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Abstract

The clearing of the natural vegetation and herbicide applications are commonly used to facilitate the establishment and
growth of coniferous seedlings in newly planted forests in the Mediterranean region. Casual observations in Israel indicated
that these operations drastically reduce biomass and species diversity of the herbaceous vegetation in the first years. The
subjective impressions created by the effect of the herbicides have caused several public confrontations between foresters and
conservationists in Israel. Less vegetation control may reduce tensions. However, no quantitative data was available on tree
seedling performance under lower amounts of herbicide applications than those typically used for the region. The aim of the
present study was to evaluate coniferous seedling establishment and growth under different intensities and frequencies of
simazine applications in newly afforested areas in the Judean Mountains, Israel. Two experimental sites differing in soil types,
temperature and rainfall were selected. In each site of 0.7 ha, 6-months-old seedlings of Pinus brutia, Pinus pinea and Cupressus
sempervirens were planted at standard densities. The results for both experimental sites showed that seedling mortality
significantly increased with decreasing intensities and frequencies of simazine applications. However, height and crown diameter
of the surviving seedlings were not always significantly correlated to the amounts of herbicide sprayed in the adjacent areas.
Standard current management practices showed highest seedling establishment success. The present study provides for the first
time in Israel meaningful insights into the early stages of coniferous seedling establishment in newly planted Mediterranean
forests after disturbance by clearing and simazine applications. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction 1994; Aldrich and Kremer, 1997). The Jewish
National Fund (JNF, the Forest Service in Israel)

Plant clearing and the application of herbicides are has been practising the clearing of the natural vegeta-
common tools used in forest management (Haywood, tion and herbicide applications with two main pur-

poses: (a) to facilitate the establishment and growth of

" ) coniferous seedlings in newly planted forests by redu-
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forest. Casual observations in Israel indicated that
these operations in newly planted forests drastically
reduced biomass and species diversity of the herbac-
eous vegetation in the first years (Sternberg et al.,
1999). The subjective impressions created by the
effect of the herbicides have caused several public
confrontations between foresters and conservationists
in Israel. Less vegetation control may reduce tensions.
However, no quantitative data was available on tree
seedling performance under lower amounts of herbi-
cide applications than those typically used for the
region. Indeed, few studies have considered establish-
ment success in newly planted forests of eastern-
Mediterranean communities.

The objective of the present study was to evaluate
coniferous seedling establishment and growth under
different intensities and frequencies of simazine appli-
cations in newly afforested areas in the Judean Moun-
tains, Israel.

The questions posed in this study are: (1) How
clearing and simazine treatments affects coniferous
seedling establishment and growth in newly planted
Mediterranean forests? (2) Is there any correlation
between seedling mortality, height and crown dia-
meter with decreasing intensities and frequencies of
simazine applications? (3) Does soil type, temperature
and rainfall differences between experimental sites
affects seedling performance?

This study was part of a larger project investigating
the changes in natural vegetation after disturbance by
aboveground plant removal and herbicide applications
in newly afforested areas in the Judean Mountains
(Sternberg, 1994; Sternberg et al., 1999). Here, we
present the effects of these operations on coniferous
seedling establishment and growth.

2. Materials and methods
2.1. Study sites

Two experimental sites were set up in newly affor-
ested areas in the Judean Mountains. The first site was
set up in September 1989, near Moshav Yishi
(34°58'E, 31°50'N) located at an elevation of 220 m
above sea level, on Rendzina soil on Eocene chalk
(soil names follow Dan et al., 1970). The climate is
Mediterranean, with a mean annual temperature of

19.8°C (maximum 24.9°C and minimum 14.7°C) and
493 mm annual rainfall falling mostly in winter
(National Meteorological Service).

