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ABSTRACT

A two-year experiment was conducted in northeastern Israel to study the effects of various defoliation regimes on biomass
partitioning between vegetative and reproductive structures in a perennial and an annual Mediterranean grass. Greater insight
into the mechanisms regulating biomass partitioning after defoliation enables ecologists and rangeland managers to interpret
and predict population and community dynamics in Mediterranean grasslands more efficiently. Two typical Mediterranean
grasses, Triticum dicoccoides, an annual species, and Hordeum bulbosum, a perennial species, were grown in containers in the
open. They were subjected to a series of defoliation treatments that comprised three clipping frequencies and three clipping
heights in a full factorial combination. In addition, individuals of both species were sampled in the field, in paddocks that were
grazed, and in a control exclosure that was closed to grazing during the growing season. The experiment was conducted over
two growing seasons, one unusually dry and one unusually wet. The clipping treatments invariably caused a reduction in the
amount of biomass partitioned to the reproductive organs, but had little effect on the vegetative components of the plants.
Greater tillering following defoliation compensated, to a large degree, for the loss of photosynthetic biomass following
defoliation. The effect of grazing on biomass partitioning was much lower than the effect of clipping. Under grazing, the
investment in reproductive biomass was considerably higher than when the grasses were clipped. The results of this
experiment help to elucidate the reasons for the persistence of these species and, especially, for the dominance of Hordeum
bulbosum in many eastern Mediterranean grasslands.

KEY WORDS: annual vs. perennial grasses, biomass partitioning, defoliation treatments, grasslands, grazing
response, Hordeum bulbosum, Israel, Mediterranean, reproductive effort, Triticum dicoccoides, vegetative vs.
reproductive structures.
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INTRODUCTION

Management of rangelands for both production and conservation of the flora requires information on the response of the
principal plant species to key processes in the plant-herbivore system. An essential process in vegetation dynamics is biomass
partitioning under grazing. This aspect of plant growth has been studied for many years in range pastures (Biswell and Weaver
1933) and in temperate pastures (Parsons and Robson 1981, Hunt et al. 1987), and models have been constructed based on
accumulated knowledge (Johnson and Thornley 1987, Spek and van Oijen 1988). The two dominant modes of biomass
partitioning are between root and shoot and between vegetative and reproductive structures (Loehle 1987, Reekie and Bazzaz
1987, Horvitz and Schemske 1988). Grazing can influence both processes by affecting the demand for resources in either
shoots or roots (sink strength) as well as the availability of meristems and their commitment to vegetative or reproductive
growth. Very little work has been done on the strongly seasonal Mediterranean grasslands (Ryle 1970).

Numerous biotic and abiotic factors influence partitioning between vegetative and reproductive plant organs. Grazing reduces
the allocation to reproductive structures by removing rudimentary inflorescences or reducing photosynthetic surfaces and,
consequently, the ability to photosynthesize (Hill and Watkin 1975, Caldwell et al. 1981, Butler and Briske 1988). On the other
hand, grazing can increase the allocation to reproductive organs through its influence on tiller density and age-class
distribution (Deregibus et al. 1985, Butler and Briske 1988, Noy-Meir and Briske 1996). Light grazing early in the season can
increase the number of tillers that may potentially become reproductive later in the year (Knight 1970). However, severe
grazing reduces the number of reproductive tillers.

Little work has been done on partitioning of biomass between vegetative and reproductive structures in annual grasses (de
Ridder et al. 1981), and none of it has addressed the effects of defoliation and grazing. This question is of special importance
to species maintenance in the strongly seasonal Mediterranean grasslands (Noy-Meir and Briske 1996), where grazing may
enhance the proportion of quality forage (leaves) by increasing the sink strength of shoots and limiting the number of
reproductive tillers. However, the cost in reduced seed production or resource storage may have consequences for subsequent
population dynamics and yield. Better information on the effects of defoliation and grazing on biomass partitioning in both
annual and perennial grasses in the unique Mediterranean environment is needed to improve the forage quality and production
efficiency of the range.

