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Variation in basal sprouting in co-occurring shrubs: 
implications for stand dynamics 
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74078-0500, USA; *Tel. +1 409 8450283; Fax +1 409 8456430 

Abstract. Sources of basal sprouting for five shrub species 
representing five plant families common to the Tamaulipan 
biotic province were quantified, following four intensities of 
top removal. Among undisturbed shrubs, Celtis pallida and 
Zanthoxylumfagara were somewhat arborescent, with one or 
two dominant primary stems per plant. Aloysia gratissima, 
Ziziphus obtusifolia and Schaefferia cuneifolia were fruticose 
in architecture, with more and smaller stems. Following top 
removal, each species exhibited a distinct regenerative hierar- 
chy whereby shoot production following disturbance was 
primarily from structures immediately subtending the removed 
tissues, even though more distal tissues had the capacity for 
shoot production. Thus, removal of stems to a 5 cm residual 
increased the contribution of primary stems from stem bases, 
whereas stem removal to ground line typically induced regen- 
eration from root crowns. Schaefferia, Zanthoxylum and 
Ziziphus were capable of producing shoots from root tissue, 
yet regeneration from roots was not stimulated until tissues 
were removed to below root crowns. 

Field observations indicate that most woody species in the 
subtropical thorn woodlands of southern Texas, USA, are 
highly persistent in the face of natural and anthropogenic 
disturbance, owing to their ability to regenerate vegetatively. 
Alternative sources of stem replacement contribute to the high 
resilience of these shrubs following disturbance and may help 
explain or predict patterns of secondary succession and plant 
persistence following various intensities of disturbance. 

Keywords: Disturbance; Resilience; Root sprouting; Succes- 
sion; Thorn woodland; Vegetative regeneration; Texas 

Nomenclature: Correll & Johnston (1979). 

Introduction 

Basal sprouting, the initiation of additional stems 
from at or below ground line, is a ubiquitous attribute of 
the woody vegetation of the Tamaulipan thorn wood- 
lands of southern Texas, and is the predominant mode of 

regeneration following woodland disturbance (Scifres 
1980). Observations of differences among species in 
survival and rates of regrowth following stand-wide 
disturbance (Box, Powell & Drawe 1967; Hamilton, 
Kitchen & Scifres 1981), suggest that interspecific dif- 
ferences in modes of vegetative regeneration may influ- 
ence species composition. 

We compared and contrasted patterns of basal sprout- 
ing for five common Tamaulipan shrub species repre- 
senting five plant families: Aloysia gratissima (Verbena- 
ceae), Celtispallida (Ulmaceae), Schaefferia cuneifolia 
(Celastraceae), Zanthoxylum fagara (Rutaceae), and 
Ziziphus obtusifolia (Rhamnaceae). Our objectives were 
to (1) determine the sources of sprouting, (2) quantify 
effects of different intensities of top removal on shoot 
origin and (3) quantify canopy regeneration following 
stem removal. These data constitute a first step toward 
explaining and predicting shifts in species abundance 
following various types or intensities of disturbance. 

Methods 

The study was conducted on the Texas Agricultural 
Experiment Station's La Copita Research Area, 20 km 
southwest of Alice in Jim Wells County, Texas (27? 40' 
N, 95? 12' W). The climate is subtropical with warm 
winters and hot summers. Mean annual rainfall is 65 cm. 
The vegetation was a savanna woodland dominated by a 
Prosopis glandulosa overstory with Zanthoxylum, Celtis, 
Aloysia, and Condalia hookeri prominent in the under- 
story. Soils were sandy clay loams. See Scifres & Koerth 
(1987) for more complete site descriptions. 

Target species received four intensities of stem re- 
moval: (1) none recorded for 20-30 yr, (2) all aerial 
stems removed to ground line in 1979, (3) stems re- 
moved to a 5 cm residual above ground in January 1984, 
and (4) all tissues (stem bases and root crowns) removed 
to below the first woody lateral root in March 1984. 
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D Undisturbed 

E Removed to 5 cm 
Stubble 

LEGEND 

Ir = lateral root 

p = primary stem 

rc = root crown 

rls = rooted lateral stem 

sb = stem base 

ss = secondary stem 

t = taproot 

Fig. 1. A schema based on form and function for characteriz- 
ing regenerative structures of shrubs examined in this study. 
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Fig. 2. Mean (+ SE) number of basal stems per plant in August 
1984 for Aloysia gratissima, Celtis pallida, Schaefferia 
cuneifolia, Zanthoxylumfagara, and Ziziphus obtusifolia, fol- 
lowing various intensities of top removal. Species means for 
the undisturbed treatment marked with the same uppercase 
letter were not statistically different (P < 0.05). Statistical 
comparisons between treatments were not made because of 
differences in time since disturbance. 

