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Abstract

Aims The ecological stoichiometric characteristics and variation of plant leaves can reflect the response of
plants to their environment, serving as a key to understanding the interaction between plants and the environment.
The unique Tiankeng environment creates favorable conditions for plant growth. By exploring the nutrient
utilization characteristics and environmental adaptability differences of Tiankeng plants, this study aims to reved
the adaptive mechanism of Tiankeng forest plants, and basic data can be provided for nutrient cycling and
community construction in Tiankeng forest.

Methods Our study compared the chemical stoichiometry of carbon (C), nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), and magnesium (Mg) nutrients in the leaves of plants inside and outside the
Tiankeng Complex in Dashiwei, Guangxi. Statistical methods such as correlation analysis and redundancy
analysis were used to explore the intrinsic relationship between chemical stoichiometry and the influence of
environment on these characteristics.

Important findings (1) The leaves of 64 plant species from 36 families and 55 genera in the study area have
lower C content, higher N, P, K, Ca, Mg contents, and lower C:N, C:P compared to plants in other karst and
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terrestria plants in China. This indicates that the plants in Tiankeng Complex are characterized by low C
sequestration, high nutrient accumulation, high growth rate, and low nutrient utilization efficiency. (2) The N:P
mean value of the plant leaves in the Dashiwei Tiankeng Complex was 16.65, the N:K mean value was 1.50, and
the K:P mean value was 10.10, indicating that the Tiankeng plants generally have an abundance of K content but
are limited by N and P contents. (3) There were significant differences in the nutrient content and stoichiometric
ratios of plantsin different locations and functional groups. Different environments and plant types adopt distinct
nutrient absorption strategies. (4) Correlation analysis showed that there were significant correlations between
most of the nutrient contents and stoichiometric ratios of plant leaves, indicating that the nutrient uptake by plant
leaves had a certain proportional composition and coordinated relationship. (5) Redundancy analysis showed that
soil is akey environmental factor influencing leaf nutrients. The results of our study revealed the characteristics of
plant nutrient utilization, habitat nutrient differences, and plant adaptability to the environment in the Dashiwei
Tiankeng Complex, providing basic data for exploring the nutrient cycling and community construction

mechanism of Tiankeng forest ecosystems.

Key words nutrient characteristics; stoichiometry; karst; Tiankeng forest
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Fig. 1 Environment of Tiankeng Complex of Dashiwei, Guangxi. A, Overal environment of the Tiankeng. B, Forest inside the

Tiankeng. C, Forest outside the Tiankeng.
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Tablel Overview of the study sample plotsin Dashiwe Tiankeng Complex, Guangxi
A5 s R 2 45 R W pH o REESOKE LEmEE TIE SR gt R
Habitat  No. Site Longitude Latitude Altitude Slope Soil water Soil carbon Soil nitrogen  Soil phosphorus
(CE) (°N) (m) ) content (%) content (g-kg™) content (g-kg™) content (g-kg™)
B P1 AR KT 106.47 24.81 1216 26 7.090 61.240 352.700 23.633 1.001
Inside Shenmu Tiankeng
P2 AR R 106.47 24.81 1247 35  6.690 38.079 68.600 5.867 1.155
Shenmu Tiankeng
P3 A RIT 106.47 24.81 1280 40  6.700 26.369 70.200 5.900 1.130
Shenmu Tiankeng
P4 NN 106.51 24.79 1081 34 6.980 36.788 126.640 12.700 1.450
Dacao Tiankeng
P5 K RIT 106.51 24.79 1078 31 6.625 40.564 84.225 9.400 1.980
Dacao Tiankeng
Bk P6 WEHRE 106.45 24.80 1389 46  6.705 36.448 119.800 12.400 0.700
Outside Landianyao
P7 W HERE 106.45 24.80 1390 40 7.045 31.039 131.030 12.600 0.670
Landianyao
P8 W HERE 106.45 24.80 1382 42 6570 35.471 88.500 8.800 0.420
Landianyao
P9 W HERE 106.45 24.80 1391 41 6.930 32.343 130.650 13.200 0.650
Landianyao
P10 xR 106.46 24.81 1322 31 6.870 42.576 209.675 17.450 0.630
Sujia Tiankeng
P11 ZRE KT 106.46 2481 1321 32 6.850 40.255 256.600 21.900 0.595
Sujia Tiankeng
P12 ZRE KT 106.46 24.80 1366 22 6925 39.868 125.175 12.350 0.580
SujiaTiankeng
P13 MK RIT 106.47 24.81 1309 35  6.955 29.458 68.300 9.267 1.218
Shenmu Tiankeng
P14 ARERYT 106.47 24.80 1182 33  7.095 22,581 38.200 10.200 0.778

