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Plant functional group characteristics in different successional stages of
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Abstract: To clarify the characteristics of plant functional groups and the influencing factors at differ-
ent successional stages of plateau zokor mounds in alpine meadows, a survey of plant reproductive
modes, life forms, and root types in mounds of different ages and adjacent non-mounded grassland was
conducted. The redundancy analysis was employed to explore the relationship among the species rich-
ness, abundance, and biomass characteristics of plant functional groups (reproductive functional groups,
life form functional groups, and root functional groups) and soil environmental factors. The results indi-

cated that the plants in non-mounded grassland were predominantly reproducing via seeds with some
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employing vegetative reproduction, with relative abundance percentage of 58.4% and relative aboveg-
round biomass percentage of 64.8%. In contrast, plants on zokor mounds primarily relied on seed repro-
duction functional groups, with the highest proportions on three-year-old mounds, where their relative
abundance and aboveground biomass percentages were 76.4% and 75.5%, respectively. Life forms in
non-mounded grassland were mainly ground bud and underground bud functional groups, with relative
abundance percentages of 52.4% and 39.8% and relative aboveground biomass percentages of 47.3%
and 48.5%, respectively. Whereas plants on zokor mounds, the ground bud functional group decreased
while the aboveground bud functional group increased. On two-year-old mounds, underground bud
plants were dominant, with relative abundance and relative aboveground biomass percentages of 68.0%
and 73.6%, respectively. Plant roots in non-mounded grassland were mainly rhizome and fibrous root
type functional groups, with relative abundance percentages reaching 57.7% and 28.0%, and relative
aboveground biomass percentages of 56.9% and 25.7%, respectively. On one-year and two-year-old zo-
kor mounds, the dominant plants were primarily axial root and rhizome functional groups. For three-year-
old mounds, the plants consist mainly of tuberous, axial root, fibrous root, and rhizome functional
groups, while plants on mounds older than three years were primarily dominated by tuberous, fibrous
root, and rhizome functional groups. Redundancy analysis results indicated that plateau zokor distur-
bance primarily influenced the characteristics of plant functional groups in mounds by altering soil
moisture and nitrogen and phosphorus nutrient availability.

Key words: plateau zokor; plant functional group; succession; reproductive mode; life form; root type
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Table 1 Species composition of plant communities on plateau zokor mounds of different years and non-mounded grassland

- R i g R ooy i Important value

Family Genus Species Reproduction folr; Root type g1 32 33 S4 CK
PWHR L YA P+ JCPEBAE HumiZE  ARZEAD / / / /0.447
Cyperaceae Kobresia Kobresia humilis SV HC RZ
WHR R g P2 HumzE MRz /0 0.006 / /
Cyperaceae Kobresia Kobresia capillifolia SP HC RZ
WEE EHR RO Fh P+ JoE 2o T 2F ARZEAD /- 0.133 0.017 0.242 0.057
Cyperaceae Carex Carex atrata SV GP RZ
RAR} BT i SR FhF 20 MU AURA / /- 0.005 0.004 0.006
Poaceae Cleistogenes Cleistogenes squarrosa SP GP FB
RAR} P TP B BhFE5H HbEzE AURAY 0.029 0.111 0.147 0.222 0.067
Poaceae Elymus Elymus nutans SP HC FB
RAF) [N offi P+ ESE R ZF  ARZEA 0.166 0.066 0.036 0.118 0.437
Poaceae Leymus Leymus secalinus SV GP RZ
RAFE) EE R VAT P20 Hif = ZikRAY 0.006 0.035 0.017 0.019 0.285
Poaceae Koeleria Koeleria macrantha SP HC FB
FAR AR Vo R RPN R MM/ /0031 0.074 0.089
Poaceae Poa Poa crymophila SV GP RZ
FAR PR SRR FTun  WFH AMUE / /0027 0.095 0.146
Poaceae Stipa Stipa purpurea SP GP FB
R R WAL FTEA R B 0.010 0002 0.012 0021 0.028
Fabaceae Oxytropis Oxytropis ochrocephala SP GP AR
SR B IR T BTSN MR B 0308 /0009 /0030
Fabaceae Medicago Medicago ruthenica SP GP AR
R B i TR MR Wm0 0075 /[
Fabaceae Astragalus Astragalus membranaceus SP GP AR
B} AT AL RS M EE FARZA 0.026 0.009 0.113 0.009  /
Asteraceae Taraxacum Taraxacum mongolicum SP HC AR
4R} A4 A FTEE MESF MR 0005 /0002 /0021
Asteraceae Saussurea Saussurea hieracioides SP HC AR
AT KA KRG PS5 M AURE 0.004 0.029  / / /
Asteraceae Leontopodium Leontopodium SP HC FB

