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Abstract: The aim of this study is to better understand the nutrient utilization strategies and adaptations of plants, the
spatio-temporal variation of leaf stoichiometric characteristics, and leaf nutrient contents. We explored the correlations

between leaf nutrient contents and leaf carbon/nitrogen, carbon/phosphorus, and nitrogen/phosphorus ratios, and
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discussed the influence of nitrogen/phosphorus ratios on plant growth, which could provide a theoretical reference for
maintaining ecosystem stability in the karst regions. In this study, we measured the following leaf traits: leaf carbon content
(LC), leaf nitrogen content (LN), leaf phosphorus content ( LP), and leaf potassium content (LK) in 68 species
(belonging to 40 families and 62 genera) coexisting in Maolan karst forests. We also considered the influence of species’
taxonomic affiliation and calculated stoichiometry ratios for each plant species. The geometric averages of LC, LN, LP, and
LK in the karst forests were 445.87, 17.32, 1.35, and 9.86 g/kg, respectively. The arithmetic average of leaf carbon/
nitrogen ratio (C :N) was 26.93 and the geometric averages for leaf carbon/phosphorus ratio (C :P), leal carbon/
potassium ratio ( C : K), leaf nitrogen/phosphorus ratio ( N :P), leaf nitrogen/potassium ratio (N :K), and leaf
phosphorus/potassium ratio (P :K) were 330.93, 45.22, 12.85, 1.76, and 0.137, respectively. There was a significantly
negative correlation between LC and LN, while LP was positively correlated with LK. The LN was positively correlated with
LP and LK, but negatively associated with C :P and C :K. Similarly, LP was positively correlated to LK, but negatively
correlated with C:N, C:K, and N :K. However, LK was negatively associated with C:N, C:P, and N :P. Interestingly, all
leaf stoichiometric characteristics, including C:N, C:P, C:K, N:K, and N :P, responded non-linearly ( which could be
expressed approximately as the quadratic function, exponential function, or power function) to LN, LP, and LK. Among all
leaf traits, LC had a smaller coefficient of variance than LN, LP, LK, and the leaf stoichiometric ratios. In different growth
phases, LC displayed the highest value in shrubs but the lowest in herbs. Herbs also displayed the highest LN, LP, and LK
values, while trees displayed the lowest values of these three variables. Among all stages of plant growth, leaf stoichiometric
ratios (including C:N, C:P, C:K, N:K, and N :P) were highest in trees and lowest in herbs. It is worth noting that LN,
LP, and LK in ferns were greater than those in spermatophytes. On the contrary, leaf stoichiometric ratios in ferns were
lower than those in spermatophytes. In each functional group of plants (including trees, shrubs and herbs) , leafl nutrient
contents were higher during the peak periods of plant growth than at the end of the growth period. Inversely, the C : P,
C:K, N:P, and N :K ratios were greater in the later growth period than those in early growth periods in all karst forest
species. In ferns, there were no statistically significant differences in leaf stoichiometric ratios between the early stage of
growth and the later period of growth. However, the leafl stoichiometric ratios (C :P, C:K, N :P, and N :K) of
spermatophytes were higher during the defoliating periods than those during the early stage of growth. Compared with
previous studies of the local and global researchers, the growth of trees, shrubs, and herbs at different growth stages was
easily influenced by the highly heterogenous nitrogen and phosphorus supply in the karst region. Especially, the higher
potassium contents in plants from the karst forests might increase plant ability to adapt to the unfavourable environment.
Therefore , it is necessary to provide enough protection with lower anthropogenic disturbances and add extraneous nitrogen in
the growth stage, in order to promote plant growth and enhance ecosystem stability and plant resistance. The study also
suggested that several forest plant strategies existed for survival in a karst environment, and the results provided an

important reference for forest management and conservation in karst areas.
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Fig.1 Study sites of the sample plots in Maolan karst area
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Table 1 Information of sample plots

