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This research was conducted in the Mamora cork oak

forest of Morocco to: (1) Describe the impacts of sheep

grazing (none, 35% use, 70% use) in March, April, May and

June of 1987 and 1988 on seasonal forage production; (2)

evaluate the effects of these factors on annual changes

in herbaceous foliar cover and botanical composition; and

(3) determine their effects on seasonal changes in forage

quality of the herbaceous vegetation.

Neither the month of 1987 nor the degree of use had

significant effects on the rate of herbage accumulation.

In 1988, the month of grazing, the degree of use and

their interaction had significant effects on all rates of

herbage accumulation except that between May and June for

the March grazed treatment. For the April, May and June



treatments, grazing depressed the forage production of

the subsequent months.

The interaction of the month of grazing and the

degree of use had no significant effect on the botanical

composition of all groups of species. Averaged over the

season, the other forbs were the dominant group of

species.

Total canopy cover was significantly affected by the

year only. The 1988 total vegetative ground cover was

significantly higher than the 1987 and 1989 ones as a

result of the impacts of the intensity and distribution

of rains on vegetative growth, development and

distribution.

The degree of use had a significant effect on the

forage nutrients only for some grazing treatments. It

seemed that the effect of the grazing intensity on forage

nutrients of the subsequent months is more evident when

grazing occurs early in the season.

This study developed the first information for this

area related to the response of the vegetation to the

time and the intensity of grazing. The results suggest

that scheduling intensity and timing of grazing livestock

might be a key factor in community dynamics. Combined

research on grazing management, fertilization and seeding

should be undertaken and implemented in the next Mamora

management plan.
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THE IMPACT OF GRAZING ON FORAGE QUANTITY, QUALITY

AND FOLIAR COVER OF THE HERBACEOUS VEGETATION

IN THE MAMORA CORK OAK FOREST, MOROCCO

INTRODUCTION

The multiple benefits that accrue to well managed

hardwood range are documented in scientific literature.

Management of oak woodland that improves wildlife habitat

maintains soil stability, increases livestock production,

and maintains aesthetic values can be accomplished if

properly planned (George, 1987).

The Mamora national cork oak forest of Morocco

covered approximately 133,000 hectares during the 18th

and 19th century. It was described as a dense and

homogeneous forest (Boudy, 1958). The reduction of the

available rangelands due to the growing introduction of

exotic tree species such as Eucalyptus and Pinus has

resulted in frequent overstocking of livestock and

increased levels of degradation of the remaining grazing

resources in these hardwood areas. Harvesting oaks has

increased over the past five to ten years as a result of

economic trends such as expanded fuelwood markets, paper

industry and increasing rural population. At the present

time, Ouercus suber only covers about 40,000 hectares.

Continuing pressures on oaks are of concern and could be

alleviated by more intensive, sustainable, and

economically diversified use of hardwood lands.
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Agroforestry is a sustainable land management system

which increases the overall yield of the land, combines

production of the crops and forest plants and/or animals

simultaneously or sequentially in the same unit of land.

This concept applies management practices that are

compatible with the cultural practices of the local

population (ICRAF, 1982; Diamond, 1987). A managed

agroforestry program can help meet the current needs of

the hardwood rangeland users in the Mamora cork oak

forest by producing a variety of goods in an intensive

and sustainable manner. With appropriate technological,

social, economic and political support these agroforestry

systems offer new hope for increased productivity.

Annual herbage production and foliar cover in

Mediterranean climates have been shown to depend on

various environmental factors, such as precipitation and

soil moisture (LeHouerou and Hoste, 1977; Murphy, 1970),

radiation and temperature (Wallach and Gutman, 1976),

temperature indices like accumulated degree days (George

et al., 1988), and soil nitrogen and phosphorus (Van

Keulen, 1975; Penning de Vries and Djiteye, 1982;

Benjamin et al., 1982). The effects of stocking rate or

grazing system on annual herbage production and foliar

cover are superimposed on the environment effects with

which they may interact. The effects of defoliation due

to grazing is not only dependent on the severity of
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grazing, but also on the habitat ecology (Noy-Meir and

Walker, 1986).

In the Mamora cork oak forest, Sauvage (1961)

described the understory vegetation. Ibnattya (1984)

investigated the effects of cork oak canopy cover on

seasonal herbage production, foliar cover, and nutritive

quality of the herbaceous vegetation. Some improvement

studies (Maignan and Ibnattya, 1973) conducted in Mamora

have emphasized the adaptation aspects of forage species

in the cork oak environment. Although grazing management

has been recognized as critical to the success of these

improvements, no investigations on the impact of grazing

on this annual-type vegetation have been carried out.

The present study is a contribution toward that end

with the following specific objectives:

1. To describe, during the growing season, the impact of

the month and intensity of grazing by sheep on

seasonal forage production of the herbaceous

vegetation, in a portion of the mature Mamora Cork

oak forest.

2. To evaluate the effects of these factors on annual

changes in herbaceous foliar cover and botanical

composition.

3. To determine their effects on seasonal changes in

forage quality of the herbaceous vegetation.
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LITERATURE REVIEW

Herbage production and botanical composition in oak

savannas are controlled by physical parameters (climate,

soils, topography, and season), woody overstory canopy

cover and grazing (intensity, frequency, and timing).

Climatic constraints have a great impact on the

herbaceous understory vegetation, especially the amount

and timing of the rainfall. One of the most limiting

factors in this annual type vegetation is soil fertility

(Jones, 1974).

The initial analysis of the vegetation confirms the

importance of the tree canopy cover and anthropic factors

in determining the distribution of the herbaceous

species. Various aspects of the environment are modified

by the trees relative to open areas, especially light

intensity, temperature, soil moisture and soil nutrients

(Parker and Muller, 1982).

Several investigators have reported that this plant

community is characterized by a horizontal heterogeneity

of the vegetation induced by trees (Holland, 1973, 1980;

Parker and Muller, 1982; Vacher, 1984; Ovalle, 1986).

Due to simultaneous presence of the herbaceous and

tree strata, range management of the grass-woodland areas

raises the question of the importance of the tree, its

utilization and role compared to the herbaceous
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vegetation in this complex ecological system (Ovalle and

Avendano, 1984 and 1987).

Characteristics of the Mediterranean Climate

The Mediterranean climate is characterized by

precipitation concentrated in the cool winter season

whereas summers are hot and dry. In the Mediterranean,

there are roughly three precipitation regimes (Le

Houerou, 1965, 1971; Akman and Daget, 1971). These are:

western regime with maximum precipitation in fall

(October/ November), an eastern regime with maximum

rainfall in winter (December/January), and an

intermediate regime (continental) with maximum

precipitation in spring (March/April).

The limit between eastern and western regimes is

approximately the 16-18° East longitude (Gulf of Sidra)

(Le Houerou, and Hoste, 1977). The amount of rain varies

from 200 mm to 1,000 mm (Anonymous, 1951, cited in

Rossiter, 1966). The upper limit of the Mediterranean

climate was given by Emberger (1955). In the northern

Mediterranean, this corresponds almost exactly to the

northern limit of the holm oak Ouercus ilex and of the

olive tree Olea europea. The mean annual temperature

varies from 18-20°C along the coasts to 10-15°C in the

higher elevations. The average daily minimum temperature

of the coldest months varies from 5-10°C on the shores

and goes down to -2 and -5°C above 2,000 m of elevation.
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The average daily maximum of the hottest months varies

from 30°C on the shores to 35-38°C in the hinterland (Le

Houerou and Hoste, 1977).

The Mediterranean climate is found in southern

France, western and southeastern Spain, North Africa,

Crete, Israel, in parts of California, Oregon, and Chile;

in parts of southwestern and southern Australia and in

the southwest of Cape Province in South Africa (Whyte,

1949; Jackson, 1985).

The main components of the vegetation in

Mediterranean areas were trees, perennial shrubs, and

perennial grasses. Grazing and disturbance have led to

rangeland communities that are characterized by shrubs

and/or several annual plants (Rossiter, 1966; Le Houerou

and Hoste, 1977). The Mediterranean grasslands are

composed chiefly of winter germinating and developing

plants. Raunkiaer (1934) called the Mediterranean

climate type a theroplyte climate because of the high

percentage of this life form in the Mediterranean floras.

Most of these plants, like Avena, Festuca, Bromus,

Hordeum species, Trifolium, Erodium, and Medicago

histaida, have the gynecological advantage of being

self-fertilized. As shown by Stebbins (1957) and Fryxell

(1957), those few well adapted individuals which

colonized the first available niches would quickly build

up large, homogeneous, and highly reproductive

populations, but through occasional outbreeding still
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would be able to produce occasional bursts of genetic

variability (Naveh, 1967). Thus, they could occupy a

wide range of diverse habitats, and as shown in the case

of (Bromus mollis) by Knowles (1944), undergo ecotypic

differentiation.

In the case of Mediterranean oak savannas types,

resemblance in bioclimatic conditions is correlated with

resemblance in parent rock, topography, and land use.

There is even a great part of the herbaceous vegetation

which is taxonomically synonymous (Naveh, 1967).

On the other hand, there is great similarity in

ecological amplitude and in the syndynamics of all these

Mediterranean vegetation types. There is even a striking

analogy in the reaction of woody and herbaceous plants

and communities to biotic influences in general, and

especially to fire and grazing (Naveh, 1967; Jackson,

1985).

Factors Affecting Botanical Composition on Different
Sites

Geographic

In the Mediterranean basin, annual grasses are

common associates of the present day open forests and

maquis dominated by carob trees, oaks, and evergreen

shrubs. These annual grasses have a ruderal role

(Jackson, 1985).
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In California, annual grasses from the Mediterranean

basin have become the dominant species in the extensive

California grasslands, replacing native perennial and

annual grasses, following European settlement in areas

with wet winters and long, dry summers where soils are

deep and fertile (Rossiter, 1966; Naveh, 1967;

McNaughton, 1968; Specht, 1969; Heady, 1977; Jackson and

Roy, 1986). Because of the abundance of the annuals, the

grasslands have become known as the annual

vegetation-type of California (Talbot et al., 1939). The

understory of deciduous or evergreen oak savannas is

composed of annual grasses and forbs, and differences

between the herbaceous floras of annual grassland and oak

savanna are slight (Heady, 1977; Parker and Muller,

1982).

Many, if not most of the annual-type pasture species

appear to have originated from the Mediterranean basin.

Several of the same species, such as Bromus mollis, Avena

barbata, Hordeum leporinum, and Medicago polymorpha are

found in California, southern Australia, Chile, and South

Africa as well as in the Mediterranean basin (Rossiter,

1966).

The dehesas of western Spain, semi-natural

vegetation composed of evergreens, very few shrubs, and a

herbaceous understory of annual and perennial grasses and

forbs, bear a close physiognomic resemblance to the oak
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savannas of California. The two regions have many

species in common (Jackson, 1985).

The present-day vegetation of southern Tunisia and

California have little floristic similarity (Munz and

Keck, 1973). Annual grass species that are abundant in

California grasslands are ruderals in Crete (Jackson,

1985). In Israel, annual grasses grow in deciduous oak

savannas which physiognomically resemble California's oak

savannas. But, unlike California, annual grasses in

Israel are typically associated with perennial grasses

which increase markedly when grazing ceases (Naveh, 1967;

Jackson, 1985). However, there are notable differences.

The most striking dissimilarity between California and

Chile was the predominance of the grass Bromus trinii in

Chile and its very low occurrence in California (Gulmon,

1977). Avena barbata replaces Avena fatua on thinner and

less fertile soils (Marshall and Jain, 1967). Bailey

(1961) reported that the legume Adesmia was prominent in

Chile and absent in southern Australia and California.

Gulmon (1977) noticed a floristic relationship between

the grassland in California and Chile but the patterns of

structure and diversity were quite different. The most

striking difference between the pastures in Australia and

California is the presence if not the abundance of the

compositea Cryptostemma calendula in southern Australia

and its absence in California (Rossiter, 1966).
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Rossiter (1966) suggests that many species, and

probably strains also, have migrated from the

Mediterranean Basin to each of the other four main areas

with Mediterranean climates. The significance for

economic range management and improvement of the highly

modified nature of these dynamic grassland ecosystems and

their quick response to agronomic modifications was

recognized (Naveh, 1967).

Edaphic

Available water for plants, although mainly

dependent on rainfall, also depends on soil depth, soil

texture, aspect and topography. Annual plants depend

primarily on moisture available in the top 30 centimeters

of soil, although tap rooted filaree Erodium sp. may make

considerable use of water at greater depths (George et

al., 1985).

Much of the variability in grassland vegetation is

related to differences in soils. Such marked differences

in composition are not common to all soil series, but may

be expected in places where the soils are as different as

sandy loams and clays (Biswell, 1956).

Heavy clay soils hold more moisture and provide a

buffering effect when rains are widely spaced. Water may

be stored and available to plants late in spring. Thus

the period of rapid growth may be longer (Ewing and

Menke, 1983). In California, these soils typically
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occur in the swale areas. Upland slopes tend to be drier

because of high runoff and lighter textured soils.

South-facing slopes dry faster than do north-facing

slopes, thus the production may be different on adjacent

sites and on south-facing and north-facing slopes.

In the annual-type pasture of California, burmedic

(Medicago polvmorpha), red stem filaree (Erodium

cicutarium) and wild oats (Avena fatua) are more abundant

on the heavier soils than on the light ones. Conversely,

Trifolium spp., broadleaf filaree (Erodium botrys), soft

chess (Bromus mollis) and foxtail fescue (Festuca

megalura) are more prominent on lighter soils (Bentley

and Talbot, 1951).

The importance of the edaphic factor and its

influence on the botanical composition was shown by a

comparison of swales and slopes at the San Joaquin

Experimental Range in the eastern foothills of the San

Joaquin valley of California. Erodium botrys was found

in higher proportions on the slopes than in the swales.

Hordeum hvstrix was found only on the swales and Bromus

mollis was more dominant on the slopes (Bentley and

Talbot, 1951).

McNaughton (1968) reported that the distribution of

Bromus mollis is directly related to the exposure

gradient and that the magnitude of the response is more

pronounced on serpentine than on sandstone substrate

types. On the cool, moist northern slopes Stipa pulchra
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was the most important species. The distribution pattern

of Bromus rioidus showed a different response along the

sandstone habitat gradient.

According to McNaughton (1968), it seems that the

principal community limitation on sandstone soils is the

rapid drainage of these soils and the resulting low level

of moisture on exposed slopes. However, the limitation

to grassland development on serpentine seems to be

something other than moisture, presumably the unfavorable

nutritional properties of these soils. He concluded that

the two grasslands are floristically different on the two

substrates and that the floristic similarity changes

regularly with exposure.

The influence of soil type as a modifying factor in

botanical composition has been reported by Tiver and

Crocker (1951) in the southeast of South Australia. On

the meadow podzolic soils, they found that silver grass

(Vulpia mvuros), brome grass (Bromus rigidus), and barley

grasses (Hordeum leporinum and Hordeum hystrix) were the

most important annual grasses. Trifolium dubinum, T.

campestre, T. cernuum, T. qlomeratum, and Erodium species

were the prominent herbs. In the shallow phase terra

rossas, subterranean clover (Trifolium subterraneum), was

almost completely absent. On the coastal calcareous dune

sands, where absence of legumes was due essentially to

trace element deficiencies, Bromus madritensis and

Lagurus ovatus were the dominant species. Gladstones
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(1960) found that lupines (Lupinus digitatus and L.

angustifolius) dominate Trifolium subterraneum on deep

sandy soils.

Species composition of legumes is influenced by soil

pH, and annual grassland soils pHs range from alkaline to

acidic. Acidic soils tend to occur in high rainfall

areas, while alkaline soils tend to occur in drier

southern areas (George et al., 1985). One of the most

striking illustrations of the importance of the soil

factor is shown by the legume component on light-textured

acid soils as against heavier-textured alkaline soils

(Rossiter, 1966). In South Australia, Rossiter (1966)

observed that bur medic (Medicago polvmorpha) and barrel

medic (M. tribuloides) were highly suited to calcareous

alkaline soils, on which subterranean clover was not

successful. Reasons for the soil preferences of clovers

and medics appear to be complex.

