 0.94 ¥=10.090x-2.198 0.78

The maximum net photosynthetic rate-Leaf nitrogen content

RREOLE B R OLE FARER
The maximum net photosynthetic rate-Photosynthetic y=0.089x-1.402 0.87 ¥=0.0327x+2.337 0.70

nitrogen use efficiency

RO AR - L TR

=0.183x-23.776 0.97 '=0.156x—17.452 0.95

The maximum net photosynthetic rate-Specific leaf area r N J y

BRI BRI T R

The maximum net photosynthetic rate-The maximum y=58.675x+4.634 0.75 ¥=80.694x+1.821 0.97

stomatal conductance

# A TR B OC R AE T B 2 P R BT 58, ARG R BE T T A 20K 7 T B, BRAG R 8 0.05 1)

K
3 e

ARSCHIELE R FM] A, W (EAE— 5 SR Rl P9 B 00 A 3 AT K, 3X 15 Nakaji %51 Nakaji 5512077
X AR KT BT FELE R — 2, AN SCHFFEAS 3 I S s i REAS S IRy i vt 5205 1, AP NP 2 5 )
FEAG X — 25122 IR, AR 2 [ N SMUF FE 45 i 2603 R A O6 5 RE ) 1 FE BRI R P, Bouma
AV ARE 90% M EAFAE TR ARG 28 (1 B b, B S B R AL T S A 6 Al B R A R U
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