Bk AT PSS RERER R e e A A 2
Community types Sample plots Sample area  Altitude/m Slope Aspect Location ratio/% Soil type
FARRE 2 10 mx10 m 626 25°—30° 4L NE gk 65
Herbage communities 10 10 mx10 m 706 25°—30° Padt NW i 55
11 10 mx10 m 692 20°—25° RE gk 75
TEAHEREDR 7 20 mx20 m 789 25°—30° RE gk 85
Shrub communities 8 20 mx20 m 775 20°—25° Pirg SW i 85
12 20 mx20 m 779 25°—30° PiRg SW i 80 Py &
T BEI% 1 30 mx30 m 770 20°—25° S Tk 75
Tree communities 3 30 mx30 m 800 20°—25° S R 70
6 30 mx30 m 769 20°—25° K E T 80
oA ¥ 4 v 4 30 mx30 m 741 30°—35° PiREg SW g 75
VTR A A% 5 30 mx30 m 744 30°0—35°  Pidk NW T 85
Climax communities 9 30 mx30 m 779 15°—20° #dt NE T 80

FE S AL TR RN AE RS I S (LY/T 1211—1999) FI{ LY/ T 1267—1999) ; £ & C & iy 52 % JH i
B IR E AL — NI #GECLY /T 1237—1999) , 4= N & R PRI B - —3 #E (LY /T 1269—1999) , 4= P
FE R BTG EE(LY/T 1270—1999) , 4> K 5 % FH KOG EE (LY /T 1270—1999) ¢
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Table 2 List of 68 plant species in Maolan karst area