Factors Affecting Yield and Botanical Composition
on the Same Site

Effects of Season

At any location, different species have rather

different seasonal patterns of production. These

patterns are partly determined by differences in response

to climatic conditions (Evans et al., 1964; Cooper and

Tainton, 1968). They are also caused by differences in

flowering date, because the maximum growth rate in
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grasses usually occurs at the flowering stage (Evans et

al., 1964), and because the response to environmental

conditions is often dependent upon developmental stages

(Peacock, 1976).

Species differing in their phenological behavior may

react differently to changes in seasonal rainfall

patterns. A change which decreases water availability

during the early growing season will have negative

effects on precocious species since seed production will

decrease. If changes in effective rainfall affect the

temporal patterns of water availability on the soil, they

will also differentially affect the reproductive output

of species depending on their reproductive phenology.

Competitive interactions are likely to be more important

between closer related species having similar

requirements. Differences in phenological behavior may

be related to temporal niches separation in the sense

that each species uses limiting resources such as

nutrients more intensively at different times during the

growing season. Competition between phenologically

similar species must be more intense than between species

from different phenological groups (Silva, 1987).

In the Tilden Park region of the Berkeley hills of

Calfornia, Ratliff and Heady (1962) observed that filaree

(Erodium spp). and clover (Medicago polymorpha) grow

early in the season, followed by wild oats (Avena fatua)

and ripgut (Bromus diandrus) than by soft chess (Bromus
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mo lis) and finally by annual ryegrass (Lolium

multiflorum). They found that weight changes in the

vegetation associated with drying and plant shattering

occurred at different times from each of the species.

They also reported that maximum herbage weight was

roughly from the time of seed development to the start of

seed dispersal. However, for bur clover, it was from the

onset of flowering to the time of leaf shatter.

Percentage loss of herbage weight at the end of the study

was least for soft chess. Wild oats, ryegrass, other

community species, lost about ten percent more of their

peak weights than soft chess. Filaree lost nearly all of

its yield, ripgut over 80 percent, and burclover over

two-thirds of its yield of herbage.

In the mature Mamora cork oak forest of Morocco

Ibnattya (1984) found that seasons affected percentage

cover of the total living vegetation, grasses and annual

forbs. All these groups reached their peak cover during

the vegetative stage except the annual forbs which

exhibited their highest cover earlier than the other

groups. Individual annual grass species such as sweet

vernal grass (Anthoxanthum odoratum) and yulpia

alopecuros increased rapidly during the vegetative phase,

while rough dog's tail grass (Cynosorus echinatus) and

ryegrass (Lolium rigidum) decreased as seasons

progressed. Most of the perennial and annual forb

species increased in cover as seasons advanced.
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Orchardgrass (Dactylis alomerata) did not show any

meaningful differences among seasons. He also reported

that seasonal phenological phases affected herbage

production.

Ratliff and Heady (1962) concluded that the pattern

of seasonal changes in herbage weight will vary from year

to year. The time the maximum yield is reached, the

length of the static period, the speed of weight loss,

and the extent of weight loss during the dry season are

all influenced by environmental factors.

Effects of Weather Patterns

All annual species in the various communities share

two life-cycle characteristics. First, the seed

germination is initiated by the first biologically

effective rain in the autumn after summer drought and

second, plants escape the aridity of the summer as seeds

(Young et al., 1981).

Annual plant responses to induced or natural

environmental variation show up rapidly because

germination, establishment, seed production, and death

occur in each growing season. Equilibrium of species

composition may be reached within a single growing

season. Early patterns of establishment by several

annual groups determine the overall yearly and seasonal

changes in vegetation because survival of seedlings in

the early part of the growing season permits them to live
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through the rest of the growing season (Bartolome, 1979).

Failure of a species to germinate with the first flush of

growth imparts a competitive disadvantage that cannot be

compensated for without a reduction of density of the

earlier germinating species (Young et al., 1981).

The amount and seasonal distribution of

precipitation and temperature are among the main factors

that control seasonal species composition and forage

productivity (Sampson, Chase, and Hedrick, 1951). These

factors can also change the timing and characteristics of

the four growth phases of the annual-type vegetation

(George et al., 1985). The new growing season (Break of

Season) begins in fall with rains which start the

germination of stored seeds (15-25 mm during one week)

(Biswell, 1956; Bentley and Talbot, 1951). This may

occur at any time from September to January. The young

annual plants then grow rapidly if temperatures are warm,

but slowly if cooler temperatures prevail (Evans, Kay,

and Young, 1975). Herbaceous species composition is

usually established by December, and is largely

determined by dates of fall rains as well as autumn

temperatures.

The winter growth period occurs at the end of the

autumn break of season and is the result of cooling

temperatures, shorter days, and lower light levels.

There may be little or no forage growth during this

period. Forage production is greater in mild winters. A
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short or no winter growth period may occur if there are

late breaks of season (Young et al., 1981; George et al.,

1985).

The rapid spring growth period begins with the onset

of warming temperatures, longer days, and higher light

intensities. This generally occurs between February and

March. The length of the rapid spring growth varies

considerably in California from a month in dry southern

regions to more than three months in wetter coastal

regions.

Peak standing crop occurs at the end of the rapid

spring growth period. The date of peak standing crop on

the same site may vary considerably among years according

to species composition. In years of filaree dominance,

peak forage production will be earlier than in years of

grass dominance. Summer thunderstorms may speed

decomposition and always leachs nutrients from standing

forage. Standing residue is frequently shattered into

ground litter (George et al., 1985).

Between Year Variation. Although these four

growth stages are repeated yearly, species composition,

phenology, and productivity of the vegetation may vary

considerably from one year to the next (Sampson, Chase,

and Hedrick, 1951; Biswell, 1956; Heady, 1956, Rossiter,

1966; Conrad et al., 1966; Montoya, 1982; Caldwell, 1985;

Ovalle, 1986; Ratliff and Heady, 1962; Murphy, 1970;
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Evans et al., 1975; Duncan and Woodmansee, 1975; Pitt and

Heady, 1978; Bartolome, 1979; Young et al., 1981; George

et al., 1985; Silva, 1987; George et al., 1988).

A factor contributing to this variation is the date

the annual plant seeds begin to germinate. This, in

turn, depends upon the timing of the fall precipitation.

At the Hopland Field Station 160 km north of San

Francisco California, Murphy (1970) reported that the

annual dry weight forage varied from 1009 Kg/Ha to 3923

Kg/Ha. He explained this variation by the interaction of

temperature, precipitation, and time of germinating

rainfall.

Fall precipitation and cooling winter temperatures

determine the length of the fall growing season. The

duration of slow winter growth is variable depending on

the beginning and ending dates of the cold season. The

length of the rapid spring growth period is also variable

depending on the date that warm spring temperatures begin

and the date spring soil moisture becomes depleted.

Thus, precipitation controls the beginning and the end of

the whole growing season, while temperature controls the

end of the fall and beginning of the spring growing

season (George et al., 1988).

At the Hopland Field Station in California, Heady

(1958) drew attention to year-to-year changes, mentioning

especially the contrast between 1953 (a grass dominant

year) and 1955 (favorable to Erodium botrys). In
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related study, Heady (1961) found the high rainfall

(1,500 mm) of 1950 associated with extreme grass

dominance, but the much lower rainfall, and especially

the extended dry periods of 1960 led to Erodium

dominance.

Rossiter (1966) reported that annual grasses do

relatively well in years receiving a continual supply of

moisture. In contrast, early rains followed by a long

period of dry weather favors drought tolerant species and

leads to a death of annual grass as well as clover

seedlings.

At the Hopland Field Station in California, Bromus

mollis was found to increase in botanical composition

during years of dry autumn periods following germination,

relatively warm winters, and timely inputs of moisture in

spring when temperatures become more conducive to rapid

plant growth. Bromus rigidus and Bromus rubens percent

composition positively correlated with freezing

temperatures in October and November. Additionally,

Bromus mollis and Bromus ridigus displayed opposite

responses to cold fall temperatures during and

immediately following germination. These opposite

responses of Bromus mollis, Bromus ridigus and Bromus

rubens resulted from different physiological adaptations.

Bromus mollis initiated growth sooner than other

species. Early freezing temperatures were reported to

reduce numbers of Bromus mollis seedlings.
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Phenologically later grass species such as Avena barbata

and Festuca would then be able to utilize this space.

However, once seedlings began to develop, freezing

temperatures during the end of fall and beginning of

winter would drastically reduce the numbers of Avena and

Festuca seedlings. Botanical composition of Trifolium

species and Medicago hispida depends upon mild autumn

weather, particularly when such fall weather favors none

of the annual grass species (Pitt and Heady, 1978).

In the dehesas of the Sierra Norte in Spain, the

dominance of the annual species in the herbaceous

vegetation makes the botanical composition very sensitive

to the climatic fluctuations. However, the main families

(Gramineae, Leguminosae, and Compositae) have different

responses to these annual weather changes. The grasses

are favored by an early season rainfall while the

Compositae can dominate the site if the onset of

precipitation is late. The fall establishment of the

Leguminosae is always reduced whatever the annual

rainfall regime. The legume species thrive well under

the conditions of rainy spring and moderate temperatures.

Their sensitivity to the weather pattern does not allow

them to play an important role in the improvement and the

stability of this herbaceous vegetation. Even though

the botanical composition fluctuations are very

important, the annual above ground phytomass is more

related to the amount of precipitation (Joffre, 1987).
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Seed production and seed reserve, like other

biological characteristics of the annual plant

communities, are highly variable among years, reflecting

variation in the amount and seasonal timing of

precipitation (Murphy, 1970; Duncan and Woodmansee, 1975;

George et al., 1988).

The date and magnitude of the first rain in the fall

that initiates germination are very important in the

dynamics of annual plant communities (Evans et al, 1975).

In wet years, total number of germinable seeds ranged

from 2,000/m2 (April) to 300,000/m2 in October. However,

in dry years, total number of germinable seeds ranged

from 1,000 /m2 and peaked at 62,000/m2 (Young et al.,

1981).

At the Hopland Field Station in California, the

annual plant numbers showed dramatic differences between

one year and the next. This was generally accompanied by

a similar change in the bank of germinable seed in the

soil. The total plant density increased significantly

from 1973 to 1974, but the estimated seed reserves in the

upper 6.4 cm of soil prior to the start of the growing

season declined from 670.5/dm2 to 610.2/dm2. Bartolome

(1979) reported that only few of the total seeds produced

one year succeed in providing established plants the

following year. He also found that the annual plants

illustrated different patterns of plant establishment and

depletion of soil seed reserves.
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The reproductively conservative Taeniatherum asperum

produces relatively few seeds, with apparently complex

dominance patterns; seed production is relatively uniform

from year to year. Aira carvophvlla, in contrast, is

reproductively plastic; it apparently survives and

produces seed better with few competing seedlings of

other species, perhaps due to a slow rate of germination.

Erodium spp. are reproductively conservative in terms of

seeds produced and seedlings established. Yet these

species germinate early in the season, within the first

few days following rain. Thus Erodium density may be

reduced substantially if rain comes early followed by

severe drought stress. He concluded that these annual

plant species have a small carryover of viable seed from

year to year. This carryover is unimportant to the total

plant population in most years because carried-over seeds

are a small proportion of the current crop. However, in

a really severe drought during the season, continued

local survival of a species would be assured by buried,

viable, dormant seed (Bartolome, 1979).

The changes in species composition after two years

of drought were studied at the San Joaquin Experimental

Range and the Sierra Foothills Range Field Station in

California. The most striking response of these annual

plant communities to the two years of severe drought was

their endurance. Densities of seeds and seedlings were

dramatically reduced, but proportions in the species
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composition remained relatively stable (Young et al.,

1981). Ewing and Menke (1983) have shown that even under

very early drought, Mediterranean annual grasses set some

seed. They also reported that through changes in seed

production, seed site, and seedling vigor, there is a

possibility that annual vegetation reflects not only the

current year's growing conditions but also the previous

year's.

Excessive drought may lead to a largely bare seedbed

and the quality of seedbed seems likely to control the

species composition of annual rangeland communities.

So-called "clover years" or "filaree years" are

reflections of seedbed quality (Young et al., 1981).

In order to understand the importance of climatic

factors on the production of natural rangelands, an

attempt was made to correlate this production with

average annual rainfall in the Mediterranean Basin (Le

Houerou and Hoste, 1977). Several authors have attempted

to relate pasture production to average rainfall:

Condon (1968) in Australia, Le Houerou (1964, 1969,

1973, and 1975) in North Africa, Murphy (1970), Duncan

and Woodmansee (1975), and Pitt and Heady (1978) in

California. Le Houerou and Hoste (1977) found that each

millimeter of rainfall in the Mediterranean Basin

produced four kg of above-ground biomass or two kg of

consumable dry matter. However, production does not

increase indefinitely with rainfall. Murphy (1970)
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studied the effect of fall precipitation on herbage

productivity and found a correlation coefficient of .70

(significant at P<.01) between observed low, medium, and

high forage production and the amount of rain received

before the third week of November. However, Duncan and

Woodmansee (1975) found that November precipitation

explained only eight percent of the variability in forage

yield. They concluded that water is equally important

throughout all months of the growing season.

The regression analysis may support both qualitative

and quantitative conclusions in terms of standing crop,

grass, and forb years but do not greatly aid prediction

of the relative proportion of plant species from one year

to the next (Pitt and Heady, 1978). Accumulated

degree-days (ADD) were used as an estimator of herbage

yield in California's winter annual ranges. However,

this relationship can only be strong when soil moisture

is not limiting (George et al., 1988).

Within Year Variation. Weather patterns play

also a very significant role in the annual type

vegetation within each year. At Hopland Field Station in

California, all species showed mortality as the season

progressed. But larger ones Bromus rigidus, Bromus

mollis, and Erodium botrys survived better than small

ones. At maturity, plant densities were still high, mean

total numbers for three sites ranging from 70 plants/dm2
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to 250 plants/dm2 (Heady, 1958). Even higher values (180

to 790 dmi2) were reported by Biswell and Graham (1956),

while Talbot et al. (1939) observed a maximum seedling

density of >2,000 plants/dm2 of Festuca.

In Australia, Tiver (1954) showed the importance of

frost incidence in relation to botanical composition.

Barley grass, brome grasses, and capeweed (Cryptostemma

calendula) were observed to be more affected by frost

than subterranean clover; hence the occurrence of several

severe frosts tends to favor the clover by suppressing

grasses and capeweed. Among the brome grasses, Bromus

rigidus and Bromus rubens are more susceptible to winter

injury than Bromus mollis, Bromus iaponicus, and Bromus

tectorum (Hulbert, 1955).

In California, total plant cover declined from March

to June reflecting individual plant mortality as the

growing season progressed. Greater standing crop in June

resulted from increased individual growth of surviving

plants. Annual grasses furnished much of this increase

in standing crop. Vicia spp. mature late in the year.

In contrast, Trifolium spp. mature earlier in the

growing season. Nonleguminous forbs typically decreased

in percent botanical composition as the growing season

progressed from March to June. This drastic reduction in

composition of particularly Erodium spp. and Geranium

spp. partially accounts for the de facto increase in
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percent botanical composition of annual grasses (Pitt

and Heady, 1978).

In a year with normal moisture for seed production

and germination, only 20 to 30 percent of the

reproductive reserve of the major species becomes

established seedlings. The remaining 70 to 80 percent

probably remain for one to two weeks in reserve against

the interruption of the germination-establishment phase

by drought (Young et al., 1981). Studies have indicated

that the relative proportions of species which survive

the period of germination and establishment are likely to

persist throughout the growing season (Heady, 1958;

Bartolome, 1979). Following the break of season,

germination is a function of seed weight, phenology,

surface soil temperature, and soil water potential

(Pendleton et al, 1983). Apparently, the number of

physical positions within the seedbed that support

environments (safe sites) conducive to germination is

limited, and seeds that are not dispersed to the

safesites are physically kept from germination. Seeds in

partial safesites begin to germinate and then die as

indicated by the larger number of dead seeds with

radicles emerged found in these seedbeds (Bartolome,

1979).

Death of annual plants during the period of

germination and establishment represents a substantial

proportion of total mortality of individuals along the
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season of growth. Approximately 50 percent of the

seedlings in dense stands of annual plants die before

reaching maturity (Biswell and Graham, 1956; Bartolome,

1979; Pendleton et al, 1983). The rate of plant death

increases at the end of the season due to high soil-water

stress. The density of plants which have emerged

previously has been called the most important factor

influencing the success of an emerging seedling (Ross and

Harper, 1972).