The second site was established a year later, in
September 1990, near Moshav Matta (35°03'E,
31°43/N) located at an elevation of 620 m above
sea level, on Terra Rossa soil on Cenoman hard
limestone (Dan et al., 1970). The climate is also
Mediterranean, with a mean annual temperature of
17.5°C (maximum 22.4°C and minimum 12.7°C) and
537 mm annual rainfall (National Meteorological
Service).

The rainy season in both sites begins in October—
November and ends in April-May. At least 6 months
of dry weather characterize the region.

Both areas were located on north-facing slopes. The
two sites differed in biotic and abiotic characteristics,
such as edaphic conditions, temperature and rainfall.
However, a dwarf shrub-type plant community devel-
oped in both areas, with differences in species com-
position. Dominant species at the Yishi site, before the
clearing operations, were represented by dwarf shrubs
such as Sarcopoterium spinosum (L.) Spach (28%)
and Majorana syriaca (L.) Rafin. (10%), annual
grasses such as Avena sterilis L. (11%), perennial
grasses such as Hyparrenia hirta (L.) Stapf (8%)
and annual legumes such as Vicia palaestina Boiss.
and Trifolium purpureum Loisel. (5 and 4%, respec-
tively). At the Matta site, dominant species included a
tree and a shrub species (Quercus calliprinos Webb.,
6%, and Pistacia lentiscus L., 5%, respectively),
dwarf shrubs such as S. spinosum (24%) and Cistus
creticus L. (9%), annual grasses such A. sterilis (12%)
and Hordeum spontaneum C. Koch (7%) and annual
legumes such as Trifolium stellatum L. (5%).

2.2. Experimental design

The study was conducted in two areas of 0.7 ha,
where 36 quadrats of 12 mx12 m were respectively
marked. The pre-planting operations (clearing of the
perennial vegetation) at Yishi and Matta site started
respectively, in October 1989 and October 1990. The
clearing of the aboveground biomass was carried out by
hand using shovels and hoes. The herbicide used in the
experiment was simazine (2-chloro-4,6-bis(ethyla-
mino)-s-triazine). It is a soil-acting triazine herbicide
with presumed non-selective effects (Ivens, 1989).
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The quadrats were arranged in respect to a rando-
mized complete block design with four treatments and
nine blocks as replicates (Greig-Smith, 1983). The
treatments were: (A) clearing+simazine treatment in
autumn before planting, with standard dose (5 kg/ha)
and again next autumn with the same dose (October
1989/1990 at the Yishi site and October 1990/1991 at
the Matta site); (B) clearing+simazine treatment only
before planting, with one standard dose (5 kg/ha); (C)
clearing+simazine treatment applying half of the
standard dose (2.5 kg/ha) before planting and the
remaining amount (2.5 kg/ha) in autumn of the next
year; (D) clearing only, no simazine treatment (con-
trol). Treatment A, was the standard management
procedure for these areas.

The different herbicide doses were manually
applied on the quadrats with a back-pack sprayer
and washed into the soil by the first rain.

The Yishi site was planted in November 1989 at
standard densities of 900 seedling/ha, with 6-months-
old saplings of Pinus brutia Ten. Nursing sites or
planting locations were arranged with 2 m of separa-
tion between them. The Matta site was planted in
November 1990, at similar densities as at Yishi, with
mixed saplings of Pinus pinea L., P. brutia and
Cupressus sempervirens L. All seedlings after planting
were tagged and numbered.

Species nomenclature follows Feinbrun-Dothan
and Danin (1991).

2.3. Sampling

Seedlings height and crown diameter were mea-
sured using metal rulers. Crown diameter was mea-
sured 20 cm above the ground, considering the
maximal width distance between branches. Seedlings
were regularly recorded on 10-15, 14-19, 12-17 and
19-24 April in 1990-1994, respectively, during the
peak season of primary production. Dead saplings
were counted and removed from the sites to prevent
any confusion.

