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Effects of stand, age, and slope position on the stoichiometric characteristics of
the Cunninghamia lanceolata - Aleurites montana mixed forest™
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At To investigate the ecological stoichiometry of fresh leaves, litter, and the top soil layer (0-10 cm) in a mixed forest,
a study was conducted on 7- to 9-year-old Cunninghamia lanceolata - Aleurites montana mixed forests in different slope
positions (up-, mid-, and down-slope). The results showed that: (1) The carbon (C), nitrogen (N), and phosphorus (P) content
in both species were highest in leaves, followed by litter, and lowest in soil, except for the leaves of Aleurites montana, where
the content was higher in litter compared to leaves. There were significant differences in C, N, and P content of leaves, litter,
and soil. (2) Leaves had a low N content and a high P content. In litter, both the N and P content were low. In soil, the C and N
content were high, while the P content was low. The high P content in leaves is an adaptive strategy for lack of nutrient content
in the soil. (3) The C, N, and P content were high in leaves of Cunninghamia lanceolate, as were the N and P content in leaves
of Aleurites montana in 9-year-old forest stands. The content of these nutrients in the litter was consistent with the leaf content
and with the change of stand age, indicating that there is a close relationship between leaves and litter. The soil P content in the
mixed forest increased with an increase in stand age. (4) The soil organic C and N content were the highest in the upper slope,
followed by the middle slope, and lowest in the lower slope. (5) Compared to previous studies, the 3- to S-year-old stands in
the research area were limited in both N and P. The mid-maturation forest was limited in P only. These results indicate that the
mixed forest experienced some improvements regarding the nutrient limitation. Determination of the C, N, and P stoichiometric
characteristics of the leaves, litter, and soil in Cunninghamia lanceolate-Aleurites montana mixed forests can provide scientific
guidance for the sustainable management of coniferous and broad-leaved mixed forests in southern China.
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Table 1 The survey of the mixed stand
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Tab 2 Foliar C, N and P contents and stoichiometry in the mixed stands of different ages and slope positions

Sﬁiﬁ:s Stand azkeﬂ/zfl/:fgiosition C (w/mg g") N (w/mg g") P (w/mg g") C:N (/%) C:P (/%) N:P (/%)
. 9a 389.33 +9.40a 10.67 £ 1.19a 1.18 £ 0.07ab 41.19 + 6.54b 334.91 +£23.96b 8.80 + 0.63bc
:Fﬂiﬂﬂ 8a 374.11 £ 13.36a 10.48D £ 0.52a 0.90 £ 0.03d 36.55 £2.40b 421.45+22.32a 11.69 £ 0.48a
Aleurites montana
7a 37799 + 13.92a  10.50 + 0.78a 1.10 + 0.05bc 38.56 +4.37b 352.59 £25.01b 9.77 £ 0.86ab
IZN 9a 45198 + 11.13b 9.26 + 0.90ab 1.34+0.11a 56.87+ 11.11ab  354.39 £ 26.75b 7.15+0.86¢
Cunninghamia 8a 473.11 +£5.90b 7.04 +0.87b 0.98 +0.03cd 76.34 +10.31a 484.01 + 14.85a 7.04 £0.70¢
lanceolata 7a 456.06 + 8.05b 8.47 + 0.66ab 1.02 + 0.03bcd 56.14 +3.88ab  447.95+ 1594a 8.26 + 0.59bc
. -3 Upslope 388.91 + 7.07BC 9.12+0.79B 0.89 +0.03B 45.68 £5.56BCD 438.98 + 14.37AB 10.40 + 0.99AB
Aleurj;sﬁzmﬁ(?mana H13 Midslope 393.14 £9.50B 9.54 £ 0.62B 1.09 £ 0.05AB 42,94 +345CD  367.81 £20.13BC  8.92+0.70BC
3% Downslope 359.37 + 15.85C  12.82 + 0.36A 1.17 £ 0.06A 28.19 £ 1.43D 31373 £24.19C  11.11 £ 0.48A
U2 3% Upslope 450.23 £10.37A 7.80 +1.05B 1.02 +0.04AB 69.21 £ 11.74A  446.03 £22.42A  7.57+0.95CD
Cunninghamia H13 Midslope 476.37 =+ 7.02A 9.10 = 0.68B 1.12 £ 0.08A 54.53 £ 3.83ABC 440.46 +25.71AB 8.22 +£0.49CD
lanceolata N3 Downslope 454.55 + 7.01A 7.86 +0.78B 1.21 £0.12A 65.62 + 10.51AB 3 99.86 £31.41AB 6.66 = 0.63D

B A P« bR s AR RVING RN R R AR () 22 5 i 3 (P <0.05) , ANIFKE FREFR R AR R ) 22 5 3 (P <0.05) .