45 LY/ Ei S AR RBKE
Number Plant species Life forms Phylogenesis

1 B CEMPBL) Selaginella tamariscina B2 Ferns B Ferns

2 BR(BREL) Preridium aquilinum W2 Ferns & Ferns

3 BLIR (BRAABREL) Neottopteris nidus W& Ferns BRJE Ferns

4 G (KIEEFRL) Pyrrosia lingua BRI Ferns BRI Ferns

5 JNEA (B BFL) Fissistigma oldhamii H#EA Shrubs T HAHIY Dicotyledons
6 TR (B BRL) Miliusa sinensis HETTA Evergreen trees T IAE4 Dicotyledons
7 B (FERL) Lindera communis HERTTA Evergreen trees WFIAEY) Dicotyledons
8 ILAML(FER}) Lindera glauca WK Shrubs T MY Dicotyledons
9 ARZENNH (BAY) Machilus litseifolia HWERITA Evergreen trees T IHAE4 Dicotyledons
10 INFIERE (BRL) Machilus microcarpa HEETRA Evergreen trees XU MAEY) Dicotyledons
11 HUHAE R (R} ) Machilus robusta HEITA Evergreen trees XFMAE4 Dicotyledons
12 AR ARZEF (FRL) Neolitsea Variabillima HEETRA Evergreen trees W44 Dicotyledons
13 HLWIHH (158E) Phoebe crassipedicella HEITA Evergreen trees T IAE4 Dicotyledons
14 NI B (ERHARL) Tlligera parviflora A Liana SLT-HAE#) Dicotyledons
15 ML BAMEL) Piper nigrum AR Liana T MY Dicotyledons
16 T K57 (/NEERL) Mahonia fortune HEA Shrubs KT HAEY) Dicotyledons
17 M RAT (/NEERL) Nandina domestica HEA Shrubs WFIAE#) Dicotyledons
18 HEA (G ZEHFRL) Loropetalum chinense WK Shrubs T4 Dicotyledons
19 FHA R BAERE) Daphniphyllum calycinum WETFA Evergreen trees XM AEY) Dicotyledons
20 AR (L) Ficus microcarpa HWEETFA Evergreen trees T4 Dicotyledons
21 MR (EERRRL) Boehmeria nivea HEA Shrubs XU MAEY) Dicotyledons
22 WG4 7K AL (EBRRL) Pilea elliptilimba HA Herbs WFI4EY) Dicotyledons
23 SRR R (SRRA} ) Elatostema monandrum FAR Herbs T MHAEY) Dicotyledons
24 B AL (BIBERL) Platycarya longipes TR A Deciduous trees WFIFEY) Dicotyledons
25 ¥ (5231 BL) Castanopsis fargesii HWEETFA Evergreen trees T4 Dicotyledons
26 ZWkFE M (7221 B}) Cyclobalanopsis multinervis WEIFA Evergreen trees XF-HHHEH) Dicotyledons
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Number  Plant species Life forms Phylogenesis
27 h W RS EAY (HEARL) Carpinus lipoensis I FEA Deciduous trees T4 Dicotyledons
28 LIS EHA (MEARL) Carpinus polyneura KT A Deciduous trees T Y Dicotyledons
29 =R IS EAT (BEAFRL) Carpinus pubescens I FEAR Deciduous trees WF-IAHY) Dicotyledons
30 H AL S (FE9ERE) Elaeocarpus japonicas HEEITA Evergreen trees WFMAEY) Dicotyledons
31 WA E (FLYERL) Sloanea leptocarpa HEETRA Evergreen trees BT 44 Dicotyledons
32 B SRR (GHERAAERL) Pittosporum ovoideum H#EAR Shrubs XT-HAEY) Dicotyledons
33 KA (H3RL) Kerria japonica #EA Shrubs WF-HAEY) Dicotyledons
34 KA (8% FRL) Pyracantha fortuneana HEA Shrubs T Dicotyledons
35 HLHE A F (R ) Rubus alceifolius WK Shrubs XT-MHAEY) Dicotyledons
36 KB (%R ) Rubus irenaeus #EAK Shrubs T4 Dicotyledons
37 FALEE TE (SR Millettia dielsiana WEA Shrubs XUFMAEY) Dicotyledons
38 IR (FEL) Prerolobium punctatum HEA Shrubs TS Dicotyledons
39 W (B TRL) Elaeagnus pungens HEA Shrubs SLT-HAE#) Dicotyledons
40 GHRT (EPAHEPHRL) Osbeckia chinensis A Herbs SLT-HAE4) Dicotyledons
41 JEAR (\NFAWEL) Alangium platanifolium #EAR Shrubs WFIAEY) Dicotyledons
42 JERBRAR (LLZEBRL) Swida wilsoniana FEHTRA Deciduous trees T4 Dicotyledons
43 WRAERERIE (KEFL) Cleidion bracteosum HEETFA Evergreen trees F M4 4) Dicotyledons
44 B  2554 (KREEL) Sapiumrotundifolium JEMTEAK Deciduous trees XT-HAEY) Dicotyledons
45 HE L (WIWEL) Tirpitzia sinensis HEK Shrubs WF-IAHY) Dicotyledons
46 IR (B W) Turpinia Montana KT Deciduous trees T IAE4 Dicotyledons
47 AR (T TFHL) Boniodendron minus HEITAR Evergreen trees WFMAHY) Dicotyledons
48 FEIHAR(TLHEFFL) Handeliodendron bodinieri %M TR AR Deciduous trees KT A Dicotyledons
49 FIFHR (B EL) Acer wangehii H4ETFA Evergreen trees T Y Dicotyledons
50 HRMRA EMEL) Rhus chinensis &M IR A Deciduous trees XFMAEY) Dicotyledons
51 JURAE (ZEFFL) Murraya exotica AR Shrubs WFIHFEY) Dicotyledons
52 KAES P (TLMABL) Brassaiopsisglomerulata WK Shrubs T4 Dicotyledons
53 MRS (FMEL) Dendropanax inflatus HW4ETFA Evergreen trees LTI Dicotyledons
54 il f2 (B EERL) Secamone lanceolata WEAR Shrubs WF-IAHY) Dicotyledons
55 LR ( L¥IERL) Callicarpa bodinieri #EA Shrubs WFI4EY) Dicotyledons
56 T NMEAR S (G ERL) Ophiorrhiza cantonensis A Herbs T HAEY) Dicotyledons
57 IKELA (AR Viburnum cylindricum #EA Shrubs WFIHEY) Dicotyledons
58 BENSBG (BFL) Vernonia esculenta WA Shrubs WFIFEY) Dicotyledons
59 R PE(WEEL) Cyperus duclouxii IR Herbs FATFIHAEY) Monocotyledon
60 Bt AT (RAFL) Chimonobambusa angustifolia AR Shrubs FATFIHAHY) Monocotyledon
61 FABHBR T FE(RAEL) Cleistogenes hackeli AR Herbs FTIHAEY) Monocotyledon
62 OE(RAEL) Digitaria sanguinalis HA Herbs BAFIHAEY) Monocotyledon
63 HZF (RAFEL) Imperata cylindrical IR Herbs HAFIAE 4 Monocotyledon
64 PR (RARL) Indocalamus tessellatus HEA Shrubs iS4 Monocotyledon
65 TP (ORAEL) Miscanthus floridulus FLAR Herbs A4 Monocotyledon
66 R (RAEL) Neyraudia reynaudiana HEA Herbs FAFIHAEY) Monocotyledon
67 IKAT (RAFEL) Phyllostachys heteroclada HAR Herbs B FIHAEY) Monocotyledon
68 2% (HAFL) Ophiopogon japonicus AR Herbs A4 Monocotyledon