Baidong Tiankeng
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F2IERABRGUBER Y H
Table2 List of collected plantsin Dashiwei Tiankeng Complex, Guangxi

iae) HHPFhE (R eyt RGBRE A
Number Plant species Family Lifeform Phylogensis Habitat
1 1k (e EIN T A
Phoebe neurantha Lauraceae Tree Dicotyledonae Inside
2 HELAAR TETHR AR KT ) JiA
Acer tonkinense Sapindaceae Tree Dicotyledonae Inside
3 FL-#4 SR EIN T A
Ficushirta Moraceae Tree Dicotyledonae Inside
4 Ay A R AR KT A HiA
Machilus glaucifolia Lauraceae Tree Dicotyledonae Inside
5 ] SR EIN BT HiA
Broussonetia papyrifera Moraceae Tree Dicotyledonae Inside
6 A (e EIN BT A
Machilus chinensis Lauraceae Tree Dicotyledonae Inside
7 TR AT TR FIN KA i
Litsea elongata var. subverticillata Lauraceae Tree Dicotyledonae Inside
8 MRA BERE N M) sk
Choerospondias axillaris Anacardiaceae Tree Dicotyledonae Outside
9 25 LI TR FIN KA N
Lindera nacusua Lauraceae Tree Dicotyledonae Inside
10 FAE AR N W) A
Manglietia aromatica Magnoliaceae Tree Dicotyledonae Inside
1 =otREH M HEAFL FIN KAL) i
Carpinus pubescens Betulaceae Tree Dicotyledonae Inside
12 A TETHR N T TN Bush
Handeliodendron bodinieri Sapindaceae Tree Dicotyledonae Inside, outside
13 LRSI RINR &R FIN KAL) i
Miliusa sinensis Annonaceae Tree Dicotyledonae Inside
14 E ) PN TR SN KT A HiA
Celtis biondii Cannabaceae Tree Dicotyledonae Inside
15 GEEDZN g4t AR AR W) A
Blastus cochinchinensis Melastomataceae Shrub Dicotyledonae Inside
16 Liked: T AR KT A YN Bush
Hedera nepalensisvar. sinensis Ardiaceae Shrub Dicotyledonae Inside, outside
17 FH BT R WA T Hihh
Rubus alceifolius Rosaceae Shrub Dicotyledonae Outside
18 TR SRR AR KT A Hush
Itea yunnanensis Iteaceae Shrub Dicotyledonae Outside
19 R T AR T A
Heptapleurum bodinieri Araliaceae Shrub Dicotyledonae Inside
20 el FnFt N KA i
Heptapl eurum guizhouense Ardiaceae Shrub Dicotyledonae Inside
21 BleH SR HEAR M) TN Bush
Periploca forrestii Apocynaceae Shrub Dicotyledonae Inside, outside
22 [EEHE FnFt N KT i
Brassaiopsis ciliata Araliaceae Shrub Dicotyledonae Inside
23 A 5 80k TiARAER} AR T A
Viburnum corymbiflorum Adoxaceae Shrub Dicotyledonae Inside
24 AL B ARA N KAL) i
Eranthemum pulchellum Acanthaceae Shrub Dicotyledonae Inside
25 2R SRR HEAR M) A
Boehmeria nivea Urticaceae Shrub Dicotyledonae Inside
26 4 R T R WA XA Yol
Sabia japonica Sabiaceae Shrub Dicotyledonae Inside
27 IR &R AR KT A YN Bush
Tetrastigma obtectum Vitaceae Shrub Dicotyledonae Inside, outside
28 R EHARR B T A
Strobilanthes cusia Acanthaceae Herb Dicotyledonae Inside
29 R SRR VN KT A HiA
Pellionia radicans Urticaceae Herb Dicotyledonae Inside
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877
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Number Plant species Family Lifeform Phylogensis Habitat

