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Effects of nitrogen and phosphorus additions on carbon storage
and allocation of Cinnamomum camphora seedlings
under different planting densities

YU Ming, CAI Jinhuan, XUE Li
(College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] To study carbon (C) content, storage and allocation in seedling organs of Cinnamomum
camphora cultivated in four different densities under nitrogen (N) and phosphorus (P) additions, and provide
information for forest C storage and allocation under the background of N deposition and P addition. [ Method] The
l-year-old C. camphora seedlings were used as test materials. NH,Cl and NaH,PO,-2H,0O were selected to
simulate atmospheric N deposition and P addition, respectively. N and P additions were performed with four
different levels (control, N, P, and N+P). The N and P addition amounts per year in N, P, and N+P treatments were
40 g'm > NH,CI, 20 g'm > NaH,PO,-2H,0 and 40 g'-m > NH,Cl + 20 g-m > NaH,PO,-2H,0, respectively. Seedlings
were planted in four different densities (10, 20, 40 and 80 seedlings'm ). [Result] C contents in roots, stems and

branches of seedlings in all treatments had no significant difference. N and N+P treatments increased C content of
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leaves. With the increase of planting density, C content of leaves tended to decrease. The N and P additions

increased C storage per seedling and C storage in unit area. C storage per seedling decreased with the increase of

planting density. [ Conclusion] C storage of leaves per seedling and C storage in unit area decreases with the

increase of planting density. C storage percentage of stems increases in high cultivation density treatment. The effect

of N+P treatment on C storage per seedling and C storage in unit area is greater than that of single N or P addition.

Key words: N and P additions; planting density; carbon storage; Cinnamomum camphora
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x1 HELEANSHRERRENENLE 2 (FIEHE
RE)
Table 1 Biomass and carbon content per seedling before
treatment (mean + SE)

R BRI R/ .
. . w(C)(g'ke )
Organ Biomass per seedling
2 Root 2.18+1.12 469.57+0.34
Z£ Stem 1.11£0.25 487.02+1.92
¥ Branch 0.11+0.08 460.53+1.49
I Leaf 0.88+0.31 515.13+£2.56

1.3 #HRFE

2017 4 9 HIJEK, B 16 FALEEIZh T 5% 15 4%,
YRR R 25 BN 4 3Ry, PR & 2% wr it
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/jé(WJIE + 5 MﬁfFN?ﬁ]ﬁ)&P/\ \%'Jﬂim@ﬁ
fE—4 BEA 0.5 mol-L ! BRER A AN
1.4 HEALIE
FH Microsoft Excel 2003 1 354E #E47F 3518 Fr
HERZE M RER . I SAS 9.3 Giit 40 Mk X i
VDA R B S AR A = AT 07 2 b, TR XA
35 2 B HdE 34T Duncan’ s £ B, P<0.05
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2.1 BAMSARMEZEENYEERE
Aniﬁ’] A
IS LE AT, A INAREE T A 25, B iR
TEEFRAKR. ESMHEEEXMET, NM
N+P WA EE R4 it v C & m T A
N Al P 4b#E (CK). UbAb, BEAE Pl 25 FE B35 K, it

HMIMFAGED E B & B2, R S R TG E v C SRR NENBES (K 2).
2 FTEMEZEERR. BWAMLENEERENKRE 2 (FHEARERE)
Table 2 Carbon contents of organs per seedling under different planting densities and nitrogen and phosphorus additions
(mean+£SE)
FhRE %5 B2 /(B m ™) N. PN w(C)(g-kg™)
Planting density N and P additions & Root Z£ Stem % Branch M Leaf

10 CK 452.75+10.52Aa 492.11£21.67Aa 478.82+7.42Aa 477.81+£3.18Bc¢
N 447.34+4.82Ba 494.134+2.16Aa 477.82+£3.31Ba 499.36+4.91Ab
P 446.27+3.87Aa 500.56+1.57Aa 481.53+4.88ABa 501.17+1.56Ab
N+P 462.95+2.60Aa 489.97+1.04Ba 481.98+5.13Aa 512.34+3.61Aa

20 CK 460.81£5.39Aa 500.11£1.83Aa 481.11+3.66Aa 494.30+2.87Aab
N 457.91+8.47ABa 503.78+7.88Aa 480.64+3.53ABa 502.38+4.51Aa
P 466.52+3.48Aa 496.91+2.59Aa 474.63+4.16Ba 484.32+4.44ABb
N+P 460.04+4.44Aa 500.79+1.46Aa 482.60+£5.00Aa 503.61+4.71Aa

