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Abstract Human activity has a greater influence on
plants than on any of the other components of the
environment. We used material from cultivated and
wild Coptis teeta populations in the Hengduan
Mountains to test the null hypothesis that there is no
effect of human activity on the biomass allocation of
an herbaceous understory species in a forest ecosys-
tem. At the plot level, an isometric relationship existed
in most of the significant relationships. However, at
the individual level, an allometric relationship existed
in most of the log—log relationships. Human activity
could significantly affect the slope of the linear
relationship of leaf versus total biomass; and also the
intercepts of the relationships of root biomass versus
total biomass, plant height versus total biomass and
reproductive versus vegetative biomass. At any given
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plant body size, wild C. teeta has higher biomass in the
leaf and less in root than cultivated counterpart. But
the trajectories of log rhizome biomass versus log total
biomass were the same for both cultivated and wild
individuals. Thus, we conclude that (1) the allometric
trajectories change at different scales and (2) C. teeta-
based agroforestry system could ensure sustainable
use of this medicinal plant because of the stable
biomass allocation to the salable rhizome organs.

Keywords Allometry - Medicinal plant -
Non-timber forest products - Understory species

Introduction

It is commonly believed that human activity has a
greater influence on plants than on any of the other
components of the environment (Corlett 2014; Goudie
2013), and can negatively affect the vegetative cover
which causes changes to the natural habitat in forest
ecosystems (Wang et al. 2011). Studies have focused
on the impact of human activity on herbaceous
understory species (Bernatchez et al. 2013; Naud
et al. 2010).

The herbaceous understory plants could change
their biomass allocation in response to environment
(Weiner 2004; Newton et al. 2011). If the allocation
pattern of underdeveloped plants is not consistent with
optimal foraging behaviour, plants will have to adjust
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their development in response to environmental stress
conditions (Semchenko and Zobel 2005; Ge and Xing
2012). The environmental factors govern plant bio-
mass allocation to roots and leaves (Xie et al. 2012).
For instance, fraction of total plant biomass allocated
to leaves would increase if the plants are grown at
lower light availability (King 1991; Meekins and
McCarthy 2000; Pooter et al. 2012; Craine and
Dybzinski 2013).

Allometry is the study of size and its biological
consequences, which has fascinated biologists for
centuries (Niklas 2004). Plant allometry related to
plant architecture and biomass allocation strongly
affects a plant’s ability to grow in forest understory
(Cao and Ohkubo 1998). Allometry of understory
species in environments with different light conditions
has been known for many years (Menges 1987; Geng
et al. 2007). As understory species is one of the most
important livelihood resources to support agriculture
in mountainous regions (Chamberlain et al. 2013), the
research on allometry of herbaceous understory plants
could provide useful information for cultivation and
management of these species (Zhang et al. 2013). In
maple forests in Canada, light condition that favors the
growth of medicinal plants also favors their total yield
in active components (Naud et al. 2010).

Here, we collected cultivated and wild populations
of Coptis teeta to test the null hypothesis that there is
no effect of human activity on the biomass allocation
of an understory species in a forest ecosystem.

Methods
Species selection

Coptis teeta Wall. (Ranunculaceae) is an endemic
perennial herb naturally distributed in southwest
China (mainly in northwest Yunnan province) and
northeast India (Pandit and Babu 2000). The cultiva-
tion history of C. teeta in agroforestry system in
northwest Yunnan has been more than 130 years
(Huang et al. 2005). The rhizome of C. teeta, known as
“goldthread”, has been used as an anti-inflammatory
and antibacterial medicine for a long time (Chueh and
Lin 2012). It also provides a stable economic return, as
a non-timber forest product to local forest communi-
ties (Huang et al. 2005). Sexual reproduction does not
contribute significantly towards population increase in
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this species (Pandit and Babu 2003). Coptis teeta was
found to have highly specific microsite requirements.
So in situ conservation measure, C. teeta-based
agroforestry system, would be the best strategy for
the continuing survival of this species (Pandit and
Babu 1998). Therefore, it is an ideal plant for studying
the biomass allocation response to human activity.