30 @k SRR A KAL) i
Pellionia brevifolia Urticaceae Herb Dicotyledonae Inside

36 KL SRR A KT i
Pilea notata Urticaceae Herb Dicotyledonae Inside

3 Pt R s WA 5 4
Elatostema involucratum Urticaceae Herb Dicotyledonae Inside

38 S LR R SRR VN WF A A
Elatostema stewar dii Urticaceae Herb Dicotyledonae Inside

39 AL FHARF VN WF A A
Strobilanthes dimorphotricha Acanthaceae Herb Dicotyledonae Inside

40 R4 EH R} VN KA A
Chrysosplenium hydrocotylifolium Saxifragaceae Herb Dicotyledonae Inside

41 Ligd v EHARF A WF A A
Justicia patentiflora Acanthaceae Herb Dicotyledonae Inside

42 AT RAFR A Sl RIEEY] A
Phyllostachys nidularia Gramineae Herb Monocotyledonae Inside

43 = RAR EA B Jish
Miscanthus sinensis Gramineae Herb Monocotyledonae Outside

44 G RegER B B A
Arisaema decipiens Araceae Herb Monocotyledonae Inside

45 B R PR B B sk
Carex cruciata Cyperaceae Herb Monocotyledonae Outside

46 Al FrhaE B B sk
Guihaia argyrata Arecaceae Herb Monocotyledonae Outside

47 Vak:id) FARALFY B B sk
Disporum cantoniense Colchicaceae Herb Monocotyledonae Outside

48 BTH KA L VN L RIEEY] Hiah
Phaenosper ma globosum Gramineae Herb Monocotyledonae Outside

49 ANRETRE R B B A
Musa acuminata Musaceae Herb Monocotyledonae Inside

50 F i R B B BREED) sk
Pteris semipinnata Pteridaceae Herb Pteridopsida Outside

51 i KR EA ety B, st
Lemmaphyllum drymoglossoides Polypodiaceae Herb Pteridopsida Inside, outside

52 A TR TR B FREHD) ok
Dryopterisvaria Dryopteridaceae Herb Pteridopsida Outside

53 RFBEERR LR B BRED sk
Dryopteris bodinieri Dryopteridaceae Herb Pteridopsida Outside

54 JEBR e VN FRERD) HiA
Lepisorus ovatus Polypodiaceae Herb Pteridopsida Inside

55 el KR VN FRERD) NI
Pyrrosia calvata Polypodiaceae Herb Pteridopsida Inside, outside