We report on experiments that were conducted to study the effects of various defoliation regimes on biomass partitioning
between vegetative and reproductive structures in perennial (Hordeum bulbosum) and annual (Triticum dicoccoides)
Mediterranean grasses. Defoliation frequency or intensity was varied to simulate a wide range of potential grazing situations
and provide a basis for wider generalization at the process level. Although cutting experiments do not exactly simulate the
natural grazing process, they provide an insight into the mechanisms regulating biomass partitioning after defoliation that
enables ecologists and rangeland managers to interpret and predict population and community dynamics in Mediterranean
grasslands more efficiently.

MATERIALS AND METHODS

The grass species

Bulbous barley, Hordeum bulbosum L., is the most common perennial grass species in many eastern Mediterranean
grasslands, with a wide distribution in both the Mediterranean and the Irano-Turonian phytogeographical regions (Zohary
1989). It regenerates annually and reproduces asexually from corms (“bulbs”) derived from thickened basal internodes at or
just below the soil surface; it also produces abundant seeds. On many Mediterranean grasslands it is a major dominant under
a wide range of grazing intensities (Seligman 1996, Sternberg et al. 2000). Wild emmer wheat, Triticum dicoccoides (Koern.)
Aarons., is a tall, large-seeded annual grass commonly found in eastern Galilee and on the Golan Heights, especially on
basaltic soils. It is sometimes locally dominant in lightly grazed areas or ungrazed sites (Noy-Meir et al. 1989). It can be
regarded as representative of the tall Mediterranean annual grasses that include wild oat, Avena sterilis L., and annual wild
barley, Hordeum spontaneum C. Koch.

Planting and harvesting procedures

Experiments were conducted in the growing seasons of 1991-1992 and 1992-1993 from the beginning of the rainy season in
autumn (November) to the beginning of the dry season in early summer (May). Wild emmer wheat seeds were harvested from
plants raised in a field nursery from seeds collected from local populations at the Karei Deshe Experimental Station in
northeastern Galilee, just north of the Sea of Galilee in Israel (Gutman et al. 1990). Bulbous barley corms were collected in
Karei Deshe prior to the experiment. In the first year, the plants were grown in 50-L plastic containers, 40 cm in diameter and
40 cm deep, that were filled with local topsoil (basaltic protogrumosol). In the second year, the soil was mixed with pumice
(2:1 v/v topsoil:pumice) to improve aeration and to prevent cracking of the heavy soil.

Each container was sown with 30 wheat seeds in an unheated shadehouse at the beginning of November before the first
rainfall. After germination, the seedlings were thinned to 15 per container and positioned in two concentric circles, with 11
plants in the outer circle and four in the inner circle and a distance of approximately 5 cm between plants. In the second year,
this procedure was repeated. In the first year, H. bulbosum corms were also planted in November, but after the first rain.
Because of unusually high temperatures at the time, many of the corms dried out and were replaced with fresh corms. This
caused great survival variability among the plants in the containers. In some containers, 15 plants survived; in others, only 8-
14. In the second year, 15 middle-sized corms that appeared to be viable were planted in each container. Some sprouted
immediately, others delayed sprouting until 10 days after planting, and some dried out and failed to sprout. The final number
of plants per container varied from seven to 15.

In the first year, which was unusually dry, the containers were irrigated to prevent the soil from drying out. They were
irrigated six times between rainfall events, each time with an amount equivalent to 15-20 mm rainfall (Table 1). In the second
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year, the winter was unusually wet, but the spring was relatively dry. The containers were irrigated once soon after planting
and seven times in the spring, also with an amount equivalent to 5-20 mm rainfall each time (Table 1). In the second year,
plants were fertilized once in December with 1.5 g urea per container (equivalent to 70 kg N/ha) to make up for probable
nitrogen deficiency in the soil, which had been leached by abundant winter rains. Because the weather during January and
February was also extremely cold and stormy, plant growth in midwinter was severely retarded.

