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Abstract 

Large areas of rangelands in the east Mediterranean Basin are 
dominated by dense cover of the unpalatable, dwarf shrub prick- 
ly burnet (Sarcopoterium spinosum (L.) Spach.). This study 
examined the effectiveness of various shrub control treatments 
(mechanical removal, chemical/2,4-D control, prescribed burn- 
ing), combined with NPK fertilization, to reduce shrub cover and 
encourage the growth of palatable herbaceous vegetation. 
Chemical control was the most effective treatment, reducing 
prickly burnet cover to 40% of the initial level 2 years after 
treatment. Mechanical removal maintained shrub cover at 60% 
of the initial level, whereas the effect of fire was not detectable 
after 2 years. Annual and perennial herbaceous vegetation cover 
was negatively correlated with shrub cover. Fertilization had no 
effect on the cover of the vegetative components, but increased 
biomass on the herbaceous patches by 25-240%, depending on 
the treatment. Our results demonstrate the exceptionally high 
resilience of prickly burnet growing on chalk substrate to distur- 
bance or attempted eradication, thus rendering most of the tested 
management options highly ineffective. Effective improvement of 
rangeland dominated by prickly burnet requires, most probably, 
a combined treatment including removal of mature shrubs, sup- 
pressing their recovery, and stimulating the competing grass 
component. 

Key Words: Shrub encroachment, Mediterranean ecosystem, 
fertilization, fire, range improvement, Sarcopoterium spinosum 

The relationships between woody and herbaceous vegetation 
are of foremost significance for free-ranging livestock. In most 
cases, woody vegetation provides a limited contribution to the 
livestock diet whereas it may dominate the space available for 
forage plants. Concomitantly, herbaceous vegetation, the most 
significant diet component for herbivores, may be replaced by 
woody species. 

Human intervention such as shrub removal, aimed at decreas- 
ing woody cover while increasing herbaceous yield, began in the 
Mediterranean region in historic times (Naveh and Dan 1973) and 
has continued ever since (Passera et al. 1992). 
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Resumen 

Grandes aireas de pastizal del este de la cuenca del 
Mediterraneo estain dominados por una cubierta densa del 
arbusto enano y no apetecido "Prickly burnet" (Sarcopoterium 
spinosum (L.) Spach.). Este estudio examina la efectividad de 
varios tratamientos de control de arbustos (remocion mecainica, 
control quimico/ con 2,4-D y fuego prescrito) combinados con 
fertilizacion de NPK para reducir la cobertura del arbusto y pro- 
mover el crecimiento de la vegetacion herbaicea apetecible. El 
control quimico fue el tratamiento ma's efectivo, despues de dos 
anios de tratamiento la cobertura de "Prickly burnet" estaba 
reducida a un 40% de la cobertura inicial. La remocion mecani- 
ca mantuvo la cobertura del arbusto en un 60% del nivel inicial, 
mientras que el efecto del fuego no fue detectable despues de dos 
aiios. La vegetacion herbaicea anual y perenne se correlaciono 
negativamente con la cobertura del arbusto. La fertilizacion no 
tuvo efecto en la cobertura de los componentes vegetativos, pero 
incremento la biomasa de los parches de vegetacion herbaicea, el 
aumento de biomasa vario de 25 a 250% dependiendo del 
tratamiento. Nuestros resultados demuestran la capacidad de 
recuperacion excepcionalmente alta del "Prickly burnet" al dis- 
turbio o intento de erradicacion, convirtiendo en inefectivas a la 
mayoria de las opciones de manejo evaluadas. El mejoramiento 
efectivo del pastizal dominado por "Prickly burnet" requiere, 
muy probablemente, de un tratamiento combinado incluyendo la 
remocion de arbustos maduros, suprimiendo su recuperacion y 
estimulando el componente de zacates competitivos. 

Continuous severe exploitation of the evergreen dense maquis, 
which prevails in the Mediterranean Basin, caused its degradation 
to a dwarf shrub formation known in Israel as batha and in Greece 
as phrygana. The dominant species in these communities in the 
east Mediterranean is the thorny and unpalatable dwarf shrub 
prickly burnet (Sarcopoterium spinosum (L.) Spach.). Prickly bur- 
net is a common invader of abandoned cropland (Litav and 
Orshan 1971). According to pollen records, prickly burnet was 
present in northern Israel as early as the 3rd century A.D. (Baruch 
1986). In many cases, the prickly burnet community comprises a 
long-standing, sustainable pioneering stage (Zohary 1962). 