Data are showed as mean + standard error. Different lowercase letters indicate significant difference among different stand ages (P < 0.05), and different capital

letters indicate significant difference among different slope positions (P < 0.05).
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Tab 3 Foliar litter C, N and P contents and stoichiometry in the mixed stands of different ages and slope positions

B A LINiE A

Species Stand age/slope position C (wmgg") Nwmgg)  Pwmgg") C:N (/%) C:P (/%) N:P (/%)
R 9a 428.78 + 15.00a 847+0.87a  0.87+0.06a 57.24+9.13a 520.29+5543b  9.73+0.78a
) 8a 394.08 £ 19.75abc 471 +0.25¢  0.50 +0.02¢ 87.22+9.42a  798.60+53.54a  9.57+0.79a
Aleurites montana
7a 352.71 + 19.75¢ 533+0.56bc  0.61 +0.02b 73.01 + 8.91a 583.12+38.15b  8.55+0.67a
oA 9a 365.86+ 12.18bc 676+ 0.6lab  0.61 +0.02b 57.03+4.58a  600.43£2620b 10.95+0.75a
Cunninghamia 8a 427.81 +12.82a 5.63+0.60bc  0.52+0.02¢ 8746+ 13.74a  842.34+54.03a  10.69+0.92a
lanceolata 7a 40775+ 19.03ab  5.54+0.67bc  0.49 + 0.02¢ 81.57 + 9.46a 837.65+52.84a 1111+ 1.08a
: |3 Upslope 413.81 £20.47A 526+ 040A  0.61 £0.06A 8170 £ 6.60A  713.55+55.88A  9.08 = 1.00A
y lew;ﬁ:‘jj]mna rfi Midslope 407.64+1924AB 670+ 1.18A  0.68+0.08A  77.44+13.57A  655.86+75.56AB 9.41 +0.83A
T3 Downslope 354.13 + 17.58B 6.54+0.67A  0.69+0.05A  5833+645A  532.60+41.87B  9.36+0.32A
A |3 Upslope 40842+ 13.02AB  522+10.39A 0.53+£0.02A  83.50£8.65A  776.88+40.01A  9.78 + 0.75A
Cunninghamia rhi Midslope 40739 £20.00AB  6.18+049A  0.55+0.03A  71.42+975A  776.67+72.45A 11.37+0.77A
lanceolata T3 Downslope 385.60+ 17.71AB  6.54+0.87A  0.56 + 0.03A 7114+ 13.49A  726.87 +64.21A  11.59 + 1.10A

Bl A I + Bt s ANRVING PR RN RIS ) 22 5 i 3 (P <0.05) , AFIKE F8ER R A R ) 22 5 35 (P <0.05) .

Data are showed as mean + standard error. Different lowercase letters indicate significant difference among different stand ages (P < 0.05), and different capital

letters indicate significant difference among different slope positions (P < 0.05).
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Tab 4 Soil C, N and P contents and stoichiometry in the mixed stands of different ages and slope positions

25% Bt 4%
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Stand azkeﬂ/fli) ifemposiﬁon C (wmg g") N (w/mg g") P (wmgg") C:N (/%) C:P (/%) N:P (/%)
9a 31.71 +3.09b 1.93+0.10b 0.35+0.03a 16.24 + 0.96b 97.79 + 13.36b 5.88 +0.48¢c
8a 4520 +3.75a 2.30+0.07a 0.30 + 0.01ab 20.56 + 1.97a 158.60 + 18.53a 8.23 +0.53b
7a 37.87 +3.05b 2.37+0.12a 0.29 +0.02b 16.87 £ 1.00b 138.69 + 5.84ab 8.97 +0.41a

|-3% Upslope 44.90 + 3.62A 2.33+0.11A 0.28 + 0.01A 20.10 + 1.60A 166.58 + 16.17A 8.86 + 0.54A
rf13% Midslope 38.06+ 1.97A 2.23 +0.08A 0.34 + 0.02A 17.25 £ 0.77AB 121.13 + 11.37B 7.07 £ 0.58A
I3 Downslope 28.24 +3.33A 2.04+0.13B 0.29 + 0.03A 14.31 + 1.66B 105.52 + 12.28B 7.87 + 0.88A

KOl A P « bRt A R/ING R R R R AR 8] 22 57 0 (P <0.05) , RIFKE F1EF 8 AR R A7 ] 22 5 2 (P <0.05).

Data are showed as mean + standard error. Different lowercase letters indicate significant difference among different stand ages (P < 0.05), and different capital
letters indicate significant difference among different slope positions (P < 0.05).
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% (R2=0.251, P<0.01) (F3).
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Fig. 1 The concentrations of C, N and P in plants, litter and soil in the mixed stands. Different capital letters indicate significant difference among the same
components in different species, and different lower case letters indicate significant difference among different components of the same species (P < 0.05).
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Fig. 2 The values of C:N, C:P and N:P in plants, litter and soil in the mixed stands. Different capital letters indicate significant difference among the same

components in different species, and different lower case letters indicate significant difference among different components of the same species (P < 0.05).
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Fig. 3 Stoichiometric characteristics of leaves (a), foliar litter (b) and soil (c¢) in the mixed stands. TC: Total carbon; TN: Total nitrogen; TP: Total

phosphorus.
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