Table 1. Rainfall (mm) and irrigation (mm) of the containers of Triticum dicoccoides and Hordeum
bulbosum during the experiment.

1990-1991 1991-1992
Month Rainfall || Irrigation || Rainfall || Irrigation
[october || 13 [ o [ o || o ]
|November|| 13 || 30 || 104 || 5 |
[December]| 37 |[ 30 [ 361 || o ]
January 128 15 224 0
February 57 0 295 0
March 78 0 29 20
April 37 20 0 70

Defoliation treatments

In each year, both species were subjected to defoliation at three frequencies and three clipping heights in a fully factorial
combination. In addition, there was one unclipped control, giving a total of 10 treatments (Table 2). Defoliation dates were set
according to the development of the phenological phases: early vegetative, late vegetative, and early reproductive. Clipping
heights represented mild, moderate, and heavy defoliation. The series of defoliation treatments began about 10 weeks after
planting.

Table 2. Clipping heights and harvest schedules.

Parameter Treatment no.
1 | 2 [ 3 [ a4 5 [ e || 7z [ 8 | 9 | 10
First year, 1990-1991
Clipping height (cm)* 1t 25 s [ 1 J25f 5 | t |25 5 |control
Clipping date
6-8 Feb - - - - - - + + + -
4-7 Mar - - - + + + + + + -
21-27 Mar + + + + + + + + + -
17 Apr-9 May + + + + + + + + + +
Second year, 1991-1992
Residual fraction 0.125] 0.250] 0.500] 0.125] 0.250] 0.500][ 0.125 ][ 0.250 || 0.500 || Control
Clipping date
22-29 Jan + + + + + + + + + -
4-9 Mar - - - + + + + + + -
29 Apr-5 Mar - - - - - - + + + -
28 Apr-10 May + + + + + + + + + -

Note: Triticum dicoccoides was clipped on the first date in each range, Hordeum bulbosum on the
second. The minus sign (-) stands for "not havested," the plus sign (+) for "harvested." The last
harvest was at the end of the growing season on the final date given, which varied among
treatments. At that time, aboveground biomass in all containers, including the control, was clipped
at ground level. Corms of H. bulbosum were harvested separately.

tIn the first year, clipping height was fixed at three levels above ground. In the second year,
clipping height was determined as a fraction of plant height in each container.
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Treatments were randomized in 10 replicated blocks for each species. Clipping schedules differed between the two years so as
to provide a wider range of defoliation scenarios. In the first year, clipping heights were fixed at 1.0, 2.5, and 5.0 cm above
the ground, regardless of the height of the plant. In the second year, clipping heights were set proportional to the heights of
the plants: 0.125, 0.25, and 0.5 of sward height. This approach simulated the finding that cattle tend to graze a proportion of
the sward height rather than down to a fixed residual height (Laca et al. 1992). Furthermore, in the first year, one-third of the
treatments were clipped at the first defoliation, two-thirds at the second, and all at the third. In the second year, the order
was reversed: all treatments were clipped at the first defoliation, two-thirds at the second defoliation, and one-third at the
third defoliation. Thus, in the first year, treatments that were defoliated once grew undisturbed for most of the season and
were not defoliated until the beginning of the reproductive phase; in the second year, treatments defoliated once were
defoliated early in the vegetative phase and recovered during the rest of the growing season. At the end of the growing
season, as the plants began to dry out, the aboveground biomass in the control and in all the treatment containers was
clipped at ground level. The corms of H. bulbosum were dug out of the ground after the last harvest and cleaned of soil. The
detailed treatment schedule is given in Table 2.

Handling of the harvested biomass

The aboveground harvested material from each container at each clipping was separated into spikes, leaves, and tillers. In
each year, corms were dug out at the final harvest at the end of the season. The separated material was dried at 65°C for 48
h and weighed to 0.1-g precision.