56 ARERYEN SRR B BRED TSN
Pronephrium lakhimpurense Thelypteridaceae Herb Pteridopsida Inside, outside

57 TG TR SRR B BRED HiA
Cyclosorus parasiticus Thelypteridaceae Herb Pteridopsida Inside

58 VL TR KHF B BRED) TSN
Lepisorus fortunel Polypodiaceae Herb Pteridopsida Inside, outside

59 i3 il o B EA BREHD A
Deparia boryana Athyriaceae Herb Pteridopsida Inside

60 EHNE| NSRS B FREHD sk
Diplopterygium glaucum Gleicheniaceae Herb Pteridopsida Outside

61 B B B BR B FRED sk
Nephrolepis cordifolia Nephrolepidaceae Herb Pteridopsida Outside

62 B B BRA R FA BREED A
Asplenium antrophyoides Aspleniaceae Herb Pteridopsida Inside

63 BB F BRA R FA BREIED A
Asplenium wrightii Aspleniaceae Herb Pteridopsida Inside

64 FOoK & KHFR FA BREED A
Goniophlebium amoenum Polypodiaceae Herb Pteridopsida Inside
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Fig. 2 Frequency distribution of nutrient content of plant leaves in the Dashiwei Tiankeng Complex, Guangxi, China. AM,
arithmetic mean; CV, coefficient of variation, CV << 10% for weak variability, 10% < CV < 100% for moderate variability, and CV
= 100% for strong variability; GM, geometric mean; Max, maximum; Min, minimum; N, sample size; pik.g), K-Stest; SD, standard
deviation.
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Fig. 3 Freguency distribution of stoichiometric ratios of nutrient elementsin the leaves of plantsin the Dashiwel Tiankeng Complex,
Guangxi. AM, arithmetic mean; CV, coefficient of variation, CV < 10% for weak variability, 10% < CV < 100% for moderate
variability, and CV = 100% for strong variability; GM, geometric mean; Max, maximum; Min, minimum; N, sample size; pk.g),
K-Stest; D, standard deviation.
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WEZE K TYsb. WIS SR HRE, AFEM
BEYM R IR R RPKAMNIFE R E Z R,
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222 ARESEFREYN AT ERHE
MRAFTR, AEAFEHOED T FC, K.
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T ARAKE, HARMIAH I 8 4k -5 7% i T R] A
Mo& EfFERE 2R, EHRFIC, Ca. Mg 21K
TR GERFL N, Po KEEE T HER .
AR AR B R A A S B HECK
N:P. PKIAIfEAE R 2 57, RAMPICN, C:P. CK,
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N:K. PKE T A, (UNPET AR, &
WA 55 SR ZEN:P. PKAIELE B35 2 5, v&nt
WAICP. C:K. N:P. N:KE T8 4EM A, C:N.
P:KAK T S ol
223 ARI%EERZSGHEMMHHCEITEHHE
MESFR, RERGERKEEYT RS EE
BRC. KANEA G EWHEREZR. N, PEEEN
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BERESTRTHSHREEY, BEEYPEER
ZALT . XTI, Cad & B XTI Y=k
EY> BT FEY), WFHH Y Cal R E m T
T SERAEY; Mg & 2R AE> T )

R3 IR ABERGUBEAFR A BEYH 7 IR R LR CP B AR )

Table3 Comparison of plant leaf nutrients characteristics in different locations of Guangxi Dashiwei Tiankeng Complex, Guangxi (mean + SD)

{7 Position (n) LCC (g-kg™) LNC (g-kg™) LPC (g-kg™) LKC (g-kg™) LCaC (g-kg™) LMgC (g-kg™)
BN Insidethe Tiankeng (89)  419.303+ 69.705° 28790+ 10.728°  1.845+0.974*°  19.476+8211° 20.006+9.755* 5673+ 4.380°
Hi4h Outsidethe Tiankeng (52) 445.907 + 30.621*°  16.073 + 4.999° 1.104+0.262° 15806+5451°  17.297+8.775  4.632+2.195°
p 0.006 0.000 0.000 0.010 0.096 0.378
{7 & Position (n) C:N CP CK N:P N:K P:K

BN Insidethe Tiankeng (89) 18470+ 10.129° 294.927 + 129.124° 28,327 + 22515°  17.829 + 6.978 1.656+0.893*  0.101+ 0.060*
Hish Outsidethe Tiankeng (52)  29.326+ 12.998% 394.417 + 132.481° 31.819+ 13.053* 14.643+5722° 1.244+0.642°  0.094 + 0.061°
p 0.000 0.000 0.000 0.010 0.002 0.293

CN, BRALL; CK, BEfLL; CP, BB, LCaC, M 5% &, LCC, M ik a & LKC, M8 &&; LMgC, M 88 &; LNC, & & &; LPC, i

RS E; n, FERECE; NIK, ZARE NP EBELL; PK, BERILL. B —3AR RN 7B RR % 5 8% (p < 0.05).

C:N, carbon-nitrogen ratio; C:K, carbon-potassium ratio; C:P carbon-phosphorus ratio; LCaC, leaf cacium content; LCC, leaf carbon content; LKC, leaf
potassium content; LMgC, leaf magnesium content; LNC, leaf nitrogen content; LPC, leaf phosphorus content; n, number of samples; N:K, nitrogen-potassium
ratio; N:P, nitrogen-phosphorus ratio; P:K, phosphorus-potassium ratio. Different lowercase letters in the same column indicate significant differences (p < 0.05).

