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Abstract: The ecological stoichiometry of fine root carbon (C), nitrogen (N), and phosphorus (P) is considered to
reflect the strategies whereby plants adapt to the soil environment. In order to gain an understanding of the seasonal
variation in fine root C : N : P ratios in different forest types of karst ecosystem, we measured the C, N, and P contents
and ratios of living and dead fine roots in shrubland and arbor forest, as well as the influence of abiotic and biotic
factors. The results were as follows: (1) C, N, and P contents in the fine roots of arbor forest were higher than those of
shrubland, thereby indicating that the fine roots of arbors may by characterized by a stronger absorption and storage of
nutrients than those of shrubs. In addition, the contents of C in living fine roots were significantly higher than those in
dead fine roots (P<0.05), but N and P contents in living fine roots were lower than those in dead fine roots. (2) It was
found that the contents of C in the living and dead fine roots of the two forest types were lower during the rainy season
than during the dry season. The N and P contents of living fine roots of shrubs were higher during the rainy season than
those in dry season, the opposite pattern was observed for the living fine roots of arbors. During the rainy season, the
C:N, C:P, and N : P ratios of living fine roots in shrubland were lower than the values obtained during the dry
season. Conversely, the C : N and C : P ratios of the living and dead fine roots of arbors were higher during the rainy
season than in the dry season, whereas the values for the N : P ratio were lower during the rainy season than during the
dry season. The lower N : P ratios of rainy season tended to indicate that plants in shrubland and arbor forest may be less
P restricted during this season. (3) It was found that for both the living and dead fine roots of the two forest types, C
contents were higher in trees growing on the upper slopes than in those growing on the middle and lower slopes, whereas
the contents of N and P were higher in shrubs growing on the lower slopes and in arbors growing on the middle
slopes. Furthermore, the C : N, C : P, and N : P ratios of living and dead fine roots were found to be relatively higher
in shrubs growing on the upper slopes. In the case of arbor forest, the C : N ratios of living and dead fine roots in trees
growing on the lower slopes were higher than other slopes, however the C : P and N : P ratios in trees growing on the
upper slopes were higher than those of trees growing at other slopes, indicating that trees under these two forest types
were strongly influenced by P limitation in the upper slopes, but only weakly affected on the middle and lower
slopes. (4) Redundancy analysis revealed that forest type, available phosphorus, and season were the main factors
influencing the contents and ratios of C, N, and P nutrients in fine roots, and could explain 18.8%, 6.6% , and 6.5% of
the observed variation, respectively. These findings indicate that the effects of changes in the N : P ratio associated with
differences in forest type, season, and slope should be taken into consideration when vegetation restoration is promoted,
which will contribute to accelerating the restoration of karst ecosystems.
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Fig. 1 Soil total nitrogen (TN ), available nitrogen ( AN ), total phosphorus ( TP ),
available phosphorus ( AP ) contents and their stoichiometric ratios
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stoichiometric ratios between different forest types in the same season. SL. Shrubland; AF. Arbor forest; RS. Rainy season; DS. Dry season.
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Fig. 2 Seasonal variation of C, N, P contents and their ratios of fine roots in different forest types
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Fig. 3 Patterns of C, N, P contents and their ratios of fine roots in different forest types and slopes
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Table 1 Correlation of fine root nutrient contents and their stoichiometric ratios with soil and fine roots nutrients
Ei=L7D e e A FAws  JEAIARAR  FEANARZ  SCANREE  TRARAR  EAIARA  EANREE
Index TN TP AN AP DC DN DP LC LN LP
HEANAR B -0.045 0.064 -0.081 0.116 1 -0.108 -0.093 0.073 -0.089 -0.109
DC
BEANAR & 0.392% 0.230 0.295 -0.444 % -0.108 1 -0.219 0.174 0.978%%  0.638%*
DN
BEANAR W -0.011 -0.252 -0.071 0.241 -0.093 -0.219 1 0.144 -0.245 0.067
DP
T 2 AR B 0.266 0.089 0.031 -0.006 0.073 0.174 0.144 1 0.177 0.153
LC
T AR 2 0.364* 0.232 0.298 -0.481**  -0.089 0.978 % -0.245 0.177 1 0.668 **
LN
% AR 0.152 0.219 0.081 -0.453* -0.109 0.638 % 0.067 0.153 0.668 % 1
LP
FEAMRER AL -0.269 -0.106 -0.173 0.373% 0.157 -0.903 ** 0.100 -0.126  —0.913%% —0.646%%
DC : DN
MR ARBELL  -0.158 -0.310 -0.162 -0.099 0.229 0.281 -0.204 0.212 0.317 0.167
DC : DP
AR ABEEL  0.310 0.214 0.188 -0.394 -0.075 0.959 ** -0.286 0.063 0.931%%  0.646%*
DN : DP
HAMRR AL -0.388 -0.256 -0.320 0.499 0.083 -0.977%* 0.216 -0.185  —-0.991%k —0.663%*
LC: LN
T 20 AR A 0.132 0.209 0.142 0.071 0.329 -0.168 -0.198 -0.123 -0.260 -0.273
LC: LP
AR AL 0.358 0.263 0.274 ~0.447* -0.098 0.976%* -0.233 0.170 0.992%%  0.696%%*
LN : LP

0. TN. 2% ; TP. 26 ; AN. H3UA; AP. AR, LC. IHAMH%; LN. T4 A,

LP. {E 4055 ; DC. JEAI#R Tk ; DN. SEAN4R

A DP. LIRS ; LC : LN. {EAIMBR AL LC ¢ LP. &AM L s LN @ LP. GRS L ; DC : DN. SEAIMBR AL ; DC :
DP. SEANARBERBE L ; DN : DP. SEANAR B LL . *FAR CHEAE 0.05 KP B3 (WUR ) , *+Fm AL 0.01 KT 3 (XUR) .
Note: TN. Total nitrogen; TP. Total phosphorus; AN. Available nitrogen; AP. Available phosphorus; LC. Living fine root carbon;

LN. Living fine root nitrogen; LP. Living fine root phosphorus; DC. Dead fine root carbon; DN. Dead fine root nitrogen; DP. Dead fine root
phosphorus; LC ¢ LN. The C : N ratios of living fine roots; LC ¢ LP. The C : P ratios of living fine roots; LN : LP. The N : P ratios of
living fine roots; DC ¢ DN. The C : N ratios of dead fine roots; DC : DP. The C : P ratios of dead fine roots; DN : DP. The N : P ratios of
dead fine roots. * indicates the correlation is significant at 0.05 level (two-tailed) , and ** indicates the correlation is significant at 0.01 level

(two-tailed) .
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roots. a. Redundancy analysis; b. Variance partitioning analysis.
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Fig. 4 Analysis of soil properties and fine root nutrients and their stoichiometric ratios
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