Study area and site selection

The study area was situated in the Hengduan Moun-
tains, Southwest China. The vegetation is classified as
subtropical wet forest. The average annual tempera-
ture is 7.5-12 °C, average annual precipitation is
1,600-2,300 mm, and altitude ranges are 1,900—
3,100 m (Zhang et al. 2008). There are two seasons,
rainy (May—November) and dry (December—April).
We selected four sites for wild C. teeta population
from natural habitat in which the cover of understory
species (except C. teeta) is about 70 %, and four sites
for cultivated one from the C. teeta-based agroforestry
system (Supplementary Table S1). In the agroforestry
system, local farmers tend the young C. teeta by
weeding without using any pesticide and chemical
fertilizer, so the cover of other understory species is
below 30 %.

Plant sampling

In April 2007, we randomly selected six plots
(I m x 1 m) within each site and then 11-12 indi-
viduals within each plot (up to 70 individuals for one
site). Individual plants were divided into rhizome,
root, leaves and fruit. Samples were dried to constant
mass and weighted for individual-level biomass
determination. The remaining individuals in each plot
were also collected and combined to one composite.
The plant materials within each plot were also
separated into rhizome, root, leaf and fruit. Samples
were dried to constant mass and weighted. The
numbers of individuals in each plot were counted
and expressed as density. The height of each individ-
ual was also measured.

Data analysis
The 70 selected individual data plus the remaining ones

in each plot were the data for each population. Data of
individuals or populations were log-transformed to
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homogenize variances. We used regression models of
the form

logy =alogx + logp

to determine the parameters o and B for the allometric
relationships defined as log y and log x, where logf is
the intercept and o is the slope (Warton et al. 2000).
The plants in each plot didn’t develop at the same time,
but the results may still be interpretable. Because zero
values were not included for the allometric analyses,
phenology had little impact in this case (Weiner et al.
2009a).

We estimated the slopes and intercepts of the log—
log relationships by Standardized Major Axis (SMA)
regression, using the R software package ‘smatr’
version 3.3 (Warton et al. 2012). For all regression
lines, the 95 % confidence intervals for the slopes and
intercepts were calculated.

To test the effect of plant form and elevation on the
slope and intercept, we used a two way ANCOVA
which was modified from Guo et al. (2012), and in
which plant form was treated as fixed factors and
elevation as a covariate. The analysis of ANCOVA
was conducted using SPSS 17.0 software (SPSS,
Chicago, IL, USA).

To compare the lines between cultivated and wild
forms, we performed the data anlysis using smatr.
First, a test of heterogeneity in slopes among different
plots (or between different forms) was run, using
likelihood ratio statistic (Warton et al. 2006, 2012; Li
et al. 2013). If P > critical value, we assume the
slopes are not different. Then, we tested for differ-
ences in intercept or shift along main axis with Wald
statistics (Warton et al. 2006). All graphics were
carried out using the program R 3.0.0 (R Development
Core Team 2013).

Results
Plot level

The log-log (base 10) relationships yield the linear
regressions. An isometric relationship exists in most of
the significant relationships (Supplementary Table S2,
Fig. 1). However, the relationships between repro-
ductive and vegetative biomass in most of sites (plot
2-8) did not fit the allometric model (P > 0.05,
Supplementary Table S2). The relationships between

density and total biomass in plot 1, 6 and 7 did not fit
the allometric model (P > 0.05). The relationships
between root and total biomass in plot 2 did not fit the
allometric model (P > 0.05). Among all sites, the
allometric slope and intercept showed different trends
between cultivated and wild populations of C. teeta
(Fig. 2). However, the effects of plant form, elevation,
and a form x elevation interaction on the slope and
intercept were not significant (Supplementary Table
S3).

Individual level

With regard to the size dependence of individual
growth, the log-log relationships yield the linear
regressions, with the slopes differed from 1
(P < 0.001), except log leaf biomass versus log total
biomass of wild C. teeta individuals (P = 0.185)
(Supplementary Table S4, Fig. 3). The slope of the
linear relationship between leaf biomass and total
biomass at individual level differed significantly
(P = 0.008) between wild and cultivated C. teeta
(Supplementary Table S5, Fig. 3c).