Mortality differs among the functional groups

(annual grasses, perennial grasses, annual forbs, and

perennial forbs) of producers with grasses exhibiting a

relatively high level of mortality even at low density.

All newly germinating grass seedlings can be expected to

die after maximum density has been reached (Bartolome,

1979; Pendleton et al, 1983). Small differences in

height among plants allow taller plants a competitive

advantage for light and differences in height early in

the season can become more pronounced as the season

progresses (Williams et al., 1968).

There is little mortality of forbs at low density,

and no more than half of newly emerged forb seedlings die

even when the density of established plants is high

(Bartolome, 1979; Pendleton et al, 1983). Viable seeds

may remain in the soil for years, seed production during

each year is an important determinant of the relative

abundance of species the following year (Harper, 1977).
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Effects of Fertilizers

Nitrogen. Herbaceous vegetation in annual

grasslands does not internally recycle and store

nutrients from one season to the next. Thus the amounts

of nutrients entering and leaving vegetation are large

compared to other systems (Cole et al., 1968; Roswall,

1976; Woodmansee, 1978). Most nutrients in the current

year's vegetation are derived from direct mineralization

of plant and soil microorganism residues (Jones and

Woodmansee, 1979). The understanding of the dynamics of

mineral nitrogen release by the microorganisms and the

growth of the plant species is a key factor in explaining

the interactions between soil and plants in an

environment with high seasonal variation (Billes et al.,

1975; Vlek et al., 1981; Djellali et al., 1985).

Nitrogen is an element that frequently limits the

growth of the herbaceous communities, even in dry years

(Jones, 1960; McKell et al., 1960; Duncan and Reppert,

1961; Tadmor et al., 1974; VanKeulen, 1975; Jones and

Woodmansee, 1979; Woodmansee and Duncan, 1980). In many

range areas of the Mediterranean Basin, nitrogen was

found as a limiting factor to higher productivity

(Katznelson, 1977; Gutman et al., 1990).

Nitrogen is a very dynamic element having several

gaseous phases and a very mobile anion, NO3, in solution.

The nitrogen cycle is "open" meaning that inputs and
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losses may be relatively large (Odum, 1969). Actual

values for any one system in any single year depend on

amount and timing of precipitation, abundance of legumes

in both current and preceding years, degree of forage

utilization and fertilization (Jones and Woodmansee,

1979). Nitrogen fertilizers were most effective where

rainfall was 450 to 650 mm. Nitrogen should be applied

in the fall in the form of ammonium to reduce leaching.

Nitrogen applied before first fall rains resulted in more

winter forage than when applied later (Jones, 1960 and

1974).

Use of nitrogen induces important changes in the

botanical composition of the herbage. Increase in

production results mainly from increased growth of

grasses and non-leguminous broadleaved plants. These

species grow rapidly during the first part of the growing

season, crowding out the less competitive legumes (Jones,

1960; Jones et al, 1961 and 1977; Jones, 1974). Slender

wild oats or ripgut may become dominant where nitrogen is

applied to ungrazed plots (Jones, 1974). At the San

Joaquin Experimental Range in California, Woodmansee and

Duncan (1980) found a striking similarity of nitrogen

concentration in Bromus mollis and Erodium showing their

highest values (2.6 to 3.1%N) early in the growing season

and their lowest values (0.4 to 0.6%N) following death.

Trifolium spp. also exhibited highest values (3.8-4.2%N)

in the early growing season and lowest (0.8-1.1%N)
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following death. This was two weeks after Bromus mollis

death and three weeks after Erodium death (Woodmansee and

Duncan, 1980).

The period of rapid nitrogen uptake after

germination is associated with rapid decomposition of

dead organisms and mineralization of nitrogen from

residues of the previous season. This activity occurs

when both temperatures and soil water are adequate to

support growth of organisms. After this initial burst,

the rate of uptake declined because of lower winter

temperatures. Uptake during this period came from

nitrogen mineralized during the first growth phase and

from that released by mineralization during the winter

(Jones, 1974; Jones and Woodmansee, 1979). As

temperatures rose in spring, a period of rapid nitrogen

uptake is associated with rapid growth of vegetation and

high decomposition and mineralization rates. Protein

levels in plants is generally increased by nitrogen

fertilization during winter and early spring. McDonald

et al. (1973) reported that at all times during the

season when plants were green (late fall after

germination to April or early May) nitrogen

concentrations were adequate for animal growth and

maintenance.

As the season advances, protein levels drop more

rapidly where nitrogen has been applied. Crowding out of

legumes by grasses also lowers protein content of the



32

forage unless rainfall is insufficient for nitrogen

uptake by grasses (Jones and Woodmansee, 1979). The

lowest nitrogen values in standing dead material for the

grass and forbs were well below protein maintenance

requirements for ruminants while the lowest values for

the dead legumes remained at or above maintenance

requirements (Woodmansee and Duncan, 1980).

In the dehesas oak savannas of southern Spain,

Joffre (1987) reported that nitrogen fertilization

increased the herbaceous production and the impact was

more evident in open areas. It also reduced the

proportion of the compositae while it increased the

importance of the most palatable grass species (Jones,

1963; Rossiter, 1966; Luebbs et al, 1971). This double

effect increased the forage value of the pasture.

Nitrogen fertilization reduced the proportion of the

legumes. Stern and Donald (1962) and Jones and

Woodmansee (1979) concluded that heavy shading by grass,

resulting from high nitrogen supply, may lead ultimately

to elimination of the legumes. The maintenance of the

legumes in the fertilized pasture is dependent upon the

grazing management used (Rossiter, 1966).

Phosphorus. Phosphorus is an essential element

which is in a short supply in some annual herbaceous

communities. Its cycle is relatively closed (Odum,

1969). However, amounts of phosphorus in components of
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annual grassland ecosystems vary greatly from year to

year. The largest portion of available phosphorus is

that cycled from the mineralization of soil organic

matter and discernible plant, microbial and animal

material. Annual inputs (by precipitation and

weathering) and losses are assumed to be very small (Cole

et al., 1977; Katznelson, 1977). A substantial buffering

component, labile inorganic phosphorus, was assumed to

come into equilibrium with the soil solution very rapidly

and to be large enough to yield more phosphorus than was

needed by living organisms. Murphy et al. (1973)

reported that a soil value of 10 ppm is considered the

critical level for plant requirements. Available

phosphorus in the soil solution at any one time was

assumed to be very small; that is, less than sufficient

to supply plant growth needs (Cole et al, 1977; Clark et

al., 1980). Woodmansee and Duncan (1980) concluded that

phosphorus is a relatively stable element within annual

grassland ecosystems. It is added to the system,

apparently in very small amounts, from natural external

sources.

Phosphorus fertilization can drastically change the

uptake of phosphorus. Jones (1974) found that heavy

applications of phosphorus broadcast on the soil surface

have resulted in large increases in production of clover

up to ten years after application. He concluded that

once the reserves in the soil have been brought to a
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reasonable level, annual applications are usually better

than larger but less frequent ones. A marked change in

botanical composition can be produced by phosphorus

fertilization. Rossiter (1964) concluded that as yield

increased to 50 percent of maximum, the percentage of

subclover increased. Further yield increases due to

applied phosphorus reduced the percentage of subclover

over the long term. Rossiter (1964) attributed the

changing pattern of dominants and subdominants to

differences in species demand for phosphorus, capacity to

absorb labile soil phosphorus, and root competition for

phosphorus.

At the San Joaquin Experiment Range in California,

maximum concentrations of phosphorus in Bromus mollis

(0.6%P) were achieved shortly after germination and

followed by a generally steep and steady decline to about

0.10-0.15%P after plant death. Erodium spp. did not

achieve concentration peaks until well after germination.

They also showed a second peak in May. The same trend

occurred in Trifolium spp. As with nitrogen, phosphorus

concentrations decreased with the advancing growing

season.

In southern California, the application of

phosphorus alone to the annual range with no leguminous

species did not affect yield. Forage yield responses to

phosphorus fertilizer applied with nitrogen were

obtained. With low seasonal water availability,
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phosphorus applied with nitrogen produced a

statistically significant yield increase while nitrogen

alone did not. Luebs et al. (1971) concluded that annual

range soils that are deficient in available phosphorus

require that the more limiting nitrogen deficiency be

corrected before a forage yield response to phosphorus

will be obtained.

Changes in botanical composition have an important

influence on the level of protein in the forage. An

application of 56 kg of P/ha increased clover protein by

about three percent, which resulted in a five percent

protein increase in the total forage (Jones, 1974).

Sulfur. Sulfur is an element that frequently limits

production of plants in annual grassland ecosystems

(Conrad, 1950; Bentley and Green, 1954; Bentley et al.,

1958; Wagnon et al., 1958; McKell and Williams, 1960;

Jones, 1964; Cadle, 1975). It may act directly in plant

metabolism to increase production of biomass by

ameliorating deficiencies. It may also stimulate

bacteria in the legume-rhizobia relationship, thereby

increasing legume production and nitrogen efficiency thus

nitrogen available for plant growth (Bentley and Green,

1954; Bentley et al., 1958; Jones and Woodmanse, 1979).

Sulfur fertilization of annual grassland increased

protein, phosphorus, and calcium levels in the forage

(Green et al., 1958; Jones, 1970). Plants take up
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sulfur as sulfate, while elemental sulfur must be

oxidized by soil bacteria before plants can use it.

Plants respond more quickly to sulfate forms of sulfur

during low rainfall years (McKell and Williams, 1960;

Williams et al., 1964). With higher rainfall sulfate

fertilizers are susceptible to leaching and runoff

during the application year (Williams et al., 1964) and

sulfate fertilizers have lower residual value than

elemental sulfur (Jones and Ruckman, 1966; Jones et al.,

1968; Jones et al., 1970). In the annual rangelands of

California, changes in productivity due to sulfur

fertilization were dependent on the amount and timing of

rainfall during the winter and spring months (Murphy,

1970; Woodmansee, 1975; Pitt and Heady, 1978) and

inherent characteristics of the site such as soil

fertility, soil depth, and aspect (Caldwell et al.,

1985).

Effects of Overstory Canopy Cover

Parker and Muller (1982) reported that various

aspects of the environment are modified by the trees

relative to open areas, especially the light intensity,

soil moisture, temperature, and soil nutrients.

Effects of Environmental Factors.

Light. The tree canopy reduces the total light

received by understory vegetation and filters light rays
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selectively. Consequently, some plant species grow and

reproduce best under high light intensities and others

require some degree of shading for survival (Krueger,

1981).

The degree of shade clearly depends upon the amount

of light absorbed and reflected by the tree leaves.

Light passing through a leaf is not simply reduced in

intensity, but is also radically altered in terms of

spectral quality due to the action of various leaf

pigments (Anderson and Miller, 1974).

Physiologically, light has both direct and indirect

effects. It affects metabolism directly through

photosynthesis, and growth and development indirectly,

both as a consequence of the immediate metabolic

responses, and more subtly by its control of

morphogenesis. Light controlled developmental processes

are found at all stages of growth from seed germination

to the induction of flowering (Fitter and Hay, 1981).

When the light intensity is reduced below the

saturation level of the leaves, production will decline

(Krueger, 1981). Under leaf canopies, therefore, all

three aspects of the light environment, intensity,

quality, and periodicity are modified to produce a

distinct environment.

Changes in understory were found to be correlated

with the amount of shade cast by the canopies. Three

patterns of response were recorded: species peaking in
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frequency in either shade, intermediate or full sunlight

conditions (Bray, 1955).

In southern California, Parker (1977) reported that

44 species occurred in the adjacent grasslands but only

17 beneath the oak canopies. Eight of these were common

to both habitats.

Remarkable vegetational changes were associated with

live oak trees. The greatest differences existed between

tree canopy area and grassland composition and structure.

However, distinct patterns also occurred within the

canopy area. Avena fatua was the most productive of the

annuals under full sunlight, in proportion, especially so

when soil nutrients are as low as is typical for

grasslands areas. Bromus had the larger leaf area and

was the most productive in shade (Parker and Muller,

1982). Holland (1973 and 1980) reported that both Avena

fatua and Bromus diandrus increased in density and

productivity beneath isolated Quercus douglasii trees

relative to surrounding open grasslands. These canopies,

however, are without leaves for the first half of the

annual plant growing season and consequently do not

produce a shadow environment during the critical seedling

establishment stage. Distributional differences and

relative growth responses among the annuals correlated

well with changes in light. The smaller leaf area and

lower productivity of Avena fatua plants compared to

Bromus diandrus suggest that in the shaded habitat
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created by oak canopies any further decrease in light may

result in the exclusion of Avena fatua from the canopy

habitat (Parker and Muller, 1982).

Moisture and temperature. The growth and

metabolism of plants are profoundly affected by changes

in environmental temperature and water regime. The leaf

canopy and the soil profile is a complex mosaic of

rapidly fluctuating thermal regimes such that each group

of leaves or roots is responding to a unique pattern of

temperature fluctuation. In addition, different stages

of plant development, and different physiological

processes may have different temperature optima (Fitter

and Hay, 1981).

Water conservation in the cooler environment can be

negated by water needs of the trees. Much water is used

for transpiration of trees and considerable moisture can

be intercepted by the canopy and never reach the ground.

Furthermore, soil moisture levels in deep shade may be

critical because of reduced root systems of the

understory and competition for moisture between overstory

and understory plants (Krueger, 1981).

In the Mediterranean region of France, Koechlin et

al. (1986) measured the water content of the upper soil

layer (0-15 mm) from April to October. During the day

period, they found that the differences in soil water

potential under tree crowns and outside may reach 5 to 20
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bars. Five meters high trees proved to reduce temporal

variability of soil moisture by 44 percent and 65

percent. Pinus halepensis trees in contrast to other

tree species such as Quercus ilex and Ouercus pubescens

have only a negligible impact on the water balance in the

upper soil layer.

Koechlin et al. (1986) attributed the changes

observed under the trees to both the reduced

evapotranspirative atmospheric demand and the increased

soil water retention at low potentials. They reported

that as tree colonization takes place in an old field,

the original pattern of soil moisture due to spatial

variability in edaphic conditions is gradually overridden

by a new pattern due to variability of the vegetation.

As a result, some plant species that were not able to

establish during the early stages of succession might be

able to do so at later successional stages, under the

cover of trees. This follows the facilitation model

proposed by Connel and Slatyer (1977).

Knoop and Walker (1985) reported that the different

grass-woody plant ratios results from the different

ratios of topsoil to subsoil water. They found that

where this ratio is low, woody plants are dominant.

Where the water-holding capacity of the upper soil

is relatively high, such as in the Acacia site of

southern Africa savanna, the herbaceous sward may be

sufficiently dense (Walker and Noy-Meir, 1982).
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Tinley (1982), in studying the South African

savannas, found that the soil moisture balance is very

important in determining the spatial distribution of

forest, savannas and grasslands. He concluded that the

soil moisture balance is the most controlling factor, and

that the natural savanna appears to be the biotic

response of alternating wet and dry seasons. The amount

of soil moisture available controls the densities of the

woodland and the grasses (Tinley, 1982).

Walker and Noy-Meir (1982) in their proposed model,

hypothesized that grass roots confined to the upper soil

layer will draw water from this layer only and will

exhaust the supply quickly due to their high rate of

transpiration. Trees will be outcompeted in the top

layers, but they have access to the lower soil layers

where moisture is available to carry them through the dry

season.

The tree-grass savanna has been modeled in its

equilibrium state as competeting for water and solar

energy. The grass allows the trees only that water which

the grass cannot use, and the trees control the grass's

ability to use this water by shielding the grass from

solar radiation. The tree-grass mixture was assumed to

be an equilibrium that is stable to perturbations in the

vegetation components but it is metastable with respect

to climate change (Eagleson and Segara, 1985; Eagleson,

1986). Soil moisture variability below the grass root
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zone was found to likely govern the deciduous versus the

evergreen nature of the woody component, with a lower

water table tending to produce an evergreen savanna

(Eagleson and Segara, 1985).

Nutrients. The seasonal flux in soil moisture

limits not only the physiological activity of trees but

also microbial mineralization of organic matter

(Alexander, 1977).

The nutrient cycling on the dehesas (Spain) seems to

be more complex than in other woodland ecosystems. Most

of the nutrient return to the soil through litterfall in

other ecosystems occurs as leaf litter fall. In the

communities of the evergreen Ouercus rotundifolia, this

factor does not usually account for more than 50 percent

of the return. The rest are found in materials of

different decomposability. Some of these materials are

in part consumed by herbivores and thus not incorporated

into the decomposition subsystem (Escudero et al., 1985).