All stems originating at or below ground line were 
counted and their diameters were measured for 10 to 20 
randomly selected individuals of each species in August 
1984. Canopy diameters of 10 to 20 individuals from 
treatments (1) and (3) above, were measured in August 
1984 and March 1985, respectively. Differences (P < 

0.05) in the mean number of basal stems on plants in 
undisturbed stands and differences in mean canopy di- 
ameter for plants in treatment (3) were assessed with 
one-way analysis of variance and means were separated 
using the Student-Newman-Keuls test (Steel & Torrie 
1980). Differing lengths of time between treatments and 
data collection precluded formal analysis of variance for 
effects of time and intensity. 

Soil was cleared from regenerating structures (mini- 
mum depth of 25 cm) of 10 individuals of each species 
in each treatment and the origin of primary stems was 
noted. Differences between disturbed and undisturbed 
shrubs in primary stem origin and evenness of stem 
distribution between sources of origin were compared 
by use of X2 (P < 0.05). 

Results 

Patterns of primary stem origin and species character- 
istics 

Terms used to describe patterns of stem origin are 
defined and illustrated in Fig. 1. The schema is based on 
form and is not intended as a morphologically rigorous 

model. 'Root crowns' were regions of tissues accumu- 
lated at the junction of roots and shoots. 'Primary stems' 
arose at or below ground line, whereas 'secondary stems' 
arose above ground, directly from primary stems. Sec- 
ondary stems could become primary stems by layering. 
The downward extension of primary stems from ground 
line to their junction with root crowns or other stems 
were termed 'stem bases'. 'Rooted lateral stems' arose 
by layering or sympodial branching below ground. 

Undisturbed plants of the five species exhibited a 
range of growth habits. Average primary stem diam- 
eters for Aloysia (5.0 cm), Schaefferia (7.3 cm) and 
Ziziphus (10.2 cm) were smaller (P < 0.05) than those of 
Zanthoxylum (20.5 cm) and Celtis (19.8 cm). 

Undisturbed Aloysia and Schaefferia had more stems 
per plant than Celtis, Zanthoxylum and Ziziphus (Fig. 2). 
The latter three species typically had one or two domi- 
nant primary stems and several smaller stems per plant, 
and hence larger coefficients of variation (CV) in mean 
stem size (range = 67 - 88%). Stems of Aloysia and 

Schaefferia were uniformly smaller (CV = 22 and 39%, 
respectively). With the exception of Schaefferia, plants 
subjected to top removal supported more stems than 
non-manipulated plants. 

15 months following stem removal, mean canopy 
diameters of Aloysia (74 cm) and Celtis (88 cm) were 
significantly larger (P < 0.05) than those of Schaefferia 
(24 cm), Zanthoxylum (45 cm) and Ziziphus (41 cm). In 
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Fig. 3. Proportion of basal stems originating from root crowns 
and stem bases, for Aloysia gratissima, Celtis pallida, Schaef- 
feria cuneifolia, Zanthoxylum fagara, and Ziziphus obtusifolia 
in August 1984. Plants had been subjected to either no top 
removal, removal to a 5 cm residual above ground or removal 
to ground line. Based on X2 comparisons with untreated plants, 
relative contributions of root crowns and stem bases were 
different (P < 0.05) for all species following both treatments 
except for Schaefferia cuneifolia removed to ground line. 
Shaded bars indicate that source of stems differed signifi- 
cantly from a hypothetical even distribution for that species/ 
treatment combination. 

addition, regrowth canopy cover expressed as a percent- 
age of mean canopy diameters for undisturbed plants 
was higher for Aloysia (154%) and Celtis (135%) than it 
was for Schaefferia (27%), Zanthoxylum (51%) and 

Ziziphus (58%). 
The gross form of regenerative structures varied 

considerably among species. In contrast to the root 
crowns of Schaefferia, Zanthoxylum, and Ziziphus, the 
root crowns of Aloysia and Celtis were much enlarged 
relative to stems and roots. Aloysia, Schaefferia and 

Zanthoxylum did not produce rooted lateral stems. 
Ziziphus stems often exhibited a decumbent habit. 