The log rhizome biomass-log total biomass trajec-
tories were the same for both cultivated and wild C.
teeta individuals (Supplementary Table S5, Fig. 3a),
which C. teeta-based agroforestry system could ensure
sustainable use of this medicinal plant because of the
stable biomass allocation to the salable rhizome
organs. Human activity did not significantly affect
the slopes of the allometric relationships of root
biomass versus total biomass, plant height versus total
biomass and reproductive biomass versus vegetative
biomass. However, there were strong effects on the
intercepts (Supplementary Table S5, Fig. 3b, d, e). At
any given plant body size, wild C. feeta has higher
biomass in the leaf and less in root than cultivated
counterpart.

Discussion

In plant allometry theory, the roles of individual- and
population-level processes have long been a topic of
interest (Allen et al. 2008). The behavior of plant
populations may be better understood if studied at the
level of the individual (De Luis et al. 1998), while
individual plant performance largely depends on the
diversity of the surrounding community (Schmidtke
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et al. 2010). As not all plant individuals in a certain
population could reach the final development stage,
developmental trajectories are not fixed in plant
populations (Bonser and Aarssen 2009). In this study,
the allometric trajectories changed at different scales.
At plot level, the isometric relationship existed in most
of the significant relationships. However, at individual
level, the allometric relationship did exist. Herbaceous
plants usually show a simple linear relationship
(Weiner et al. 2009a). But the allometric correlation
may not be significant if number of samples is
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relatively small (Yan et al. 2012). This might be
another reason to explain why some relationships at
plot level did not fit the allometric model.

Allometry is a by-product of competitive interac-
tions (Weiner and Thomas 1992). Asymmetric com-
petition for light is the cause of the allometric changes
and of the increase in size variability due to compe-
tition (Weiner and Fishman 1994). Competition for
light is important for the growth of relatively small
plants (Easdale et al. 2012). The light environment
experienced by plants in forest is strongly dependent
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Fig. 2 Estimates of slope and intercept of the relationships
between (/—4) rhizome and total biomass, (5-8) root and total
biomass, (9-12) leaf and total biomass, (/3—16) density and total

upon interactions with their neighbors (Schmitt 1993).
Competition for light will influence the variation
around mean plant performance and may determine
which species dominate (Kier et al. 2013). In both
European beech and Norway spruce seedlings, growth
and biomass allocation to above and belowground

biomass, and (/7-20) reproductive and vegetative biomass in
different plant forms of Coptis teeta along elevation gradients

plant components were affected by light availability
(Schall et al. 2012). In this study, considering culti-
vated C. teeta is tended by weeding, wild C. teeta
meets more interspecific competition for light, which
pushes the plant to modify its biomass allocation to
leaf.
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The relationship between reproductive and vegeta-
tive biomass is a fundamental aspect of a plant’s
reproductive strategy (Guo et al. 2012). Relative
biomass allocation to reproductive structures gener-
ally decreases compared with vegetative allocation
due to increasing plant competition (Dujardin et al.
2011). Changing environmental conditions will affect
sexual reproduction of some understory plants with
clonal growth (Grainger and Turkington 2013). In the
study of Senecio vulgaris, the environment (i.e.,
competition) affected the intercept, not the slope of
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the allometric relationship between reproductive bio-
mass and total plant biomass (Weiner et al. 2009b). In
our study, human activity significantly affected the
intercept of the allometric relationship between
reproductive and vegetative allocation in C. feeta.

Acknowledgments We thank Ms. Michelle Zu for her help in
polishing English of the manuscript. This work was sponsored by
the National Natural Science Foundation of China (81260608), the
Yunnan Provincial Natural Science Foundation (2013FZ150) and
the Yunnan Academy of Agricultural Sciences Foundation
(YAAS2014YY030).