The turnover rate of the leaf litter on the soil is

very high in the dehesas. The calculated half-time for

accumulation or decay is .57 years. The decay rate of

the overall litter is 1.03 years (Escudero et al., 1985).

In southern France, Rapp (1971) found a value of 2.3

years for the overall litter produced under Ouercus ilex.
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Escudero et al. (1985) attributed this high decay

value to the activity of grazing animals. However, the

proportion of different nutrients which are returned to

the soil through leaching is less than in other woodland

ecosystems. This should contribute to a decrease in the

recycling rate of the nutrients. The greater influence

of herbivores on nutrient cycling increases the

likelihood of the export of bioelements and also the

irregularity of their spatial distribution, due to the

mobility of the herbivores. The elements most affected

by such spatial transferences are precisely the most

limiting ones: nitrogen, phosphorus, and potassium

(Escudero et al., 1985).

Under the tree canopy cover of these savanna

ecosystems, the values of organic matter, total exchange

capacity, total nitrogen, potassium, and carbon contents

are twice those of the same variables outside the tree

canopy cover (Vacher, 1984; Escudero et al., 1983, 1985;

Joffre et al., 1988).

In addition, exchangeable calcium and magnesium

values are 1.5 times higher than outside the canopy. The

role of trees for the improvement of soil conditions is

more important given low soil fertility rather than high

(Joffre et al., 1988).

In California, Hollinger (1984) found that the

evergreen Ouercus agrifolia and the deciduous Quercus

lobata are capable of nitrogen uptake during winter
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months. These two oak savannas do not differ

significantly in soil nitrogen availability (Parker and

Muller, 1982; Billow, 1987).

Seasonal decomposition and mineralization processing

in these California oak savannas are limited by water

availability rather than cold winter temperatures.

Mineralization processes are sensitive to moisture and

temperature, particularly to the combination of drying

with warm temperatures (Schlesinger and Hassey, 1981;

Schlesinger, 1985; Haynes, 1986).

These similar levels of inorganic nitrogen found

under California oaks, plus similar potential

mineralization rates (Billow, 1987) suggest that soil

nitrogen mineralization processes beneath deciduous and

evergreen species reach comparable functional equilibrium

under the influence of the Mediterranean climate (Parker

and Billow, 1986).

Cover and Botanical Composition. Several

authors (Gonzalez Bernaldez et al., 1969; Puerto et al.,

1978; Alonso et al., 1979; Montoya and Meson, 1980;

Ovalle, 1981; Ibnattya, 1984; Vachez, 1984; Joffre,

1987) who worked with these agroforestry systems,

reported that the trees induced important changes in the

herbaceous vegetation. The effect of trees on the

botanical composition is shown by the presence of
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different phytocenoses under the trees compared to the

open areas.

In the dehesas formations (Spain) of Ouercus

rotundifolia and Ouercus pvrenaica, Alonso et al. (1979)

identified a mesophyll-eutrophe vegetation beneath the

tree canopy and oligotrophic vegetation in the open

areas. The grasses are more abundant under the cover

than legumes (Montoya and Meson, 1980).

In the dehesas of the North Sierra (southern Spain),

Vacher (1984) found a positive influence of the trees

Ouercus suber and Ouercus rotundifolia on the growth of

the perennial grasses Dactylis alomereta and Lolium

perenne.

In the Ouercus pubescens formations, the tree favors

the development of Festuca rubra, Dactylis glomerata,

Trifolium repens and Lotus corniculatus species of very

high pastoral value under the conditions of the "Causs

Mejean" (Ovalle, 1981; Hubert et al., 1982).

In the mature Mamora cork oak Ouercus suber forest

of Morocco, Ibnattya (1984) found that the vegetative

ground cover tended to be similar from 25 percent to the

most dense canopy, then declined as oak canopy cover

declined. Annual grass cover decreased gradually as

crown cover decreased. Annual forbs increased from the

densest to 50 percent canopy cover and then

remained the same as crown closure decreased. The

contribution of Cynosorus echinatus was high under dense
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canopy and declined rapidly from 50 percent to the

openings. Anthoxanthum odoratum exhibited the same

trend.

In Chile, Acacia caven Mol. trees were found to have

a positive influence on the botanical composition of the

herbaceous stratum. Under the canopies, the herbaceous

vegetation is composed with species having a long cycle.

Late growing species have different individual

phenologies, as response to the favorable conditions

under the tree cover. Lolium multiflorum, abundant under

canopied stands, exhibited a decline under open

conditions (Ovalle and Avendano, 1987).

Herbage Production and Forage Nutritive

Ouality. In the mature Mamora cork oak forest of

Morocco, Ibnattya (1984) reported that herbage yields

varied among tree canopy cover classes. Herbage

production tended to be similar from 25 percent to the

most dense canopy cover, then declined as cover declined.

Most components of the herbage nutritive quality varied

significantly (P < .01) among canopy cover classes.

Herbage produced under tree canopies contained more crude

protein, fat, and water but less crude fiber than herbage

under open conditions. Krueger (1981) reported that

changes in quantity and quality of light received by

forages under a tree canopy do influence the annual

growth cycle. Shaded plants tend to flower later in the
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growing season and hence their nutritive quality remains

higher.

In Chile, the biological cycle of the Acacia trees

is different than that of the herbaceous vegetation. An

important part of the phytomass of the herbaceous

vegetation, 40 to 50 percent, is produced before the

trees put new leaves on so that the light interception by

the herbaceous cover is not a limiting factor. The

herbaceous layer phytomass is higher under the tree cover

than in the open areas (Ovalle and Avendano, 1987).

At the end of the growing season, trees play an

important role by creating a favorable microclimate and

thus allowing a better availability of soil moisture for

the herbaceous plants. Late growing species with

different individual phenologies respond to the

favorable conditions under the tree cover, which allows

longer vegetative stages by 30 to 35 days, resulting in a

more spread production curve and higher herbage

production. In addition, the nutritive values of the

species under the tree cover are higher because of the

low levels of cell walls and higher levels of crude

protein (Escudero et al., 1985; Ovalle and Avendano,

1987) .

In the dehesas of southern Spain, Joffre et al.

(1988) found that percolation was six times higher in

annual grassland than perennial ones. They estimated

that 200 mm of soil moisture was lost for plant
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production in the annual grassland because rooting

systems of annuals were not able to utilize such

percolated water in the deep soil horizons and

conversely, perennials use more water even at deeper

soil levels. This resulted in higher dry matter

production for the perennials than the annuals. The

growth period of the perennials was five weeks longer in

late spring than for annuals. The percolation was

reduced to the same magnitude as with the perennials

outside the canopy cover. Joffre et al. (1988) concluded

that the climatic conditions under the tree canopy cover

(shade and shelter effects), which resulted in a

reduction of evapotranspiration and an early rewarming in

winter, favor a better growth of the perennials during a

longer period than outside the tree canopy cover.

Effects of Tree Removal

Several studies in northern California reported that

removal of blue oak (Ouercus douglasii H.A.) and

conversion to open grassland has been advocated as a

method of increasing annual herbaceous production

(Johnson et al, 1959; Murphy and Crampton, 1964; Murphy

and Berry, 1973; Murphy, 1980; Kay and Leonard, 1980;

Jansen, 1987; Kay, 1987). The improved herbaceous yields

have been shown to exceed those of adjacent grasslands.

The increases were explained as resulting from the.

improved availability of light, moisture, heat, and soil
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nutrients. Changes in species composition following tree

removal were listed as improving forage quality. Bromus

mollis and Avena barbata increased while Bromus rigidus

and Hordeum leporinum decreased (Murphy and Crampton,

1964).

Kay and Leonard (1980) found that forage yields

averaged 67 percent more on cleared areas than on tree

covered areas, and 17 percent less on tree covered areas

than on adjacent open grasslands areas. They mentioned

that not all areas will indicate increased yields. These

results are similar but much less than those reported by

Johnson et al. (1959), who obtained a five-fold increase

in forage yield from cleared areas as compared to

tree-covered areas for a location approximately 40 km to

the South.

Kay (1987) studied the response of the herbaceous

forage to removal of blue oak trees for 21 years in the

northern Sierra Nevada foothills of California. He

reported that the forage increases indicate forage

production beneath the former tree canopy only and should

not be interpreted as increased livestock carrying

capacity without noting the amount of tree cover. He

also mentioned that few trees are subject to considerable

manure accumulation which may increase forage production.

They also may have little if any effect on light

availability to the forage. Kay (1987) suggested that a

few trees could be left for shade and appearances without
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sacrificing forage potential. He concluded that

increased yield in excess of grassland areas following

tree removal may be due in part to nutrients released by

decomposing roots and litter. Forage increases were

greater where roots were killed than where roots were not

killed. Total uptake of nutrients (N, P, K) was greatest

in all tree removal treatments which may indicate more

nutrient availability.

Jansen (1987) did not find an apparent correlation

with herbage production for either condition of tree

canopy removal (eg. removed, non-removed). He reported

that small trees with high density levels were associated

with areas of below average herbaceous production, and

with small increases in production after tree removal.

Conversely, large tree sites with low density levels were

associated with areas of above average herbage production

following tree removal and to a lesser extent without

tree removal.

In Central California, other investigators reported

contrasting results which showed that annual herbaceous

production was 15 percent to over 100 percent greater

under scattered living blue oaks than in open grassland

(Duncan and Reppert, 1960; Holland, 1973, 1980; Duncan

and Clawson, 1980; McLaran and Bartolome, 1987; Frost and

McDougald, 1989).

Greater herbaceous production beneath blue oaks has

been attributed to a more favorable physical and chemical
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soil properties and a more favorable, moderated soil

temperature under the trees than in open grassland

(Holland 1968, 1973).

At the San Joaquin Experimental Range, the effects

of three major overstory species: blue oak (Ouercus,

douglasii H&A), interior live oak (Ouercus wisizenii

D.C.), and digger pine (Pinus sabiniana Dougl.) on

seasonal and annual forage production were examined

during two years of drought. The results reaffirmed the

value of blue oak for increasing annual herbaceous

production and possibly greater early season herbage

during drought years. They also demonstrated the value

of interior live oak, usually considered detrimental to

herbaceous production, for increasing herbaceous

production during years of below normal precipitation.

However, digger pine had a variable effect on herbaceous

production (Frost and McDougald, 1989).

In Chile, the response of herbaceous vegetation to

the tree removal of Acacia caven was extremely rapid.

Botanical composition of the herbaceous layer changed

almost completely. The most dramatic impact was on

Lolium multiflorum, which decreased from 78 percent to

ten percent in composition. This finding confirms the

dependence on this species to the tree cover (Ovalle and

Avendano, 1984; Ovalle, 1986). In contrast, Medicago

polymorpha increased, especially during the first year.

This increase was related to the favorable conditions of
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that precocious species. Sisymbrium officinalis and

Hypochoeris radicata increased very much in species

composition. This indicates a decline in forage value of

herbaceous vegetation. The observed decline in the

annual herbage production following tree removal was

related to the probable result of differential cynetics

of the growth of the herbaceous vegetation, due to the

changes in botanical composition and the phenology of the

species. Lolium multiflorum, a late growing species, was

replaced by the precocious species and less productive

ones such as Hypochoeris radicata and Vulpia dertonensis

which resulted in less spring growth (Ovalle and

Avendano, 1987).

Jansen (1987), in conclusion of his work in the

northern Sierra Nevada, reported that the removal of the

oak layer is of obvious greater value for all users in

the short term. In the long term, however, there may be

more soil erosion, less aesthetic value and a need for

livestock shade.

Effects of Grazing and Defoliation

The effects of grazing upon species dynamics depend

on the life history traits of the species. Of particular

importance in this regard are the time of reproduction,

growth rhythms, seed versus vegetative reproduction, and

growth forms (Silva, 1987).
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Heady (1956, 1977) classified annual plants

according to successional hierarchy with a ripgut/soft

chess/wild oats complex as climax. Burcham (1957)

outlined retrogression of the annual type from a first

stage of wild oats (with some ripgut and less soft chess)

to mostly soft chess at moderate grazing. Deterioration

led to filaree, wild barley, and annual fescue. Then a

third sere occurred to redbrome, wild barley, silver

hairgrass, and various forbs.

Several investigators reported that the California

annual grassland is tolerant to a wide range of stocking

rates and degrees of herbage utilization (Talbot and

Biswell, 1942; Bentley and Talbot, 1951; Pitt and Heady,

1979; Rosiere, 1987).

At the San Joaquin Experimental Range in California,

no pronounced, long-term effects in botanical composition

and yields were found as a result of grazing ranging from

close to light, a range of about two-fold in stocking

rate. However, consistent changes in the minor

constituents were observed on both slopes and swales.

Close grazing favored Hypochoeris glabra. On the

swales, close grazing gave a higher percentage of Festuca

megalura and a reduced content of Hordeum hystrix (Talbot

and Biswell, 1942; Bentley and Talbot, 1951).

In Western Australia, increased stocking rate from

one to five sheep per acre, increased the proportions of

capeweed and erodium, while the clover remained
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unaffected. However, partitioning of the annual grasses

showed that while ripgut was markedly reduced at the

higher stocking rate, silverhair grass (Vulpia mvuros)

clearly increased (Davies and Humphries, 1965).

Mowing for pasture hay in Southern Australia often

increased the proportion of clover and reduced that of

grasses in ungrazed pastures. An increase in capeweed

content may result from mowing in successive years

(Crocker and Tiver, 1948).

Rossiter (1966) pointed out that the effects of

grazing on annual type pastures can be described by two

main points: (1) gross understocking usually leads to

ripgut dominance, and more importantly to loss of clover.

On California foothill ranges, Bentley and Talbot (1951)

also reported that when grazing is too light, tall

growing annual grasses (such as ripgut) would crowd out

filaree, clover, and other valuable growing plants. This

change to a less desirable mixture is most rapid and most

complete on fertile soil and fairly high rainfall. (2)

High stocking rates result in a general loss of grasses,

with pastures dominated by herbaceous plants--capeweed,

erodium, and clovers. Heady (1958) postulated that

grazing occurs first on taller plants, thereby increasing

the relative proportion of shorter plants.

A major factor responsible for the persistence of

such species as clovers (especially Trifolium

subterranean), capeweed, and erodium under heavy grazing
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is the capacity of such plants to assume a prostrate

growth habit, and thus sustain significant areas of

photosynthetic leaf tissue. But other factors may be

involved such as pattern of branching or tillering, rate

of leaf appearance, rate of individual leaf growth,

ultimate leaf size, length of effective life of

individual leaves, and especially leaf growth. During

reproductive development, differential selectivity of

inflorescences by the grazing animal may be important.

Adequate seed production must obviously be assured for

species persistence in Mediterranean annuals; and if

escape from the grazing animal is not possible by seed

burial, then some degree of unpalatability in the

developing inflorescence and also the mature dispersal

units seems to be a useful alternative mechanism

(Rossiter, 1966).

A great deal of emphasis has been placed on the

development of several grazing systems in California that

would promote desirable species and inhibit undesirable

ones: deferred rotation, rotational, and seasonal

grazing systems (Hormay and Fawsell, 1942; Hormay, 1960;

Jones and Love, 1945; Love and Williams, 1956; Cooper,

1960; Heady, 1961; Ratliff, 1986). Moderate yearlong

grazing was proposed as the best grazing management of

the annual type grasslands in California (Heady, 1956;

Laude, 1957; Heady, 1966; Heady and Pitt, 1979). This

moderate grazing is desirable because it brings about the
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most desirable mixture of grasses and forbs and would

allow the animals to harvest the best forage and at the

same time leave a favorable mulch cover (Hormay, 1944;

Heady, 1961).

The impact of grazing on annual, herbaceous

vegetation exerts itself through the reduction in total

standing crop and through the selectivity of plant

species and plant groups relative to other plant species

and plant groups. This selective process is both direct,

palatable plants are grazed before the unpalatable ones;

and indirect, removal of mulch by grazing favors shorter

annual plants at the expense of taller annual plants.

