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Response of photosynthetic and fluorescence characteristics to nitrogen addition by
seedlings of four dominant tree species in broadleaved-Korean pine forest

Wang Xuanying Zhang Yi Fan Xiuhua
(School of Science, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] This paper aims to explore the effects of various nitrogen (N) addition levels on
photosynthetic and fluorescence characteristics of the seedlings of four main tree species at different
succession stages of broadleaved-Korean pine forest. To reveal the response mechanisms of different tree
species seedlings to N addition, this paper provides some reference for the application of artificial
afforestation tree species, and to make predictions on the forest succession situation in Northeast China
against the background of increased N deposition. [Method] Betula platyphylla, Quercus mongolica, Tilia
amurensis and Pinus koraiensis were selected as the research objects in Shulan City of Jilin Province of
northeastern China. The levels of N addition were 0, 50, 100 kg/(year-ha), respectively. The plant
photosynthetic parameters, spectral reflectance parameters, fluorescence parameters and other indicators

under different N treatments were measured, and variance analysis and mean multiple comparison were
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performed. [Result] The net photosynthetic rate of B. platyphylla remained the highest under different N

conditions, and was less affected by N. The net photosynthetic rate of Q. mongolica increased significantly

under LN due to the increase of chlorophyll content, and decreased significantly under HN due to the

restriction of stomata and electron transport ability. 7. amurensis had low maximum quantum yield (F,/F,,),

poor electron transport activity, and it was strongly inhibited by light, the net photosynthetic rate was the

lowest under different N conditions, and there was no significant difference under different N treatments.

The net photosynthetic rate of P. koraiensis decreased under N application due to the reduced electron

transport rate. [Conclusion] It is speculated that the growth of Q. mongolica will occupy a great advantage

under LN concentration, while the broadleaved-Korean pine forest will still be dominated by B. platyphylla

in the early stage under high N concentration, while 0. mongolica will be suppressed in the middle stage, T.

amurensis will occupy the advantage, and the growth of P. koraiensis will also be inhibited by high N in the

later stage.

Key words: nitrogen addition; light response curve; fluorescence; Betula platyphylla; Quercus mongolica;

Tilia amurensis; Pinus koraiensis
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Tab.1 Two-way ANOVA of nitrogen addition on leaf
attributes and photosynthesis of different tree species

Pl Lz

2 R Tree species Treatment
Source of variation
F P F P
1% Ground diameter 119.580 <0.001  18.875 <0.001
7 Seedling height 559.824 <0.001 25286 <0.001
P, 28296 <0.001  9.482 <0.001
G 0.544 0.653 1.958 0.145
G, 6.583  <0.001 8.002 <0.01
T, 3.528  <0.05 3151 <0.05
WUE 2221 0.089  1.579 0.210
CE 21.662 <0.001 3326 <0.05
Prmax 17.019  <0.001 8.873  <0.001
LSP 14468 <0.001  7.199 <0.01
LCP 1.534 0.209  1.840 0.163
Ry 1.496 0219  0.514 0.599
AQY 9303 <0.001  7.076 <0.01

T Py G EHEE; C. MW “HMBIRE; G, RALRE; T, &I5E
#; WUE. K2 FH R CE. BRRRALER P ROKFIEEE

%, T[H. Notes: P,, net photosynthetic rate; C;, intercellular carbon
dioxide concentration; G, stomatal conductance; 7}, transpiration rate;
WUE, water use efficiency; CE, carboxylation rate; P, ., maximum net
photosynthetic rate; LSP, light saturation point; LCP, light compensation
point; Ry, dark respiration rate; AQY, apparent quantum yield. Same as
below.

& ETbimn BT e T R R S, RS X A
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Tab. 2 Seedling height, ground diameter and specific leaf area of different tree species seedlings