Agroforest Syst (2015) 89:469-476

475

References

Allen AP, Pockman WT, Restrepo C, Milne BT (2008)
Allometry, growth and population regulation of the desert
shrub Larrea tridentate. Funct Ecol 22:197-204

Bernatchez A, Bussieres J, Lapointe L (2013) Testing fertilizer,
gypsum, planting season and varieties of wild leek (Allium
tricoccum) in forest farming system. Agrofor Syst 87:
977-991

Bonser SP, Aarssen LW (2009) Interpreting reproductive
allometry: individual strategies of allocation explain size-
dependent reproduction in plant populations. Perspect
Plant Ecol Evol Syst 11:31-40

Cao KF, Ohkubo T (1998) Allometry, root/shoot ratio and root
architecture in understory saplings of deciduous dicotyle-
donous trees in central Japan. Ecol Res 13:217-227

Chamberlain JL, Ness G, Small CJ, Bonner SJ, Hiebert EB (2013)
Modeling below-ground biomass to improve sustainable
management of Actaea racemosa, a globally important
medicinal forest product. For Ecol Manag 293:1-8

Chueh WH, Lin JY (2012) Berberine, an isoquinoline alkaloid,
inhibits streptozotocin-induced apoptosis in mouse pan-
creatic islets through down-regulating Bax/Bcl-2 gene
expression ratio. Food Chem 132:252-260

Corlett RT (2014) The anthropocene concept in ecology and
conservation. Trends Ecol Evol. doi:10.1016/j.tree.2014.
10.007

Craine JM, Dybzinski R (2013) Mechanisms of plant competi-
tion for nutrients, water and light. Funct Ecol 27:833-840

De Luis M, Raventds J, Cortina J, Moro MJ, Bellot J (1998)
Assessing components of a competition index to predict
growth in an even-aged Pinus nigra stand. New Forest
15:223-242

Dujardin G, Bureau F, Decaéns T, Langlois E (2011) Morpho-
logical and reproductive responses of dominant plant spe-
cies to local conditions in herbaceous successional stages
of a calcareous hillside. Flora 206:1030-1039

Easdale TA, Allen RB, Peltzer DA, Hurst JM (2012) Size-
dependent growth responses to competition and environ-
ment in Nothofagus menziesii. For Ecol Manag 270:223-231

Ge J, Xing F (2012) A review of adaptive strategies of clonal
plants to interspecific competition. Chin J Plant Ecol
36:587-596

Geng YP, Pan XY, Xu CY, Zhang WIJ, Li B, Chen JK (2007)
Plasticity and ontogenetic drift of biomass allocation in
response to above- and below-ground resource availabili-
ties in perennial herbs: a case study of Alternanthera
philoxeroides. Ecol Res 22:255-260

Goudie AS (2013) The human impact on the natural environ-
ment: past, present, and future. Wiley, Oxford

Grainger T, Turkington R (2013) Long-term nutrient enrich-
ment differentially affects investment in sexual reproduc-
tion in four boreal forest understory species. Plant Ecol
214:1017-1026

Guo H, Weiner J, Mazer SJ, Zhao Z, Du G, Li B (2012)
Reproductive allometry in Pedicularis species changes
with elevation. J Ecol 100:452—458

Huang J, Pei SJ, Wang YZ (2005) Natural resources and con-
servation of Coptis teeta. Chin Trad Herb Drug 36:112-115

Kizr LP, Weisbach AN, Weiner J (2013) Root and shoot
competition: a meta-analysis. J Ecol 101:1298-1312
King DA (1991) Correlations between biomass allocation, rel-
ative growth rate and light environment in tropical forest
saplings. Funct Ecol 5:485-492

LiL, Weiner J, Zhou D, Huang Y, Sheng L (2013) Initial density
affects biomass—density and allometric relationships in
self-thinning populations of Fagopyrum esculentum. J Ecol
101:475-483

Meekins JF, McCarthy BC (2000) Responses of the biennial
forest herb Alliaria petiolata to variation in population
density, nutrient addition and light availability. J Ecol
88:447-463

Menges ES (1987) Biomass allocation and geometry of the
clonal forest herb Laportea canadensis: adaptive responses
to the environment or allometric constraints? Am J Bot
74:551-563

Naud J, Olivier A, Bélanger A, Lapointe L (2010) Medicinal
understory herbaceous species cultivated under different
light and soil conditions in maple forests in southern
Québec, Canada. Agrofor Syst 79:303-326

Newton P, Watkinson AR, Peres CA (2011) Determinants of yield
in a non-timber forest product: Copaifera oleoresin in Ama-
zonian extractive reserves. For Ecol Manag 261:255-264

Niklas KJ (2004) Plant allometry: is there a grand unifying
theory? Biol Rev 79:871-889