Extremes of grazing intensity can produce residual

impacts on botanical composition. These residual impacts

may result from the influence of different levels of

mulch on plant establishment and subsequent growth (Evans

and Young, 1970; Thinin and Muller, 1971; Pitt and Heady,

1979; Bartolome, 1980). This importance of mulch in the

annual grassland has been emphasized by several

investigators (Talbot et al., 1939; Talbot and Biswell,

1942; Hedrick, 1948; Biswell, 1956; Heady, 1956; Heady,

1958; Heady, 1961; Hooper and Heady, 1970; Smith, 1970;

Pitt and Heady, 1979; Bartolome et al., 1980; Clawson et

al., 1982).

Heady (1961) reported that the degree of use is an

important grazing factor causing vegetational change and

that it is superimposed on natural fluctuations. He also
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showed that the amount and position of mulch are

important factors which influence botanical composition

and speed of growth. He concluded that these last items

are useful in the interpretation of the influence of

grazing (Heady, 1956).

The mulch layer improves soil surface conditions.

Decomposing herbaceous material, lying flat on the soil

surface and partially intermixed with the mineral soil,

conserves moisture and aids establishment and early

growth of the new seedlings. The upright herbage

protects the new plants from drying winds and sun

(Bentley and Talbot, 1951). It also gives the soil

protection against erosion by reducing the impacts of

raindrops and running water, decreases evaporation,

reduces extremes in soil temperature, allows more organic

matter in the top soil, more activity by microorganisms

and thus improves soil structure and fertility and

increases infiltration (Heady, 1956; Russel, 1961).

Mulch accumulation generally favored taller annual

plants to the relative disadvantage of small annuals

(Biswell, 1956; Heady, 1958). Soft chess and ripgut were

found to increase with mulch accumulation. Ripgut, being

a shade tolerant grass, can then dominate the plant cover

(Biswell, 1956). Heavy grazing decreases the amount of

mulch left at the end of the growing season. As a

result the low forage value grasses Briza minor and

Aira caryophylla and ultimately the unpalatable forbs
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such as Baeria chrvsostoma and Hypochoeris glabra may

proliferate the following season (Heady, 1961).

Through its influence on botanical composition,

mulch exerts a major influence on the total herbage

productivity in the annual grassland (Hooper and Heady,

1970). Smith (1970) reported that the soil disturbance

to the point of complete removal or displacement of the

surface soil, had the greatest effect by effectively

eliminating seeds from the area of disturbance.

Although mulch influences botanical composition and

herbage productivity of the annual type vegetation within

a particular growing season, the precise pathway(s) by

which mulch exerts its influence are not completely

understood (Hooper and Heady, 1970).

At the Hopland Field Station in California, Rosiere

(1987) studied the influence of grazing intensity (100,

150, and 200 percent of moderate stocking) on species

composition and herbage production of grass-woodland and

improved grassland subtypes of annual range. He found

that plant species and production responses differed

significantly between woodland and grassland subtypes.

On grass-woodland, ripgut and wild oats were most

sensitive to grazing intensity while wild barley and

annual fescue were less sensitive. On improved

grassland, subterranean clover and soft chess decreased

with increasing grazing intensity. Yet soft chess

demonstrated a tolerance to an array of grazing
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intensities in the annual type. Filaree declined on

woodland but increased on grassland as grazing

intensified. Peak standing crop was not significantly

affected by grazing intensity on woodland range but was

greatest at 150 percent moderate stocking and lowest at

200 percent of moderate stocking on grassland range.

Decline in grassland herbage yield under heaviest grazing

was due to reduction of soft chess which was displaced by

subterranean clover. Similar findings were reported by

other investigators (Suckling, 1975; Fitzgerald, 1976;

Sharrow et al., 1981) and were attributed to the

competitive advantage of subclover as a function of

adaptations such as location of flowers near the soil

surface, burial of seed, and prostrate growth form

(Rossiter, 1966). Years were the only source of

variation which affected all species and herbage

production and utilization features. They also had the

greatest magnitude of influence (Rosiere, 1987).

Rosiere (1987) found that mulch could not be used as

the best criterion for proper grazing management because

it was not possible to use it as a direct measure of

grazing intensity. He reported that some range areas had

more residual herbage even though they were heavily

grazed because they produced more total biomass. He also

pointed out that mulch was a function of both grazing

intensity and herbage yield but percent utilization was a
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result of stocking rate and served as a gauge to the

intensity of defoliation.

Mulch accumulation as a factor of grazing intensity

does not exert as much influence on botanical composition

as does variable weather patterns (Pitt and Heady, 1979).

They also mentioned that annual variability for both

cover and productivity within each stocking rate was more

pronounced than the relative differences between stocking

rates. Therefore the residual influences of grazing on

cover and total forage production are negligible when

compared to those of annual weather patterns. They

pointed out that following only a single year of rest

from grazing animals, both cover and forage production in

all four pastures generally responded to annual growing

conditions as if no previous grazing treatments existed

(Pitt and Heady, 1979).

In the dehesas, oak savannas of southern Spain,

Joffre et al. (1987) studied the root growth and

associated water uptake rates and patterns of two

Mediterranean species growing close to each other,

Vulpia spp. and Phalaris aquatica, annual and perennial

grasses respectively. They reported that one of the

important factors in the survival of Phalaris was the

ability of its root system to supply water during the

summer. This behavior contrasted with that of the Vulpia

spp. which were unable to exploit subsoil moisture and

died as soon as the surface moisture was exhausted. They
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suggested that Phalaris and other perennial grasses have

evolved mechanisms to withstand the drier Mediterranean

environment. The existing predominance of annual species

in the oak savannas of southern Spain cannot be explained

only by climatic reasons. According to Grime (1979),

summer drought can be defined as a constraint and

continuous grazing as a disturbance. Joffre et al. (1987)

concluded that it is only under the combined conditions

(drought and continuous grazing) that perennial plants

are decreased and eliminated from the herbaceous

vegetation.

Under year-long grazing, perennial species would not

flower, and their photosynthetically active tissues are

removed, and they may be grazed out. Their establishment

by seeds is a very slow process which would give the

annual species a competitive edge (Jackson and Roy,

1986).

Under Australian conditions, Snaydon (1981) reported

that when the rest period from grazing increases, the

Phalaris dominates the annual species.

In southern Spain, Joffre (1987) found that

continuous grazing (1 ewe/ ha/year) in the open areas of

the oak savannas decreased the grass component,

especially the perennial ones, and increased the

non-forage species. However, the annual legumes of

Trifolium species, with prostrate forms were favored.

Rotational grazing (4 ewes/ha/3 months) improved the
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quality of the pastures by increasing the proportion of

the forage species.

The effects of large herbivores on modifying

competitive interactions between plants (Remison and

Snaydon, 1980; Noy-Meir, 1982; Walker, 1985) are

regulated in part through differential resource

acquisition and play a significant role in nutrient

cycling (Ruess, 1987).

Close defoliation, which is often found to reduce

productivity, may also reduce nitrogen uptake in the

natural grassland systems. Temporary increases in soil

ammonium pool resulting from overgrazing may lead to

increased nitrification and risk of nitrate loss.

Nitrogen losses may also result from grazing as a

function of partial herbivore separation of carbon from

nitrogen with subsequent volatilization of ammonia from

urine as recognized by Woodmansee et al. (1981). Ammonia

volatilization is probably the most important pathway of

nitrogen loss from drier grassland soils (Watson and

Lapins, 1969; Woodmansee and Duncan, 1980; O'Connor,

1983).

Seasonal patterns of total shoot nitrogen were found

similar in ungrazed and grazed plants. Also the

proportional reduction of peak shoot nitrogen under

grazing (19 percent) closely corresponded to the

proportional reduction of peak shoot biomass under

grazing (Pendleton et al., 1983).
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In Australia, Ozanne and Howes (1971) found that

phosphorus requirements increased under grazing and were

associated with the need for greater intake of phosphorus

under conditions where redistribution of absorbed

phosphorus within the plant was prevented by defoliation.

In the dehesas, oak savannas of southern Spain,

Joffre (1987) reported that during the whole year, the

soil nitrogen uptake was higher in the herbaceous

perennial than annual plants. The higher nitrogen

mineralization for the perennial species may be due to

the differentiation of the rhizospheric microbial biomass

and/or to the high activation by the root's secretions.

Montoya (1982), Escudero et al. (1985), and Joffre (1987)

concluded that even though the soil organic matter of the

dehesas soils is poor, grazing management which would

promote the growth and dominance of the perennial species

will improve the utilization of nitrogen by these

perennial species and thus an increase in dry matter

herbage production.

Response of Herbaceous Vegetation to

Permanent Nonuse (Exclosures)

In California, several investigators reported that

protection from grazing produced grasslands which were

dominated by Bromus rigidus, Bromus mollis, Avena fatua,
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and Erodium botrys. Taller grass species such as ripgut

outcompeted the true clovers Trifolium spp. and burclover

(Talbot et al., 1939; Talbot and Biswell, 1942; Biswell,

1956; Jones and Evans, 1960; White, 1966; McNaughton,

1968).

The successional stages described by Burcham (1957)

are: a sere of redbrome, wild barley, silver hairgrass,

and various forbs is replaced by a sere dominated by

filaree, wild barley, and annual fescue. Then a sere of

soft chess and some ripgut takes place. The dominant

species which represent the climax of this annual type

vegetation is the complex: ripgut/soft chess/wild oats.

In Southern Australia, after several years of

protection from grazing, the ripgut dominated the annual

vegetation, then was replaced by the annual veldgrass

Ehrharta longiflora (Rossiter and Pack, 1956).

The tendency of tall-growing species to dominate the

pasture in exclosures is presumably due to the dominance

of the light environment (Stern and Donald, 1962).

Changes among the tall growing species, such as the

change from ripgut to veldgrass may be related to

tillering response to light intensity (Davies and Laude,

1964), differences in root development (Hironaka, 1961),

or interactions of environmental factors (Donald, 1958).

In Western Australia, Greenwood (unpublished data),

cited in Rossiter (1966), observed that high amounts of

softchess mulch led to poor early season growth. He
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suggested that the presence of a water-soluble

germination inhibitor in dry stems of soft chess might be

the reasons.

At the San Joaquin Experimental Range in California,

when the ungrazed treatment has been maintained for

several years, a gradual and continuous build up of

litter has been noted. As a result of the increasing

litter, grasses appears always to dominate and

productivity decreased compared with grazed areas

(Woodmansee and Duncan, 1980).

In the mature cork oak Mamora forest of Morocco,

Ibnattya (1984) reported that two years of protection

from grazing affected current annual herbage production

as well as percent cover of the total living ground

vegetation, grass, forbs, and oak seedlings. He

suggested that mulch accumulation was the most likely

factor which induced herbage yield increases. On the

non-shrubby site, herbage yields were greater with two

year's protection under all canopy classes. However, on

the shrubby site, yields in the two classes from 50 to

100 percent canopy cover were similar whether protected

one or two growing seasons. Percent ground cover of all

living vegetation, annual grasses, and perennial grasses

was higher where protected two growing seasons as

compared to only one season. Perennial forb cover was

similar under the two protection treatments. Percent

cover of oak seedlings was higher after two protection
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seasons as compared to only one season. This increase

was attributed to mulch accumulation and acorn protection

(Ibnattya, 1984).

Animal Performance in Relation to Botanical

Composition and Forage Production

In the annual-type grasslands, the new fall growing

season begins when rain starts germination of stored

seeds (George et al., 1985). Cattle and sheep grazing

this forage may lose weight, thus the term inadequate

green forage (Bentley and Talbot, 1951). The onset and

length of this period is dependent on prevailing weather

conditions. In California and Australia, dry residual

forage from the previous growing season is commonly

available for grazing and provides energy but is low in

protein and other vital nutrients. Leaching due to

precipitation further decreases the nutritional quality

of dry residue (Dunbar and George, 1986). Vercoe et al.

(1961) considered that the point at which digestible

nitrogen becomes limiting corresponds to a crude protein

content in the organic matter of grazing sheep of 9.5

percent. This in turn corresponds to a level of 1.1

percent nitrogen in the available pastures.

At the San Joaquin Experimental Range in California,

fall cow diets were dominated by dry forage. With the

onset of fall rains, the proportion of residue in the

diet declined and green forage increased (Dunbar and
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George, 1986; George et al., 1989). The inadequate green

forage may contain adequate energy, protein, phosphorus,

and vitamin A on a dry-matter basis, but because of high

forage water content, livestock are unable to consume

adequate forage to meet their need for these nutrients

(Dunbar and George, 1986).

In the California and Western Australia analysis,

annual grasses together with Erodium showed nitrogen

content of three to five percent in the early vegetative

growth. The bur medic values were from four to five

percent N (Rossiter, 1966; Woodmansee and Duncan, 1980).

In the mature cork oak forests of Morocco, Ibnattya

(1984) reported that nitrogen content of the herbaceous

vegetation at the juvenile stage was 2.25 percent. In

California, Woodmansee and Duncan (1980) found that at

early vegetative growth, the phosphorus content was 0.6

percent.

The range of species composition has a great bearing

on the forage value obtained from it. From studies at

the Hopland Field Station, Heady and Torell (1959) and

Weir et al., (1959) reported that grasses (mainly soft

chess) and to a lesser extent Erodium spp. were selected

during winter. In March, there is more available forage.

Livestock can be more selective and remove a significant

proportion of the high quality component. In April,

available forage is much greater than livestock

requirements. Selective grazing at this time removes
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insignificant portions of the high quality forage, so

there is little effect on forage quality after grazing

(George et al., 1989). Unpalatable species do not

necessarily have poor nutritive value, but they are

considered of low value because they are not selected

(Dunbar and George, 1985). Digestibility and organic

matter intake were greatest in April and early May at the

Sierra Foothill Range Field Station (Morris and Delmas,

1980; Morris, 1984). Bur medic was reported to be

preferred during this period.

In Southern Australia, for mixed annual pasture,

Hutchinson and Porter (1958) observed a value of 75

percent for dry matter digestibility (D.M.D.) in the

spring period. With mixed pasture of wimnera grass and

subterranean clover, Pearce et al., (1962) found a rise

in percentage of organic matter digestibility (D.M.D.)

from < 80 to > 80. With pen feeding, Vercoe et al.,

(1962) observed maximum voluntary intake by sheep of

1,000 g organic matter per day. In annual

grass-subterranean clover pasture, Arnold (1964) reported

an intake of 1,000 g organic matter per sheep per day for

sheep of 45 kilograms live-weight.

Peak standing crop occurs when soil moisture limits

growth or when plants are mature (Dunbar and George,

1986). The amount of protein in the diet can become

limiting before energy, especially for young stock and

lactating cows. This may explain why performance of
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these cattle classes declines sharply when the forage

matures (Raguse et al., 1985). As plants mature,

selectivity may increase. This period is followed by the

summer dry season when the forage often contains an

adequate level of energy but is low in protein, Vitamin

A, and other nutrients (Dunbar and George, 1986). The

lowest nitrogen values in standing dead material for the

grasses and forbs (0.4 to 0.6% N) were below protein

maintenance requirements for ruminants while the lowest

values for the dead legumes (0.8 to 1.1% N) remained at

or slightly above maintenance requirements. Phosphorus

declined from 0.6% in spring to as low as 0.015% after

plant death (Woodmansee and Duncan, 1980).

Rossiter (1966) reported 50 percent and 40 percent

D.M.D. for dried, bleached samples of grass and Erodium

spp., respectively. In the case of burmedic, D.M.D. fell

from 64 percent to 54 percent after exposure to sun and

rain.

In Southern Australia, Hutchinson and Porter (1958)

stated that a 45 percent D.M.D. had been commonly

recorded in digestibility trials with mature summer

pasture residues. However, marked differences have been

found within and between species components in Western

Australia. Sheep voluntary intakes are usually as low as

400 to 500 g organic matter per day at the lower

digestibility values. This can be explained by the
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structural and biochemical changes that take place during

lignification.

At the Hopland Field Station in California, Van Dyne

and Heady (1965) examined interrelations of botanical and

chemical dietary components of dry annual range and found

that herbage availability decreased from 1,355 to 382

kg/ha during three summer periods (July, August,

September). Preference for most of the constituents

changed significantly as herbage became limited. They

pointed out that less abundant species were either

highly selected or rejected, while abundant species

furnished the bulk of the diets and were neither

significantly selected nor rejected.

Performance of individual animals was found to

decline while total yield from animals per hectare of

land grazed rose, as stocking rate was increased (Heady,

1975).

