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Table 1 Changes of different light and fertilization in photosynthetic parameters of three tree species.
i Fh il BT JEHRI A KGR JEAME R I P i 3
Species Treatments  AQY/(umol'm2s™)  LSP/(umol'm?s™)  Ppyna/(umol-m™?s™)  LCP/(umol'm2s™)  Ryg/(umol-m™2s™)
SCK 0.05£0.021 ab 835.60£110.61 ¢ 3.71%0.86 d 12.46+5.94 ab 0.51%0.12b
SNP5 0.07+0.004 a 1 086.45+56.28 bc 8.58+0.71b 8.562.28 b 0.54+0.14 b
SNP15 0.04£0.007 b 637.30£62.05 d 5.24+0.34 cd 12.40£0.12 ab 0.45+0.08 b
e SNP45 0.06+0.004 ab 998.73+160.67 bc 6.36+1.41¢ 8.49+4.81b 0.46£0.28 b
Q. acutissima LCK 0.07+0.001 a 1705.95+14.11 a 4.51+0.19d 8.58+2.87 b 0.52+0.17 b
LNP5 0.02+0.011 b 1 283.79+248.59 b 8.01£0.69 b 16.56+1.37 a 0.41£0.20 b
LNP15 0.07+0.017 a 987.25+183.61 ¢ 7.45£0.52 bc 14.43:1.47 a 0.88+0.22 a
LNP45 0.06+0.007 a 1 060.61+143.55 bc 11.50£0.19 a 11.46+0.25 ab 0.65+0.08 ab
SCK 0.06+0.008 b 722.67+142.06 b 4.45+0.63 bc 5.69+3.96 b 0.35£0.26 ¢
SNP5 0.07+0.007 ab 973.74+56.86 b 5.78+0.56 ab 9.25+1.59 b 0.66+0.11 bc
SNP15 0.06+0.013 b 826.74+254.65 b 3.58+0.22 ¢ 7.61£1.99 b 0.460.20 ¢
-~ SNP45 0.07£0.001 b 899.31£177.79 b 5.13£0.81b 5.87+1.78 b 0.40£0.11 ¢
P. bournei LCK 0.09+0.014 ab 666.40£165.22 ¢ 3.47+0.86 ¢ 7.52+0.99 b 0.56£0.11 ¢
LNP5 0.07+0.005 ab 1117.74£191.49 ab 5.29+1.24 b 12.22+0.61 ab 0.83+0.05 bc
LNP15 0.09+0.006 a 1336.65+178.85 a 7.08+0.36 a 14.78+3.83 a 1.1520.19 a
LNP45 0.07+0.009 ab 868.75+41.58 b 5.19£1.02 b 12.99+3.14 ab 0.84£0.17 b
SCK 0.07+0.006 a 495.97+2.51d 5.32+0.36 b 4.07£2.52d 0.28+0.19d
SNP5 0.04+0.010 ¢ 541.64+139.45 d 4.48+0.49 b 17.96+4.94 bc 0.65+0.01 ¢
SNP15 0.06+0.004 b 1 663.25£161.59 b 7.48+0.31 a 10.97£3.16 ¢ 0.60£0.12 ¢
- SNP45 0.05+0.000 b 1415.29+1 027.62 a 4.390.02 b 13.36+0.00 ¢ 0.63+0.00 ¢
S. superba LCK 0.08+0.005 a 593.42+123.60 d 4.47+0.48 b 12.89+1.84 ¢ 0.84+0.07 ¢
LNP5 0.06+0.005 b 621.44£119.77 d 4.64£0.42 b 15.43+6.47 bc 0.7740.33 ¢
LNP15 0.05+0.006 b 986.34+260.10 ¢ 5.4411.22 b 35.60+2.91 a 1.59+0.21 a
LNP45 0.07+0.006 a 797.94+288.29 cd 4.7120.45 b 20.596.55 b 1.23x0.23 b

i REVNG BRI AN [F A 3 8] 22 57 5.3 (P<0.05). SCK, SNP5, SNP15 FISNP45%: 5 /BB T AL . &Mk Lk A5, 15814500 kb3 ;
LCK, LNP5, LNP15FILNP455) 5l R4 6 FAEAE . EE L N5, 1551451 b8, TR [H