Field sampling

Plants of T. dicoccoides and H. bulbosum were sampled regularly in an ungrazed control plot and in experimental plots at Karei
Deshe that were subjected to stocking rates of 0.83 and 0.5 cows per ha. The grazing experiment comprised two blocks (two
replicates/paddocks per treatment). The control exclosures were protected from grazing during the growing season but open
to grazing during the dry summer. In the first year, 20 plants of H. bulbosum and 25 plants of T. dicoccoides were randomly
sampled in each of the six paddocks; in the second year, the sampling size was increased to 35 plants of each species. All
samples were collected within a permanent 30 x 30 m area. Growth parameters were estimated, and the plant material was
separated into vegetative and reproductive components, dried for 48 h at 65°C, and weighed.

Statistical analysis

The size and significance of the treatment effects were analyzed with the GLM procedure developed by the SAS Institute
(1985). The model included clipping height, clipping frequency, and year as well as the interactions between them. Individual
plants sampled in the field were regarded as individual observations and served as replicates in a one-way ANOVA. The means
of the significant differences were separated using the Tukey hsd (honestly significant difference) test (P < 0.05).

RESULTS FOR TRITICUM DICOCCOIDES

Except for the reproductive fraction and the number of tillers, interactions between the effects of defoliation frequency and
clipping height were not significant. Consequently, in most cases, these effects can be viewed independently of each other.

Accumulated end-of-season total biomass

In both years, the accumulated end-of-season total biomass of all clipping treatments was substantially lower than the mean
end-of-season biomass in the control (Tables 3 and 4) and decreased with increasing clipping frequency. In the first year, the
effect of constant clipping heights on total biomass was not significant. In the second year, the more severe relative clipping
heights (0.125, 0.25) reduced total yield, whereas the light clipping height (0.5) had only a small effect. Biomass yields were
higher in the second year. This was most likely a result of the drier conditions in the first year despite irrigation (Table 1),
combined with the fact that nitrogen fertilizer was added to the containers in the second year.

Table 3. Reproductive fractions of Triticum dicoccoides: first year.

Component Controlt Clipping frequency Clipping height Interaction
(no. times clipped)* (cm)
1 2 3 ||Significance|| 5 || 2.5 1 ||Significance|| Fraction
X
height
Total shoot biomass (g 74*%* | 572 || 50P || 46P * x 54 || 49 || 50 NS NS
DM)3
Vegetative 49 NS || 492 ||442bP|| 40P * 45 || 43 || 45 NS NS
biomass (g DM)
Reproductive 25%*% 8@ 62 7b * 93 6b ) ok % NS
biomass, spikes
(g DM)
Reproductive S S S B B EX EC B B
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[plants (%) | [ (| [ [

No. tillers/plant 4.3*%** 114 8b||7.52||7.72 oK 5.8P(/7.02||7.22 o *
(2 April)

Significance of the difference between the control and the mean of all the defoliation treatments.

* P < 0.05; ** P <0.01; *** P < 0.001; NS, nonsignificant.

Difference between the control and mean of all defoliation treatments.

*In the first year, one-third of the treatments were clipped at the first defoliation, two-thirds at the
second, and all at the third. Values followed by different letters are significantly different.

Svalues given represent grams of dry matter per container with a soil surface area of 1.25 m2.

Table 4. Effect of defoliation treatments on partitioning of the vegetative and reproductive
fractions of Triticum dicoccoides: second year.

Component Controlt Clipping frequency Residual fraction Interaction
(no. times cIipped)¢
1 2 3 ||Significance|| 0.5 |[0.25](0.125||Significance||Fraction
X height
Total shoot biomass (g 111%** {1 gga || g7b || 85P KAk 1032|| 84b || 83P *okoK NS
DM)3
Vegetative biomass (g 85*** 75 || 70 || 75 NS 812 || 70b || 70P * NS
DM)
Reproductive 25%** lH4a (160 || oC ok 222 || 14b || 13P ok NS
biomass, spikes
(g DM)
Reproductive 23 1242 || 19b || 12€ || F* 222 || 170 || 16P ok o
plants (%)
No. tillers/plant 2.5%x*x || 25145 4.8 NS 3.12|(4.8P]| 5.8¢ ik Aok
(15 April)

* P < 0.05; ** P < 0.01; *** P < 0.001; NS, nonsignificant.
tDifference between the control and the mean of all the defoliation treatments.

