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Response of photosynthetic and fluorescence characteristics of Quercus
mongolica seedlings to simulated nitrogen deposition in Shulan, Jilin, China
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Abstract Quercus mongolica is an ecologically important tree species found in Northeast China. This study
aimed to reveal the response of Quercus mongolica seedlings to intensified nitrogen (N) deposition, which may
provide a reference for forest plantations in Northeast China. Using the planted Quercus mongolica seedlings
in Shulan City, Jilin Province, this study investigated the responses of Quercus mongolica seedlings across an
N addition gradient, with a focus on the spectral index, photosynthetic characteristics, leaf element contents,
and fluorescence characteristics. The N addition gradient included three levels: a blank control (CK; 0 kg hm™
a™), low N addition (LN; 50 kg hm™ a™), and high N addition (HN; 100 kg hm? a™). This results showed that
(1) LN increased seedling height by 8.68% and stem diameter at ground height by 23.34% compared with the
control treatment. (2) Among the N addition treatments, LN had the highest chlorophyll normalized index and
modified red edge single-ratio index, whereas the lowest values were observed in CK. The structure-insensitive
pigment index did not change significantly between LN and HN but was significantly higher than that of CK.
(3) The maximum net photosynthesis of seedlings in CK, LN, and HN were 12.59, 14.47, and 11.67 umol m™
s respectively. Stomatal conductance was positively correlated with maximum net photosynthesis. (4) Leaf
phosphorus contents in the N addition treatments were considerably lower than that in CK. N/P was less than
14 in CK but higher than 14 in LN and HN. Varying N addition did not alter leaf carbon, N, or Ca contents. (5)
High N addition decreased the actual photochemical efficiency, acyclic photosynthetic electron transfer rate,
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photochemical quenching coefficient, and size of the acceptor-side plastoquinone pool in the PSII reaction
center, but increased the non-photochemical quenching coefficient. Collectively, the results indicated that
the CK treatment was limited by N, and the LN and HN treatments were limited by N and P. Low N addition
increased the chlorophyll content of Quercus mongolica, which further promoted the photosynthetic rate and
seedling growth. Owing to the limitations of stomatal conductance, weak electron transfer efficiency, and
increased fluorescence and heat dissipation, high N addition significantly decreased photosynthesis and growth.

Keywords nitrogen addition; Quercus mongolica; light response curve; leaf element content; fluorescence
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Table 1 Growth index of Quercus mongolica seedlings among
different nitrogen treatments
4k 7 Hi e
Treatment Seedling height (h/cm) Ground diameter (d/cm)
CK 52.689 + 1.437b 6.379 £ 0.201b
LN 57.262 + 1.385a 7.868 + 0.242a
HN 53.473 + 1.043b 6.651 £ 0.208b

0.05) .
CK: Blank control; LN: Low nitrogen addition; HN: High nitrogen addition.
Different lowercase letters indicate significant difference (P < 0.05).
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Table 2 Spectral reflectance index of Quercus mongolica seedlings among different nitrogen treatments

4t Treatment mSR705 Chl NDI SIPI WI
CK 2.469 £ 0.077c 0.339 £ 0.010c 0.777 £ 0.002b 1.012 £ 0.0004a
LN 3.252 + 0.090a 0.434 +0.009a 0.814 £ 0.003a 1.011 £ 0.0003a
HN 2.762 + 0.068b 0.389 + 0.008b 0.814 £ 0.001a 1.011 £ 0.0004a

CK: s LN: K% HN: & AREVNG TR R A Bl 2 R 0 %% (P < 0.05) .
CK: Blank control; LN: Low nitrogen addition: HN, High nitrogen addition. Different lowercase letters indicate significant difference (P < 0.05).
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Fig. 1 Photosynthetic parameters of Quercus mongolica §-‘ag 0:8- Q § £
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lowercase letters indicate significant difference (P < 0.05). a  02f §°
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Fig. 2 Photosynthetic parameters of Quercus mongolica
seedlings among different nitrogen treatments. CK: Blank control;
LN: Low nitrogen addition; HN: High nitrogen addition. Different
lowercase letters indicate significant difference (P < 0.05).
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Table 3 Leaf element contents of Quercus mongolica seedlings among different nitrogen treatments

pisz I A b A A i A 4 AR
Treatment  Leaf total C (w/mg g”) Leaf total N (w/mg g”) Leaftotal P (w/mgg')  Leaftotal Ca (w/imgg') Leaf total Mg (w/mg g™)
CK 44.440 £ 0.287a 2.495 + 0.008a 0.183 £ 0.001a 2.717 £ 0.029a 0.192 £ 0.009a
LN 45.387 £ 0.082a 2.516 £ 0.005a 0.178 £ 0.001b 2.711 £ 0.037a 0.164 £ 0.004b
HN 45.074 £ 0.294a 2.499 + 0.008a 0.177 £ 0.001b 2.651 £ 0.018a 0.170 + 0.009ab