Range improvement within the context of Mediterranean 
ecosystems primarily means preventing woody vegetation from 
replacing the herbaceous vegetation - the main source of palat- 
able forage. Such management, in fact, opposes the natural trend 
of succession in most Mediterranean ecosystems and, therefore, 
requires active intervention. As a result, Mediterranean grass- 
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lands are, in a sense, a 'successional anti- 
climax'; the term itself is something of an 
oxymoron (Seligman 1996). 

The working hypothesis in this study 
was that under existing conditions, man- 
agement treatments can establish a new 
balance between dwarf shrubs and herba- 
ceous vegetation. Specifically, we wanted 
to determine the feasibility of improving 
chalk rangelands through shrub removal 
by mechanical means, selective herbicide 
application, or controlled burning while 
enhancing growth of herbaceous vegeta- 
tion by fertilizer application. The assump- 
tion behind the research was that the com- 
bined effect of shrub control and nutrient 
amelioration can create a stable grassland 
community. 

Materials and Methods 

Experimental Site 
The experimental site is located in 

northern Israel, in the hills of the lower 
Galilee, 15 km east of Haifa and the 
Mediterranean coast (32?43'N 35?06'E). 
The site is situated on the upper part of a 
5% south-facing slope, at 100 m above sea 
level. The climate is semi- humid 
Mediterranean; mean annual rainfall is 
600 mm (ranging from 400 to 700), occur- 
ring mostly during winter (90% in 
December-February). Average annual 
temperature is 190 C (Average December 
temp. is 100 C, August 28? C). The 
bedrock is Eocenian chalk, covered by 
dark grey Rendzina (Haploxerolls) soil 
(Dan et al. 1962). 

Vegetation is dominated by S. Spinosum 
(L.) Spach, with other woody species and 
vines, remnants of vallonea oak (Quercus 
ithaburensis Decaisne) savanna that cov- 
ered the region in historical times. 
Dominant perennial grasses at the site are 

Dactylis glomerata L. and Andropogon 
distachyus. L. Among annual grasses, 
Avena sterilis is the most common. 

Experimental Design 
Forty, 5 x 5 m plots, with a separating 

buffer zone of 0.5 m, were established in a 
relatively homogeneous area. The experi- 
mental site was fenced against human or 
livestock disturbance in autumn of 1989. 
The experimental design included 2 levels, 
the first consisting of 4 shrub removal 
treatments: 1) control; 2) shrub removal 
by manual means with minimal soil distur- 
bance; 3) herbicide spraying with 5 liter 
ha-' of 2,4-D applied as a 2% solution in 
50 liter of water; and 4) controlled buming 
of the shrub canopies. 

Shrub removal was implemented during 
autumn (November 1989). 'Shrub 
removal' involved hoeing-off the above- 
ground parts of the S. spinosum and 
removal of the material from the experi- 
mental site. Herbicide spraying was imple- 
mented in mid- winter of the first year 
(January 1990). Herbicide was applied 
from a back sprayer as a foliage wetting 
spray covering all of the plant green parts 
until the spray dripped off. The herbicide, 
2,4-D, effectively kills mature prickly bur- 
net shrubs and is frequently used for dwarf 
shrub control on rangelands in Israel (e.g. 
Seligman and Katzir 1965, Gutman et al. 
1990). Controlled buming was very local- 
ized, conducted by spraying each shrub 
individually with fuel from a back sprayer 
and igniting it. Under these conditions, 
fire had very little impact on the surround- 
ing vegetation. 

The second experimental level was 
application of 50 kg ha-' of a composite 
fertilizer (20N-20P-20K: 10% urea + 6% 
N03 + 4% NH4 + 20% P205 + 20% K20, 
a product of Haifa Chemicals). Ten liters 
of fertilizer solution were sprayed evenly 

on each treated plot. Fertilizer was applied 
in winter, once each year, after the first 
effective rainfall. 

Five replications of each of the 4 shrub 
removal treatments were randomly 
assigned to 'no fertilization' treatment; 5 
additional replications of the same treat- 
ments were also randomly selected and 
assigned to fertilization treatment. 

Vegetation Monitoring 
Four permanent transects (totalling 20 

m) were established, at equal intervals, 
across each experimental plot. Presence or 
absence of vegetation components (S. 
spinosum, perennial grasses and annual 
grasses) was recorded every 10 cm along 
the transect (200 points/plot) using a wire- 
pin. The ratio between number of hits per 
life-form (Z) and total number of points 
(Z/200 * 100), served as a measure of aeri- 
al cover (%). The first vegetation monitor- 
ing was conducted before treatment appli- 
cation (autumn 1989), and then in the fol- 
lowing 2 spring seasons (1991, 1992). 