Notes: Different low letters indicate significant difference between different treatments (P<0.05). SCK, SNP5, SNP15 and SNP45 represent
treatments with no fertilization under shading and N:P ratios of 5, 15 and 45; LCK, LNP5, LNP15 and LNP45 represent treatments without
fertilization under full light and N:P ratios of 5, 15 and 45. The same as in the following table
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Table 2 Effect of different light and N:P supply ratio on chlorophyll fluorescence
parameters of the three species
A b PSIfsehrs A FHEREEAEHUY AR TR EAEHY K HTfElx  PSILEIOLS
Species treatment  ET7UE V()  ET7UE Y(NPQ) B TR Y (NO) RE qP ETR BT E F R,
SCK 0.26£0.024 b 0.32£0.017 e 0.420.059 b 0.43:0.061b  107.10£17.46b  0.70£0.038 b
SNP5 0.30:0.012 a 0.30£0.012 f 0.390.010 be 0.48+0.018a  127.00£8.57a  0.74+0.014 ab
SNP15  0.13+0.004 e 0.38+0.004 ¢ 0.48+0.004 a 0.21£0.010d 55.44+2.62e  0.72¢0.020 b
i SNP45  0.22+0.003 ¢ 0.33+0.000 e 0.45+0.004 ab 0.35+0.008 ¢ 91.98+1.92¢  0.71:0.019b
Q. acutissima LCK 0.210.003 cd 0.460.003 a 0.32+0.003 d 0.37x0.010 c 90.02£2.31cd  0.75£0.009 ab
LNP5 0.280.007 ab 0.38£0.007 ¢ 0.33x0.005 ¢ 0.47:0.020 ab 115.64+4.83ab  0.76:0.011a
LNP15  0.19:0.003 d 0.40£0.002 b 0.410.003 b 0.33x0.009 ¢ 77.84£1.89d  0.74£0.022 ab
LNP45  0.29:0.004 a 0.340.004 d 0.360.004 ¢ 0.49:0.012a 122.64+2.94a  0.73:0.011 ab
SCK 0.17+0.000 e 0.370.000 ¢ 0.460.002 a 0.28+0.002 f 70.42:024e  0.72+0.003 ab
SNP5 0.28+0.017 b 0.33+0.010d 0.39+0.010 d 0.47+0.019b  117.60£6.94b  0.7420.011a
SNP15  0.18+0.006 d 0.40£0.003 b 0.420.008 b 0.31x0.012e  77.28#262a  0.73£0.012a
- SNP45  0.25:0.012 ¢ 0.32+0.006 e 0.420.006 b 0.41x0.020c  106.82£5.05¢  0.71£0.020 ab
P. bournei LCK 0.14+0.005 f 0.560.002 a 0.30£0.003 g 0.34x0.013 d 59.64£2.10 f 0.690.009 b
LNP5 0.25+0.006 ¢ 0.39£0.003 b 0.35:0.003 e 0.48:0.011b  106.68+2.34c  0.70+0.019b
LNP15  0.32+0.010 a 0.37+0.007 ¢ 0.32+0.003 f 0.56+0.016a 133.00£3.99a  0.73:0.013 a
LNP45  0.20+0.008 d 0.40+0.003 b 0.40+0.005 ¢ 0.35+0.014 d 83.02¢3.15d  0.73:0.010 a
SCK 0.23+0.038 ¢ 0.35:0.011 e 0.42+0.032 b 0.39+0.059 ¢ 95.20+15.85¢c  0.72+0.012¢
SNP5 0.16£0.003 d 0.370.000 d 0.470.003 a 0.2410.005 d 65.24£1.06d  0.75:0.009 b
SNP15  0.27x0.007 b 0.35£0.018 e 0.38x0.011 ¢ 0.45:0.011b  114.52¢2.80b  0.75:0.009 b
- SNP45  0.26+0.008 bc 0.370.004 d 0.370.004 cd 0.39:0.013¢c  107.94£3.36 bc  0.74:0.014 b
S. superba LCK 0.10+0.003 e 0.70+0.002 a 0.20+0.002 f 0.26£0.009d  41.44+147e  0.75:0.017b
LNP5 0.24+0.003 ¢ 0.44+0.002 b 0.32+0.002 e 0.42+0.006 bc  99.54£1.26¢  0.7520.004 ab
LNP15  0.36:0.015a 0.31x0.018 0.33x0.003 e 0.61x0.017a 151.06£6.09a  0.75:0.017 b
LNP45  0.24+0.009 ¢ 0.400.004 ¢ 0.360.004 d 0.39:0.014c  102.76£3.57c  0.78:0.014 a
2.3 EERMEABMEM LI E BERN (P<0.05)., 7TEACHALTET, FRERFIAST Chla,