under varied nitrogen treatments

Al b3 iz Hi EARNIpA
Tree spicies Treatment Ground diameter/mm Seedling height/cm Specific leaf area/(cm*g ™)
CK 18.717+0.817a 180.471 + 7.396a 154.976 + 3.485a
4 B. platyphylla LN 17.091 + 0.495a 157.097 + 5.382b 142.579 £ 3.645b
HN 12.749 £+ 0.55%b 138.731 £5.777b 135.251 £ 6.017b
CK 8.968 + 0.459ab 60.696 + 4.634a 118.746 = 4.776a
S HR 0. mongolica LN 10.010 £ 0.377a 64.572£2.617a 98.740 + 3.254b
HN 8.556 +£0.310b 40.164 +2.968b 106.868 £ 3.153b
CK 17.318 + 1.370a 77417 +£5.621a 195.123 £ 17.556a
S8 T, amurensis LN 16.722 £+ 0.650a 86.720 + 14.376a 173.571 + 12.842a
HN 15.183 +£1.798a 73.675 £ 6.964a 208.895 +46.998a
CK 11.500 + 0.381a 35.331+1.422a 51.035+1.572a
LTHA P. koraiensis LN 9.870 + 0.355b 36.012 £ 1.641a 50.068 + 1.080a
HN 8.266 + 0.256¢ 24314+ 1.061b 51.721 £ 1.552a

#: CK. LNATHN RN 23712805 501100 kg/Chm®-a) . A[E/NG FBER R AL 7] 22 53 535 (P < 0.05). R IAl. Notes: nitrogen additions in
treatment CK, LN and HN are 0, 50 and 100 kg/(ha-year), respectively. Different lowercase letters indicate significant difference (P < 0.05). The same

below.
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Tab.3 Spectral reflectance index of different tree species seedlings under varied nitrogen treatments

i b3
T NH.J : AEE mSR705 PRI SIPI
ree spicies Treatment
CK 3.890+0.137a 0.067 + 0.003a 0.600 + 0.020b
FI# B. platyphylla LN 3.903 +0.148a 0.061 + 0.005a 0.639 £ 0.024b
HN 4304 +0.174a 0.073 £ 0.006a 0.754 £ 0.027a
CK 3.243 +£0.099b 0.080 + 0.003a 0.580 + 0.025¢
KR 0. mongolica LN 3.956 +0.128a 0.074 +0.002a 0.657 + 0.020b
HN 3.503 £ 0.099b 0.052 + 0.004b 0.734 £ 0.022a
CK 3.055+0.075a 0.079 + 0.004a 0.668 +0.018a
M T amurensis LN 3.043 +£0.099a 0.067 + 0.004a 0.649 + 0.022a
HN 3.302 £ 0.106a 0.073 £ 0.004a 0.696 £ 0.016a

¥E: mSR705. B IELLiA B LEFa 45; PRI Yetb 2% [ it Fa 2 SIPL. 45 # AU # 6 3 #5840 Notes: mSR705, red edge ratio vegetation index; PRI,

photochemical reflectance index; SIPI, structure-insensitive pigment index.

TEIA R B 5 SOG & 58 3 R R R A o0, G IR A
2N PRIEIAZE N BR > 5 > B M, & 5 bk
PRI H L T 535 B, 1ff EAE 5 5B PRI A [A] 440
AbER RO R ZE R o 45 AN BURRE 0 i i 2R
(SIPD Je B EH % b 22 52k R B LU AE, BE 2K B2
(1 _ETF 5205 R S (M SIPT LR 2 B, 52
TR SIPLEAN R AL #E ) 22 57 0 3%, (IMETE A T &
S5, BB R AL EE ) STPT {0 2 5
2.3 AERFHHEHRESH

STTEARL R oE T BB A5 2 16 & S 54T
T7 2253 W (R 4D, AN RV BAL 3R Rk 4 R R
(WUE) % g [8] CO, ¥ £ (C 4N HoAth 2 B 3 7E AN )
P Fofr 55 AN R] Ab B R A R 2 22 R (Ppggy < 0.05, Py <
0.05). XN # A EF PO AME > 208 > 5
PR> M. M T A M P, EXTIRC R E =

S, LUK P, BEEIREERGINT R BE, SR P, WITEAR
AN BT ARERS P, EIME > SR > 400 > 5K,
MAE R 5Bk P, NN 4 ASRFRARAK . &4
Pl A AL T BE (GO B B B AR AL A Py K30
[F, FIHE G, 7 B & KT X AR A 560k
(1) G, B ZH P LT BTG T B SRR Gy AN TR
BACHRE] TG 0 3 2 55 SR G BERURE BT T
R, T BB T
SRR R ZRET ¢ LREES: A
MR C LR E R AMit%)s ¢ 2 EKT
TR . EIMES AR R BRI (T)
ZEFARE; ZMR T8, A N RILEA
xR T B N 4 T R5 B E KT X
HE o A [ 804k BT i R R o 3R (CED 33 R 1 Mt i
MRS, A EANE AN LR CE T 5 Bk,