Pandit MK, Babu CR (1998) Biology and conservation of Coptis
teeta wall—an endemic and endangered medicinal herb of
Eastern Himalaya. Environ Conserv 25:262-272

Pandit MK, Babu CR (2000) Synaptic mutation associated with
gametic sterility and population divergence in Coptis teeta
(Ranunculaceae). Bot J Linn Soc 133:525-533

Pandit MK, Babu CR (2003) The effects of loss of sex in clonal
populations of an endangered perennial Coptis teeta
(Ranunculaceae). Bot J Linn Soc 143:47-54

Poorter H, Niklas KJ, Reich PB, Oleksyn J, Poot P, Mommer L
(2012) Biomass allocation to leaves, stems and roots: meta-
analyses of interspecific variation and environmental con-
trol. New Phytol 193:30-50

R Development Core Team (2013) R: a language and environ-
ment for statistical computing v. 3.00. R Foundation for
Statistical Computing, Vienna, Austria

Schall P, Lodige C, Beck M, Ammer C (2012) Biomass allo-
cation to roots and shoots is more sensitive to shade and
drought in European beech than in Norway spruce seed-
lings. For Ecol Manag 266:246-253

Schmidtke A, Rottstock T, Gaedke U, Fischer M (2010) Plant
community diversity and composition affect individual
plant performance. Oecologia 164:665-677

Schmitt J, Wulff RD (1993) Light spectral quality, phytochrome
and plant competition. Tree 8:47-51

Semchenko M, Zobel K (2005) The effect of breeding on
allometry and phenotypic plasticity in four varieties of oat
(Avena sativa L.). Field Crop Res 93:151-168

Wang X, Feng Z, Ouyang Z (2011) The impact of human dis-
turbance on vegetative carbon storage in forest ecosystems
in China. For Ecol Manag 148:117-123

Warton DI, Wright 1J, Falster DS, Westoby M (2006) Bivariate
line-fitting methods for allometry. Biol Rev 81:259-291

@ Springer


http://dx.doi.org/10.1016/j.tree.2014.10.007
http://dx.doi.org/10.1016/j.tree.2014.10.007

476

Agroforest Syst (2015) 89:469-476

Warton DI, Duursma RA, Falster DS, Taskinen S (2012) smatr
3—an R package for estimation and inference about allo-
metric lines. Methods Ecol Evol 3:257-259

Weiner J, Thomas SC (1992) Competition and allometry in
three species of annual plants. Ecology 73:648-656

Weiner J, Fishman L (1994) Competition and allometry in
Kochia scoparia. Ann Bot 73:263-271

Weiner J (2004) Allocation, plasticity and allometry in plants.
Perspect Plant Ecol Evol Syst 6:207-215

Weiner J, Campbell LG, Pino J, Echarte L (2009a) The allom-
etry of reproduction within plant populations. J Ecol
97:1220-1233

Weiner J, Rosenmeier L, Massoni ES, Vera JN, Plaza HE, Se-
bastia MT (2009b) Is reproductive allocation in Senecio
vulgaris plastic? Botany 87:475-481

@ Springer

Xie J, Tang L, Wang Z, Xu G, Li Y (2012) Distinguishing the
biomass allocation variance resulting from ontogenetic
drift or acclimation to soil texture. PLoS One 7:e41502

Yan BG, He GX, Li JC, Ji ZH (2012) Scaling relationships and
stoichiometry of plant leaf biogenic elements from the arid-
hot valley of Jinsha River, China. Chin J Plant Ecol
36:1136-1144

Zhang J, Cai CT, Cai ZQ, Liu GZ, Luo Y, Yang ZX (2008)
Variation patterns of Coptis teeta biomass and its major
active compounds along an altitude gradient. Chin J Appl
Ecol 19:1455-1461

Zhang J, Guo LP, Huang LQ, Wang YZ (2013) Allometry: a
perspective for research on Dao-di herbs. Sci Sin Vitae
43:457-463



	The impact of human activity on the biomass allocation of a medicinal herbaceous species in an agroforestry system of Southwest China
	Abstract
	Introduction
	Methods
	Species selection
	Study area and site selection
	Plant sampling
	Data analysis

	Results
	Plot level
	Individual level

	Discussion
	Acknowledgments
	References