Rosiere and Torell (1985) found low weaned lamb

percentages on annual range, 80 percent on grass-woodland

and 75 percent on grassland ranges. They reported that

stocking rate is a notable management factor in sheep

production on California annual range because it may

affect yield of lambs and wool per area of land.

However, at moderate to heavy stocking rates there was

little influence on performance of individual sheep.

They also reported significant year effects on all

performance parameters except wool production. Most
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Australian studies (Fitzgerald, 1976; Robards et al.,

1978; Reeve and Sharley, 1980; White et al., 1980)

revealed yearly variation in sheep performance. Wool

was, over time, a more stable commodity to produce than

feeder lambs.

Dement et al. (1987) pointed out that fertilization

of annual range in California stimulated plant growth

rate while it increased nutrient and decreased fiber

concentrations in the forage. They also reported that

fertilization increased production by as much as 73

percent and nearly doubled gross profits.

Conclusion

In the oak savannas, the presence of live oaks

scattered in the annual grassland is essentially a

transitional overlap between two vegetation types. The

responses of the component annual species in this

circumstance illustrate that the process of spatial

vegetation change results from the influence of many

environmental factors: some of these factors are long

term and continuous in their impact (light, soil

changes). Other physical environmental and biotic

factors, however, which may be continuous in time and

space also contribute their influence to the structure

and composition of the associated annual vegetation.
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Robertson and Vitousek (1981), and Pastor et al.,

(1987) considered the two ecological systems beneath the

canopy cover and in the open areas as two different

stages of secondary succession characterized by different

functioning.

At the present time and mainly in the future,

demands for food and fiber will increase and ultimately

we shall need to coordinate land uses for multiple use

productivity (Krueger, 1983). Thus a better

understanding is needed to how best manage livestock

utilization with seasonal changes in forage production

and quality. This involves decisions about the

qualitative nature of the livestock system used as well

as a more comprehensive basis for managing stocking rates

(Raguse et al., 1987).
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MATERIALS AND METHODS

The study area is located 8 Km southeast of Kenitra,

Morocco (6° 35'W, 34° 8'N). The site is a part of a

mature cork oak stand of the western Mamora forest, with

a slope averaging 0.6%. Elevation is approximately 100

m. The area is characterized by a subhumid bioclimatic

stage with mild wet winters and hot dry summers

(Emberger, 1955). Mean annual precipitation is 602 mm,

which falls as rain from October through May (Cordonnier

and Rizani, 1981). Typically, temperatures are

relatively mild with average daily maximum/minimum

temperatures ranging from 17.1°/7.5°C in January to

27.7°/18.6°C in August. Surface soils are mostly loose

sands, low in organic matter content with inherent low

fertility. Subsoils are sandy clays found at a depth of

140 cm (Somet, 1971).

Cork oak is the dominant tree overstory. The shrub

cover is less than 4% of the plant community. The main

shrub species are Teline linifolia, Thymelia lythroides,

and Lavandula stoechas. The herbaceous layer consists

mainly of annual grasses such as Vulpia alopecuros,

Brachypodium distachyum, Anthoxanthum odoratum, Lagurus

ovatus, and Bromus species with forbs like Hvpocheris

radicata, yolpis barbata, Sonchus oleraceus, Helianthemum

quttatum, and Ornithopus species. This area has been

heavily grazed by sheep and cattle from October to June
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since 1912. Boudy (1958) reported that in the 18th and

19th century, the Mamora forest was characterized by a

dense cork oak layer and by a nearly complete absence of

the shrubs. The herbaceous vegetation was dominated by

the perennial palatable species like Dactylis glomerata,

Holcus lanatus, Festuca caerulescens, and Hvparrhenia

hirta. Overgrazing was the main driving force that led

to retrogression where these species were replaced by a

group of the bulbous and annuals (Sauvage, 1961).

The experimental area was selected because it is one

of the most representative portions of the western and

central Mamora. It is located with the "canton" A (A3,

plot #11), which is the one that has the densest oak

population. This is the most heavily grazed area because

the herbaceous layer of the other tree plantations is not

well developed if not completely absent.

The present investigation was carried out from March

to June during two forage years, 1986-87 and 1987-88

respectively. A 400*500 m exclosure was built in

February 1987. The protection of the experimental plots

from grazing animals started in November 1986 with the

help of a permanent guardian.

A homogenous plot of 10.5 Ha was selected and

divided into 42 subplots, of 2500 m2 (50*50 m) each. The

number of standing oak tree stumps per subplot (density)

was recorded in order to determine tree canopy cover.

This was done by using the strong relationship between
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oak tree canopy cover (%) and density (number of

stumps/Ha): % canopy cover = 3.7 + .2 Density with r2 =

.92. This relationship was found by Ibnattya (1984).

Then the subplots were ranked according to percent canopy

cover in a hierarchical order. Each of two blocks

contained twelve paddocks of .25 Ha area. The mean of

the tree canopy cover between the blocks was different.

The paddocks in each block were randomly assigned to four

months of grazing from March to June and three degrees of

total forage use (Level 1 of use or treatment 1 = 30-35%,

level 2 of use or treatment 2 = 70-75% and a control).

The date of grazing was repeated on the same paddock in

each block throughout the two year investigation. Thus

the cumulative effects of the two years were measured.

Grazing consisted of a single grazing event on each

paddock in the first of March, April, May, and June.

Grazed paddocks were clipped prior to the grazing event

in order to determine the amount of the available total

forage. In the 1987 season, stock grazing densities were

then calculated based on the degree of total forage use

(30-35% or 70-75%) by assuming that each head of sheep

consumes about 1 Kg DM per day. In general, sheep

consume about 3.3% of their live weight. Sheep were used

that weighed about 30 Kg per head. In the 1988 season,

each grazing event continued until target degree of use

(30-35% or 70-75%) based on ocular estimation was reached

(about 1 to 2 days of grazing).
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Monthly herbage mass and grazing residual were

estimated by clipping one m2 circular plot to ground

level at each of twenty points in each paddock to be

sampled (Ibnattya, 1984). The twenty sampling points

were randomly located in each paddock at the beginning of

each forage year. A new unclipped portion of ground near

each point was sampled for each sampling date so that no

one spot was selected more than once in any year.

Control paddocks were clipped every month from March

to June. Grazed ones were clipped within four days prior

to the grazing event to estimate the number of sheep

needed, and sampled each month thereafter including June.

Paddocks were also clipped immediately after grazing to

determine the amount of residue remaining. Herbage

samples were dried for 48 hours at 50°C and then weighed.

Subsamples of mixed vegetation obtained from twenty

selected points of each paddock were used for chemical

assessments. These analyses were performed monthly on

the subsamples obtained from the control paddocks. The

same procedure was used for the grazing treatments prior

and during the following consecutive months after the

grazing event. Crude protein (CP), ash, calcium (Ca),

phosphorus (P), and acid detergent fiber corrected for

nitrogen bound in it (ADFc) were determined using

official methods of analysis (AOAC, 1980). In vitro

organic matter digestibility (IVOMD) was determined using

the Tilley and Terry (1963) procedure.
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Net rate of herbage accumulation was calculated as

the difference between the total herbage dry matter at a

sampling date (or the residual remaining after grazing)

and the total herbage dry matter present at the next

sampling, divided by the number of days between sampling.

Forage consumption was calculated as the difference

between the herbage mass before grazing and the residual

remaining after grazing. Net forage production (NFP) was

calculated by summing the herbage dry matter used at a

sampling date and the residual herbage dry matter present

in June.

In 1988 total herbage mass was sorted into four

groups of species: Perennial grasses (PG), annual

grasses (AG), legumes (L), and other forbs (non-legumes,

OF).

Herbage foliar cover and species composition were

estimated by using a ten point frame (Sharrow and Tober,

1979). This frame was found well suited to sampling

annual vegetation (Heady and Rader, 1958; Pieper, 1978).

Plant species, litter, and bare ground hits were recorded

within each paddock from twenty ten point frame located

on five permanent transects. Sampling was started on the

first of March 1987 (prior to the grazing treatment) and

repeated in March 1988 and 1989 in order to determine the

effects of grazing on the herbaceous foliar cover.

Data were subjected to analysis of variance, with

grazing times and degree of use as main plots and years
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as subplots in split plot in time, completely randomized

design with two replications. Where appropriate,

differences between means were separated using Duncan's

test at p<0.05 (Steel and Torrie, 1980).
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RESULTS AND DISCUSSION

Weather and Seasonal Variations

Weather was measured at Kenitra (Figure 1), located

8 Km north-west of the study site. In Kenitra, the

amount of annual rain can vary from 50 to 160% of the

mean. Maximum precipitation is highly variable from one

year to the other. The season of the first rain is also

variable.

The data indicated that 1986-87 was a dry year.

December and March rains were well below average.

October and May were extremely dry. However, the summer

was wetter than normal. Temperatures were slightly above

average except December ones which were cooler.

The 1987-88 forage year was wetter than usual

especially in fall (October and November), but the spring

season was particularly dry (mainly March and May).

September 1988 was drier and warmer, January 1988 was

warmer and wetter but December 1988 was drier and cooler

than usual. The spring season was characterized by

warmer temperatures.

In the 1988-89 forage year, spring rains were above

average (March, April and May) however September and

December were severely dry. December and January

temperatures were cooler than usual.

In the Mediterranean region, the end of the growing

season can be abrupt when it is caused by
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photoperiodically induced maturity or by drastic weather

change, like hot, searing winds (Noy-Meir, 1978).

Herbage Growth Patterns

In 1987, neither the month of grazing nor the degree

of use significantly affected the rate of herbage

accumulation (p<0.05) (Table la). Utilization levels for

treatment 2 were intended to be twice as high as for that

treatment based upon projected herbage allowances and

intake. This did not occur. Both use levels actually

were much less than the intended 35 to 70 percent.

Utilization measurements were not made but level 1 was

perhaps 10-15 percent and level 2 25-30 percent. Thus

the lack of significant differences in the data could

have been expected.

Rates of herbage accumulation in 1987 declined from

March to a low in June for the March and April

treatments. Maximum herbage accumulation was reached by

May; this may be attributed to the distribution of rain

and possibly to higher soil temperatures which have a

great influence on the phenology and the production of

the forage species. From May to June, regardless of

treatment, herbage accumulation was negative

representing a net loss of forage during this month,

presumably due to the senescence of most of the plant

species, particularly the legumes. Almost no moisture

occurred after April.



82

Table la. March to July 1987 herbage accumulation rates
(kg DM ha-1 day -1) for months and degree of use
treatments. Treatments are ungrazed control, level 1
(light) and level 2 (moderate) herbage utilization.

Month Degree of use Mar -Apr Apr -May May-Jun Jun-Jul3
grazed

Control 2.9a1 2.4a -3.4a
March Level 1 1.7a 1.0a -2.6a

Level 2 .7a 1.6a -1.0a
PSEM2 .6 .3 .5

Control 2.4a -3.4a
April Level 1 3.0a -3.4a

Level 2 -0.6a -2.1a
PSEM .8 .7

Control -3.4a
May Level 1 -3.7a

Level 2 -5.1a
PSEM .4

Control -2.6a
June Level 1 -5.0a

Level 2 -4.0a
PSEM .5

I Means in a column for each month of treatment not sharing a
common letter differ (p<0.05).
2 PSEM is the pooled standard error of the mean.
3 For June grazing only.

Negative values mean that the production of the subsequent month was
lower than the initial one.
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In 1987, herbage mass was less on the March grazed

treatments than the control (Figure 2-A). The vegetation

of the control appeared to contain more leaf area; more

phytomass was produced. Herbage consumed by sheep was

not replaced. Thus, grazing in March depressed

subsequent herbage mass. For the April treatment,

herbage grazed at level 1 paralleled growth of the

control for the remainder of the season whereas that of

level 2 did not grow at all (Figure 2 -B). For both the

May and June treatments, herbage response was similar

among levels of use (Figure 2C and 2D).

In 1988, the month of grazing, the degree of use and

the interaction of the two significantly affected rates

of herbage accumulation (p<0.05) for all treatments

except the May to June period for the March grazed

treatment (Table lb). As contrasted to 1987, utilization

levels were ungrazed, 35 and 70 percent.

The highest rate of herbage accumulation, 6.3 Kg DM

ha-1 day-1, occurred in the March to April growing period

on the ungrazed control (Table lb). For the April-May

period of the March treatment, the rate of herbage

accumulation on the level 2 treatment was greater than

that of level 1 and the control averaging 4.5, -1.1 and

-2,4 Kg DM ha-1 day-1, respectively (Table lb). This was

presumably due to the reduced effect of competition and

the more efficient use of water and nutrients by some

plant species in this treatment.
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Table lb: March to July 1988 herbage accumulation rates
(kg DM ha-1 day -1) for months and degree of use
treatments. Treatments are ungrazed control, level 1
(35%) and level 2 (70%) of herbage utilization.

Month Degree of use Mar -Apr Apr -Mas May-Jun Jun-Jul3
grazed

Control 6.3a1 -2.4b -5.6a
March Level 1 -3.4.b -1.1b -3.5a

Level 2 -13.6c 4.5a -7.1a
PSEM2 3.7 1.4 .9

Control -2.4a -5.6b
April Level 1 -9.1b -1.4a

Level 2 -10.5b -1.2a
PSEM 1.6 1.0

Control -5.6a
May Level 1 -10.4b

Level 2 -15.4c
PSEM 1.8

Control -5.0a
June Level 1 -10.6c

Level 2 -9.3b
PSEM 1.1

1 Means in a column for each month of treatment not sharing a
common letter differ (p<0.05).
2 PSEM is the pooled standard error of the mean.
3 For June grazing only.

Negative values mean that the production of the subsequent month
was lower than the initial one.
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For the April and May treatments, grazing resulted

in less herbage production in the subsequent months.

Generally more herbage was lost (less herbage

accumulated) as the level of use increased from 0 to 35

to 70 percent (Table ib). The primary exception to this

was that more herbage was lost in the ungrazed April

control during the May to June period.

For the June treatment, herbage accumulation again

was negative representing a net loss of forage during

this month, mainly as a result of the senescence of the

forage species and also due to grazing. The herbage loss

rate with the control was less than the grazed treatments

(Table lb).

Compared to 1987, more phytomass was produced by the

control than from the grazing treatments (Figure 3). The

initial high level of production (400 kg DM/ha by early

March) may have played a role. The weather regime was

different than that of 1987; the 1987-88 forage year was

wetter, especially in October and December (3 and 18 mm

in 1986-87 compared to 89 and 108 mm in 1987-88) (Figure

1). The peak of production was reached in April.

Following grazing, the growth rate and leaf area

accumulation were reduced by grazing to such a low level

(Table ib) that the grazing season would have been

terminated before the vegetation utilized the available

growth limiting plant moisture (or nutrients) in the soil

(Noy-Meir, 1978). The combined effect of the weather
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(the spring season was drier than usual, mainly March and

May) and the grazing regime may explain this response.

For the April, May and June grazing treatments, sheep

utilized more forage in treatment 2 and thus the residual

dry matter after grazing was less than that for treatment

1 (Figure 38, C, D). In coastal northern California,

Rosiere (1987) found no significant effect of grazing

intensity on peak standing crop of woodland range. In

the same area, Pitt and Heady (1979) reported identical

patterns of standing crop response under 100, 150 and

200% of moderate grazing intensities. On annual range in

the Sierra foothills, Bentley and Talbot (1951) found

higher herbage yield with light and moderate grazing than

with close grazing. However, they discovered that

herbage production was influenced substantially only at

heavy use. Most grazing experiments on annual range have

focused primarily on manipulation to retain various

amounts of residue (mulch) after grazing (Heady, 1977).

Percent utilization was a result of stocking rate and

served as a gauge to the intensity of defoliation

(Rosiere, 1987).

Botanical Composition by Weight

For the 1988 March treatment, the month of grazing

and its interaction with the degree of use had no

significant effects on the botanical composition by group
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of species. The degree of use had a significant effect

on the other forbs only (Appendix VI).

When averaged over the four month season, the other

forbs were the dominant group of species (Figure 4A).

The control had a higher proportion of other forbs than

the grazed treatments (64% as compared to 52% and 50% for

the level 1 and level 2 of grazing, respectively).

Grazing decreased the proportions of other forbs,

especially late in the season. In June these were 33%

and 31% as compared to 66% for the control. This can be

explained by the sheep preference for this plant group

and their consequent utilization.

