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Abstract

Three species of goatgrass (Aegilops L.), the wild relative of wheat, grow
naturally in the coastal plains of Israel. The distribution and ecological pa-
rameters of Aegilops sharonensis were determined by a field survey, while
similar information on the other species was obtained from the BioGIS data-
base. The distribution of plants was soil-specific. Sharon goatgrass (A. sha-
ronensis Eig) is endemic to Israel and southern Lebanon's coastal plains,
which have been stabilized with dunes and sandy soils. In contrast, slender
goatgrass (A. longissima Schwienf. et Muschl.) grows mainly on sandy loam
and the truncate goatgrass (A. speltoides Tausch) grows primarily on heavy
alluvial soils. The present 4-month study evaluated the affinity between
these 3 Aegilops species, the 3 different types of soils and fertilizer applica-
tion, in buckets. Interestingly, a significant increase in the number and
weight of the spikes were observed in fertilized buckets. We could also find
that these 3 species preferred heavy alluvial soil over the sands, regardless
of the fertilizer treatment. The data suggested that the population of A. sha-
ronensis was limited to the sandy dunes by urbanization along the coastal
plane and aggressive competition with the other species. Their more ex-
tended root system may adapt A. sharonensis to the deep and salty ground-
water that characterizes dunes. It is suggested to keep representatives of
the Israeli Aegilops populations in a nature reserve for protection from ex-
tinction.
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Introduction

The coastal plain of Israel features mosaics of soils, from dunes and stabi-
lized sands to sandy loam, heavy alluvial soils to calcareous soils embedded
within sands. The plain borders Lebanon in the north, the Gaza strip in the
south, the Mediterranean Sea in the west and about 15 km eastwards (1).
Three annual goatgrass species (Aegilops L.), Sitopsis section, Poaceae (2,
3), grow naturally on the coastal plain of Israel, on different types of soils (2).
Sharon goatgrass (A. sharonensis Eig) is an endemic grass that grows exclu-
sively on stabilized dunes and sandy soils. In contrast, slender goatgrass
(A. longissima Schwienf. et Muschl.) grows mainly on sandy loam soil, and
truncate goatgrass (A. speltoides Tausch) grows primarily on heavy alluvial
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soils (3). These diploid (2n=14) species share a similar 'S’
genome, with some modifications that differentiate them.
These genomes and especially that of A. speltoides are
closely related to the 'B' genome of the polyploid, wild and
domesticated wheat (4). Extant populations of A. sha-
ronensis that survived in their natural habitats were col-
lected for this study in 2003-2004. Physical and ecological
data of the populations were recorded and the data were
published (4). Data on the 2 other species were obtained
from published work (10).

The prevalence of A. sharonensis on dunes and sand
near the sea suggests that it may be a donor of genes to
wheat for tolerance to soil salinity, mineral deficiencies,
heat and additional traits (5-8). In addition, heat tolerance
genes can be beneficial to wheat during global warming
(5). Therefore, the genus is a valuable source of genes for
wheat (Triticum aestivum L.) improvement (6-8).

The available literature shows that these 3 species
were reported in many locations along the coastal planes
(9). However, most of these reports are dated and many
involved ecosystems have been lost in the 20" and 21%
centuries due to urbanization and farming advances (7). In
addition, due to the dynamic changes in its ecosystem, it is
difficult to assess the threat to the genetic diversity of
these goatgrass species without knowing their distribution
(10). Therefore, the present study experimentally deter-
mines the preferred natural soil and nutrient requirements
of each of the 3 goatgrasses and in so doing closes an in-
formation gap created by the lack of ecological-
physiological studies on the Israeli Aegilops species since

(1).

Materials and Methods

A greenhouse bucket study using 3 different soils (sand,
sandy loam, and heavy alluvial) and the 3 Aegilops species
(A. sharonensis (TH), A. longissima (TL) and A. speltoides
(TS)) with or without chemical enrichment was used to
study the affinity between each species and the soils as
well as the effect of chemical enrichment (a simulation of
fertilizer application). The experiment was run during win-
ter (starting in February). The temperature ranged be-
tween 10-15 °C.

Fifty seeds of each species were soaked in water to
promote germination as in (12). Then, 10 liter buckets
were washed, saturated with water and filled with the re-
spective soils. Two plantlets were planted in each bucket.
Each chemical supplementation was done in triplicates
and maintained in a greenhouse using a randomized block
design.

