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Abstract Analysis of soil C, N, P, and their stoichiometric characteristics in plantations have great significance for
understanding the nutrient abundance, deficiency, and balance of forest soils in order to formulate scientific and
rational management strategies. Cornus officinalis plantations with four stand densities (725, 900, 1 031, and 1 250
plants/hm?) of two forest ages (26 and 38 years) in Xixia County, the southern foot of the Funiu Mountain were
selected as the research sites; the levels of soil organic carbon (SOC), total nitrogen (TN), and total phosphorus
(TP) in the 0—30 cm soil layer were determined, and C:N, C:P, and N:P were calculated. The effects of forest age
and stand density on soil SOC, TN, and TP levels and their stoichiometric characteristics were analyzed, and the
relationships among soil SOC, TN, and TP levels and C:N, C:P, and N:P were explored. The results showed an
overall abundance of soil SOC and TN levels in the C. officinalis plantation, whereas the TP content was scarce,
and the C:P and N:P ratios were high, indicating a severe imbalance in the element ratio and low availability
of P. The soil SOC, TN, and TP, and C:N, C:P, and N:P of the 38-year-old forest were higher than those of the
26-year-old forest; the differences were significant (P < 0.05) except for C:N. The stand density had an extremely
significant (P < 0.001) effect on the soil SOC, TN, and TP levels, and their stoichiometric ratios. The ratios of C:P
and N:P were the highest in the C. officinalis plantation with a density of 1031 plants/hm? in both forest ages, which
revealed that a serious imbalance existed in the ratio of soil C, P, and N, P at this density. The optimal relationships
between TN and TP and C:N and C:P in the entire soil of the C. officinalis plantation could be expressed through
quadratic functions, and although the former was extremely significant (P < 0.01), the latter was not (P > 0.05).
The soil C, N, and P, and their stoichiometric ratios showed significant or extremely significant linear relationships
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with each other. According to the strength of the relationship, C:N and N:P were mainly affected by TN content,
whereas C:P was mainly influenced by TP content. Thus, in the management of C. officinalis plantations, moderate
application of P fertilizer can be used to supplement the deficiency of soil P and to adjust the ratio between the soil
elements to further promote the development of the community.

Keywords Cornus officinalis; soil nutrient; soil stoichiometry; forest age; stand density
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Table 1 Basic situation of the plots
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C:P. N:P P {E Y i T 264E, 4351l 50.177%- 15.718% Al
17.824%, HHC:PFIN:PIIZ ik B3 (P < 0.05) /K°F; Mo
BN L HECINL C:PL N:PIHISZIA A b 225 (P < 0.0 5 Mk
X St C:NFZ M A 55 2, 1 6 C:PAIN:PHISZ AR 2 (P >
0.05) . MPIAREEFRI 25 B %o 384k 25 3 A AR A BL i R B
Y 264E 15 384E (1 R 43 % FE 0 L C:NLL I SE AN ], 7T
KIVNEECS>EED>HEB>HEA, L% ECHEAEA
MBI 2 783, MG & RO HEED>HEB>HEASH
JEC, #ED S H A3/ EEE 2 7] 2% 7 3418 B /KT IARER AR
535 BE X LIECPRIN:PRRZ M AHAL, 3R I % B C> % BEA
>2ED>HEB, Hrd k264 % CHC:PS HAL 3 %5 &
ZE SRR, M38FHECHHEBE T4, 264 1384
FEECHIN:PS 25 L BAIDI 25 57 14 i 35

R A7 R WerE i P FE AR WA
Forestage Density (//hm®) Altitude (H/m) Slope (a/°) Canopy density Average height (h/m) Average base diameter (d/cm) Density class

675-750 1067-1098 17-22 0.55-0.74 4.35-4.98 11.76-17.40 A
26 a 875-925 821-951 12-25 0.60-0.92 4.42-4.76 12.01-13.63 B
1000-1050 833-944 18-24 0.58-0.89 4.47-4.82 12.16-15.96 C
1225-1275 821-873 15-18 0.50-0.85 3.72-4.78 11.33-17.34 D
675-750 799-1092 18-22 0.60-0.91 4.03-4.77 19.46-26.00 A
38a 875-950 823-1014 11-25 0.68-0.93 4.48-4.71 21.55-26.77 B
1000-1050 882-1100 15-22 0.61-0.90 4.18-4.62 17.76-19.07 C
1200-1275 918-950 12-23 0.70-0.89 4.47-4.59 17.72-19.67 D

ARSI VLT HR A Fh bk 23 55 43 T3 Ay o AR A AR 2 5 FE A RS 5 B P8 1, BI725. 9004 1 0311 1 2508k /hm?.
The four stand densities in the experimental design in the study are the average values of the density of four sample plots per forest age, i.e. 725,

900, 1 031 and 1 250 plants/hm?, respectively.