The annual grasses phytomass was less on the grazed

treatments than the control and varied during the season.

Phytomass production peak was reached in May as opposed

to April for other forbs; this may be attributed to the

different phenology of the two groups of species. In

April, the main other forbs species like Sonchus

oleraceus, Tolpis barbata, Plantago coronopus and

Hypocheris radicata were in their flowering stage. On

the other hand, the Bromus species, Brachypodium

distachyum, and Anthoxantum odoratum were at their

softseed stage while the other late maturing annual

grass, Vulpia alopecuros reached its boot stage. The

quantities of annual grasses in May were 145, 98 and 98

kg DM ha-1 for the control, level 1 and level 2 degrees

of use, respectively (Figure 4A).



92

The contribution of perennial grasses to the

phytomass was very low. The quantities of perennial

grasses produced by the control did not differ

significantly from the grazed treatment and averaged 16

kg DM ha-1 during the season. Their proportion for the

grazing treatments averaged 13% and 17% for the level 1

and the level 2 degree of use, respectively) (Figure 4A).

For the April treatment, the month of grazing and

the degree of use had a significant effect on the other

forbs only. But then their interaction was not

significant (Appendix VI). Grazing depressed the

phytomass produced by the two grazing treatments (Figure

4B). The proportions of the annual grasses increased

under grazing for the level 1 of use from 30% in April to

54% in June (Figure 4B). Sheep had low preference for

this plant group, especially late in the season.

The degree of use and its interaction with the month

of grazing had no significant effects on the botanical

composition for the May treatment. However, the

perennial grasses, legumes and other forbs were affected

by the month of grazing (Appendix VI). Averaged across

the degree of use, the quantities of other forbs produced

were 245 and 125 kg DM/ha for May and June, respectively

(Figure 4C).

For the June treatment, the interaction of the month

of grazing and the degree of use had no significant

effect on all plant groups (Appendix VI). In July,



350

h
300

250

. 200

150

O

100

50

April

11/

1
11 1111

Control Lomeli

Degree of use

400

lova 2

June

400

350
P

300

0

250'

200

150

D
PA

100

60

93

Control Loyal 1

Degree of us.

h 350
If
t 300 -
0
m
a 250 -
S

200

k
9 150 -

M 100

h 50 -
a

0
Control Level 1

Degree of use
Level 2

ME Perennial Or

CM Legumes

EZZI Annual Or

MI Other Rubs

Level 2

May

Figure 4. Phytomass production by species groups (1988)
as affected by degree of use (none, level 1 (30-35% ,

level 2 (70-75%). ((A) March treatment)



400

350 .
P
h
y 300 -
1

0
in 250 -
a
li
$
. 200

It
9 150

D
on

/ 100-
h
a

SO -

0

400

Control Level 1

Degree of use

Level 2

p
h 350 -
y
t 300 -
0
m
a 250 -
s
a

200

It
O

150

D 100

h so -
a

0
Control Level 1

Degree of use

L.v.l 2

MI enrweet °moat
CO Legumes

ell Annual Orem.*

IZZI Other Rothe

Figure 4. Continued ((B) April Treatment).

May

June

94



May Treatment

(C)

June Treatment

(D)

400

350 -

h
y 300

0
m 250a

$
200

k
O 150

D
M

h
a

h 350

300
0
m
a 250

100

50

0

400

Control Lovell 1

Degree of use
L.v.l 2

a
200 "

160'

100

h 50 -

0

Figure 4. Continued.

Control L.vir

Degree of use
Level 2

1111 Preenswel °teethe

LOQUITOO

1223 Annual On....

EZSI Other Farb.

95

June

July



96

legumes made no contribution to the phytomass (Figure

4D). This was mainly related to the senescence of the

plant species of this group.

The degree of use had no significant effect on the

legumes (Appendix VI). The phytomass of this plant group

reached its production peak in April (contrast Figure 4-A

with 4B, C or D). The slopes of the herbage mass lines

were similar for the treatments and showed a steady

decline from April to June (Figure 4B, 4C).

Legume's growth was mainly affected by phenology.

The most abundant legumes, Ornithopus species, reached

their flowering stage in April and the hardseed stage in

May. The other important legume was Anthilis hamosa

which reached its softseed stage in April and its

hardseed stage in May. Legumes in the control treatment

maintained their production level from April to May and

declined thereafter. This effect can be explained by the

phenology since most of the species became senescent by

this time.

Utilization and Apparent Preferences

In 1987, total forage utilization was significantly

affected by only the degree of use. The interaction

between the months of grazing and the degree of use was

not significant (Appendix VI). Targeted use levels were

not achieved. Stock grazing densities were calculated

based on the degree of desired total forage use. Since
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the forage production was very low, only few sheep were

used, especially with the level 1 treatment.

Consequently this might have had a impact on sheep

grazing behavior.

In 1988, the grazing treatments affected the

utilization of the annual grasses (p<0.05) and the use of

the legumes and the other forbs (p<0.001). Utilization

of the perennial grasses was only affected by the degree

of use. The months of grazing and their interaction with

the degree of use were not significant.

Legumes were the most preferred group of species.

The relative preference index (RPI) averaged 1.5 (S.E=.4)

and 1.3 (S.E=.05) for the treatment 1 and treatment 2,

respectively. They were highly utilized by sheep for

both treatments. The respective utilization of level 1

and level 2 grazing treatments averaged 60 and 88% (Table

2). At the June grazing, utilization of legumes was some

37 points more in level 2 as compared to level 1 (77% vs.

40%). Differences in the other months ranged from 19 to

28 points. The highly lignified tissues of the annual

grasses or the early senescence of most of their species

may have played a role. Utilization of legumes showed a

steady decline as the season advanced (mainly for

treatment 1). In May, several legume species reached

their early seed shatter stage while others started to

become senescent.
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Table 2. Percent utilization by group of species of the
herbaceous vegetation of the Mamora cork oak forest,
1988.1

March April May June
Perennial Grasses

Level 1 28 38 50 36

Level 2 70 60 65 66

PSEM2 7.3 5.6 3.2 5.2

Annual Grasses

Level 1 37 31 25 27

Level 2 65 68 34 42

PSEM 5.3 6.6 3.2 3.3

Legumes

Level 1 67 68 66 40

Level 2 93 96 85 77

PSEM 6.2 8.6 4.1 6.7

Other Forbs

Level 1 34 30 36 37

Level 2 76 77 77 82

PSEM 7.3 8.2 7.6 8.1

I The means of the interaction (Months of grazing*degree of use)
are not significantly different.

2 PSEM is the pooled standard error of the mean.
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The utilization of other forbs by sheep differed

between the two treatments. The average utilization

level of treatment 2 (78%) was more than twice higher

than that obtained for treatment 1 (34%). In May, the

other forbs phytomass declined as the season advanced.

However, its utilization increased, indicating the high

preference of this group of species by sheep due to their

late phenology and to the lower availability of other

groups such as annual grasses and legumes. For the

May-June period, the RPI averaged 1.5 (S.E=.3) and 1.3

(S.E=.03) for the treatment 1 and treatment 2,

respectively.

In March, perennial grasses were highly utilized by

sheep for the level 2 grazing treatment (70%).

Orchardgrass, the major perennial grass species, was at

its early vegetative stage (5-6 leaves). Utilization

levels for the two treatments were significantly

different (p<0.001). Even though orchardgrass stayed

vegetative late in the season (the flowering stage was

reached in May-June), its apparent preference by sheep

was not high due to its morphology (tall with few leaves)

and probable amount of lignified tissues. Its RPI

averaged .9 (S.E=.3) and 1.0 (S.E=.03) for the treatment

1 and treatment 2, respectively.

Annual grasses showed a different trend. They were

highly utilized in March and April (65 and 68%) for the

level 2 grazing treatment. Even though the peak of
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production was reached in May, the utilization declined

for both treatments (25 and 34% for level 1 and level 2,

respectively) (Table 2). The respective RPIs for this

month were .7 (S.E=.02) and .5 (S.E=.01). Most of the

species of this group matured early in the spring period

and contained lignified tissues which resulted in

decreased sheep preference late in the season.

Net Forage Production

In 1987, months and degree of use had no significant

effects on net forage forage production (NFP) (Table 3).

The expected levels of utilization were not obtained;

this might be related to sheep grazing behavior.

Consequently, the impact of grazing from the two levels

of use was not evident. The average NFP was 173, 235,

257 and 187 kg DM/ha for the March, April, May and June

treatments, respectively.

In 1988, the effect of the degree of use was highly

significant (p<0.001) but that for months was not. Mean

NFP resulting from the higher level of use (70%)

significantly exceeded other treatments except in June

(Table 3). The NFP of the control showed a steady

increase from March to May. Plants in the level 2

treatment had more opportunity for regrowth. This

response could be explained by the possible decrease of

the impact of competition which may have resulted in more
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Table 3. Net forage production (kg DM ha "1) in March,
April, May, and June treatment of 1987 and 1988 for three
levels of grazing, Treatments are ungrazed control, level
1 and level 2 of grazing. The production numbers are the
means of the interaction (months of grazing * degree of
use).

Year Treatment Months

1987

1988

Decree of use March April May June

Control

Level 1

Level 2

200a I 218a 205a 169a

127a 247a 303a 220a

192a 241a 262a 171a

PSEM2 32 35 19 15

Degree of use March April May June

Control 284b 361b 472a 290a

Level 1 337b 332b 336b 410a

Level 2 574a 512a 609a 365a

PSEM 60 46 55 28

I Means in a column within a month of treatment not sharing a
common letter differ (P < 0.05).

2 PSEM is the pooled standard error of the mean.
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efficient soil water and nutrients use by some plants of

this treatment.

Ground Cover

Total canopy cover was significantly affected by the

year only (p<0.05) (Appendix IX). Several investigators

reported that the annual grassland is tolerant to a wide

range of stocking rates and degrees of herbage

utilization (Talbot and Biswell, 1942; Bentley and

Talbot, 1951; Pitt and Heady, 1979; and Rosiere, 1987).

Total vegetative ground cover was significantly

higher in 1988 than for both 1987 and 1989 as a result of

the impacts of the intensity and distribution of rains on

vegetative growth, development and distribution. Averaged

over the degree of use, total canopy cover means were

67.4, 62.2 and 64.3% for the 1988, 1987 and 1989,

respectively (Figure 5). Pitt and Heady (1979) mentioned

that the residual influences of grazing on cover are

negligible when compared to those of annual weather

patterns.

The year had a significant effect on the cover of

all groups of species except those of the legumes

(p<0.05) (Appendix IX). The effects of the degree of use

and the month of grazing were not significant. At the

San Joaquin experimental range in California, no

pronounced long-term effects in botanical composition

were found as a result of grazing ranging from close to
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Figure 5. 1987-1989 total canopy cover as affected by
degree of use (none, levels (30-35%) and level 2 (70-
75 %)). Standard errors (p<.05) are shown by vertical
lines above each data bar.
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light, a range of about two-fold in stocking rates

(Talbot and Biswell, 1942; Bentley and Talbot, 1951).

In 1987, annual grasses comprised the highest

proportion of total ground vegetative cover averaging 38%

across the three treatments (Figure 6). Numerous years

of heavy grazing pressure probably led to an influx of

mobile annual species invading the entire forest

community. The importance of these invaders in Mamora

forest reflects basic annual grassland traits as

described by Talbot et al. (1939). Annual grass

increasers, Vulpia alopecuros and Brachypodium distachyum

made up the highest proportion among the annual grasses

group (89%) (Figure 6C). Annual grasses decreasers, soft

chess (Bromus mollis) and ripgut (Bromus rigidus) made

the least contribution to cover (0.4%) (Figure 6B).

Heady (1956, 1977) classified annual plants according to

a successional hierarchy with a ripgut/soft chess/wild

oats complex as a climax. The past continuous heavy

grazing may explain the very low percent cover of these

species in the herbaceous vegetation of the Mamora

forest.

Perennial grasses, mostly Dactylis glomerata, were

one of the least dominant group of species; their

contribution to the vegetative ground cover was less than

4% in 1987 (Figure 6D).

Forbs were the second dominant group of species,

comprising an average of 23% cover in 1987 at the
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beginning of the experiment (Figure 7A). Legumes

comprised only 3% in cover which can be related to their

lower potential of competition compared to annual grasses

increasers and also as a response to grazing (Figure 7C).

The compositae were intermediate and made up 7.5% of the

vegetative cover with two main species Hypocheris

radicata and Tolpis barbata (Figure 7B).

At the San Joaquin Experimental range in California,

consistent changes of the minor constituents were

observed on both slopes and swales. Close grazing

favored Hvpocheris alabra. In the swales, close grazing

promoted a higher percentage of Festuca megalura (Talbot

and Biswell, 1942; Bentley and Talbot, 1951).

In western Australia, increasing the stocking rate

from one to five sheep per acre, increased the

proportions of capeweed (Cryptostemma calendula) and

Erodium, while the clover (Trifolium spp.) remained

unaffected. However, partitioning of the annual grasses

showed that while ripgut was markedly reduced at the

higher stocking rate, siver hairgrass (Vulpia myuros)

clearly increased (Davies and Humphries, 1965).

The individual annual grasses and forbs species

responded differently to the degree of use. From 1987 to

1989, the annual grasses decreased by 53.6, 54.3 and

59.1% respectively, for the control, level 1 and level 2

of use. The percent canopy cover of soft chess and

ripgut, annual grasses decreasers, increased and the
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control had the highest percentage (2.0%) (Figure 6B).

Weather conditions and the release of competition from

other annual grass species may explain this relative

abundance.

Decline in Vulpia and Brachyloodium and other

secondary grasses under heavier defoliation benefitted

the forbs and especially the compositae. The forb cover

nearly doubled from 23% to 43% under grazing in 1989

(Figure 7A). The cover of the compositae increased from

7.5 in 1987 to 22% in 1989 (Figure 7B). At the end of

the study, the control had the highest percentage of

canopy cover with Sonchus oleraceus as the dominant

compositae.

The percent cover of the legumes was higher in

treatment 1 than the control and treatment 2. It

increased from 3% in 1987 to about 5% in 1989 with the

Ornithopus group as the dominant (Figure 7C). The

percent canopy cover of the control did not change. In

this case, legumes may be outcompeted by annual grasses

and other forb species.

The percent canopy cover of the other forbs

increased under treatment 1 and reached 16% in 1989

(Figure 7D). For the grazed paddocks, intense utilization

may have decreased the proportion of the legumes since

sheep had a great preference for this group of species.

In southern Spain, Joffre (1987) found that

continous grazing (1 ewe/ha/year) in the open areas of
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the oak savannas decreased the grass component,

especially the perennial ones, and increased non-forage

species. However, annual legumes of Trifolium species,

with prostrate forms, were favored.

Grazing did affect the percent increase of perennial

grasses. The percent cover of the control increased from

1.3% in 1987 to 6% in 1989 (Figure 6D). On California

foothill ranges, Bentley and Talbot (1951) reported that

when grazing is too light, tall growing grasses (such as

ripgut) could crowd out filaree, clover and other

valuable plants. High stocking rates result in a general

loss of grasses.

Extremes of grazing intensity can produce residual

impacts on botanical composition. Heady (1961) reported

that the degree of use is an important grazing factor

causing vegetational changes and that is superimposed on

natural fluctuations.

Nutritive Ouality

Measures of forage quality such as crude protein,

organic matter digestibility and minerals follow a

declining trend as the growing season progresses (Tables

4, 5, 6). Conversely, measures of low quality such as

fiber (ADFc) increase as forage plants mature.

The month of grazing had a significant effect on all

herbage nutrients sampled (p<0.05). Trends in herbage

nutritive quality were mainly related to plant maturity.
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The degree of use (grazing) had significant effects on

the forage nutrients only for some grazing treatments

(months) (p<0.05) (Appendices X and XI).

In March, there is more available forage, livestock

can be more selective and remove a significant proportion

of the high quality component. For the March treatment

of 1987, grazing increased the quantity of the available

new growth. Consequently, the crude protein levels of

the grazed treatments were higher than the ones of the

control for the following months of April and May. The

values were 15.1, 10.5 and 8.8, 5.8% for the level 2 of

grazing and the control, respectively (Table 4A). By

June the CP values were the same among treatments.

For the April grazing treatment, the interaction of

the month of grazing and the degree of use had

significant effect on Ash, CP, ADFc and OMIVD (p<0.05)

(Appendix X). Crude protein levels of the grazing

treatments were higher than the control in June and ADFc

levels were lower in May (Table 4B).

