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Variation characteristics of stable carbon and stable nitrogen isotopes in
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Abstract: In order to understand the effects of various biotic and abiotic factors on contents of stable carbon isotope
and stable nitrogen isotope in plant leaves, the relationship between nutrients (C, N, P, K, Ca, Mg) contents and their
stoichiometric ratios and the contents of stable carbon isotope (8"C) and stable nitrogen isotope (8"°N) in leaves at differ-
ent foliar ages of Pinus massoniana secondary forest (PM-SF) , Pinus elliottii artificial forest (PE-P) and Cunninghamia
lanceolata artificial forest (CL-P) in Caijiaqiao Forest Farm were analyzed, and the variation characteristics of 8" C and
8" N contents in plant leaves were discussed. The results showed that, with the change of foliar ages, the change of foliar
8" C contents of different forest types was not significant, but the foliar 8”° N content of different forest types decreased with
the increase of foliar age. The foliar 8 C and 8N contents of Pinus massoniana secondary forest were higher than those of

the two artificial forests on the whole. Multiple regression analysis suggested that, the combined effects of foliar nutrient

contents, foliar age and forest type could explain 83.94%

R B8 :2021-03-24 and 83.00% of the foliar 8” C and 8" N contents,
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respectively. Results of the correlation analysis showed

that, the foliar 8 C content was in significant positive cor-
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foliar 8N content was in significant positive correlation with N content, P content and K content, and was in significant

negative correlation with Ca content, C content and the ratio of C content and N content. In conclusion, the fractionation of

carbon and nitrogen isotopes in plant leaves is affected by multiple factors including forest type, foliar age and contents of

nutrient elements, and the variation of environmental and nutrient factors can reflect and affect the change properties of foli-

ar 8”7 C and 8" N contents to some extent under different forest types.
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Table 1 General situation of the experimental forests

e it 100 B, oA H B4R 17 G Rl

=3 MEE (a) FHMEE (em) SRR (m) WE (°) MOTERE (F,1 hm?)
LMK AR (PM-SF) 39 28.26+8.05 15.85+3.95 35.73+0.59 948.15+383.91
IR N TAR(PE-P) 11 11.71£3.12 9.93+3.28 25.60+5.45 2 103.70+397.31
EARNTH(CL-P) 10 15.06+1.97 11.41+1.49 26.43+9.13 4 044.44+235.18
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Fig.1 Differences of foliar 6*C content and 6'5N content of different forest types and foliar ages
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Table 2 Results of variance analysis of the influence of forest type
and foliar age and their interactions on foliar stable 6> C

and stable 6'°N contents

FoEmRlRI % REsFN R
BT df (8"C) ok (8°N) frfit
F1i8 P{E FAiE P{a
b8l 2 21.971 <0.010 11.458 <0.010
L ics 2 0.129 0.879 15.128 <0.010
MExHE 4 0.428 0.786 1.081 0.395

MAELFIHE X B 0 (C)/o(N) Fl o (N)/
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Table 3 Results of variance analysis of the influence of forest type
and foliar age and their interactions on contents of foliar

nutrient elements contents

st -y AR I

M5
FE  PfE F{E  P{E FE  P{E
C 13.317  <0.01 2.519  0.108  0.333 0.852
N 22.920 <0.01 7.546 <0.01 0.624  0.651
P 11.051 <0.01 20.482 <0.01 0.734 0.581
K 18.869 <0.01 15.126 <0.01 0.339 0.848
Ca 20.362 <0.01  3.963 <0.01 0.149  0.961
Mg 64.319  <0.01 0.555 0.584  0.865 0.504
C/N 28.656 <0.01  7.270 <0.01 0.155 0.958
N/P 14.045 <0.01 23.743 <0.01 2.017 0.135
P/K 1.384 0.276 0.124  0.884  0.786 0.549
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Table 4 Contents of foliar nutrient elements and their stoichiometric ratios among different forest types and foliar ages

iy
SEN A
MARE 144 24
w(C) (g/kg) PM-SF 476.79+6.30Aa 486.45£12.01Aa 488.34+6.80Aa
PE-P 477.31£14.22Aa 485.50+3.67Aa 488.51+3.38Aa
CL-P 464.76+8.54Aa 464.82+5.05Ba 468.33+£9.49Ba
o(N) (g/kg) PM-SF 15.59+2.26Aa 13.59+0.48Aab 11.57+0.48Ab
PE-P 10.07£2.11Ba 8.87+0.41Ba 8.40+0.53Ba
CL-P 12.9621.60ABa 11.67+1.53Aa 10.94+1.62ABa
w(P) (g/kg) PM-SF 1.03£0.02Aa 0.74£0.03Ab 0.52+0.07ABc
PE-P 0.75+0.30Aa 0.47+0.02Ba 0.43+0.02Ba
CL-P 0.99:+0.14Aa 0.79+0.13Aa 0.67+0.11Aa
w(K) (g/kg) PM-SF 9.31+0.67Aa 7.542+0.20Ab 5.72+0.61Ac
PE-P 7.02+2.05Aa 4.19+1.10Ba 3.69+0.68Aa
CL-P 10.40+1.15Aa 8.96+1.43Aa 6.95+2.45Aa
(Ca) (g/kg) PM-SF 2.99+0.55Bb 7.23+1.42ABa 8.83+0.78ABa
PE-P 2.53+0.50Ba 4.67+2.49Ba 8.03+3.51Ba
CL-P 14.38+6.72Aa 19.39+8.70Aa 23.51+9.82Aa
w(Mg) (g/kg) PM-SF 1.89+0.20Ba 1.64+0.20Ba 1.66+0.47Ba
PE-P 1.5420.17Ba 1.78+0.40Ba 1.74+0.50Ba
CL-P 3.80+0.51Aa 3.35+0.30Aa 3.30+0.49Aa
0(C)/w(N) PM-SF 31.00+4.44Bb 35.81x1.17Bab 42.28+2.17Ba
PE-P 48.7749.95Aa 54.80+2.19Aa 58.32+3.34Aa
CL-P 36.28+5.15ABa 40.28+5.27Ba 43.50+6.98Ba
w(N)/o(P) PM-SF 15.13+1.83Ab 18.46+1.13Aab 22.54+2.20Aa
PE-P 14.23+3.18Ab 19.01+0.78Aab 19.42+0.73ABa
CL-P 13.18+1.36Ab 14.76+0.52Bab 16.31x1.04Ba
o(P)/w(K) PM-SF 0.11£0.01Aa 0.10£0.01Aab 0.09+0.01Ab
PE-P 0.10£0.01Aa 0.12+0.03Aa 0.12+0.02Aa
CL-P 0.10£0.01Aa 0.09+0Aa 0.11+0.05Aa