=4 VKA ERGUREAS R AL B R IR 0 RRE B (T S (B bR 22)

Table4 Comparison of leaf nutrients characteristics in different plant life formsin the Dashiwei Tiankeng Complex, Guangxi (mean + SD)

ARERS Lifeform (n) LCC (g-kg™ LNC (g-kg™) LPC (g-kg™) LKC (g-kg™) LCaC(g-kg™)  LMgC (g-kg™)
k7 Woody (53) 449.043+ 54227  22.947 + 9.998 1789+ 1241 16736+ 7.847°  18141+10.305°  2.881+ 2,565
i Herbaceous (88) 417.112+52.692° 24795+ 11.447° 1440+ 0489*  18.957+7.213%  19.528 + 8.942° 6.739 + 3.611%
p 0.004 0.203 0.210 0.018 0.194 0.000

I H Deciduoustree (17) 445712 £59.475" 23708 + 8.806" 1924+ 1611 18760+ 10.537"  16.475+ 8.698" 1.938 + 1.656°
WM Evergreentree(36)  450.616 £52382° 22587 +10.613" 1.725+1.044" 15781+6.149" 18928+ 11.009"  3.336+2.808"
p 0.122 0.801 0.107 0.101 0.425 0.039
G Life forms (n) CN CP CK N:P N:K P:K

A7 Woody (53) 22775+ 9297 342561+ 170.240° 35824+ 25961° 15681+ 7.570° 1631+ 0956  0.123+0.078"
®K Herbaceous (88) 22.291+13983" 325028+ 115967° 25875+ 13295 17.240+ 6.090° 1427+0741*  0.084%0.041°
p 0.073 0.438 0.023 0.009 0.204 0.002
7 Deciduous tree (17) 21.610+11.052" 393173+177.754" 38795+ 39.280" 19.390+ 7.614" 1.766 + 1.233" 0.099 + 0.079®
W4 Evergreen tree (36) 23325+8462"° 318661+ 163654" 34.421+17.021" 13930 6.987° 1.568 + 0.806" 0.134+0.077"
p 0.492 0.265 0.226 0.000 0.665 0.015

CN, BRALL; CK, BELL; CP, i, LCaC, M 5% &, LCC, M ik & & LKC, M8 &&; LMgC, M A8 &; LNC, & & &; LPC, i
Frifa e, n, B EGE; NIK, ZAEE; NP &L, PK, BftL. A—3ARR/INSIRE RN Z R B3 (p < 0.05).
C:N, carbon-nitrogen ratio; C:K, carbon-potassium ratio; C:P carbon-phosphorus ratio; LCaC, leaf cacium content; LCC, leaf carbon content; LKC, leaf
potassium content; LMgC, leaf magnesium content; LNC, leaf nitrogen content; LPC, leaf phosphorus content; n, number of samples; N:K, nitrogen-potassium ratio;
N:P, nitrogen-phosphorus ratio; P:K, phosphorus-potassium ratio. Different lowercase/uppercase | etters in the same column indicate significant differences (p < 0.05).
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Table5 Comparison of leaf nutrients from different phylogenetic groups in the Dashiwei tiankeng complex, Guangxi (mean + SD)

ARG H Phylogeny (n) LCC (g-kg™) LNC (gkg™) LPC (gkg™) LKC(gkg")  LCaC(gkg’)  LMgC(gkg™)
XF Y Dicotyledonae (92) 420.892 + 62.289* 27.219 + 10.759° 1.753+0986°  18.213+7.498° 21533+9578° 5424 +4.357%
BATIHHI4) Monocotyledonae (17)  447.453 + 27.155°  18.806 + 7.971° 1.388+0.446*  16.737+9.672° 13561+7.055°  3.332+ 1.806"
WA Preridopsida (32) 443,012+ 38.182° 17.945 + 9.116" 114740353 18597+ 6318 14.637+7.393" 5940+ 1.874°
p 0.052 0.000 0.000 0.313 0.000 0.029
ARGRE Phylogeny (n) C:N CP CK N:P N:K P:K
T4 Dicotyledonae (92) 18502 £9.192° 300786+ 148.059° 30.136 £22.621*° 17.547+7.073"  1.697 £0.834*  0.111+0.068"
B4 Monocotyledonae (17)  28.048 + 12,069 348.927 + 96.371%  33.051+15.930*° 13.862+4.745°  1.352+0.894°  0.095 + 0.037%
FREHEY) Peridopsida(32) 30.928+ 15.269° 411.067 + 89.665*  26.290+8.969° 15569+ 6.041*°  1.028+0557°  0.066 + 0.024°
p 0.000 0.000 0.135 0.087 0.000 0.000

CN, B CK, BREILL CP BRBEEL: LCaC, M JT#5 & ik LOC, W YRS LKC, Ak LMC, 1 JH BRI LNC, I Ak LPC, i
R n, FERECE; NK, SR H; NiP &L PK, BE#REL. F—FIR R/ NG 28R % 7 2 3 (p < 0.05).