40 CK 459.78+1.86Aab 497.80+2.11Aa 474.88+5.83Aab 474.64+5.10Bab
N 469.60+5.10Aab 499.21+8.71Aa 488.58+3.32Aa 480.58+6.92Bab
P 447.74+12.65Ab 485.44+5.03Bab 471.16+4.35Bb 465.51+4.06BCb
N+P 471.79+4.12Aa 472.21£1.47Cb 475.74+4.70Aab 484.62+4.63Ba

80 CK 457.01+5.11Aa 490.15+7.01Aa 492.16+6.15Aa 480.11+£2.77Ba
N 457.79+6.02ABa 492.82+2.25Aa 482.77+£2.22ABab  483.05+1.17Ba
P 449.37+3.65Aa 499.93+3.63Aa 490.58+3.17Aa 448.61£14.61Cb
N+P 452.35+14.07Aa 496.53+3.24Aa 475.81+£5.28Ab 486.18+4.52Ba

1) RZ$3EE, R KB FHETARIN PRI T R EAHE

NP7 & 22 9] £ 3 % % (P<0.05, Duncan’ si%)

B £ R, ARG F A AR A ST R

1)Different capital letters in the same column indicate significant differences among different planting densities under the same

N/P addition treatment, and different lowercase letters in the same column indicate significant differences among different N/P

addition treatments under the same planting density (P<0.05, Duncan’s test)
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®3 TREMEREERT. BRMLETRERYE SR ENREEMDE LS

Table3 Carbon storage of organs and its allocation per seedling under different planting densities and nitrogen and

phosphorus additions

ﬁ”*ﬁﬂ‘,ﬁfzﬁ/ PN R Root 2 Stem ¥ Branch - Leaf £:#k Total

ﬁn:ng) NandP  Cliliig HREIN Clitibs I Cltfiig I, e HRIERY% Citle HRMEHIMG

density additions Cstorage  Ratio  Cstorage  Ratio  Cstorage  Ratio  Cstorage  Ratio  Cstorage  Ratio

10 CK 1.19Aa  41.66 097Aa  33.95 0.16Bb 5.47 0.54Ac 1892 2.86Ab 100

N 2.04Aa  35.06 1.30Aa 2232 0.78Aa  13.37 1.70Ab  29.25 5.82Aa 100

P 1.90Aa  32.78 1.04ABa 17.94 0.93Aa  16.00 1.93Ab 3328 5.79Aa 100

N+P 2.13Aa 2927 1.30Aa  17.86 1.05Aa  14.50 2.79Aa 3837 7.27Aa 100

20 CK 1.00Aa  39.16 091ABa 3533 0.15Bb 5.78 0.51Ac  19.73 2.57ABb 100

N 1.37Ba 32.94 1.07Aa  25.74 0.52Ba  12.38 1.21Ab 2893 4.17Ba 100

P 142Ba 3972 1.16Aa  32.53 0.26Bb 7.20 0.73Bc  20.55 3.58Ba 100

N+P 1.19Ba 28.11 0.98Aa  23.18 0.51Ba 11.94 1.56Ba 36.76 4.24Ba 100

40 CK 0.79Ab 3797 0.75Ba  35.96 0.14Bb 6.83 0.40Ab  19.23 2.09BCb 100

N 1.36Ba  46.43 0.96Aa  32.86 023Cab  7.74 0.38Bb  12.97 2.93Ca 100

P 1.34Ba  47.16 0.80Ca  28.24 0.27Ba 9.34 0.43BCb 1526 2.84BCa 100

N+P 1.27Ba  39.60 1.00Aa  31.36 031BCa  9.72 0.62Ca  19.33 3.20BCa 100

80 CK 0.79Aa  42.11 0.75Ba  39.84 022Aa 1185 0.12Ba 6.20 1.88Ca 100

N 1.00Ba  43.05 0.90Aa  38.54 0.23Ca 9.74 0.20Ba 8.66 2.33Ca 100

P 0.71Ca  36.03 0.85BCa  42.94 021Ba  10.71 0.20Ca  10.33 1.98Ca 100

N+P 1.07Ba 4272 0.99Aa  39.66 0.18Ca 7.01 0.27Ca  10.61 2.50Ca 100

1) A3 4%6, RAXE FHRFTARANPRMAE T RAMME LR ZF 5, RADE FEEFMRAAME T REAN PR M2

7] £ 3+ 2.3 (P<0.05, Duncan” si%)

1) Different capital letters in the same column indicate significant differences among different planting densities under the same N/P addition,

and different lowercase letters in the same column indicate significant differences among different N/P addition under the same planting density

