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Response of photosynthetic physiological characteristics of rare broadleaved tree
species Juglans mandshurica seedlings to simulated nitrogen deposition
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Abstract: [Objective] This paper aims to investigate the effects of simulated nitrogen deposition on the
photosynthesis parameters and leaf traits of Juglans mandshurica on stub land in the growing season.
[Method] A nitrogen addition test was performed in Kaiyuan Tree Farm in Shulan City, Jilin Province of
northeastern China. Saplings of Juglans mandshurica were taken artificially as experimental materials and

urea solution was used as the nitrogen source and sprayed on canopy, with three levels of nitrogen solution
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as CK (0 kg/(year-ha)), LN (50 kg/(year-ha)), HN (100 kg/(year-ha)). The parameters of photosynthesis,
fluorescence, leaf traits were determined, and the relevance among different photosynthetic parameters was
analyzed. [Result] (1) The photosynthetic capacity of Juglans mandshurica was enhanced by nitrogen
treatment. The chlorophyll content, maximum carboxylation rate, instantaneous carboxylation rate and
maximum electron transport rate of Juglans mandshurica increased significantly under both levels of
nitrogen treatment. Meanwhile, the maximum net photosynthetic rate, net photosynthetic rate, total
photosynthetic carbon assimilation per plant, light compensation point and light saturation point increased
significantly under HN treatment. (2) Nitrogen treatment changed the stomal behavior of Juglans
mandshurica. Under LN treatment, the stomatal conductance and transpiration rate decreased. Meanwhile,
water use efficiency increased. (3) Nitrogen treatment expanded the leaf area of Juglans mandshurica. The
leaflet area, total number of leaflets and total leaf area of Juglans mandshurica made positive response to
HN treatment. (4) The fluorescence parameters increased at first and then decreased with increasing levels of
nitrogen addition treatment. (5) The coefficient of correlation between total photosynthetic carbon
assimilation per plant, and total leaf area was higher than that between total photosynthetic carbon
assimilation per plant, and net photosynthetic rate per area. [Conclusion] In general, the nitrogen addition
treatment has a positive effect on the photosynthesis of Juglans mandshurica. However, the response of
different photosynthetic physiological process varies through different levels of simulated nitrogen addition
treatments. Furthermore, stimulated by nitrogen addition, increasing growth of total photosynthetic carbon
assimilation per plant, was related more closely to expansion of total leaf area than augmentation of net
photosynthetic rate per area.

Key words: nitrogen treatment; Juglans mandshurica; photosynthetic characteristics; leaf area; artificial
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Tab. 1 Responses of photosynthetic parameters to different nitrogen treatments
42 %1 Photosynthetic parameter CK LN HN F P
- PNE LD e pr. L
Maximum net photosynthetic rate/(umol-m >'s™') 15.63 £0.06 b 16.87 £0.08 b 2197+1.09a 14.435 <0.001%***
1§64 1% Net photosynthetic rate/(umol-m2-s™") 13.89+0.45b 1297+ 0.65b 1571 +0.96 a 3.761 < 0.05*
B AR R
Total photosynthetic carbon assimilation per plant/(pmol-s ") 0.65+0.10b 0.77£0.08b 242+030a 27.511 < 0.001%**
Y42 A Light compensation point/(umol-m 2+s™") 21.42+2.10b 1778+ 1.88b 27.00+1.16a 8.154 < 0.01%*
JEHIFN 5 Light saturation point/(umol-m 2-s™") 138542 £109.70b 1547.78 £120.90b 1970.89 +150.81 a 5.349 < 0.05*
4% % & & Chlorophyll content 25.00+0.44b 3558+0.53a 36.92+0.57 a 148.819 < 0.001*%**
KR AIHEZ Maximum carboxylation rate/(mmol-m *-s™") 4428+4.08b 72.18+5.02a 69.02+11.83a 5.664 < 0.05%
7% #2 4k 3% . Carboxylation rate/(mmol-m2-s™") 4359+1.29b 57.65+5.88a 59.70+3.63 a 4.409 < 0.05*
e 15 0 %
M*EE‘YFFE@J\‘K 2 1 36.08+3.53b 69.84+£5.66a 69.30 + 14.38 a 6.820 < 0.01%**
Maximum electron transport rate/(mmol-m ~-s™)
S 4LF)¥ Stomatal conductance/(mol-m>s™") 0.46 +0.06 a 0.18+0.02b 0.29+0.03b 11.427 < 0.001%**
MR CO, Mk &
Intercellular carbon dioxide concentration/(mol-mol™") 31942+ 6.642 238.00+10.78¢c  264.61+£6.05b 25.460 < 0.001***
71534 % Transpiration rate/(mmol-m™>s™") 584+042a 3.00+£0.26 b 546+0.62a 11.235 < 0.001***
7K F F 2% Water use efficiency/(umol-mmol ™) 2.58+0.22b 467+031a 327+030b 13.990 < 0.001%%**