Of the 6 buckets with each soil, 3 received a solution
with additional fertilizer ("Shefer 6-6-6+3", with 6% N - as
ammonium and nitrate, 6% K0, 6% P.050.03% Fe and
microelements, 0.5 cc L?) (Haifa Group Chemicals, cat no.
151519, https://www.iclhaifa.com/fertilizers/images/
products-pdf/SHEFER.pdf).

Approximately 170 cc solution or clean water was
added twice a week to each bucket for 4 months. Each of
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the 3 species blocks consisted of 2 sub-blocks of 9 buckets
watered with pure or fertilized media.

Spikes count and spike weight were collected to
assess growth (13). Briefly, at plant maturity, each spike
was clipped at its base and the spikes of each plant were
counted, dried in an incubator (at 40 °C) until they attained
a constant weight and weighed.

Artwork and statistics

Artwork and statistics were made with GraphPad Prism
9.3. The data were first analyzed with a two-way ANOVA.
Then, differences between group means were evaluated
for statistical significance using one-way ANOVA (ns, not
significant; *p<0.05; **p<0.01; ***p<0.001; ****p<
0.0001). Error bars represent the standard deviation of the
mean.

Results

The data on the distribution of A. sharonensis in Israel have
been published elsewhere (4). We have identified 42 sepa-
rate Sharon goatgrass A. sharonensis (TH) populations
along the coastal shores between Naharia in the north to
Gaza in the south. Populations were distributed in variably
-sized islands (from ten m? to a couple of km?) of abundant
plant islands separated by variable distances (4.(

The number (Table 1 and Fig. 1A, 2A) and the weight
per plant (Fig. 1B, 2B) of the spikes were measured. It was
found that all 3 goatgrass species preferred (p <0.0001)
the heavy alluvial soil over the 2 other sand types, regard-
less of the chemical supplement fertilizer. It significantly
increased the number of spikes per plant (p <0.0009) and
total spike weight per plant (p <0.0001) in the entire study.

Table 1. The number of spikes per plant (+ standard error of the mean) in
three species of Aegilops: A. sharonensis (TH), A. longissima (TL) and A. speltoi-
des (TS) grown with and without fertilizer application in three soil types.

Species TH TL TS mean
Non-fertilized
Heavy 12.7+5.24 18.3#4.81 23.3+2.40 18.11 £3.06
Loam 5.7+1.20 4.3 +0.67 13.0 £2.89 7.67 £2.70
Sand 7.3+1.20 9.0+1.53 13.7£3.48 10.00 £1.91
mean 8.55+2.12 10.5 #4.11 16.7 £3.32 11.93 £2.45
Fertilized
g Heavy 26.3£3.76 24.0£5.13 26.0£5.03 25.44 +0.722
% Loam 17.7+2.91 19.0 +4.58 23.3+1.45 19.67 £1.69
Sand 12+2.08 11.0+#1.73 13.7 £6.94 13.22+#1.18
mean 19.22+3.72  18.00+3.79  21.1#3.31 19.44 +0.996
Averages
Heavy 19.5 +6.80 21.2+2.85 24.7£1.35 21.8+1.94
Loam 11.7 +6.00 11.7£7.35 18.2#5.15 13.7+1.86
Sand 10.5+3.20 10.0 £1.00 14.3+0.650 11.6+1.31
mean 13.89+3.06  14.28+3.01 18.89+2.35  15.69 +2.07
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Fig. 1A. The effect of two levels of fertilizer application (Water-none and
Fertilizer-a complete fertilizer solution) and three soil types (B-heavy loam, H-
loam, and S-sand) on the number of spikes per plant for each of the three
goatgrass species, Aegilops sharonensis (TH), A. longissima (TL) and A. speltoi-
des (TS).
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Fig. 1B. Effect of fertilizer application on the number of spikes per plant
averaged for the 3 goatgrass species in each soil.
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Fig. 2A. The effect of two levels of fertilizer application (Water-none and
Fertilizer-a complete fertilizer solution) and 3 soil types (B-heavy loam, H-
loam and S-sand) on the total weight (mg) of spikes per plant for each of the
three goatgrass species, Aegilops sharonensis (TH), A. longissima (TL) and A.
speltoides (TS).
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Fig. 2B. The effect of fertilizer application on the weight of spikes per plant
averaged for the three goatgrass species in each soil.

It was found that chemical supplementation resulted
in an increased number of spikes in all 3 species regardless of
the type of soil (Fig. 2A). However, the effect of chemical sup-

plementation on the increased number of spikes was ob-
tained only in the heavy alluvial (p < 0.015) and in the sandy
loam (p <0.001) soils. Furthermore, this impact was even more
substantial in the loam and sand soils when measuring the
total spike weight per plant (Fig. 2B). The significance values
for the impact of chemical supplements on the total spike
weight per plant were 0.2, 0.001 and 0.001 in the heavy soil,
loam and sand respectively.