leontopodioides

T IR Wi FTES WEF Mm /0001 0.063
Asteraceae Artemisia Artemisia frigida SP AB AR
4R R W FOTEA 4 BRSO /0 0012/ 0006
Asteraceae Artemisia Artemisia annua SP AP AR
4R} I i MTURE WFF Mggw /0060 /[ )
Asteraceae Artemisia Artemisia argyi SP GP RT
4 BER T BTG W M=m /[ 0004/
Asteraceae Ligularia Ligularia sagitta SP GP RZ
3% IR HLAEH BTSN MR Mmoo /0018 /[
Asteraceae Anaphalis Anaphalis lactea SP GP RZ
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B R i gort R oy i Important value

Family Genus Species Reproduction folr:; Root type g S2 33 S4 CK
SR R R MY WG MR 0039 /0023 0017 /
Apiaceae Sphallerocarpus — Sphallerocarpus gracilis SP GP AR
EER JERA R SR P2 HUNZE AR 0014/ 0071 0.020  /
Ranunculaceae  Thalictrum Thalictrum aquilegifolium SP GP FB
SEREE E )R EYELE PP AR AURAL /0.017 0.001 / /
Ranunculaceae  Trollius Trollius chinensis SP AP FB
THR THE TH MTUR WF% ZikM 0006/ /0006 0.001
Ranunculaceae  Ranunculus Ranunculus japonicus SP GP FB
AL JeE JIALERE yrgsE A WA/ / / / 0.005
Gentianaceae Gentiana Lomatogonium SP AP AR

carinthiacum

JeAnE} Je e ZI Frr%sE  HumzE AR/ / / /- 0.007
Gentianaceae Gentiana Gentiana macrophylla SP HC AR
Je oAk L DO S P2 AR HhARAL /- 0.072 0.077 /  0.001
Gentianaceae Swertia Swertia tetraptera SP AP AR
Rl S TRFBE SR Fh— 25 HiRZE  AREER  0.005 0.003 0.076 0.074 0.078
Rosaceae Potentilla Potentilla bifurca SP GP RT
R R KR SRS P25 HOFA WA /0 0516/ 0.005 0.001
Rosaceae Potentilla Potentilla discolor SP GP AR
R LR KR HEE FhF+JCvE2os b B2 HefAY 0335 /0544 0386/
Rosaceae Potentilla Potentilla anserina SV GP TR
R e LRT FTER W MR/ 0059/ 0.001 0.013
Rosaceae Potentilla Potentilla multifida SP GP AR
HF} g B R RS % AZM 0137 0.143 0001 0010 /
Polygonaceae Polygonum Polygonum viviparum Y% GP RZ
B} I PR 8 TR T MM/ /0135 0065
Polygonaceae Polygonum Polygonum sibiricum SV GP RZ
HAR AR, AIIE LS FIT+EPESAE MR B525% /0 0.044 0001/ 0.005
Liliaceae Allium Allium sikkimense SV GP BL
ARIE A [al3] 725 W RZE MRZEA 0.011 0.029 0.082 0.020 0.025
Equisetaceae Equisetum Equisetum arvense PS GP RZ
JRIER IR BIET P25 HWRZE AT / /- 0.002 0.002 /
Lamiaceae Elsholtzia Elsholtzia densa SP GP FB
%5H LSS Pyt THEUHE MR M2 0027/ 0.064 0041/
Scrophulariaceae Lancea Lancea tibetica VP GP RZ
Z5F TR T FTUA WUF4 AURE /0002 0.001 0.009 0.010
Scrophulariaceae Grex Grex Pedicularis SP GP FB
L5 LR e BT AR AU/ 0013 0002 /
Scrophulariaceae Veronica Veronica didyma SP AP FB
% IR RERE R e MR /0 0228/ /0017
Chenopodiaceaec  Chenopodium Chenopodium glaucum SP AP AR
YRt IR PR TS W MR /0034 0001/
Violaceae Viola Viola kunawarensis Sp GP AR
SR HALER AL FMT+PESA W% HuRm /0005 /
Boraginaceae Microula Microula sikkimensis SV GP TR
R faliF R PRATT FFER 4k GIRE /0046 0004
Papaveraceae Hypecoum Hypecoum leptocarpum SP AP AR
LR LR Lk e EE MM/ /[ /0002
Polygalaceae Polygala Polygala tenuifolia SP HC AR
R R Lh i PSS T AURE /0 0423/ / /
Iridaceae Iris Iris lactea SV GP FB