7 CK. X IRACFE: LN AR ZUAL B HN. m &b HE . AN 7 BER IR AR (] 25 5 B35 (P < 0.05) 0 *RAELEP < 0.05/KF | 5B B3 AH M *+RAE
TEP < 0.017K°F b 2 B2 A ek =+ RAEFEP < 0.001KF LR EEH M. TIH. Notes: CK, blank control; LN, low nitrogen treatment; HN, high
nitrogen treatment. Significant differences are indicated by different lowercase letters (P < 0.05). * indicates correlation at the P < 0.05 level, ** indicates
correlation at the P < 0.01 level, *** indicates correlation at the P < 0.001 level. The same below.

R 2 KRS E R LRI
Tab.2 Responses of fluorescence parameters to different nitrogen treatments
- KRB H CK LN HN F P

uorescence parameter
WIUEZE7 2 Initial fluorescence yield 719.70 £+ 744 a 710.10+£7.27 a 731.10 £ 10.07 a 1.444 0.242
A A % Variable fluorescence yield 2823.00+42.89b 3065.40+35.50a 2612.00 +£36.67 ¢ 16.897 < 0.00]***
& K9t % Maximum fluorescence yield 354270 +42.03 b 3775.60+3525a 3343.10+£71.30 ¢ 14797  <0.001%%*
BRNE T % Maximum quantum yield 0.796 0+ 0.003 0 b 0.8116+0.0020a  0.7784+0.0050c  16.680  <0.001%**
RO T 7= % Effective quantum yield 0.0861+0.0040ab  0.0921+0.0050a  0.0774+0.0030b  3.021 0.054
*ENFET%J%@}: . 65.11+3.21 ab 69.65+3.99a 58.57+2.55b 3.021 0.054
Relative electron transfer efficiency
N A " ¥
7‘“{%ﬁﬁ%ﬁ . 0.3259+0.0100a 0.3361+0.0100a  0.3555+0.0300a  0.512 0.601
Photochemical quenching of fluorescence

N 2L TG 2 K

IHAERER M 0.9322+0.0030a 0.9328+0.0030a  0.9328+0.0040a  0.008 0.992

Non-photochemical quenching of fluorescence
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Fig. 1 Responses of leaf traits to different nitrogen treatments
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Tab.3 Pearson correlation coefficients among photosynthetic parameters

. BRAEE  BECOME  CULYE  RBEE BRI Ak

ltem Net photosynthetic I-nte.rcellular carb(.)n Stomatal ~ Transpiration Carboxylation Chlorophyll
rate dioxide concentration conductance rate rate content

164 % Net photosynthetic rate 1.000

Egc?eﬁfl{lfr%arbon dioxide concentration 0.184 1.000

S FLF ¥ Stomatal conductance 0.433%* 0.714%* 1.000

7533 % Transpiration rate 0.542%* 0.462%* 0.620%* 1.000

5% I 2 AL 1 % Carboxylation rate 0.545%* —0.613%* -0.121 0.060 1.000

4% % & 5 Chlorophyll content 0.635%* -0.277 0.004 0.079 0.530%* 1.000
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Tab. 4 Pearson correlation coefficients among total photosynthetic carbon assimilation per plant, maximum net

photosynthetic rate and total leaf area
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