2.4. Statistical analysis

Analyses of variance (ANOVA) were used to deter-
mine differences among treatments in seedling survi-
val, height and crown diameter. The analyses were
carried out in respect to a randomized complete block

design with four treatments and nine blocks as repli-
cates (x=0.05) (Sokal and Rohlf, 1995). The Tukey
HSD (honestly significant difference) test was used to
compare differences of means among treatments for
all pairs of combinations (x=0.05) (Tukey, 1953; SAS
Institute, 1990).

3. Results
3.1. Seedling height and crown diameter

Changes in seedling height and crown diameter in P.
brutia at Yishi and Matta experimental sites are pre-
sented in Fig. 1. No significant differences in height
and crown diameter were noted among treatments in
both sites in the first 6 months after being planted
(1990 and 1991 at Yishi and Matta, respectively).
Considering that seedlings at the time of planting
were 6-months-old, the first sampling season was
carried out on l-year-old seedlings. Mean height
considering all treatments for P. brutia at Yishi and
Matta were 16.7 and 17.5 cm, respectively. Significant
differences in height and crown diameter among
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Fig. 1. The effects of clearing and simazine treatments on height
and crown diameter of P. brutia seedlings. Height (a,c) and crown
diameter (b,d) at Yishi and Matta sites, respectively. Treatments: A
(D) clearing+simazine treatment before and a year after planting
(5 kg/ha); B (BQ) clearing+simazine treatment only before planting
(5 kg/ha); C ([£]) clearing+simazine treatment before and a year
after planting (2.5 kg/ha); D () control (clearing with simazine
treatment omitted). Treatments were compared using one-way
ANOVA. x indicates P<0.05, xx P<0.01. Treatments bearing the
same letter are not significantly different at P<0.05.
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treatments were noted in the second year after planting
(1991) at Yishi (Fig. 1a and b). Seedlings growing in
plots where simazine was not applied (treatment D,
control) were significantly shorter and thinner com-
pared to quadrats where the herbicide was applied
(F3,23=5.37, P=0.0013 and F3’23:4.25, PZOOZ,
respectively). This effect remained constant, although
not significant, during the third and fourth sampling
season. No important differences in height and crown
diameter were noted among seedlings, growing where
simazine was applied, independently of intensity or
frequency of application. At Matta, significant differ-
ences in height were observed only during the third
growing season, 1993 (F;,3=4.19, P=0.033, Fig. 1c).
Also here, seedlings growing at sites where simazine
was not applied (treatment D), were significantly
shorter, particularly when compared to taller seedlings
of treatment A. No significant differences in crown
diameter among treatments were noted in P. brutia
seedlings in any growing season (Fig. 1d). Seedlings
of P. pinea showed no significant differences in height
and crown diameter between treatments in any grow-
ing year (Fig. 2a and b), although individuals in plots
with no herbicide application were slightly bigger.
Similarly, saplings of C. sempervirens were not sig-
nificantly different in height or crown diameter due to
treatments (Fig. 2c and d).
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Fig. 2. The effects clearing and simazine treatments on height and
crown diameter of P. pinea and C. sempervirences seedlings at
Matta site. Height (a,c) and crown diameter (b,d) of P. pinea and C.
sempervirens, respectively. Treatments: A ((J), B @), C (), and
D (H). Key to clearing and simazine treatments as in Fig. 1.
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Fig. 3. The effects clearing and simazine treatments on seedling
survival rates. Yishi site: P. brutia (a); Matta site: P. brutia (b), P.
pinea (c), C. sempervirens (d). Treatments: A (O), B (). C )
and D (). Key to clearing and simazine treatments as in Fig. 1.
Treatments were compared using one-way ANOVA and a
subsequently HSD test. Treatments bearing the same letter are
not significantly different at P<0.05.

