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Effects of nitrogen nutrition on growth and photosynthetic
characteristics of Carpinus betulus seedlings
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Abstract: [Objective] This experiment elucidated the effects of nitrogen nutrition on growth and pho-
tosynthetic characteristics of Carpinus betulus seedlings and confirmed the proper nitrogen fertilizer rate.
[ Method) The growth and photosynthetic characteristics of one year old Carpinus betulus potting seedlings
were investigated under different nitrogen fertilization levels (0,100,200,300 and 400 mg/plant). The ni-
trogen was divided into 2 times to fertilize into the ground. [Result] With the increase of nitrogen fertiliza-
tion level, the height,ground diameter,number and area of leaves, biomass, SLW and QI increased at first
but decreased after the peak at 200 mg/plant. The ratio of root to shoot decreased with the increase of ni-
trogen fertilization. The photosynthetic characteristics showed the same trend as the growth. The contents
of P,,T,,G,,chlorophyll a,chlorophyll b and total chlorophyll increased at first followed by decrease with
the increase of nitrogen fertilization level. The C; decreased at first before increasing. Growth indexes such

as seedling height, ground diameter, leaf number, leaf area, total biomass, SLW showed significantly posi-
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tive correlation with QI. The photosynthetic indicators P, , T, and G, had significantly positive correlation

with each other while they had significantly negative correlation with C;. [Conclusion) Based on the linear

relationships between growth and nitrogen levels,the proper nitrogen nutrition was 177 —241 mg/plant.
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Table 1 Comparison of growth of Carpinus betulus seedlings under different nitrogen levels
b EE’EEL/ — o /mm ”fﬁi’ﬁlj I L em? SLW/
Treatment (mg"' D Height (frl”OUl’ld CH - # D Leaf area (g+dm™?)
N fertilizer rates diameter Leaf number

CK 0 15.77+1.18 b 3.1140.09 d 8.33+£0.58 ¢ 96.04+6.75 e 0.33540.012 ¢
N1 100 16.3040.36 b 3.33£0.13 be 12.334+2.08 b 133.144+8.21 ¢ 0.356740.012 be
N2 200 18.23+0.32 a 3.77£0.03 a 16.33+1.53 a 172.164+11.18 a 0.39740.010 a
N3 300 17.60+0.78 a 3.44=+0.11D 13.33+£1.53 b 151.58+12.71 b 0.361%0.146 b
N4 400 16.20+0.26 b 3.194+0.12 ¢ 9.67+1.15 ¢ 114.68+5.75d 0.34840.010 be

TE « A 5B 5 e A [J 7 0 3R0R 22 53¢ 1B 3% (P<<0..05) . T &I,

Note: Different lowercase letters indicate significant difference between treatments (P<C0. 05). The same below.
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Table 2 Biomass and QI of Carpinus betulus seedlings under different nitrogen levels
it R A/ o EAEY R/ (g e B WERAEY R/ B
MhEE (mg e B Above-ground biomass (g+ D (L. ! He:%) W T A i H
Treatment N fertilizer It 2% iy Below-ground gTotal Root/Shoot Quality index
rates Leaf Stem Total biomass
0.347+0.01le 0.2540.02c¢ 0.594+0.026d 0.29+0.019 d
CK 0 0.88+0.045 e 0.491+0.011 a 0.017=+0.001 ¢
(38.64%) (28.41%) (77.05%) (32.95%)
0.4940.02 ¢ 0.29£0.01b 0.7840.028 ¢ 0.35+0.015 b
N1 100 1.1340.040 ¢ 0.449+0.012 b 0.02240.001 b
(43.36%) (25.66%) (69.02%) (30.98%)
0.70+0.03a 0.3740.02a 1.07+0.048 a 0.41+0.017 a
N2 200 1.4840.065 a 0.383740.004 ¢ 0.02940.001 a
(47.30%) (25.00%) (72.30%) (27.70%)
0.584+0.02b 0.3640.01a 0.94+0.009 b 0.32+0.013 ¢
N3 300 1.26+0.013 b 0.340%+0.015 d 0.02340.001 b
(46.03%) (28.57%) (74.60%) (25.40%)
0.43£0.02d 0.3040.01b 0.7340.022 ¢ 0.234+0.018 e
N4 400 0.96+0.030d 0.315+0.025d 0.01840. 001 ¢
(44.79%) (31.25%) (76.04%) (23.96%)

TE 385 S B s A5 L R e R R

Note: The percentage in the bracket means the ratio of each component biomass to total biomass.
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Table 3 Chlorophyll a,b and total chlorophyll of Carpinus betulus seedlings under different nitrogen levels