C:N, carbon-nitrogen ratio; C:K, carbon-potassium ratio; C:P, carbon-phosphorus ratio; LCaC, leaf calcium content; LCC, leaf carbon content; LKC, leaf
potassium content; LMgC, leaf magnesium content; LNC, leaf nitrogen content; LPC, leaf phosphorus content; n, number of samples; N:K, nitrogen-potassium
ratio; N:P, nitrogen-phosphorus ratio; P:K, phosphorus-potassium ratio. Different lowercase letters indicate significant differences (p < 0.05).
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N, 88, P &8, *, p<0.05 **, p<0.0L; *** p<0.001,

Fig. 4 Spearman correlation between nutrient elements content and stoichiometry in plant leaves in the Dashiwei Tiankeng
Complex in Guangxi. C, carbon content; Ca, calcium content; K, potassium content; Mg, magnesium content; N, nitrogen content; P,
phosphorus content. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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FEERZEMNIEMERXKR, RPMEECEZIHM,
I C:INL C:P. C:KAANBIG N, Bl C & &= 13 i,
N:P. N:K. N. K. Mg. P. Ca®&&Eib; N&
BHPKEREFEMKKLR, SHRFE S SEMITE
ERMEFZMXK R, PREEKEEMAEREE
XK R, HCN. CP. CKIEEAERENMHK R R,
BEN:PHF, K& &H H A TR & 28 E T =2 E
BEMKKR,; CarEmE5MgE &, C:N. C:P. NK.
N:PEE I, Mg&&E5CN. C:P. CK. N:PE¥
K BRCNEPKIE R ZE M KK R, Hofh &b
TR LRI A .
24 YR FSUETERZWER
241 XITEMM FEFETEFETRKIES T
mEReHR, MHZHET EZ ST TEsi T
ARG TN AEERGEAR. R, BAR), R
GURE (P HEY) RFHREY) RRE ) 3N
TFXFRGUEPI 7 7250 & & S s, 4551
TRy 3 FRHEY A F T BRI A B R,
B PRI s e 2 o T DR DDA EAR o AR BERT
N+ P. K& EECIN. C:PIR I G2, A i BB P,
C:P. NLKTESZ Mg, xfHAt e R & & it &
BVRARZERWN, RERKENCETE. NF&E. Ca
SE. Mg E. CN. CP. N:KEH BE@m: 4+
BS54 EMZ HAEH X Cag &, C:N. C:P. NiKK,
PRI %, S R5 K G M EAEHX Ca

6 EBL. AEM. RGUREXTT U KRAT BIRGURERIA T IR 2 RHIE R

. MR R
242 MBEETFEYMTHEFRSUFEITEN

HIRDAZ F(EI5) I A1, 25 —Fh A0S — 4h 1 i RE
Ry N39.41%H131.73%, Rt iEFE%71.14%. +
HECINFRFE R 28.8%, XTI i % 5 e % i
BRI R T, R ARE T 0.7%, XTI H 3R iR
RRAUET). THECN. N:P. PEE Sy %
ST EAEVIRE, MRS EZ MR LIE
ESRRioAR
3 g
31 MAEFTREAMIFIE

CIE R AEE B A TR, REAED)
WSS 77 5 RILCIIRE 1 5B R AR . TR
B R GUEE R F T CE B (429.119- kg R T
T 22 TR I X (448.23 g-kg™) (M54, 2020). %
g TR X (515.64 g-kg™) (B2 Kk 814, 2016)F1kE
PRI [X (456.19 g-kg™) (BE%%, 2015), IR(KT
Hh [ B 2E 141 s S A P B o 3 C Y 5 (436.3
g-kg™) CHBMEGESE, 2007), 2 BIME T HAbh[X, K
A HERTUBHEY N E CHCRBAL. N. PRHMAES
REFEMMBEIEICR, SHEMAKEZEE V)
5. WEFE X PP NE (2410 g-kg ™) e T4
[ i H 42(20.20 g-kg™) 5 4 Bk il #4841 (20.60
g-kg™) (Elser et al., 2000; Han et al., 2005). fE40H H