Yield (biomass) of herbaceous vegeta- 
tion (including annual and perennial, 
grasses and forbs together) was deter- 
mined each year in the peak growing sea- 
son (early April). Ten, 25 x 25 cm 
quadrats were distributed at random in 
each plot, and all herbaceous vegetation 
within each quadrat was clipped. Samples 
were dried at 80? C for 3 days and then 
weighed. Herbage yield (g m-2) from each 
plot was calculated as the average of the 
samples. 

Data Analysis 
Data were analyzed by SAS-PC soft- 

ware (SAS 1988). Treatment and interac- 
tion effects were tested by Two-Way 
Analysis of Variance (ANOVA). Data on 
plant cover for this procedure were arcsin 
of square root transformed. If there was no 

Table 1. Two-Way ANOVA of the effect of shrub removal and fertilization and their interaction on herbaceous biomass and relative abundance of 
vegetative components. 

Model Shrub Removal (ShR) Fertilization (F) (ShR) * (F) 
(F(df=7) P R2 F(df= 3) P F(df= 3) P F(Df=3) P 

1991 
Herbage Biomass 2.49 0.366 0.35 3.98 0.0162 68.63 0.0582 0.55 0.6535 
SRPT Cover 29.72 0.0001 0.87 65.85 0.0001 0.6555 0.2 3.43 0.0286 
PRGR Cover 7.75 0.0001 0.63 16.46 0.0001 0.31 0.5819 1.53 0.2253 
ANGR Cover 1.68 0.1494 0.27 0.78 0.5165 0.61 0.4405 2.94 0.0479 

1992 
Herbage Biomass 7.34 0.0001 0.62 6.6 0.013 24.44 0.0001 2.38 0.0878 
SRPT Cover 8.84 0.0001 0.66 17.46 0.0001 0.89 0.3512 2.88 0.0509 
PRGR Cover 4.85 0.008 0.51 10.18 0.0001 0.01 0.9301 1.14 0.3496 
ANGRCover 1.84 0.1137 0.29 3.18 0.0373 0.61 0.4402 0.91 0.4461 

SRPT = Sarcopoterium spinosum 
PRGR = Perennial grasses 
ANGR = Annual grasses 
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Fig. 1. Treatment means (? SE) for prickly burnet (Sarcopoterium 
spinosum) cover (%). All treatment means within the same year 
followed by a different letter are statistically different at the 5% 
level. 
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Fig. 2. Treatment means (? SE) for the cover of perennial grasses. All 
treatment means within the same year followed by a different letter 
are statistically different at the 5 % level. 

effect of fertilization treatments, vegeta- 
tion data of fertilized and unfertilized plots 
of each shrub removal treatment were 
combined, thus increasing sample size. All 
differences discussed are statistically sig- 
nificant at the 5% level unless otherwise 
indicated. 

Effects of shrub removal treatments and 
fertilization on cover of all vegetation 
components were also analyzed by canoni- 
cal analysis (CANOCO). This program 
was developed specially to present multi- 
ple species' response to environmental 
factors (Ter Braak and Prentice 1990). 
Canonical Correspondence Analysis 
(CCA) was applied to arcsin transformed 
percentage cover (%+1) data using the 
various treatments as environmental vari- 
ables. The Monte Carlo test was used to 
test the hypothesis that distribution of veg- 
etation components among different treat- 
ments along the first ordination axis was 
random. 

Results and Discussion 

All vegetation parameters, except annu- 
al grasses, were increased by both shrub 
removal and fertilization (Table 1). This 
outcome combines the impact of shrub 
removal on both biomass and cover, and 
the fertilization effect on biomass. The 
interaction of shrub removal X fertiliza- 
tion was significant on S. spinosum in both 
years and on annual grasses in 1992. The 
fact there was no effect of fertilization on 
plant cover allowed us to combine all data 
(with and without fertilization) for further 
analyses. 

There were no differences in prickly 
burnet cover among plots prior to treat- 
ments (Fig. 1. 1989). Immediately after 
the manual removal and burning treatment 
(January 1990), prickly burnet cover was 
nearly zero. One year post-treatment 
(spring 1991), prickly bumet cover in the 
control plots had not changed (65.3%), 
whereas burning, manual removal, and 
herbicide treatments, reduced its cover to 

34.9%, 23.4% and 17.2%, respectively. 
Two years after treatment (spring 1992) 
cover in burned plots had already recov- 
ered, almost reaching the level of the con- 
trol plots (61.2%). In manual-removal 
plots, prickly burnet cover increased to 
43.3%, whereas in herbicide plots, there 
was a relatively small change in cover, 
increasing only to 25.7%. 