/2 B S1~S4: 43l 1.2 34EAEM34ELL F R CK: JofRFE# b, /: No data. S1-S4: Formed mounds with one, two,
three and more than three years, respectively; CK: grassland without plateau zokor mounds. SV: Seed reproduction combined with
vegetative repropagation; SP: seed reproduction; PS: spore reproduction; VP: vegetative repropagation. HC: Ground bud plant; GP:
underground bud plant; AB: aboveground bud plant; AP: annual plant. RZ: Rhizome plant; FB: fibrous root plant; AR: axial root
plant; RT: root tiller type plant; BL: bulbous plant; TR: tuberous root plant.
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Fig. 1 Comparison of plant reproductive functional groups on plateau zokor mounds of different years and non-mounded grassland
s R P B brifi it . Rk FRIR/ING P8l 28 Kruskal-Wallis HAS 56 7246 56 A [F] 47 B B 22 7] 26 57 b 35 (P<
0.05) . Data in the figure are mean+SE. Different letters above the same color lines indicate significant difference among different
years of mounds by Kruskal-Wallis H test (P<0.05).
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B2 BEMRARREFRR LML R CEhiEY EER s BTt
Fig. 2 Comparison of plant life form functional groups on plateau zokor mounds of different years and non-mounded grassland
B g R T b it . [l aZk R [R)/ING “EhE 3R 28 Kruskal-Wallis HAG 56 7246 56 A [R) 47 BR B 22 8] 24 5 3 (P<

0.05) . Data in the figure are mean+SE. Different letters above the same color lines indicate significant difference among different

years of mounds by Kruskal-Wallis H test (P<0.05).
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Fig. 3 Comparison of plant root type functional groups on plateau zokor mounds of different years and non-mounded grassland

Pl P B . [l RTINS FEER IR 28 Kruskal-Wallis HAS S0 7650 N [RI 45 BR L 22 [0 22 5 4 35 (P<
0.05) . Data in the figure are mean+SE. Different letters above the same color lines indicate significant difference among different
years of mounds by Kruskal-Wallis H test (P<0.05).