*In the second year, all treatments were clipped at the first defoliation, two-thirds at the second
defoliation, and one-third at the third defoliation. Values followed by different letters are
significantly different.

Svalues given represent grams of dry matter per container with a soil surface area of 1.25 m2.

Vegetative biomass

In the first year, defoliation treatments did not have a significant effect on accumulated vegetative biomass. In the second
year, the effect was significant but considerably less than that on total biomass. Increased clipping frequency slightly
decreased accumulated vegetative yield in the first year but had an ambiguous effect in the second year. On the other hand,
the effect of clipping height was not significant in the first year. In the second year, the more severe defoliation reduced
vegetative biomass significantly, although the yield of the light clipping treatment (0.5) was not much lower than that of the
control.

Reproductive biomass

In contrast to vegetative biomass, the effects of defoliation treatments on reproductive (spike) biomass were highly significant
(Tables 3 and 4). In the first year, the effects of clipping treatments were much more drastic than in the second year, possibly
because of the more severe range of clipping heights. On average, clipping reduced spike biomass to less than one-third of
that of the control; in the second year, average spike biomass on the clipped plants was two-thirds that of the control plants.
The effects of clipping frequency and clipping height were significant in both years. In the first year, when all treatments were
clipped at the third clipping date in the reproductive stage, the overall effect of clipping was large, but the differences among
clipping treatments were small. In the second year, when all treatments were clipped early in the vegetative stage, there were
large differences among them. Spike mass on the plants that were clipped only once (early) or at the light clipping height
(0.5) was not significantly less than that of the control plants, but was significantly greater than that in the treatments that
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involved severe clipping in the reproductive stage.

The reproductive fraction

The effect of defoliation treatments on this variable (spikes per total biomass) was very similar to their effect on spike mass.

Tillers per plant

In both years, the overall effect was the same: increased clipping frequency and more severe clipping heights increased
tillering. In the second year, however, the frequency effect was not significant. On the other hand, the interaction (frequency
x height) was highly significant: at the most severe defoliation (0.125), tiller numbers were significantly higher in both the
two- and three-clipping treatments, whereas, at the more lenient defoliation, tiller numbers were significantly higher only with
three clippings.

The reproductive fraction in grazed plants

At the April sampling, the plants in both grazed paddocks were grazed down to about half the size of the plants in the control.
In both 1991 and 1992, the reproductive fraction of T. dicoccoides plants was higher in the ungrazed control than in the
grazed paddocks (Table 5). This is similar to the effect of clipping on the reproductive fraction of T. dicoccoides, except that
the effect of grazing was not as severe as that of the clipping treatments. Differences between the two grazing intensities
were not significant.

Table 5. Biomass partitioning in Triticum dicoccoides and Hordeum bulbosum plants taken at the
end of the growing season in 1991 and 1992 from grazed paddocks at different stocking rates: H
(heavy), 0.83 cows/ha; M (moderate), 0.5 cows/ha; and C (control), ungrazed.

Biomass components | Triticum dicoccoides || Hordeum bulbosum |
[ 21Aprit1991 || 13 April1992 || 22 Aprii1991 || 20 April 1992 |
[Hllmlclnl[mfcl]HlmlIclHlm]|c]

Total biomass 3.6 || 29 || 4.0 || 1.0° || 1.2P || 2.8% || 2.3 || 2.3° || 5.22 || 4.2P || 5.3 || 7.72

(g/plant)’

Reproductive fraction® ||0.39P| 0.40°|(0.472||0.68"|/0.70P||0.762||0.452|[0.442||0.35P||0.412||0.392||0.34P

lcorm fraction$ W | |l J[osafo8e|[0.71]f0.75 ][ 0.72 ][ 0.68 |

"The means of the significant differences were separated using the Tukey hsd (honestly significant
difference) test (P < 0.05) from the SAS Institute (1985). Nonsignficant (or derived) differences
have been left unmarked. Values followed by different letters are significantly different.
*Reproductive fraction is spikes/total biomass for T. dicoccoides and (spikes + corms)/total
biomass for H. bulbosum.