(P<0.05, Duncan’ s test)
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Table4 Variance analyses of interaction effects of planting density and nitrogen and phosphorus additions on carbon

storage of organs per seedling

AR FhE 2% 5 N. PN FfE % B 5N PIRINAZ HAEA
Carbon storage Planting density N and P additions Interaction effect of planting density and N and P additions
of organs F P F F P
i Root 17.219 0.000 6.261 0.001 1.003 0.441
2 Stem 6.800 0.000 4.157 0.007 0.745 0.667
¥ Branch 33.459 0.000 13.035 0.000 5.281 0.000
I Leaf 93.367 0.000 28.212 0.000 8.978 0.000
£k Total 54.661 0.000 18.687 0.000 3.565 0.001

x5 TEMEZERR. BRMLETHEESRENRAERKRIEEMNSELH”

Table 5 Carbon storage of organs and its allocation in unit area under different planting densities and nitrogen and

phosphorus additions

FlvkE 2% 5/ N. PIEN #R Root £ Stem i Branch - Leaf £k Total
(Fkem™) N and P Cfgs/ 7l CigE/ /ARl CigE/ Rk CigE/ 2l O/ ARl
Planting wdditions (gem? % (gm? /% (em?  Bl/% (gem?) % (gm?) 1/%
density Cstorage  Ratio  Cstorage  Ratio  Cstorage  Ratio  Cstorage  Ratio Cstorage  Ratio

10 CK 11.89Ca 41.66 9.70Da 33.95 1.56Cb 5.47 5.40Cc 18.92 28.55Db 100
N 20.40Ca 35.00 12.98Ca 2232 7.78Ba 13.37 17.02Bb 29.55 58.18Ca 100
P 18.99Ba 32.78 10.39Ca 17.94 9.27Ca 16.00 19.28Ab 33.28 57.93Ca 100
N+P 21.28Ca 29.27 12.99Ca 17.86 10.54Aa 14.50 27.90Aa 38.37 72.71Ca 100
20 CK 20.07BCa  39.16 18.11Ca 35.33 2.96Cb 5.78 10.11Bc 19.73 51.25Cb 100
N 27.47Ca 32.94 21.46BCa  25.74 10.33Ba 12.38 24.13Bb 28.93 83.39BCa 100
P 28.41Ba 39.72 23.27Ba 32.53 5.15BCb 7.20 14.70Ac 20.55 71.53Ba 100
N+P  23.84Ca 28.11 19.66Ca 23.18 10.13Aa 11.94 31.18Aa 36.76 84.80BCa 100
40 CK 31.80Bb 37.97 30.11Ba 35.96 5.72Bb 6.83 16.11Ab 19.23 83.74Bb 100
N 54.37Ba 46.43 38.47Ba 32.86 9.07Bb 7.74 15.18Bb 12.97 117.10Ba 100
P 53.62Aa 47.16 32.10Ba 28.24 10.62Ba 9.34 17.34Ab 15.26 113.68Ba 100
N+P  50.62Ba 39.60 40.08Ba 31.36 12.42Aa 9.72 24.70Aa 19.33 127.82Ba 100
80 CK 63.24Aa 42.11 59.83Aa 39.84 17.80Aa 11.85 9.31Ba 6.20 150.19Aa 100
N 80.25Aa 43.05 71.86Aa 38.54 18.17Aa 9.74 16.15Aa 8.66 186.43Aa 100
P 57.14Aa 36.02 68.12Aa 42.94 16.99Aa 10.71 16.39Aa 10.33 158.64Aa 100
N+P 85.55Aa 42.72 79.42Aa 39.66 14.03Aa 7.01 21.25Aa 10.61 200.24Aa 100

1) A% #3506, AR KB FHETHENPRWAE T REFME LR Z7 L5, FRDEFHEATHRAMMEE T RN PR E

4] £+ % %(P<0.05, Duncan” si%)

1)Different capital letters in the same column indicate significant differences among different planting densities under the same N/P addition, and

different lowercase letters in the same column indicate significant differences among different N/P additions under the same planting density

(P<0.05, Duncan’ s test)
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Table 6 Variance analyses of interaction effects of planting density and nitrogen and phosphorus additions on carbon

storage of organs in unit area

B H AL AR bR 2 R N. P FHIE SN, PUSINZE BAEH
it Planting density N and P additions Interaction effect of planting density and N and P additions
Carbon storage
of organs in ' i F P ' P
unit area
& Root 51.780 0.000 3.743 0.013 1.003 0313
2 Stem 127.420 0.000 2.741 0.047 0.676 0.730
¥ Branch 29.407 0.000 6.744 0.000 2.670 0.007
I Leaf 1.959 0.123 26.787 0.000 2.340 0.017
4zFk Total 201.698 0.000 3.062 0.030 0.874 0.550
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