=2 MRXLTIESOC, TN, TPE B Rit B LSS

Table 2 Statistics of soil SOC, TN, TP contents and their stoichiometric ratios in the study area

2155 Item SOC/g kg TN/g kg™ TP/g kg™ C:N C:P N:P
fiz/ME Minimum 7.333 0.575 0.115 9.101 23.959 2179
K AH Maximum 52.115 4.524 0.950 18.317 114.379 10.254
F#4{H Average 23.622 1.971 0.433 12.311 58.216 4.784
b % Standard deviation 11176 1.033 0.207 1.667 21174 1.836
CV/% 47.312 52.410 47.806 13.541 36.371 38.378

SOC: fHHLAER; TN: 4% TP: 4.
SOC: Soil organic carbon; TN: Total nitrogen; TP: Total phosphorus.

=3 MEFMNEENLREATIHLRR S 2 ENEM

Table 3 Effects of forest age and stand density on soil nutrient content in Cornus officinalis plantation

ik Forest age W4y % Stand density SOC/g kg TN/g kg TP/g kg™
A 27.967 £ 3.672b 2.463 £ 0.441ab 0.589 £ 0.195b
26a B 12.621 + 2.485d 1.067 £ 0.152¢c 0.320 £ 0.073c
C 22123 £ 13.522bc 1.737 + 1.256bc 0.275 + 0.125¢
D 15.135 £ 1.570cd 1.211 £ 0.124c¢c 0.348 £ 0.088c
A 28.799 + 9.198ab 2.478 + 0.905ab 0.522 £ 0.271b
384 B 35.845 + 10.702a 3.053 £ 1.015a 0.727 £ 0.123a
(@ 23.534 + 13.791b 2.034 + 1.258b 0.306 + 0.099¢
D 22.947 + 7.615b 1.729 + 0.702bc 0.379 £ 0.070c
. ik Age 15.469*** 12.507** 5.928*
/S}El)ﬁ:r?:‘g%f variation #JE Density 8.345** 7.609*** 14.782***
ik X % % Age x density 8.126*** 6.471** 12.433***

FPBAR AT IE £ AR UE 2. FFIAE NS FRMCR L5740 & S AE0.05/KF 22 R 2. SOC: A HLER: TN: &% TP: 4B, * **FI**4 Il KR (e

0.05. 0.01H10.0017KF % 7 . 7.

The data in the table are mean value + standard deviation. Different small letters in the same column represent significant difference of soil

nutrient content at the 0.05 level. SOC: Soil organic carbon; TN: Total nitrogen; TP: Total phosphorus. *, **, and *** show significant differences at

the levels of 0.05, 0.01 and 0.001, respectively.

* Kk
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Table 4 Effects of forest age and stand density on soil stoichiometric ratio in Cornus officinalis plantation

it Forest age My E Stand density C:N C:P N:P
A 11.459 £ 0.936¢ 51.110 + 13.438cde 4.519 + 1.305bcd
26 a B 11.785 + 1.223c 41.272 + 11.689¢ 3.491 £ 0.915d
C 13.446 £ 2.127ab 77.254 + 18.541a 5.863 *+ 1.672ab
D 12.511 + 0.520bc 46.260 + 13.739de 3.696 + 1.078d
A 11.773 £ 1.010c 63.927 + 22.658abc 5.516 + 2.185abc
383 B 11.901 £ 0.808c 49.761 £ 15.273cde 4.208 + 1.366¢d
(65 11.706 + 2.013¢c 74.907 + 26.009ab 6.478 + 2.348a
D 13.908 £ 2.209a 61.236 + 15.877bcd 4.497 £ 1.352bcd
=E it Age 0.004 3.973* 4.526*
ézoﬁﬁri&edif variation 2% Density 4.402%** 6.707** 5.298%**
MU X ZE Age x density 4.585** 1.130 0.062

RPHIR AT EE LAk 2. RS FENS - BARR L3585 & BAE0.05/KF 2 i 3. * 43 | R 75 7£0.05. 0.01H10.0017KF 2 7 . %
The data in the table are mean value + standard deviation. Different small letters in the same column represent significant difference of soil
nutrient content at the 0.05 level. *, **, and *** show significant differences at the levels of 0.05, 0.01 and 0.001, respectively.
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Fig. 1 The relationships between soil stoichiometric characteristics of Cornus officinalis plantation. The sample points in the figure

*

contain 3 repetitions of each plot, and there are 96 samples in 32 plots. TN: Total nitrogen; TP: Total phosphorus; SOC: Soil organic carbon. *, **,
and *** show significant correlation at the levels of 0.05, 0.01, and 0.001, respectively.
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Fig. 2 The relationships between soil stoichiometric ratio and SOC, TN, TP contents in Cornus officinalis plantation. The sample points
in the figure contain 3 repetitions of each plot, and there are 96 samples in 32 plots. TN: Total nitrogen; TP: Total phosphorus; SOC: Soil organic.
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