§ Corm fraction is corms/(spikes + corms).

RESULTS FOR HORDEUM BULBOSUM

Accumulated end-of-season total biomass

In both years, as in the case of Triticum dicoccoides, accumulated end-of-season total biomass in all clipping treatments was
significantly lower than that of the control (Tables 6 and 7). The depressive effect on growth increased more steeply with
number of defoliations than with severity of clipping: the biomass of plants subjected to the light clipping height in the second
year (0.5) was only slightly lower than that of the control plants. This response was also similar to that of T. dicoccoides.

Table 6. Effect of defoliation treatments on partitioning of the vegetative and reproductive
fractions of Hordeum bulbosum: first year.

Component Controlt Clipping frequency Clipping height (cm) Interaction

(no. times cIipped)*
I LUl L LUl Ll 1T 1T L 1T 1T 1T 1
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1 2 3 |[Significance|| 5 2.5 1 |[Significance||Fraction
X height

Total shoot biomass 120*%** |[1p32[| 93b || 84¢ ok 992 || 92b |[ 92b * NS
(g DM)S
Vegetative biomass 64NS 562 || 552 || 502P NS 54 | 54 || 53 NS NS
(g DM)
Spikes 7x*x 4 2 2 NS 3 2 2 NS NS
(g DM)
Corms 49%** 432 || 36b || 32P *ok ok 422 || 35b | 320 *k K NS
(g DM)
Reproductive 47%** 452 || a1b || 41¢ *% 462 || 410 || 40P *% NS
fraction (%)|
No. tillers/plant 11.5%%%|18,33|112.95(17.5¢ *** 16.8%(|11.33||10.33|| ** NS
(4 April)

* P < 0.05; ** P <0.01; *** P < 0.001; NS, nonsignificant.

TDifference between the control and the mean of all the defoliation treatments.

*In the first year, one-third of the treatments were clipped at the first defoliation, two-thirds at the
second, and all at the third. Values followed by different letters are significantly different.

SValues given represent grams of dry matter per container with a soil surface area of 1.25 m2,
IReproductive fraction is spikes + corms.

Table 7. Effect of defoliation treatments on partitioning of the vegetative and reproductive
fractions of Hordeum bulbosum: second year.

Component Controlt Clipping frequency Residual fraction Interaction
(no. times cIipped)¢
1 2 3 |[|Significance|[ 0.5 || 0.25 [|0.125|(Significance||Fraction
X height
Total shoot biomass 140 1302||1220|[115¢| *** 1362||116° ||116° || *** NS
(g DM)S
Vegetative biomass 78%* 742 || 732 || 68P * 762 || 670 |[712P * NS
(g DM)
Spikes VARE 7 || g2 || 3¢ *okk 6 6 6 NS NS
(g DM)
Corms 55%xx 1l aga |[ 41¢ || 460 || *** 532 || 420 || 38¢ * *
(g DM)
Reproductive 45%* 43 || 40 || 41 NS 442 || 423b || 38P * *
fraction (%)I
No. tillers/plant 5.3%¢* |17.22(19.7°[113.1¢||  *** 8.7"||10.82||10.52 * *
(17 April)

* P < 0.05; ** P < 0.01; *** P < 0.001; NS, nonsignificant.
"Difference between the control and the mean of all the defoliation treatments.

*In the second year, all treatments were clipped at the first defoliation, two-thirds at the second
defoliation, and one-third at the third defoliation. Values followed by different letters are
significantly different.

S8Values given represent grams of dry matter per container with a soil surface area of 1.25 m2.
IReproductive fraction is spikes + corms.

Vegetative biomass

In the first year, defoliation treatments did not have a significant effect on accumulated vegetative biomass, whereas, in the
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second year, there was a small but significant negative effect. Differences among the effects of clipping severity were smaller
than in the case of T. dicoccoides, especially in the second year.