R4 BARAMTAREKMLAEN FEESH

Tab. 4 Photosynthetic parameters of different tree species seedlings under varied nitrogen treatments

C/(umol-mol ")

T/(mmol-m*s™") WUE/(umol-mmol™") CE/(umol-m?s™")

287.615 +4.933a
295.575 +£3.284a
266.055 + 7.688b

4.760 £ 0.316a
5.603 £ 0.759a

4.616 £0.450a

5.418+£0.283a
5.107 £ 0.443a

5.202+0.267a

0.086 + 0.004a
0.082 = 0.003a

0.085 £ 0.005a

273.466 + 6.237a
278.529 £4.162a

269.915 + 6.703a

6.974 + 0.693a
7.110 £ 0.395a

4.735+£0.725b

3.183 £ 0.448a
2.985+0.167a

3.666 £ 0.492a

0.061 £ 0.004b
0.070 £ 0.002a

0.049 £ 0.001c

280.194 + 9.689a
284.835 +7.458a

291.706 + 4.395a

3.932+£0.401a
3.694 + 0.404a

3.296+0.170a

3.996 + 0.449a
4.162 £ 0.325a

4.132£0.250a

0.049 £ 0.003a
0.049 £ 0.003a

0.046 £ 0.003a

Po/(umol-m - Im 2
Tree spicies Treatment w(umol'm =57 G/(mol-m ™5 )
CK 24.688 +£1.015a 0.414+0.027a
(M B plaphylla LN 24232409882 0.439+0.025a
HN 22.648 +1.582a 0.330 + 0.035b
CK 16.527 £0.955b 0.302 £+ 0.030ab
S 0. mongolica LN 19415206572 0338+0.021a
HN 13.186 £ 1.145¢  0.226 +£0.031b
CK 13.779 £0.794a 0.235+0.024a
SRR T amurensis LN 13.809+0.844a 0.257-+0.028a
HN 13.439+£0.924a 0.229+0.017a
CK 18.641 £0.718a 0.341 £ 0.023a
STHA P. koraiensis LN 15676=0.614b 0.214%0.012b
HN 14.877£0.565b 0.212+0.015b

292.822 +5.132a
260.151 £4.519b

260.486 + 11.289b

5.848 +0.932a
3.167 £ 0.276b

3.688 £0.312b

4.515+0.657a
5.390 £ 0.354a

3.955+0.373a

0.064 £+ 0.003a
0.060 + 0.002a

0.061 £ 0.004a
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Ty 22 o3 B i 25 R AT RAAS B BR O A B2
(LCP)FIHE R (R 4 FHAth 23 HUAS [R) K Folt ] AN [) Ak
BRI 53 25 (Pya <0.01, Py <0.01, 3£ 1.

FEXT IS N B RAF G T R (P ) FIME > 21
Fa > S kR > BIBGE 5. AR ZHBRFIZ AR
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EEMRI P T B8 R BESE N T %, 4 AN FRAE
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FEXF IR 26 1F R, Je AN S (LSPYZL FA > (i >
ST iR > B, TACE T 525 4R LSP Jhar, 23
ZLFn > SR > FME > BRI Y, Hh eS8
M LSP AN FZAIN T 2 e A3 s 52 #R I LSP
BE 5 EOR FE 3G I 235 BTSN RS, R
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SRUANE NN /N NG PGB
LCP 7o & 3% % ¢, HMRACE N 1) LCP & E KT X
M, HAEAS [ ZUAR 3R AR 1) LCP 39K T JH
Pl M TR (AQY VR YR H 55 g 111
5055, ANFIBAL T BN BN AQY k.
24 ARERFLEFRASH

LRI FE R (Dpg ) WL Tt & i1
38 B 2 o5 A OBOBRERI EE B . B HE 5 R
Dpg 1y H ey LA R AL B0 TG 2 3 72 5 5% AR A AL
P @pg  FAK, I BE IR FER N RIS RS )
s, L 2 ARCET @ps AL, 55X A&
6] 22 5 0 2, IAAKHIR R @pg pp fi e HLAS [F] A ]

ZREEGE 6.