() HLA A Wy b X o Py o
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3.2 AP A C NP K FRIGHHRHE

& WTRR X 68 A HLAE I I 3R 4 B I GETHRRE ULIET 2, X AR R C N B0 BE (R A/
F 1,1 P K FEAHRT 1,04 K-S KK, WATFEIER 0 (P<0.05) , 7] F LAl -S4 (ER S WeRE AR 1)
A fEoL, C &t 309.57—573.21 g/kg, JLF-I4MH 445.87 o/kg, 5 A AT HEHT, 400.00—499.99 o/kg
75.59% ,309.57—399.99 o/kg 15 13.39%,500.00—573.21 g/kg (5 11.02%, N &4+ 5.01—41.62 g/kg, LI F
I 17.32 g/kg,66.93% 5345 T 10.00—19.99 g/kg,27.82% 534 T 20.00—29.99 g/kg, <10 g/kg F1>30 g/kg 5
S5 2.89%F1 2.36%, P & 0.56—5.79 g/kg, JUATFHI{E 1.35 g/kg,0.56—0.99 g/kg 15 26.51% ,1.00—
1.99 ¢/kg 15 57.74%,>2.00 g/kg i 15.75%, K 5t 2.50—39.11 g/kg, JL[FH4{H 9.86 g/kg,2.50—9.99 g/
kg 15 56.43%,10.00—19.99 g/kg 5 31.23% ,20.00—29.99 g¢/kg {5 8.14% ,>30 g/kg {L i 4.20% , M55 2%
K&, CAEMADIRN B HE AR5 R BN, B 8728 S ook N8 ih 3 A8 S PR K A7 S R AR R, 1
JR SRR S

- 60 -
%0 N=381 N=381
AM =448.230 AM = 18.056
GM =445.873 GM = 17.317
40 L Median = 448,115 50 Median = 16.800
Min = 309.566 Min =5.015
Max =573.214 Max =41.621
SD =45.553 40 SD = 5.347
CV'=10.163% | CV=29.613%
30 Skewness = —0.085 Skewness = 0.901
Kurtosis = 0.357 - M Kurt051s =1.052
P.s)=0.028 30 P.s)= 0.000
20 ]
20 N
5* 0 0 8 N = |
g 480 540 600 9 13 17 33 37 41
=}
g Ti#r /& Carbon content C/(g/kg) & & Nitrogen content N/(g/kg)
55
%
80 r -
N =381 32 M N=1381
AM =1.490 AM =11.576
GM = 1.347 GM =9.860
Median = 1.261 Median = 8.923
Min = 0.561 M Min = 2.503
60 Max = 5.794 39 Max = 39.105
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Fig.3 Frequency histograms of leaf stoichiometry
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Fig.4 Relationships between leaf nutrient content and stoichiometric characteristics
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