Intensity of top removal and stem origination 

For non-disturbed plants, proportions of primary 
stems arising from stem bases and root crowns were 

comparable in all species except Schaefferia, which 

produced 86% of its primary stems from root crowns 

(Fig. 3). Stem removal to a 5 cm residual increased the 
proportion of sprouts arising from stem bases in all 

species relative to untreated plants. However, root crowns 
continued to contribute a higher proportion of primary 
stems than stem bases for Schaefferia. Regeneration 
following stem removal to ground line was primarily 
from root crowns in all species except Aloysia, for 

which stem bases continued to contribute a greater- 
than-expected proportion of primary stems. Schaefferia, 
Zanthoxylum and Ziziphus regenerated from roots fol- 

lowing the removal of all stem and root crown tissue, 
but Aloysia and Celtis did not. Shoots arising from 
taproots comprised 91, 82, and 84% of such sprouts in 
Schaefferia, Zanthoxylum and Ziziphus, respectively. 

Discussion 

Stem removal increased the number of primary stems 
on plants relative to untreated controls, and increasing 
stem numbers may increase root crown size via thicken- 
ing at the junction of root crowns, stems and roots. 
Keeley & Keeley (1988) observed the development of 
large root crowns induced by repeated sprouting in 
response to fire for several species from the California 
chaparral. Intensity of top removal also influenced pat- 
terns of stem origination by removing potential sprout- 
ing structures. A regenerative hierarchy occurred, 
whereby shoots typically arose from structures immedi- 
ately subtending the excised tissues, even though tissues 
further removed had the capacity for shoot production. 
Schaefferia, Zanthoxylum and Ziziphus, the species which 
root sprouted, only did so when roots had been severed 
from the main plant. Jones & Raynal (1988) similarly 
found that disturbance was required to stimulate sprout- 
ing from Fagus grandifolia roots. 

Common sources of canopy and primary stem dam- 
age and mortality among Tamaulipan shrubs include 
frost (Lonard & Judd 1985), drought (Carter 1964), fire 
(Box, Powell & Drawe 1967) and mechanical manipu- 
lation (Scifres 1980). Each of these may disturb shoot 
systems at differing intensities. As a result, shrub spe- 
cies composition and successional patterns in this veg- 
etation may be closely linked to the sprouting character- 
istics of component species. For example, Celtis and 
Aloysia possessed the most morphologically distinct 
variants of the root crown sprouting trait, and developed 
larger canopies than the other species following stem 
removal. Other studies in the region have documented 
similar and longer-term increases in relative canopy 
cover for Celtis and Aloysia in stands regenerating from 
simple top removal (Scifres, Mutz & Durham 1976; 
Koerth et al. 1989). The relatively large root crowns of 
these two species, may provide increased surface area 
for subterranean meristems as well as an increased 
volume of stored nutrients required for regrowth. Con- 
versely, the inability of Aloysia and Celtis to regenerate 
from root tissues may result in their disappearance from 
stands subjected to more intense disturbances which 
effectively damage or destroy below ground stem and 
root crown tissues (e.g. severe frosts, hot fires, or range 
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management practices such as grubbing or root plowing). 
Following these kinds of disturbances, plants with the 

capacity to sprout from root tissue (Schaefferia, 
Zanthoxylum and Ziziphus) might be most likely to 

persist on the site and subsequently attain dominance 
(e.g. Flinn & Wein 1977). 

Acknowledgements. Support for the study came from Texas 
Agricultural Experiment Station projects H-1922 and H-6717; 
it is published with approval of the director as manuscript 
TA25818. We are grateful for the hospitality of the staff at the 
La Copita Research Area. D. Briske, F. Davies, C. Jones, J. 
Keeley, B. Koerth and several anonymous reviewers made 
helpful comments on earlier versions of the manuscript. 

References 

Box, T. W., Powell, J. & Drawe, D. L. 1967. Influence of fire 
on south Texas chaparral communities. Ecology 43: 955- 
961. 

Carter, G. M. 1964. Effects of drought on mesquite. J. Range 
Manage. 17: 275-276. 

Correll, D. S. & Johnston, M. C. 1979. Manual of the vascular 
plants of Texas. Richardson, Univ. of Texas at Dallas. 

Flinn, M. A. & Wein, R. W. 1977. Depth of underground plant 
organs and theoretical survival during fire. Can. J. Bot. 55: 

2550-2554. 
Hamilton, W.T., Kitchen, L. M. & Scifres, C. J. 1981. Height 

replacement of selected woody plants following burning 
or shredding. Texas Agr. Exp. Sta. Bull. B-1361. 

Jones, R. H. & Raynal, D. J. 1988. Root sprouting in American 
beech (Fagus grandifolia): effects of root injury, root 
exposure, and season. For. Ecol. Manage. 25: 79-90. 

Keeley, J. E. & Keeley, S. C. 1988. Chaparral. In: Barbour, 
M. G. & Billings, W. D. (eds.) North American terrestrial 
vegetation, pp. 165-207. Cambridge University Press, New 
York. 