WA Ty 2281 (B 1), SRR e &
A2 B AE FH ) 252 AR . A R AT Chla,
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Pl 15 it iR, TIARMTE N:P 2 5 i feimy . fE4
JEHEALBER , AT & 3 G 0 T el AR Chla. Chib,
Chla+b fll Car ( P<0.05); {HIEMERHALEE T, 7&
RWEILN LR 45 B E 4% Chla, Chlb 1 Chla+b 5
X EEAH B E S (P>0.05), 1fif N:P2Jly 5 Fi1 15
IR A TR AL EE ( P<0.05), AT, 2 Fh
JERRSRA T it AT 354 ) -4 = AR AR far D652
R, WIS XHOEREMNRIZRAE S AR 4
IR T HEACEE & TR R &,
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Table 3 Effects of light and N:P supply ratio on photosynthetic pigments
P Ab 2 4R a HERE b 4R alb M4k a+b ESUENS
Species Treatments Chla/(mg.g™") Chib/(mg.g™") Chla/b Chla + b/(mg.g™") Car/(mg.g™")
SCK 3.188+0.002 f 1.1020.045 f 2.90+0.120 b 4.29+0.043 f 0.60+0.016 f
SNP5 7.944+0.414 b 2.89+0.270 b 2.76£0.115 b 10.83+0.684 b 1.35:0.048 b
SNP15 9.371¢0.250 a 3.37£0.004 a 2.78+0.078 b 12.74+0.246 a 1.63+0.052 a
- SNP45 6.7200.031 ¢ 2.31%0.033 ¢ 2.91+0.055 b 9.03+0.002 ¢ 1.16£0.021 ¢
Q. acutissima LCK 1.617£0.048 g 0.55+0.018 g 2.96+0.182 ab 2.16£0.030 g 0.33:0.018 g
LNP5 4.705£0.114 e 1.53+0.040 e 3.07+0.006 ab 6.24£0.155 e 0.91£0.024 e
LNP15 5.025¢0.153 e 1.62+0.021 e 3.10£0.055 a 6.65:0.174 e 0.90£0.034 e
LNP45 5.979+0.304 d 2.05£0.113 d 2.91%0.012 b 8.03+0.417 d 1.0120.048 d
SCK 5.97+0.206 a 2.08+0.034 a 2.87+0.053 b 8.06+0.240 a 1.08+0.076 b
SNP5 4.85+0.144 ¢ 1.67£0.051 ¢ 2.91+0.004 ab 6.52+0.195 ¢ 0.86+0.020 de
SNP15 5.40£0.185 b 1.85£0.036 b 2.92+0.043 ab 7.25:0.221b 1.02+0.053 ¢
Bk SNP45 6.12+0.075a 2.16+0.066 a 2.84+0.052 b 8.27+0.141 a 1.16£0.011 a
P. bournei LCK 1.22+0.081 e 0.40+0.063 e 3.06+0.284 a 1.62+0.145 e 0.28+0.002 f
LNP5 3.84£0.024 d 1.29£0.030 d 2.98+0.049 ab 5.14£0.054 d 0.83+0.003 e
LNP15 4.05£0.126 d 1.34£0.041d 3.02+0.001 ab 5.39+0.168 d 0.89+0.030 d
LNP45 3.88+0.058 d 1.28+0.056 d 3.03+0.086 ab 5.16+0.113 d 0.89+0.022 d
SCK 3.69+0.102 ef 1.27x0.010d 2.90£0.103 ¢ 4.96+0.092 e 0.61+0.021 e
SNP5 6.85+0.032 a 2.39+0.010 a 2.87+0.001 ¢ 9.24+0.042 a 1.14£0.006 a
SNP15 6.18+0.256 b 2.03+0.081 b 3.05+0.004 b 8.21x0.337 b 1.05£0.055 b
- SNP45 4.72+0.071d 1.69£0.018 ¢ 2.80£0.013 d 6.41+0.089 d 0.75%0.015d
S. superba LCK 1.50£0.033 g 0.38+0.007 e 3.94£0.060 a 1.88+0.040 f 0.17+0.009 f
LNP5 3.85+0.088 e 1.28+0.055 d 3.00£0.061 bc 5.13:0.144 e 0.66+0.018 e
LNP15 3.63£0.152 f 1.240.054 d 2.92+0.004 ¢ 4.88+0.206 e 0.63+0.027 e
LNP45 5.08+0.051 ¢ 1.68+0.036 ¢ 3.02+0.035 b 6.77+0.088 ¢ 0.87+0.003 ¢
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Notes: In the figure, Figure A-C shows the relative growth rate of seedling height of Q. acutissima, P. bournei and S. superba. Figure D-F is
the relative growth rate of ground diameter of Q. acutissima, P. bournei and S. superba. Different low letters indicate significant difference
between different treatments (P<0.05)
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Fig. 1 Relative growth rate of seedling height and ground diameter of three tree species
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Note: Figure A-C shows the principal component analysis of Q. acutissima, P. bournei and S. superba
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Fig. 2 Principal component analysis of growth rate and photosynthetic characteristics
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Effects of Light and N:P Ratio on Photosynthetic
Characteristics in Seedlings of Three Typical Tree Species