3.2. Seedling survival

Changes in seedling survival due to treatments at
Yishi and Matta study sites are presented in Fig. 3.
Survival rates in P. brutia seedlings at Yishi, 4 years
after planting were significantly higher (F3,3=34.2,
P=0.001) on treatment A. Survival decreased with
decreasing intensity and frequency of simazine, being
lowest (17%) on the controls (treatment D, Fig. 3a). At
Matta, similar survival trends were noted for 3 years
after planting as mortality was significantly lower on
treatments with higher herbicide doses. Survival of P.
brutia seedlings was significantly higher on treatment
A, and lowest on the controls (F3,3=>5.8, P=0.008,
Fig. 3b). Similarly, survival rates in P. pinea and C.
sempervirens were significantly higher on treatment A
and B compared to controls (F53=4.5, P=0.029 and
F5,3=4.2, P=0.031, respectively) (Fig. 3c and d).

4. Discussion

The results for both experimental sites, indepen-
dently of the seedling species, showed that seedling
mortality significantly increased with decreasing
intensities and frequencies of simazine applications.
The mechanisms involved in this phenomenon were
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directly related to release from competition as sima-
zine sensitive species (mainly annuals of the Papilio-
naceae, Gramineae and Asteraceae families, but also
some hemicryptophytes) were temporally removed,
increasing resources availability (i.e., light and water)
to the planted seedlings (Tomkins and Grant, 1977;
Armesto and Pickett, 1985). The opposite effect was
noted in the controls where the clearing operations
(removal of all perennial vegetation) released compe-
tition from dominant species, favoring the coloniza-
tion and establishment of annual species around the
nursing sites or planting locations (Litav et al., 1962;
Sternberg et al., 1999). Consequently, competition
between coniferous seedlings and annual vegetation
increased, leading to lower survival rates than in
quadrats where simazine was applied. As annuals
showed higher growth rates than coniferous saplings,
they were probably able to dry up the upper soil layer
leading to seedling mortality. This phenomenon was
important during the first 2 years, as most of seedling
mortality occurred in this period. As coniferous seed-
lings grew with time, and developed a bigger root
system that probably enabled them to escape from
competition with annuals, thus mortality decreased.

Height and crown diameter of the surviving seed-
lings were not always significantly correlated to the
amounts of herbicide sprayed in the adjacent areas. P.
brutia seedlings were generally superior in height and
crown diameter in plots with higher amount of sima-
zine (Fig. 1). However, surviving seedlings of P. pinea
on the controls, although few, were relatively taller
and showed wider crown diameter than treatment A.
This indicates that size played a key role in seedling
survival. Only relatively big seedlings, were able to
overcome annuals competition and survive, indepen-
dently of simazine applications. This result may be of
importance if a reduction in herbicide doses is
intended, considering its potential secondary negative
effects such as the contamination of underground
water table (Glenn and Angle, 1987; Stearman and
Wells, 1997) or changes in the invertebrate community
(soil macro- and micro-fauna) (Prasse, 1985). In this
case, planting older or bigger seedlings with a more
developed root system should increase their chances to
survive and get established.

Differences between experimental sites on soil type,
temperature and rainfall generally did not affect seed-
ling performance. However, survival rates at Matta

were relatively lower than at Yishi. We assume that the
reason for this phenomenon was related to soil depth
and water availability in summer. At Yishi, planting
was carried out in deeper and more developed terraces
than at Matta. This allowed them to exploit water from
deeper soil layers and overcome the dry season (sum-
mer), resulting in higher survival rates.

In general, this study shows that standard manage-
ment practices (treatment A) showed highest seedling
establishment success. To our knowledge, the present
study provides for the first time in Israel insights into
the early stages of coniferous seedling establishment
in newly planted Mediterranean forests after distur-
bance by clearing and simazine applications.

Although not specifically covered by the present
study, it is important to mention that the current
planting policy for the studied region intends to
incorporate local species in mixed cultures, avoiding
alien monoculture plantations. Furthermore, simazine
applications should be constrained to the nursing beds
or planting locations, in order to reduce potential
negative secondary effects on ecosystem functioning
of the planted areas.
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