CK: s LN: K% HN: & AFEVNG TR R R A Bl 2 2 02 (P < 0.05) .
CK: Blank control; LN: Low nitrogen addition; HN: High nitrogen addition. Different lowercase letters indicate significant difference (P < 0.05).
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Tab. 4 Fluorescence parameters of Quercus mongolica seedlings among different nitrogen treatments

Q¥ Treatment (o FJF,, ETR 9p NPQ
CK 0.077 £ 0.006a 0.795 £ 0.003a 48.764 £ 3.908a 0.263 £0.013a 3.690 £ 0.102b
LN 0.080 £ 0.005a 0.766 + 0.007b 50.598 + 3.270a 0.307 £ 0.012a 3.315+ 0.087b
HN 0.056 £ 0.004b 0.779 £ 0.007ab 35.575 + 2.798b 0.120 £ 0.025b 4.410 £ 0.261a

. AFNG FRRORAE I 22 57 B % (P <0.05) .

CK: Blank control; LN: Low nitrogen addition; HN: High nitrogen addition. ®;g;: Actual photochemical efficiency; F,/F,,: The maximum quantum
yield; ETR: Relative electron transfer; qp: Photochemical quenching of fluorescence; NPQ: Non-photochemical quenching of fluorescence.

Different lowercase letters indicate significant difference (P < 0.05).

(A 0.15.89
< 1.0f 2
~ [2]
> e 0.10f
= o>
go.s %2300
22 o6t 28 %
g 555000
G 0.4f 28s ] A,
R Zos
2 02} <= 57©-0.05¢
%o 2
3 0.0t — -0.10} ‘
[ o i
© W ¥ = T v - © W ¥ T T =
wow w8 g <) Wwow w8 g o
¢ e e gee e

=
o Y.
=

s
E3 FTEALEREHGEMRRR L HFMLZL. CK: A LN: K
& HN: &L O. K. Ju I\ P BIa#I4a 52t 0.000 3 skbié)t. 0.002 s
Ab5E 5. 0.03 shb 9t LA K die K9EtAL.

Fig. 3 Chlorophyll fluorescence kinetic curves of Quercus
mongolica seedlings under different nitrogen treatments. CK:
Blank control; LN: Low nitrogen addition; HN: High nitrogen addition.
O, K, J, I, P are initial fluorescence, 0.000 3 s fluorescence, 0.002 s
fluorescence, 0.03 s fluorescence, and maximum fluorescence.
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Table 5 JIP-text parameters of Quercus mongolica seedlings under different nitrogen treatments

A HE Treatment t(Fp Vv, M, S, N
CK 421198 + 65.975a 0.684 + 0.013b 2.358 + 0.063b 11.047 + 0.155a 38.081 £ 0.940a
LN 142.563 + 6.624b 0.657 £ 0.013b 2.081 £ 0.073c 10.057 £ 0.047ab 31.698 + 0.516b
HN 218.786 + 73.538b 0.794 + 0.023a 2.745 £ 0.090a 9.539 + 0.654b 33.067 £2.371b
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CK: XM LN: {4 HN: &%t (Fy): & B ERVOEIR LR IR 8] Ve 7B AR AT AR 52658 BE . My: O-J-1-P SO0 SR R % S, B3
TG K1O-J-1-PYG T S I 0 TG IR BEF = F Ry il Z [ KT AR s N: TG BEOE B B35 F (K I 18] B A Qs SR I . AN TR/ - R R R A 1 ) 22 S
E (P<0.05.

CK: Blank control; LN: Low nitrogen addition; HN: High nitrogen addition. #(F): Time to reach maximal fluorescence intensity F; V;: Relative
variable fluorescence intensity at the J-step; M,: Approximated initial slope of the fluorescence transient; S,: Normalised total complementary
area above the O-J-1-P transie (reflecting single-turnover Q, reduction events); N: Number of times Q,is restored during t(F,). Different lowercase
letters indicate significant difference (P < 0.05).
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