XIANG Wang', CHENG Xiang-rong', XU Hai-dong", LIU Jiang-wei'?

(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China; 2. College
of Forestry, Northwest Agriculture and Forestry University, Yangling 712100, Shaanxi, China)

Abstract: [Objective] To study the response of photosynthetic characteristics of different ecological tree
species to light and nutrient supply for providing a scientific basis for plantation cultivation. [Method] The
seedlings of Quercus acutissima, Phoebe bournei, and Schima superba were used. This study included
two light intensities (natural full light and 45% full light) and three N:P ratios (N:P=5, N:P=15, N:P=45). We
measured the changes of Photosynthetic fluorescence parameters, and seedlings’ height, seedlings’
ground diameter to study the changes of plant photosynthetic characteristics in different environments, and
analyze the relationship between seedling growth and photosynthetic parameters. [Result] (1) Compared
with the full light treatment, the shading treatment decreased the light saturation point (LSP) and the
maximum net photosynthetic rate (P,n.x) Of Q. acutissima, and increased the P,,,, of S. superba. but had
no significant effect on P,,,x of P. bournei. Under the two light treatments, fertilization increased the LSP
and light compensation point (LCP) of P. bournei and S. superba, but the effects of fertilization on the
shading LSP and LCP of Q. acutissima were less. (2) Shading significantly reduced the quantum yield of
regulated energy dissipation of PS I [Y(NPQ)] of Q. acutissima, P. bournei and S. superba, and significantly
increased the quantum yield of non-regulated energy dissipation of PSII [ Y (NO) ]. Under the full light
treatments, fertilization generally increased the effective quantum yield of PSTI [Y(ll) ] and ETR of Q. acu-
tissima, P. bournei and S. superba, but decreased Y(NPQ) . Under the shading treatments, fertilization sig-
nificantly increased Y(ll) and ETR of P. bournei, while Y(Il) and ETR of Q. acutissima increased signific-
antly when the N:P supply ratio was 5. Y(ll) and ETR of S. superba increased significantly when the N:P
supply ratio was 15. (3) Compared with the full light treatment, shading significantly increased the contents
of chlorophyll a, chlorophyll b, chlorophyll a + b and carotenoid of Q. acutissima, P. bournei and S. super-
ba. Under the two light treatments, fertilization significantly increased the photosynthetic pigment content of
Q. acutissima, S. superba and P. bournei (only full light treatment). (4) Regardless of light or shading, fertil-
ization generally increased the relative growth rates of seedling’s height and ground diameter of the three
tree species, and there was a positive correlation between the growth and photosynthetic pigment.
[Conclusion] Photosynthetic characteristics and growth of Q. acutissima, P. bournei and S. superba are af-
fected by the interaction of light and fertilization. The effect of nitrogen and phosphorus fertilization on
seedling growth under different light intensities depends on nitrogen and phosphorus supply ratio and tree
species.