Koerth, B. H., Scifres, C. J., Flinn, R. C. & Crane, R. A. 1989. 
Influence of pre- and post-application management prac- 
tices on the efficacy of pelleted herbicides. In: Scifres, C. 
J. (ed.) Management of south Texas mixed brush with 
herbicides, pp. 37-44. Texas Agr. Exp. Sta. Bull. B-1623. 

Lonard, R. I. & Judd, F. W. 1985. Effects of a severe freeze on 
native woody plants in the lower Rio Grande Valley, 
Texas. Southw. Nat. 30: 397-403. 

Scifres, C. J. 1980. Brush management. Texas A&M Univer- 
sity Press, College Station, Texas. 

Scifres, C. J. & Koerth, B. H. 1987. Climate, soils, and 
vegetation of the La Copita Research Area. Texas Agr. 
Exp. Sta. Bull. MP-1623. 

Scifres, C. J., Mutz, J. L. & Durham, G. P. 1976. Range 
improvement following chaining of south Texas mixed 
brush. J. Range Manage. 29: 418-421. 

Steel, R. G. & Torrie, J. H. 1980. Principles and procedures of 
statistics. 2nd ed. McGraw-Hill Book Co., New York. 

Received 1 May 1991; 
Revision received 6 October 1991; 

Accepted 29 October 1991. 

128 


	Article Contents
	p. 125
	p. 126
	p. 127
	p. 128

	Issue Table of Contents
	Journal of Vegetation Science, Vol. 3, No. 1 (Feb., 1992), pp. 1-144
	Front Matter [pp.  2 - 2]
	Editorial: The Journal of Vegetation Science: Volume 3 [p.  1]
	Species-Environment Patterns of Forest Vegetation on the Uplifted Reef Limestone of Atiu, Mangaia, Ma'uke and Miti'aro, Cook Islands [pp.  3 - 14]
	Structure, Productivity and Energy Flow in an Alpine Grassland in the Garhwal Himalaya [pp.  15 - 20]
	Annual Nutrient Budget for an Alpine Grassland in the Garhwal Himalaya [pp.  21 - 26]
	Components of Error in Predictions of Species Compositional Change [pp.  27 - 34]
	Complex Effects of Grazing Treatment on an Annual in a Species-Poor Grassland Community [pp.  35 - 40]
	Irregular Fruiting in Fraxinus excelsior [pp.  41 - 46]
	Seasonal Variation in the Seed Bank of a Patagonian Grassland in Relation to Grazing and Topography [pp.  47 - 54]
	Effects of Fire on Forest Dynamics in Southern Switzerland [pp.  55 - 60]
	Population Structure and Dynamics of the Clonal Dwarf-Shrub Linnaea borealis [pp.  61 - 68]
	Study of Spatial Components of Forest Cover Using Partial Mantel Tests and Path Analysis [pp.  69 - 78]
	Demographic Structure of California Chaparral in the Long-Term Absence of Fire [pp.  79 - 90]
	Evidence for Lottery Recruitment in Mediterranean Old Fields [pp.  91 - 100]
	Influence of Fire and Soil Nutrients on Native and Non-Native Annuals at Remnant Vegetation Edges in the Western Australian Wheatbelt [pp.  101 - 108]
	Effects of Artificial Plant Cover on Plant Colonization of a Bare Peat Surface [pp.  109 - 112]
	Plant Colonization of a Bare Peat Surface: Population Changes and Spatial Patterns [pp.  113 - 118]
	How Reliable Are Our Vegetation Analyses? [pp.  119 - 124]
	Variation in Basal Sprouting in Co-Occurring Shrubs: Implications for Stand Dynamics [pp.  125 - 128]
	Plant-Species Richness and Extinction on Isolated Dunes along the Rocky Coast of Northwestern Spain [pp.  129 - 132]
	Report
	Where Do We Find the Literature on Vegetation Science? [pp.  133 - 134]

	Book Reviews
	untitled [p.  135]
	untitled [pp.  135 - 136]
	untitled [p.  137]
	untitled [pp.  137 - 138]
	untitled [pp.  138 - 139]
	untitled [pp.  139 - 140]
	Short Reviews [p.  140]

	IAVS News [pp.  141 - 142]
	Errata: Spatial Patterns and Dynamics of Woody Vegetation in an Arid Savanna [p.  143]
	Errata: Succession and Fluctuation in a Wet Dune Slack in Relation to Hydrological Changes [p.  144]
	Erratum: Effects of Defoliation on the Saplings of a Gap-Colonizing Neotropical Tree [p.  144]
	Erratum: Simulated Dynamics of Succession in a North American Subtropical Prosopis Savanna [p.  144]
	Back Matter