I KA R (FF) BT PSS B 0y
e R, AR PSRN AR O JRWI G REFE 4 2%
B FFEL SaE R I R e e o8 R Fl LT
& 8 E Ve . A ME 40 b R [ R AL B R R,
ZRARE, HEUEATE 0.8 £ 475 kR F/Fy M
X B8 ZH F9 €0.795 + 0.004), % B AR A 19 (0.778 +
0.006) 5 =& (0.764 + 0.005), Jiti & 5 %f 1E 7 7
F o BB FF,, MEIKREE - 28058 0 5
Fas, IR N LB F/F, N(0.797 £0.004), &
T R A

PSIT 1 FETE IR & FETAE 83 R (ETR) S e 5K
B o 2% R N (0 R HL A 0 AR, MR SR
ETR %@ BAFE AL G B 2% 2 57 S HRAIAL
FA ETR %1%, 32 Bk ETR 7EAR A T 2 #1181 % 18
Je R 2UFn ETR Sl ELit 04 2 R T3 HE .

Tl AP K R H (PO i PS I 32 o0 T 41l 3R
(1 RE R LA A RE R, et T PSTT R A0
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5 ETR L. JEI S K R ENPQMR T K L& 1
FR O e BB ARG TR SRR BT AN BE ok
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WEESE N 258 IS T B, RS m a2 7
235 FMERNE B NPQ B, AN A U4k 22 W) G 12 3%
ZE5t
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Tab. 5 Photosynthetic parameters of different tree species seedlings among varied nitrogen treatments

*Xj‘fql %IE 2. .1 — — — — -2 -1 — —
Pnax/C I'm?*s™) ‘m g7 m2s) Ry I'm>s ') ‘m2s’!
Tree spicies Treatment | nma/(pmol m s LSP/(umol'm>s™')  LCP/(umol'm™*-s™') Ry/(umol'm™-s AQY/(umol'm?-s™")
CK 26.820+1.771a 1 844.400 + 191.153a 30.800 + 6.227a —1.823+0.357a 0.054 +£0.001a
E# B. platyphylla LN 27.342 +2.096a 1779.556 +£170.444a  32.889 + 4.889a —2.060 + 0.286a 0.057 £0.001a
HN 25.049 +2.555a 1592.444 + 178.614a 32.889 +2.731a —2.011 £0.141a 0.056 + 0.002a
CK 23.291 £ 2.306ab 1746.677 £344.128ab  29.455 + 3.669a —1.940 £ 0.293a 0.049 + 0.002a
KR O. mongolica LN 26.166 = 2.499a 2618.077 £395.527a 36.385 +5.874a —1.786 £ 0.385a 0.048 £ 0.003a
HN 17.025 + 1.644b 1351.333 +£202.047b 40.182+6.081a —2.383 £ 0.366a 0.043 £ 0.003a
CK 15.465 + 1.330a 1153.000 +112.531a 27.500 + 4.436a -1.415+0.202a 0.044 £ 0.001a
SN T amurensis LN 15.392£1.031a 1230.000 + 154.639a 16.400 + 2.696b —0.891 £0.152a 0.045 £ 0.001a
HN 14.585 £ 1.126a 1228.444 £106.957a 25.333 £2.582ab —1.320+0.124a 0.039 +0.003a
CK 23.701 = 1.508a 2529.615 = 140.831a 31.401 + 13.818a -2.358+1.176a 0.057 £ 0.004a
4THA P. koraiensis LN 24.825 £ 1.845a 2673.976 +£212.282a 21.494 £ 3.344a —1.683 £ 0.160a 0.048 + 0.002ab

HN 18.671 £0.730b 1 996.765 + 109.824b 42.529+5.177a —2.099 £ 0.225a 0.042 +0.002b
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Tab. 6 Fluorescence parameters of different tree species seedlings under nitrogen addition