Keywords: light; N:P supply ratio; photosynthetic characteristics; growth
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Attached list 1: Schedule 1 Effects of light and N:P supply ratio on photosynthetic
parameters of three tree species (F)

W Fp Species [A % Factor df Chla Chlb Chlalb Chla+b  Car (Il Y(NPQ) Y(NO) qP
JaiE
light 1 801.43* 504.28* 19.79** 753.11** 738.86** 4.09 395.89** 82.95** 20.54**
E\*% HHE kK i kK Kk Kk *k *% *k
Q. acutissima  Fertilization 3 604.60 296.19 0.18  530.90** 595.70** 60.38 81.48 19.31 74.28
Sy 7 86.22**  62.88**  4.45*  84.50** 73.85* 16.05**  86.85" 1.42%* 24.21*
Light x Fertilization : ’ ’ ) ’ ’ ’ : :
light 1 2024.56** 1872.50** 9.50** 2140.89** 434.38** 2.69 1176.90* 1272.00*  108.80**
Vit HEAE 5 - P - - - s o
P. bournei Fertilization 3  137.61 104.56 015  138.15** 104.19** 25.20 302.16 230.45 19.38

TR x AL

Light x Fertilization 7  265.88™ 217.90**  0.50 272.24** 136.60** 286.11**  670.71** 81.58** 262.40**

YRR

ﬁ‘ght 1 1758.04* 1871.52* 252.79** 1869.68**1 148.82**  1.31 616.44*  460.04** 29.57**
At Hae o - - - o oo . - -
S. superba Fertilization 3 888.07 858.84*" 143.42 920.57** 731.98* 54.97 384.15 54.61 28.62

Jalg x e

Light x Fertilization 7 275.53*  224.51** 158.86™* 272.60** 252.05** 128.83**  483.14** 85.67** 132.52**

W # Species X% Factor df ETR FJ/Fm AQY LSP (Plmier LCP Ry RGR-H RGR-B
TG " o+ ax -
light 1 4.09 9.50 0.05 40.69 41.01 3.30 2.96 11.56 4.07
E*'{g: EﬁﬂE ok ok *k *k Sk
Q. acutissima  Fertilization 3 60.38 243 1.77 12.05 54.04 1.69 1.27 11.84 9.16
JGHE x HAE o o o o *
Light x Fertilization 7 16.05 0.58 11.21 9.31 17.13 N5 2.92 0.92 0.75
JEHE
light 1 2.69 5.42* 9.65** 443 2.67 21.31** 31.83** 3.70 4.22
[ 7 AL o o 2 2 - .
B Fertilization & 25.20 2.66 0.33 6.91 4.98 4.00 5.31 57.28 2.54
e x B{EHE sk o * o ok
Light x Fertilization 7 286.11 6.74 3.07 3.76 10.19 1.81 3.17 8.68 2.97
JaH o "
light 1 1.31 8.42** 281 1.92 6.35* 32.83** 53.22** 1.30 12.85*
At AT x o - o o - rx ix
S. superba Fertilization & 54.97 4.25 14.70 6.04 15.53 12.79 10.49 5.26 2.14
NPy 2t
IR x AR 7 128.83* 3.52* 2.05 1.41 5.69** 10.91** 5.69** 0.96 4.50*

Light x Fertilization

VE: RN % 1% K& ER
Notes: * and ** represent significant differences in levels of 5% and 1%

(TeEZf: 5k WF)



	1 材料与方法
	1.1 试验材料与设计
	1.2 光响应曲线测定
	1.3 叶绿素荧光参数测定
	1.4 光合色素含量测定
	1.5 生长率计算
	1.6 数据分析

	2 结果与分析
	2.1 光照和氮磷供应比对光合参数的影响
	2.2 光照和氮磷供应比对叶绿素荧光参数的影响
	2.3 光照和氮磷供应比对光合色素的影响
	2.4 3种树种生长率特征
	2.5 生长率与光合生理特性的关系

	3 讨论
	4 结论
	参考文献