Table6 Effect of habitat, life forms and phylogeny on lesf nutrient characteristics of plants in the Dashiwei Tiankeng Complex, Guangxi

2R Ak AR RERE AR EIxRGRE IR RGRE BRI REKE
Stoichiometry ~ Habitat Lifeform Phylogeny Habitat x lifeform Habitat x phylogeny Lifeform x phylogeny Habitat x life form x phylogeny
c 0.464 4.466° 3551 2.754 2.169 2.834 1.493

N 15.703" 4.166° 6.282" 1.055 0.671 1.626 0.983

P 12.155” 0.294 1.066 1.391 0.080 0.362 0.721

K 12.776" 4375 0.273 2.359 1.260 0.762 0.463

Ca 0.005 10.085™ 9.395" 5.355" 0.572 3.231" 0.600

Mg 0.479 17.443" 6.517 2.760 1.221 4583 0.736

CN 5.357" 4.880° 10.842" 3219 0.546 2.917 0.418

cP 6.408" 2.396 3.882" 10.002” 0.472 1.736 0.613

CK 1411 5.779" 1.497 2478 0.439 0.678 0.073

N:P 0.308 5.095 2.174 1.056 0.522 0.082 0.047

N:K 0.130 1.216 3.737 4.256" 2.061 1.037 0.027

P:K 0.205 6.414" 1.681 4517 0.644 1.138 0.031

C, B it Ca, #H8iL K, #1908, Mg, 8688 N, ASE,; P #5558, *, p<0.05 **,p<0.01.
C, carbon content; Ca, calcium content; K, potassium content; Mg, magnesium content; N, nitrogen content; P, phosphorus content. *, p < 0.05; **, p < 0.01.
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Fig. 5 Redundancy analysis (RDA) of plant leaf nutrients and
environmental factorsin Dashiwel Tiankeng Complex, Guangxi.
AL, dtitude; C, leaf carbon content; Ca, leaf calcium content; K,
leaf potassium content; Mg, leaf magnesium content; N, leaf
nitrogen content; P, leaf phosphorus content; pH, soil pH; SC,
soil carbon content; SC:N, soil carbon-nitrogen ratio; SC:P, soil
carbon-phosphorus ratio; SL, slope; SN, soil nitrogen content;
SN:P, soil nitrogen-phosphorus ratio; SP, soil phosphorus
content; SWC, soil water content. Serial numbers 1-5 are the
sample plots inside the Tiankeng, and 6-14 are the sample plots
outside the Tiankeng.

N2 HHEN A B (IR0, 2010), Kbuk
RPN B, AR % X N B
(12.55 g-kg ™) K. P FIME 157 gkg ™, $i

RT TR BRI SEE T TR B R

15 22 SRR DRI A P P BT (149 gkg )
(RME%E, 2020), {HEAR T EREHH FPEE T
18(1.77 g-kg™) (Reich & Oleksyn, 2004), HiF 7 1k
2 EE b X A K 5 52 PRI B il (Aerts & Chapin 111,
1999), KYE&Fpb gt fEh B EEAE A, KHEE
Yk &ERONFEE BT . 7R XK
HEON1812 gkg?, m T EMEE XK A&
(1054 g-kg™) (FEIYLEE, 2010) LK 5018 28 1l E 4R
R K AT {5 (11,08 g-kg ™) (465
&, 2019). X SN IX A2 55, L2k, IR
KRG FROYREZE, Y i IR &
ST Z K LA 5 B B HEPUME RIS B R 1 RS R
ABTA R (A YLE, 2011). MY FrCafy & FIE N
19.01 g-kg™, # T4 [HCaf & -F1{H(8.81 g-kg™)
(Han et al., 2005). W& M [X R Fr Cardy & 5 ik
w T A, XS R £ N RS R A
PSR K (B KA 4, 1995). HEYIH FMg®
BT N5.29 gkg™, BT 24 W TR AR MR L
BRI MO T (478 gkgY) (B R
2, 2014). WERL I ACEEL R AN
12.89%, 25 SRR /N, RPN A CH R AT
Fase, FHAYIE CRE /12 A Bk 55 . T RITAR
PR AN SRR, RGN PEEIEA IR FH 2%
RAMH, R TRTENERERERA. mYH A
Mg# B2 7 AR, 52 m e /K TR H
(WLt %%, 2020)WF Fo s S —2%, wl fe i R AN [
PIXIMHIR O [ S 80, H 5 KEITCRME, M
LR MY A R8Ok (White et dl., 2018).