Reproductive biomass

Corms constitute the bulk of the reproductive biomass in H. bulbosum. Even in the control plants, spike mass was only about
one-third that of T. dicoccoides. The effect of clipping frequency was significant only in the second year, and clipping height
was not significant in either year. On the other hand, corm mass was significantly reduced by both frequency of defoliation
and severity of clipping height, although the reduction never exceeded 20% of the corm mass in control plants.

The reproductive fraction

The effects of defoliation treatments on the reproductive fraction (spikes + corms) were similar to their effects on corm mass,
except that, on the whole, the effects were much smaller. The effects of clipping treatment were almost identical in both
years.

Tillers per plant

Tiller numbers changed considerably during the season (Fig. 1), so that the numbers at any one point in time were not very
meaningful. Nevertheless, toward the end of the growing season, increased clipping frequency increased tiller numbers per
plant, whereas the effect of clipping height was ambiguous.

Fig. 1. Changes in tiller number per plant in the control treatment (not clipped) of the container
trial during two growing seasons. Hb stands for Hordeum bulbosum, Td for Triticum dicoccoides.
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35 -
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The reproductive fraction in grazed plants
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In the control paddock, the fraction of reproductive organs in the field was smaller than in either grazed paddock (Table 5).
However, this was a consequence of the defoliation caused by grazing: the actual mass of corms as well as the number of
corms per plant were consistently (and generally significantly) higher in the control paddock (Fig. 2).

Fig. 2. Effect of grazing on the change in the number of new corms per culm of H. bulbosum in the
spring of 1991 and the spring of 1992. C stands for the control paddock without grazing, M for
paddocks grazed at moderate stocking rates, and H for paddocks grazed at heavy stocking rates.
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DISCUSSION

Responses of an annual and of a perennial grass

The life-forms of Hordeum bulbosum and Triticum dicoccoides are different: one is a perennial hemicryptophyte, and the other
is an annual therophyte (Raunkaier 1934, Orshan 1953). Nevertheless, their annual life cycles are dominated by the strongly
seasonal Mediterranean climate, with the result that their phenologies are closely synchronized. That is possibly the reason for
their similar response to defoliation at any time during the growing season (Noy-Meir 1978). However, their partitioning
priorities are quite different: T. dicoccoides can invest only in the spike, whereas H. bulbosum must divide its reproductive
biomass between the spike and the asexual corms. In addition, H. bulbosum clearly favors the corms, regardless of whether
the plant is defoliated during its growth. Exploiting such an option for perennial growth can be advantageous only if the
species can withstand grazing as well as a long, dry, hot summer. Indeed, even though the biomass and number of the corms
are reduced by grazing (Tables 6 and 7, Fig. 2), the effect is less severe than the effect on the spikes. H. bulbosum also
demonstrates plasticity by becoming more prostrate under heavy grazing. In addition, the tillers that arise from buds below
the corms (Ofir et al. 1967) are initially protected by the overlying corm. Tiller numbers per plant were high compared with T.
dicoccoides, a property that facilitates tolerance of grazing (Fig. 1). In the spring, the number of new corms grows rapidly
(Fig. 2), and soon afterwards they become dormant as the plant dries up at the beginning of the summer. Even though
reproductive spikes form only a small part of the investment in reproductive biomass, there is still a substantial investment in
seed (Koller and Highkin 1960). The wide distribution and dominance of H. bulbosum in eastern Mediterranean grasslands is
an indication of the success of the partitioning strategy of the species (Seligman 1996).

Despite the fact that T. dicoccoides can opt only for sexual reproduction, it invests less in reproductive biomass than does H.
bulbosum. Seed composition and the accompanying defense and distribution mechanisms are evidently more demanding on
assimilates than are vegetative corm structures (Ryle 1970). Although seed production in T. dicoccoides is sensitive to severe
defoliation (Table 3), in the field the plant maintains an impress