=N =N
Treatments N fertilizer rates Chlorophyll a Chlorophyll b Total chlorophyll Chlorophyll a/b
CK 0 2.01740.105d 0.91640. 060 ¢ 2.93340.163 d 2.20440.050 ab
N1 100 2.23140.077 ¢ 0.99440.041 ¢ 3.22540.116 ¢ 2.24540.035 ab
N2 200 2.94240.150 a 1.299+0. 065 a 4,24140.194 a 2.26740.106 a
N3 300 2.43540.097 b 1.156+0.079 b 3.59040.175 b 2.11140.064 b
N4 400 1.982+0. 086 d 0.93440.087 ¢ 2.91640.097 d 2.12140.084 b
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Table 4 Correlation analysis of Carpinus betulus seedlings under different nitrogen levels

i - Wz Mg R SRR R

R s Ground Leaf Leaf Total Root/ SLW QI P, G, T, Ci

Index Height . . |

diameter ~ number area biomass Shoot
T Height 1 0.951**  0.935* 0.960* * 0.962* * —0.453  0.916~% 0,924~ 0. 826 0,941 0.896 —0.912*
FA

H‘ﬂh . 1 0.982* * 0.967** 0,989~ —0.281 0.989* " 0,994 * 0.695 0. 870 0.819 —0.819
Ground diameter
P,
R 1 0.991** 0.996™" * —0.295  0.960** 0.990" * 0.595 0.796 0.728 —0.736
Leaf number
I f1 Leaf area 1 0.991**  —0,405 0,941~ 0.967** 0.644 0. 826 0.761 —0.774
ﬁ E=N
uél‘:%fﬂ 1 —0.308 0.962** 0.989" * 0.661 0.842 0.780 —0.790
Total biomass
38 . Root/Shoot 1 —0.315 —0.213  —0.533 —0.508 —0.519 0.525
SLW 1 0.978**  0.681 0. 860 0.818 —0.807
QI 1 0.615 0.811 0.751 —0.752
P, 1 0.958*  0.977** —0.981* "
G, 1 0.994** —0.995* *
T, 1 —0.997*
C; 1

Heeox % % ARFR P=0.05 fl P=0.01 7K FAH 6 5 2,

Note: * and * * represent significant differences at P=0. 05 and P=0. 01, respectively.
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Table 5 Regression analysis of growth indexes of Carpinus betulus seedlings under different nitrogen levels
e BRI AH I it 4/
EE R [EYEW R FH(RD F{i ARk & (mg - B~ D
Index Regression equation R? F value Theoretical ~ Corresponding
square harvest amount of N
- [y
Egz;ﬂ);ﬁ&ﬁ%\ffsﬁihur Lates(a) y=15. 468+20. 5482 —45. 95222 0.579  8.258"*  17.765 cm 224
R Hiti A& (o) . o ) -
Ground diameter(y) with N fertilizer rates(x) y=0.307+0.512z—1. 214x 0717 15,17 0. 361 em 211
I Cy) it 2
Itiiyu(ri;e?ff)fkwﬂiiril fertilizer rates(e) y=8.076+67,476x—159. 524x° 0.792 22.88"* 15.211 211
ﬂ () 5t A ) -
Itﬁi;fﬁg%f}f&(ff;lmyer st y=92.719+648. 8250 —1 482. 76222 0.876 42.485**  163.697 cm? 219
R AR () S AU (o) _ 6 fd32 *x
Leaf biomass(y) with N fertilizer rates(x) y=0.321+2. 927z —6. 6432 0.882 4482 0.643 ¢ 220
EeX 75 AQORS) K-S {ED) - - ) . _
Steam biomass(y) with N fertilizer rates(a) y=0.239+0.999z—2.071x 0.820 27.317 0.359 ¢ 241
o b A () 5 SR (o
Above-ground biomass(y) with N fertilizer —y=0.56-+3.9262x—38. 71427 0.882  45.027** 1.002 g 225
rates(x)
R A R () S A & (o)
Blow-ground biomass (y) with N fertilizer —y=0.286-+1.136x—3. 21422 0.885 46.065* * 0.386 g 177
rates(x)
SAY R () 5 AU () _ e o ) .
Total biomass(y) with N fertilizer rates(z) y=0.845+5.061x—11.929x 0.880 43.825 1.382 g 212
I () 5 & i (x 2 :
EEI ‘fvi(;;’)vzfﬁﬁ;g;m Lates(a) y=0.333+0. 4452 —1. 0382 0.613  9.511"* 0.381 g/dm? 214
g B () 5EEE(x ;
AR () 2 il SURE (o) 8+10. 6142—25. 7022 0.719 15.322" 3.896 mg/g 206

Total chlorophyll(y) with N fertilizer rates(z')yzz'
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