Pl Ak ¥R

Tree species Treatment Prsii FulFw ETR ap NPQ
CK 0.178 £ 0.014a 0.816 % 0.003a 150.015+11.709a  0.402 £0.027a 0.847 +0.014a
=
FIHE LN 0.134 % 0.008a 0.798 + 0.010a 112.559 + 6.705a 0.335+0.014a 0.874 % 0.008a
B. platyphylla
HN 0.121 % 0.025a 0.816 % 0.007a 102.286+20.938a  0.287 +0.052a 0.868 + 0.010a
CK 0.089 = 0.007a 0.795 % 0.004a 75235+ 5.956a 0.301 % 0.013a 0.924 = 0.005b
SR LN 0.049 = 0.003b 0.778 = 0.006b 41.028 + 2.140b 0.220 = 0.010b 0.943 + 0.003a
Q. mongolica
HN 0.079 % 0.005a 0.764 = 0.005b 66.046 + 3.940a 0.267+0.013a 0.910 % 0.002¢
CK 0.093 £0.013a 0.743 £0.013b 78.644+11.182a  0.294 £0.022a 0.902+0.011a
£ LN 0.136+0.018a 0.797 £ 0.004a 114820+ 15.824a  0.361 = 0.048a 0.890 + 0.009a
T. amurensis
HN 0.111+0.014a 0.756 = 0.008b 93217+ 12.042a 0303 £0.033a 0.870 % 0.008a
CK 0.088 % 0.007a 0.810 % 0.006a 74.404 £ 6.137a 0.254+0.015a 0.919 = 0.009ab
AR/ LN 0.047 £0.001¢ 0.776 £ 0.008a 49.473 £ 1.570b 0.169 £ 0.007b 0.931 £ 0.002a
P. koraiensis
HN 0.068 = 0.009b 0.795 + 0.008a 57344 +7.563b 0.185 = 0.029b 0.904 = 0.007b

W Dpg EFRIGE R F/F . SORIGA AR ETR. GG & T A8 gP. G228 K R E: NPQ. IR6IL 2% K R % - Notes:
Dpg 1, actual photochemical efficiency; F,/Fy,, actual photochemical efficiency; ETR, acyclic electron transfer rate; qP photochemical quenching of
fluorescence; NPQ, non-photochemical quenching of fluorescence.

RT AAMTARRMLYEM F JIP-text S

Tab. 7 JIP-text parameters of different tree species seedlings under varied nitrogen treatments

A Lb 3
Tree species Treatment Vi M, N Sm

CK 0.631+0.017a 2 804.972 +294.348a 15 558.615 + 603.892a 3.658+0.218a

E# B. platyphylla LN 0.652 + 0.022a 2 825.56 = 209.106a 15 147.807 + 722.596a 3.554+0.254a
HN 0.664 = 0.014a 2990.975 + 372.545a 14 951.089 + 708.137a 3.477 £ 0.290a
CK 0.677 £ 0.023a 3259.756 +247.916a 15 536.697 + 296.142a 3.266+0.127a

L HE 0. mongolica LN 0.692 +0.016a 2952933 +279.987a 12 420.176 + 337.534b 3.083 £ 0.280a
HN 0.706 +0.01a 3591.108 + 181.269a 11 837.86 + 678.543b 2.414+0.181b
CK 0.691 + 0.026a 4449982 + 565.824a 9513.395 + 3 090.225b 1.683 £ 0.591b

SEAE T amurensis LN 0.624 +0.015a 3221.316 = 197.039b 16 451.272 + 1 048.703a 3.188+0.118a
HN 0.651+0.016a 3 074.266 + 172.648b 10 702.066 £ 1 145.714b 2.275 +0.235ab
CK 0.661 +0.019a 759.363 + 81.003a 3 587.198 = 305.565a 3.206 + 0.268a

L4 P. koraiensis LN 0.639 +0.016a 784.871 +31.833a 3 569.633 + 461.696a 2.896 + 0.342a
HN 0.675+0.031a 799.513 £91.798a 3529.33 £426.204a 3.063 + 0.360a

T V. AL R AR AT AR SR HREE s M, OJIPH e S M LR IIAIAG R 28 N. NOFIF,, I 7] A Qo BB AL IE SR Y IR H; S FRAEAL 5 RIT-PAHANLE,, 2 [] 1)
1. Notes: V), relative variable fluorescence at the j-step; M, initial slope of OJIP fluorescence induction curve; N, number of Q, reduction events
between time 0 to F,,; S,, normalized total complementary area above the OJIP transient.
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AR PR R PQ FEI RN, EIMERZIAA I S, BEA
WREESEIN TG 22 22 57, 58 AR S, 7E R BALFE I

MORINS T 1]l 3 A (Q I B KB JFUE 2, A
ML SRR L0k M, BERIR I N 2 35 2 5, K
MBIt AL ) M, S AR T 0 IR, 7R R AR 2% A
& M, BN > Sl ER > A > 0k, fEE A
NEEEHR > B> AR > Z0ke . A0 B F, IFTRIA
Qa W EEAGIE SR I IR B (N AN RN AL B R 359 2 A e e
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