a)(C) :ﬁ;")%é’l\ﬁ:w(N) ﬁgﬁ,w([)) @t{ﬁ\ﬁ,w( K) %‘?é‘%,w( Ca) %@{:’u\ﬁ,w( Mg) %fﬁ\%o PM-SF: E{'EM}W\QEM\.PE-P/ﬂﬂﬁ*’ﬁ}\lf{‘/[\,
CL-P FZAR NI, (7] — - W AN [l A ][] —Foh 7 5 0 3% ) 28 S dh A I 2 7K P (P<0.01) AR AR S B3R | [R) — MR B AS [ - 1) [ — o

FICE 2 55 B EKFE (P<0.05) FIARR/NE FREFRR

x5 HEYWHH 6CH°N FESFHIEIRZ B Pearson 185 R

Table 5 Pearson correlation coefficients between °C, 6'°N contents and nutrient parameters

C &t/ N &g/ P&t/

K ¥ C & N & & P & K & Ca & Mg & & N G bt P 4 bt K &t
sBCE&H 0.01 0.20* 0.04 0.08 0.13 0.03 -0.23* 0.01 -0.06
SPN & -0 0.36 ™ 0.34 " 0.20" -0.18" -0.07 -0.30 " -0.09 -0.01

*FRIRTE 0.01 K- (UI) b ARG ; * IR TE 0.05 AP (R 1 AHE

24 HE HBRHE RS S BN CON AR
HiEx EE

B | SHU 4 RIS T S it
e FEAMIH T+ B 240 F + 0 0+ HR R 2
B, A H 6°C 81N A A A2 L v 4 ol A

YR A AL R T R T B LI Ze M B FE 52
i (BT [ B8 A P<0. 05 BY75 5 HERR P>0.10 By
), B 4 A Z o RlAE R R s e F
TR B 4.(83. 94% ) >H Y 3(82.89% ) >
PR 2 (66.18% ) = #R K1 1(66. 18%) , FEA 2 Ejfbi
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87 C 8 N T i AR B A R, R TR S i
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ol -
i
o ! 5 H
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Pt K4 it Catrid
T 790 T aht
S o o
O 12 2
%) RS ]
S
Céhit 0476 Mg &t

ez T SR T Z A R H G (P<0.01) |, I 7
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B2 FEWREEMHERM TS SEENEXE

Fig.2 Correlations of foliar nutrient contents among different

forest types and foliar ages

2 EAa M, IR 1.0 (85C) =
-54.736+0. 058 w(C)+0. 075 w(Ca)—-0.083 w(C)/
o(N);0 (8°N) = -1.263+7.262 w (P) - 0.565
w(K)=0.243 w(Mg)-28.928 w(P)/w(K) ;% 2,
w(8”C)=-54.736+0.058 w(C) +0.075 w(Ca) -
0.083 w(C)/w(N);w(8°N)=-1.014-0. 808 It
#+6.149 w (P) -0.475 w (K) +0.030 w (Ca) -
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o (8°C)= -45.254-2.971 FRAEL +0.035 w (C) +
0.048 w(Ca) —0.069 w (N)/w (P);w (8" N) =
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(87C)=-43.525-2. 894 HH-0. 845 M- +0. 030
w(C)+0.063 w(Ca) ;0 (8°N)=4.839-2. 098 kAl
0.895 M#%-0.017 @ (C) +1.804 w (P) +0.061
w(Ca)-12.424 w(P)/w(K),

3 1
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GiEE7/10 o 1 R O A e e R 7 iR v e 8
(“C/PO)ET RAH Co,mymR A £ R
Prxs ik AL R - BAVE A R 8P C SR S
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FHLSR RuBP R AR R H: Al 5% e A 4 AE B2
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Table 6 Regression model of foliar stable '*C and stable 5'°N contents with forest type, foliar age and nutrient elements contents

RO P
(e R RRERRIAN E (87 C) i AR E AR (SON) i
R? R, P R? R,;’ P
1 0.661 8 0.617 6 <0.01 0.703 1 0.649 1 <0.01
2 0.661 8 0.617 6 <0.01 0.751 6 0.660 1 <0.01
3 0.828 9 0.788 2 <0.01 0.790 2 0.727 3 <0.01
4 0.839 4 0.791 2 <0.01 0.830 0 0.754 5 <0.01
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