A. sharonensis and A. longissima without chemical
supplementation shows a reduction (57%) in the number
of spikes per plant compared to A. speltoides. However,
with the chemical supplement, the values were similar in
the 3 species. Fertilizer supplements increased the number
of spikes per plant and spike weight in A. sharonensis more
than the other 2 species (Fig. 1, 2).

The chemical treatment doubled the number of
spikes per plant in A. sharonensis, and showed (p = 0.0017)
38% of the variance, while soil explained (p =0.018) 27% of
the variance.

In A. longissima, the fertilizer supplementation in-
creased the number of spikes per plant by 70% and
showed (p = 0.025) 19.6 % of the variance, whereas soil
expressed (p =0.018) 34% of the variance.

In Ae. speltoides, the fertilizer supplement increased
the number of spikes per plant merely by 24% (p=0.26)
with 6.4% of the variance and soil expressed 33% of the
variance (p =0.057).

Separating the fertilizer application and the soil
effects by 2-w ANOVA species-by-species, the impact of soil
and fertilizer application on the number of spikes per plant
and total spike weight per plant were significant only in
A. sharonensis and A. longissima (Table 2). In A. speltoides,
only the impact of fertilizer application on the total spike
weight per plant was significant (Table 2).

Table 2. Statistical analyses of variance (p values) in the growth results.
Aegilops sharonensis (TH), A. longissima (TL) and A. speltoides (TS). * a margin-
al significance.

Species
Impact of Measurement
TH TL TS
Spikes per plant 0.018* 0.018* 0.058%
Soil . .
Total spike weight 0.055% 0.0055**  0.3817
per plant
Spikes per plant 0.0017** 0.025* 0.26
Fertilizer ) )
application  Totalspikeweight _, 45510e g 0024%  0.0264*
per plant ’ ’ ’
Discussion

Our experimental study shows Sharon goatgrass grows
better on heavier soils, with or without fertilizer applica-
tion, regardless of its sandy habitat. However, its deeper
rooting system, prevalent rhizosphere microorganisms,
mycorrhizal fungi and perhaps salt tolerance (8, 14) give
this species an advantage over the 2 others in sands with
deeper groundwater.

All three species of goatgrass grown in buckets pre-
ferred the heavy textured alluvial soil. Therefore, the field
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observations are intriguing because only Aegilops sha-
ronensis grows on the sandy coastal soils, while the 2 other
species avoid the sandy sites and occupy the richer soils.

It was suggested that the extant populations of A
sharonensis and perhaps the other 2 species have been
squeezed by urbanization, farming and other aggressive
plant species to unfavorable and unpredictable conditions
that characterize the sandy patches in the Mediterranean
Coastal Plain (7). A. speltoides plants are relatively sturdier
than the 2 other species, judging by their smaller response
to the treatments. The 2 goatgrass, namely, A. longissima
and A. speltoides are more aggressive but suffer from heat
stress (11). They may also be less tolerant to salt, which
characterizes coastal sand. These two successful species
pushed A. sharonensis to the margins of the preferable rich
soils, so that A. sharonensis could develop only in the
sandy regions, which are the lowest quality sites in the
coastal plains. As a result, A sharonensis was excluded
from its preferred rich soils, leaving it to thrive only in the
warmer, desert-like, saltier and dryer coastal dunes and
sand, where the underground water lies below the root
zone of many annual plants despite the sufficient rainfall
(1). Therefore, we suggest that the continuous stress con-
ditions on the sandy soils gradually stimulated and pro-
moted the development of a new species, namely, the de-
velopment of the endemic A. sharonensis, which was iso-
lated from the 2 original Aegilops populations by the warm
and mineral-poor sandy habitat.

Conclusion

Aegilops sharonensis is an essential species for agriculture as
its DNA composes the secondary gene pool that is useful for
wheat improvement (9). The loss of its natural ecosystems in
the coastal planes, combined with the economic importance
of this species's genes for future wheat improvement, make it
imperative to keep representatives of A sharonensis popula-
tions in nature reserves and botanical gardens before the
plant is extinct. Our finding of the unexpected preference of A.
sharonensis for growing on heavy alluvial soils makes it prefer-
able to safe keep a diversity of A. sharonensis seeds from iso-
lated populations on such soils for future use.
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