There were no differences in perennial 
grass cover among plots prior to treatment 
(Fig. 2. 1989). Cover of perennial grasses 
in 1991, in all treated plots, increased when 
compared with untreated control plots 
(14.5%). In manual-removal, herbicide and 
burned plots, perennial grass cover was 
40%, 34.5% and 24.2%, respectively. One 
year later (spring 1992) there was no dif- 
ference in cover of perennial grasses 
between bumed and control plots (-10%). 
However, in manual-removal and herbi- 
cide treatments, perennial grass cover was 
still greater than in the control (Fig. 2). 

In contrast to prickly burnet and peren- 
nial grass cover, annual grass cover was 
much lower and not homogeneous among 
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Fig. 4. An ordination plot of the treatment effects on the cover of all vegetation components. 

the experimental plots prior to treatment 
(Fig. 3). Cover of annuals was greater in 
control plots probably because of the spa- 
tial variability and low absolute values of 
cover in undisturbed situation. One year 
after treatment, cover of annuals in treated 
plots was somewhat greater (p 0.52) 
than that of the control. After 2 years this 
trend was maintained and even became 
more pronounced. In the bumed, manual- 
removal and herbicide treated, cover was 
4.6%, 2.8%, and 8.4%, respectively com- 
pared to 1.6% in the control plots. 

Some treatments-herbicide (SPRY), 
manual-removal (RMVL) and fertilization 
(FERT)-affected cover of S. spinosum 
negatively and therefore are located far 
from the control (CNTR) along the hori- 
zontal axis of the canonical ordination plot 
(Fig. 4). The buming treatment (BURN), 
on the other hand, is relatively close to the 
control. Time since treatment (DATE) 
also had a limited impact on the vegeta- 
tion. The same treatments, however, 
increased annual and perennial herbaceous 
species (annual grasses and perennial 
grasses). The Eigen value of the first axis 
is 0.03; a Monte Carlo test showed that 
distribution of species along the first axis 
of the ordination plot was not random. 

Total herbaceous biomass in 1991 was 
increased by shrub removal treatments, 
but only partly by fertilization (p 0.06); 
in 1992 it was increased by both removal 
and fertilization (Table 1). In 1991 herbi- 
cide and removal treatments produced 
higher biomass yields than the control, but 
there was no fertilization effect (Fig. 5). In 
1992 fertilization caused an increase in 
herbaceous biomass in all experimental 
plots as compared to either unfertilized 
(except in herbicide treatment) or untreat- 
ed plots (Fig. 5). 

Productivity of Mediterranean range- 
lands is limited by a relatively high cover 
of woody vegetation (Seligman 1996) as 
well as by a low level of essential minerals 
(N or P) in the soil (Osman et al. 1991, 
Henkin et al. 1996). This study examined 
the effects of manipulating these 2 driving 
factors (shrub cover and soil mineral con- 
tent) on the structure and productivity of 
the herbaceous vegetation community 
growing on chalky habitats. 

All shrub removal treatments applied in 
this study generated a drastic reduction of 
prickly burnet cover in the experimental 
plots, immediately after treatment. 
However, treatment-related differences' 
were recorded in recovery rate of prickly 
burnet. Spraying with 2-4D was the most 
efficient treatment and 2 years after treat- 
ment, prickly burnet cover reached only 

564 JOURNAL OF RANGE MANAGEMENT 54(5), September 2001 



1991 (year 1 post-treatment) 
' 500- OUNFR JFR 

J 400 
300 

a 200 

100 

1992(year 2 post-treatment) 

g3 500 - O- D UNFR * FR 
> 400 

Z300 
200 

Chemcial Manual 
Control Control Burning Removal 

Treatments 

Fig. 5. The effect of fertilization on the biomass (means ? SE) of herbaceous vegetation for 
control, herbicide, burning and shrub removal treatments. 

40% of the initial value. Manual removal 
was moderately effective, reaching 60% of 
the original value after 2 years. Controlled 
burning decreased shrub cover for a very 
limited period of time, but prickly burnet 
regained almost all its original cover with- 
in 2 years from burning. In Greece prickly 
burnet returned to pre-burning biomass 
level within 4.5-7.5 years (Papanastasis 
1980). In Israel, under different environ- 
mental conditions (terra-rossa soil on hard 
limestone), prickly bumet cover increased 
to its original cover after burning at a 
slower rate (less than 6 years - Henkin et 
al. 1998). 