*2 BEMBAEERR LR L&t & I IEiRN L

Table 2 Compassion of soil index on plateau zokor mounds of different years and non-mounded grassland

+ 55 Soil index S1 S2 S3 S4 CK
1389 ¥ Soil temperature/°C 32.1241.20a 32.72+1.82a  28.05+3.72b  29.46+3.63ab  31.93+1.67a
+4E/KJ3& & Soil water content/% 31994238 a 31.77+0.65 a 30.77+2.89a  28.77+3.53 a 25.09+2.20 b
+3E Z 52 Soil compactness/kPa 338.38+91.18 ¢ 389.76£95.79 ¢ 496.00+73.00 ¢ 740.69+86.84 b 1894.13+265.91 a
T EEA P& & Soil organic matter content/(g/kg) 7391+6.56a  64.67+5.99 b 59.31+6.74 b 62.55+4.36 b 73.91+£6.56 a
+ 4% 4% & Soil total nitrogen content/(g/kg) 5.80£0.54ab  6.71+0.18 a 5.60+0.83b  5.72+1.01b 6.23+0.45 ab

1364 Wi &+ Soil total phosphorus content/(g/kg)  0.63+0.02b  0.73£0.10ab  0.78+0.12a  0.69+0.04 ab 0.64+0.06 b
+ 4584805+ Soil total potassium content/(g/kg) 8.730.40b  9.31+0.40a 8.88+0.34ab  8.80+0.32 ab 9.00+0.50 ab

HHERRIH S Soil pH 7.43£027a  7.43£028a  7.39+021a  7.56+0.31a 7.66+0.25 a
TR A S 2.38+0.85 a 2.13+0.30 a 2.04+0.34 a 2.1240.29 a 2.42+0.72 a
Soil available nitrogen content/(mg/kg)

R STy 14.45£2.47 ab 17.96+1.67 a 15.3444.00 ab  12.13£1.64 b 13.60+3.20 b
Soil available phosphorus content/(mg/kg)

A IR TS 4 Soil urease activity/(mg-g™'-d™") 0.62+0.15b 0.51+0.06 be 0.45+0.05 ¢ 0.38+0.03 ¢ 0.78+0.13 a
SRR A T 11 2.18+0.38ab  2.29+034a  120+0.14c  1.85+0.39b 0.99+0.11 ¢
Soil alkaline phosphatase activity/(mg-g™'-d™")

e A 43740472 3740702  3.91£053a  3.83£0.34a 3.76£0.26 a

Soil catalase activity/(mg-g™'-d™")

S1~S4: 7352 1.2 34EE M 34E LA U s CK: TR A . R P o P Bebiife 22 o [RAT AR NS T RFR0R 4
LSD 7: #6556 2 5 . % (P<0.05) . S1-S4: Formed mounds with one, two, three and more than three years, respectively; CK: grass-
land without plateau zokor mounds. Data in the table are mean+SD. Different letters in the same row indicate significant difference
by LSD test (P<0.05).
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B4 SEMRARERRCEMEEAR(A) EFRB)MRRLE(C)IERSHNERFHXER
Fig. 4 The relationship among plant reproductive mode (A), life form (B) and root type (C) of plateau zokor mounds
with different years and environmental factors
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Table 3 Individual effects of soil environmental factors on three functional groups of plateau zokor mounds’ plant communities

ALY Individual effect/%

BT o — —
Environment factor RN RERE A R TTRE R AR
Reproductive mode Life form Root type
+ 3 Soil temperature 8.10 4.86 7.91°
A 198K 5% & Soil water content 3.56 2.87 6.68
+ 3% 4% £ i Soil total nitrogen content -0.54 791" 921"
134 % & Soil total phosphorus content -1.05 4.87 -0.93
43 44 5 1 Soil total potassium content -2.85 1.84 -2.84
R AE Soil pH 10.63 7.57 7.42
+ 3R & 1R Soil available nitrogen content -1.96 -3.01 -2.59
A BB 5 & Soil available phosphorus content -3.42 -2.79 0.01
LA HLUE & 5 Soil organic matter content 0.90 -1.57 -1.02
I NRAEHEPE Soil urease activity -2.38 -2.51 0.65
+ SRR LR R T P Soil alkaline phosphatase activity -2.80 5.68 -0.72
495 EUAL A P Soil catalase activity 0.92 3.35 3.20

* XN SRR D B A I K IR i AR R F 152 0 {2 3% (P<0.05) . * indicates the impact of this environmental factor is

significant by Monte Carlo permutation test (P<0.05).
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