Table7 Explanatory rate of environmental factors on plant leaf nutrientsin Dashiwei Tiankeng Complex, Guangxi

IR Environmental factor TRk Contribution rate (%) F p

+3C:N Soil C:N 288 5.0 0.004
+3N:P Sail N:P 245 32 0.036
+ 3P4 & Soil P content 19.3 5.0 0.002
+HECH & Soil C content 10.0 19 0.164
+3C:P Soil C:P 6.0 17 0.198
i fE Slope 45 13 0.278
+IENF & Soil N content 38 11 0.348
+Hef/k & Soil water content 15 0.4 0.678
“-pH Soil pH 1.0 0.2 0.848
4k Altitude 07 0.1 0.918

C, B N, & P, .
C, carbon; N, nitrogen; P, phosphorus.
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Y FEICINS C:PAE M A K AR B 45
Fr, 5N, P37 F H 2% H K (Niklas & Cobb,
2005) . A FL 1, HEA FCiN (22.47).C:P (311.62)
TR Brby AR e X AT 5 25 SR B D
fELEAR R FIHBSRRFAE T, /NEBE R Z AR SR AT
N. P FIFH R 22 & FHCNL CPIEERK
(78 F(FE-BAREE, 2007). HYIN:PA] LLFERER K
TR E > PR, UNP > 168 PR, 2414 <
N:P<16Hf, 5ZN. PEI PR, 4 N:P< 148 5ZNFR
#ll(Koersdman & Meuleman, 1996). KITHaIH
N:P¥J{E 916.65, & B KA R TR A K Bk
PR TTAN:PEIME ~17.83, bidhN14.64, £
RYTBET N K SZPIR B, JUAMEYIZN., P
PRI 4 Venterink 2% (2003) 42 Hi I N:K FIK : P
BEEE: MNK > 2.1 KPR, N:K < 2.1 AN
PRI, K:P> 3.4 APRI, 2K:P< 3.4 KRR .
KA FE RSB FN:KF M8 91.50, K:PF
{B°510.10, FERITHEM FIAE KA ZKIRG], X5
/INEA VR BURERIF 70 (80 SCE%, 2020) A A, B 7C XA
ARN:K P18 N1.66. 1.24, K: P18 49.90. 10.64,
KHRIUIIN 5N Z K R $I1E L5 Rk
FRIE—5.

A CEESN, PREZIE—REFAMHLRR,
KRV T B SRR . ASHE TE R B
FCEHEREEK. Ca. MgE&EMAHG, HEMEE ke A
Ll 50%hH WA A iR R BB A CH & 5K
Caf & & & (A S (AR %%, 2020), X 7] g2 1E
VI B IR 0 3R 0E N R I — N R I WA
XM AN, Py K& SR IEAD, X 5% rhw i
RN X I AL 45 R (2 R 8114, 2016)— 3K, K UEY
FXINL Py KIWRISCERA —E I EL il 5 MR &, 3
PR R Mt Z #H DA KK B iR —
SO, K Ca BEAIMg S B B3 IEA O, B
B 2 (B B U FE A, W R4 R 40 A
Bl imkEs 2 CHEENEM
(Neugebauer et a., 2018). M FCai & 5C:N. CP
BE AL, ATREDR A Ca Al 4 51 B2 145 5 1 5 A
T, MHEPC. NEILEREA — & (3445,
2021) . KA FEIR ST v C:IN5 C:PRI 2. 25 1EAH
K, CNEN:PIEE AR, C:PSNPEEIEMX,

2 5055 (2016) & 142 411 % (2020) I F 7 485 SR — 2,

BE—BUESE 7Y AN B 5 PSR G A

STV RGBT IR RHIE S HE M 883

bk, HPAINFILCHIRE  5PEA — 8.
3.2 1R EREFIE

BTSSR S5 8 AR 4 1 7 T 1) 22
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