Aggressive regrowth of prickly bumet is 
mostly a result of intensive resprouting from 
underground adventive basal buds (Litav 
and Orshan 1971, Papanastasis 1980). 
However, its rapid recovery after burning is, 
most certainly, a consequence of a com- 
bined effect of the intensive resprouting and 
a fire-stimulated germination (Arianoutsou- 
Faraggitaki 1984). Germination rate of 
prickly burnet was 10 times higher on 
burned sites than on unburned plots 
(Arianoutsou and Margaris 1981). 

The herbicide treatment had a lethal 
effect on prickly burnet shrubs and inhibit- 
ed resprouting in comparison to the con- 
trol. It may also have reduced germination 
by the shading effect of the dead canopy 
on light-controlled germination (Litav et 
al. 1963). In a similar experiment, under 
different environmental conditions, herbi- 

cides reduced prickly bumet cover drasti- 
cally and after 6 years it reached not more 
than one-third of its original cover 
(Henkin et al. 1998). 

Fertilization had no effect on regrowth 
of prickly burnet, indicating that mineral 
nutrition was not a limiting factor for 
shrub development in the studied ecosys- 
tem. This seems to contradict statements 
that the Mediterranean ecosystem is limit- 
ed by nutrients (Kruger 1987). However, 
fertilizer application did increase herbage 
yield, especially in the second year. The 
Eocene rendzina is much richer in avail- 
able nutrients than the more widespread 
hard limestone habitats. 

Prickly burnet removal made available 
new sites and resources for other vegeta- 
tion components. Consequently, abun- 
dance (cover) of perennial grasses 
increased when prickly burnet cover 
decreased. The most effective treatments in 
removing prickly bumet (manual removal 
and herbicide spraying) also stimulated 
most strongly the growth of perennial 
grasses. Fast recovery of prickly burnet 
from removal, reduced the relative increase 
of perennial grasses (1992 vs 1991). 

Absolute cover of annuals in prickly 
bumet dwarf shrub formation is very low, 
probably due to competition by taller plant 
life-forms (shrubs and perennial grasses) 
under stressful conditions (low levels of 
soil moisture). Annuals did not respond as 
quickly as perennial grasses to removal of 

prickly burnet, and the main increase in 
their cover was during the second year. 
This observation is related, most probably, 
to seed-bank limitations (Looney and 
Gibson 1995), thus explaining the time lag 
of 1 year before annuals became more 
abundant. Here too, a higher abundance of 
annuals was facilitated by a lower shrub 
cover as a result of herbicide spraying. 

Our observations do not support the 
hypothesis that the applied treatments can 
easily change the community structure and 
create a new balance among vegetation 
components. The most prominent conclu- 
sion of this study is that, despite drastic 
interventions (fire, manual-removal and 
herbicide treatments), the prickly burnet 
community recovers quickly and retums to 
its original structure within a few years. In 
other words, it creates a very resilient for- 
mation (Fox and Fox 1988). In particular 
this is the case on fertile, soft chalk habi- 
tats, where prickly bumet establishes easi- 
ly and rapidly from seeds and grows vig- 
orously. On terra-rossa overlying hard 
limestone, growth of prickly burnet is 
much less vigorous, and recovery after 
buming is slower (Henkin et al. 1998). 

Our results support the notion that the 
most efficient option for suppressing 
encroaching shrubs is to combine treat- 
ments (Scifres 1987), some of them dras- 
tic. Such a combination should include a 
tool to remove mature shrubs (e.g. 
mechanical treatment or fire), a suppress- 
ing tool to obviate recovery of removed 
shrubs (selective herbicide spraying), and a 
grass-stimulating tool (fertilization or 
sludge application) that will make the 
herbaceous stand denser, thus helping it to 
compete with prickly bumet seedlings for 
resources (light, water). To maximize the 
outcome of such combined management 
practice, shrub removal should be conduct- 
ed in autumn (before the rains; Papanastasis 
1980), selective spraying (anti-dicot)-in 
the following late spring or summer, and 
fertilization-after the first rains of the sec- 
ond year. Nevertheless, the cost of such a 
combined shrub control procedure may be 
excessive where rangelands are degraded 
by heavy grazing and/or erosion. 

Our results also explain why grasslands 
are not common in the east Mediterranean 
(Seligman 1996) and why range improve- 
ment in this environment is expensive and 
frustrating. However, rapid shrub 
encroachment and an increasing fire haz- 
ard make attempts to control shrub cover 
in the Mediterranean ecosystems an 
important and relevant management chal- 
lenge (Perevolotsky and Seligman 1998). 
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