For the May and June grazing treatments, the degree

of use had no significant effect on most of the forage

nutrients (Tables 4C and 4D).

In 1988 for the March grazing treatment, the

interaction of the month of grazing and the degree of use

had a significant effect on Ash, ADFc, Ca and P (Appendix

XI). The grazing treatments generally resulted in lower

ADFc values than the control in May and June. The values
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Table 4A. Nutritive quality of the herbaceous vegetation
of the Mamora cork oak forest in 1987 as affected by
early March sheep grazing (none, light (level 1),
moderate (level 2)).

March' April May June

ASH

Control
Level 1
Level 2
PSEM3

1.3a2

15.3a
15.2a

.9

11.4a
13.0a
13.9a
1.1

6.2a
7.6a
7.7a
.6

5.6a
6.9a
6.6a
.5

CRUDE PROTEIN

Control 14.2a 10.6b 5.8b 4.1a
Level 1 13.2a 13.2a 6.0b 4.3a
Level 2 13.5a 15.1a 8.8a 4.3a
PSEM 0.5 1.2 .7 .2

ADFc

Control 41.0a 38.9a 46.2a 45.2a
Level 1 42.3a 37.9a 45.1a 45.0a
Level 2 41.1a 36.4a 41.1a 45.3a
PSEM 1.7 1.4 1.0 .2

OMIVD

Control 58.7a 54.7a 41.4a 37.2a
Level 1 55.7a 57.2a 44.6a 34.1a
Level 2 60.2a 58.3a 43.2a 40.6a
PSEM 2.0 1.8 1.9 1.9

Ca

Control .70a .80a .70a .60a
Level 1 1.10a 1.1a .80a .80a
Level 2 0.60a 1.0a .80a .70a
PSEM .13 .07 .04 .07

P

Control .23a .16a .10a .05a
Level 1 .24a .19a .11a .07a
Level 2 .19a .22a .10a .06a
PSEM .02 .01 .01 .01

1 Nutritive values for levels 1 and 2 are for forage in March
before it was grazed by sheep.

2 Means in a column within a month of treatment not sharing a
common letter differ (p.05).

3 PSEM is the pooled standard error of the mean.



112

Table 4B. Nutritive quality of the herbaceous vegetation of the
Mamora cork oak forest in 1987 as affected by early April sheep
grazing (none, light (level 1), moderate (level 2)).

Control
Level 1
Level 2
PSEM3

April!

ASH

May

6.3a
6.1a
5.8a
.2

June

14.4a2
10.3b
9.1b
1.1

5.5a
5.8a
5.4a
.1

CRUDE PROTEIN

Control 11.7b 6.4a 3.4b
Level 1 11.6b 6.6a 4.1a
Level 2 13.5a 6.1a 4.2aPSEM .5 .2 .2

ADFc

Control 41.6a 46.2a 45.2a
Level 1 37.9b 43.4b 44.7aLevel 2 38.1b 43.7b 44.5aPSEM 1.0 .6 .2

OMIVD

Control 58.8b 39.3a 42.2aLevel 1 64.8a 39.9a 40.4aLevel 2 57.5b 40.1a 40.3aPSEM 2.7 1.0 1.4

Ca

Control 1.0a .7a .60aLevel 1 .7a .7a .60aLevel 2 .9a .6a .60aPSEM .02 .01 .03

P

Control .22a .10a .06aLevel 1 .18a .10a .06aLevel 2 .16a .08a .05aPSEM .02 .01 .001

I Nutritive values for levels 1 and 2 are for forage in April
before it was grazed by sheep.

2 Means in a column within a month of treatment not sharing a
common letter differ (p.05).

3 PSEM is the pooled standard error of the mean.
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Table 4C. Nutritive quality of the herbaceous vegetation of the
Mamora cork oak forest in 1987 as affected by early March sheep
grazing (none, light (level 1), moderate (level 2)).

May' June

ASH

Control 4.3b2 5.5a
Level 1 5.0a 5.0a
Level 2 5.3a 5.4a
PSEM3 .2 .1

CRUDE PROTEIN

Control 5.2b 4.1a
Level 1 6.2a 3.5a
Level 2 5.9ab 3.7a
PSEM .2 .1

ADFc

Control 43.3a 45.8a
Level 1 43.2a 45.8a
Level 2 42.1a 46.3a
PSEM 1.0 .1

Control

OMIVD

39.0ab54.6ab
Level 1 53.4b 40.5a
Level 2 57.3a 37.1b
PSEM 1.0 .7

Ca

Control .24a .49a
Level 1 .39a .54a
Level 2 .35a .56a
PSEM .04 .02

P

Control .07a .05a
Level 1 .12a .08a
Level 2 .09a .07a
PSEM .01 .01

1 Nutritive values for levels 1 and 2 are for forage in May before
it was grazed by sheep.

2 Means in a column within a month of treatment not sharing a
common letter differ (p<.05).

3 PSEM is the pooled standard error of the mean.



Table 4D. Nutritive quality of the herbaceous vegetation of the
Mamora cork oak forest in 1987 as affected by early June sheep
grazing (none, light (level 1), moderate (level 2)).

Ash CP ADFC OMIVD Ca P
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Control 5.5a1 4.9a 43.9a 54.3a .52a .09a

Level 1 4.8a 4.3a 45.2a 51.0a .44a .04a

Level 2 4.5a 4.7a 45.3a 54.2a .40a .05a

PSEM2 .2 .4 .4 1.5 .03 .01

1 Means in a column within a month of treatment not sharing a
common letter differ (p.05).

2 PSEM is the pooled standard error of the mean.
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were 48.8, 50.9 and 45.3, 49.3 percent between level 2

and the control for May and June, respectively (Table

5A). Conversely, the phosphorus levels were higher.

This occured for both level 1 and 2 as compared to the

control during April, May and June (Table 5A).

For the April treatment, grazing had a significant

effect on OMIVD in May and June and Ca in May. In May

and June, level 2 forage OMIVD was of higher value than

the control. These were 51.7 and 40.0%; and 38.8 and

34.2% for May and June, respectively. This might be

related to the possible higher proportion of green

material in the paddocks grazed in April as compared to

the control ones.

The forage characteristics as a result of May 1988

grazing remained essentially unchanged (Table 5C). Only

ash was significantly less, 5.2 percent in level 2

grazing. Some nutrients (ash, crude protein, Ca) were

affected by the June grazing (Table 5D). Observations

and data suggest that the effect of the degree of use on

forage nutrients of the subsequent months is more evident

when grazing occurs early in the season.

Table 6 contains nutrient quality data analyzed for

the effects of season only. Between March and April

1987, crude protein content declined from 13.6 to 12.3%

and phosphorus from 0.22 to 0.19% (p<.05). Conversely,

the digestibility increased from 58.2 to 60.4% and

calcium from 0.80 to 0.87%. In 1988, crude protein was
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Table 5A. Nutritive quality of the herbaceous vegetation
of the Mamora cork oak forest in 1988 as affected by
early March sheep grazing (none, light (level 1),
moderate

Control
Level 1
Level 2
PSEM3

(level 2)).

March' April May June

14.0b2
19.3a
13.6b
1.4

ASH

7.4b
8.7a
8.9a
.4

6.7b
7.lab
7.8a
.3

9.2b
10.0ab
10.5a

.3

CRUDE PROTEIN

Control 11.4a 8.7a 6.5a 6.8a
Level 1 11.3a 9.4a 7.8a 5.8a
Level 2 12.9a 9.9a 8.9a 7.1a
PSEM 0.5 1.2 .5 .3

ADFc

Control 40.4b 45.4a 50.9a 49.3a
Level 1 45.3a 42.9b 48.1b 47.4a
Level 2 41.3b 44.3ab 48.8b 45.3b
PSEM 1.4 1.2 .9 .9

OMIVD

Control 53.6a 43.4a 34.3a 31.7a
Level 1 55.3a 490.2a 40.4a 42.4a
Level 2 53.2a 46.3a 32.4a 39.6a
PSEM 2.0 1.9 2.9 2.5

Ca

Control 1.1b 1.Oa 1.Oa 1.Oa
Level 1 1.7a 1.Oa .7b .6b
Level 2 1.5a 1.1a 1.Oa 1.1a
PSEM .16 .07 .09 .11

P

Control .18b .13b .11b .08b
Level 1 .21a .18a .16a .09a
Level 2 .18b .19a .16a .09a
PSEM .01 .02 .01 .001

' Nutritive values for levels 1 and 2 are for forage in March
before it was grazed by sheep.

2 Means in a column within a month of treatment not sharing a
common letter differ (p<.05).

3 PSEM is the pooled standard error of the mean.
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Table 5B. Nutritive quality of the herbaceous vegetation
of the Mamora cork oak forest in 1988 as affected by
early April sheep grazing (none, light (level 1),
moderate (level 2)).

April' MSC June

Control
Level 1
Level 2
PSEM3

Control
Level 1
Level 2
PSEM

Control
Level 1
Level 2
PSEM

Control
Level 1
Level 2
PSEM

Control
Level 1
Level 2
PSEM

Control
Level 1
Level 2
PSEM

9.2a2
9.1a
9.4a
.2

8.9a
10.4a
9.0a
.5

40.7a
39.6a
38.3a

.7

52.3a
54.0a
56.4a
1.2

1.2a
1.2a
1.3a
.03

ASH

CRUDE PROTEIN

ADFc

OMIVD

7.7a
6.9a
6.8a
.2

7.3a
8.0a
8.9a
.3

45.5a
46.2a
44.6a

.6

.19a

.16a

.18a

.01

Ca

P

1 Nutritive values for levels 1 and 2
before it was grazed by sheep.

2 Means in a column within a month of
common letter differ (p<.05).

40.0b
43.5b
51.7a
2.3

.7b
1.0a
.9a
.06

.16a

.16a

.05a

.01

6.5a
7.1a
8.6a
.5

5.6a
6.2a
8.4a
.6

48.7a
46.1a
44.7a

.9

34.2b
41.2a
38.8a
2.1

1.0a
.9a

1.0a
.06

.08a

.12a

.11a

.01

are for forage in April

treatment not sharing a

3 PSEM is the pooled standard error of the mean.
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Table 5C. Nutritive quality of the herbaceous vegetation
of the Mamora cork oak forest in 1988 as affected by
early March sheep grazing (none, light (level 1),
moderate (level 2)).

May' June

ASH

Control 7.1b2 6.2a
Level 1 6.9b 5.8a
Level 2 8.2a 5.2b
PSEM3 .3 .2

CRUDE PROTEIN

Control 7.7a 5.3a
Level 1 7.6a 5.1a
Level 2 8.4a 5.6aPSEM .3 .2

ADFc

Control 48.4a 53.2a
Level 1 49.2a 51.8a
Level 2 48.7a 51.1aPSEM .4 1.1

OMIVD

Control 39.6a 33.5aLevel 1 42.1a 37.4a
Level 2 39.3a 32.3aPSEM 1.5 1.2

Ca

Control .9a .9a
Level 1 .8a .7a
Level 2 .6a .5aPSEM .06 .09

P

Control .13b .08aLevel 1 .14b .09aLevel 2 .17a .08aPSEM .01 .001

1 Nutritive values for levels 1 and 2 are for forage in May before
it was grazed by sheep.

2 Means in a column within a month of treatment not sharing a
common letter differ (p.05).

3 PSEM is the pooled standard error of the mean.
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Table 5D. Nutritive quality of the herbaceous vegetation
of the Mamora cork oak forest in 1988 as affected by
early June sheep grazing (none, light (level 1), moderate
(level 2)).

Ash CP ADFC OMIVD Ca P

Control 6.0b1 4.8c 47.7a 37.3a .7b .08a

Level 1 6.3ab 5.7b 49.1a 38.6a 1.2a .11a

Level 2 7.1a 6.4a 49.2a 38.2a .8b .10a

PSEM2 .2 .3 .5 1.5 .1 .01

1 Means in a column within a month of treatment not sharing a
common letter differ (p<.05).

2 PSEM is the pooled standard error of the mean.



120

Table 6. The effect of the months across the degree of
use on the forage nutrients of the herbaceous vegetation
of the Mamora cork oak forest.

Year Month Ash CP ADFC OMIVD Ca

1987

March 16.1a1 13.6a 41.5bc 58.2ab .80a .22a

April 11.3b 12.3b 39.2c 60.4a .87a .19b

May 4.9c 5.8c 42.9ab 55.1bc .33b .09c

June 4.9c 4.6d 44.8a 53.2c .45b .05d

1988

March 15.6a 11.9a 42.3b 54.0a 1.43a .19a

April 9.2b 9.4b 39.5c 54.2a 1.23b .18a

May 7.4c 7.9c 48.9a 40.4b .90c .15b

June 6.5c 5.6d 48.7a 38.0b .90c .10c

1 Means in a column not sharing a common letter differ (p<.05).
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reduced by 21%, and calcium by 14%, while digestibility

was increased by less than 1% for this same time period.

The values observed for April were 9.4, 54.2, and 1.23

for the CP, OMIVD, and Ca, respectively as contrasted to

11.9, 54.0, and 1.43 percent in March.

Beginning in May, digestible nitrogen becomes

limiting since crude protein content was below 7% in the

organic matter. At these levels, the limitations that

inadequate dietary nitrogen imposes upon digestibility

and intake are similar, and are determined by the

microbial requirements and the efficiency of recycled

nitrogen (Van Soest, 1982). Even though the Ca content

decreased with maturity, the May and June levels were

still higher than the requirements for sheep. However,

phosphorus levels declined sharply, late in the season,

below the needs of sheep (Holecheck et al., 1989). The

levels were 0.09 and 0.06% in May and June 1987 as

compared to 0.15 and 0.10% in 1988 (Table 6).

Stoddart et al. (1975) assigned changes in the

seasonal nutritive value of forage to the variations in

the stem-leaf ratios and to the actual changes in

composition within each plant part. Van Soest (1982)

reported that plant development involves maturation and

decline in plant nutritive value through deposition of

photosynthetic carbon in the "irretrievable" sink of

structural matter. Decline in quality is usually
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associated with an increase in the proportion of

lignified structural tissue.

The herbaceous vegetation species composition has a

great bearing on the forage value obtained from it. As

the green forage season progresses, the quality of forage

species diverges due to differing rates of maturity. As

more species mature, forage quality declines rapidly and

becomes limiting. Ibnattya (1984) found that in all

nutrients, the sharpest decline appeared beyond the

vegetative stage which is March-April for most of the

plant species of the herbaceous vegetation of the Mamora

cork oak forest.

Year had a significant effect on ADFc and

digestibility (p<0.05) and highly significant one on

calcium (p<0.001) (Appendix XII). In 1988 excluding

degree of use effects, ADFc values were similar to those

of 1987 during March and April but were significantly

higher in May and June (48.9 and 48.7% in May and June

1988 as compared to 42.9 and 44.8% in 1987) (Table 6).

Consequently, the organic matter digestibility values

were significantly higher in May and June 1987 than in

May and June 1988 (55.1 and 53.2% in 1987; 40.4 and 38.0%

in 1988 respectively).

Factors that accelerate the maturation process are

temperature, light and water. In general, water stress

tends to retard the development of the plant and thus

retard maturity, with the result that digestibility is
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somewhat increased while dry matter yields are reduced

(Van Soest, 1982). The 1987 year was drier than 1988. In

fact, the amount of precipitation received in 1988 was

608 mm, which was 176 mm more than in 1987. The water

stress that was imposed on the forage species in 1987 may

have been one of the major factors which can explain

these differences between years.
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CONCLUSIONS AND MANAGEMENT IMPLICATIONS

Herbage production and botanical composition on oak

savannas are controlled by physical parameters (climate,

soils, topography and season), woody overstory canopy

cover and grazing.

The amount and seasonal distribution of

precipitation and temperature are among the main factors

that control seasonal species composition and forage

productivity (Sampson, Chase and Hedrick, 1951). These

factors can also change the timing and the

characteristics of the four growth phases of the annual-

type vegetation (Break of season, winter growth, rapid

spring growth, and peak forage production) (George et

al., 1985). The date and magnitude of the first rain in

the fall that initiates germination are very important in

the dynamics of annual plant communities (Evans et al.,

1975).

Grazing and its interaction with weather have led to

rangeland communities that are chiefly composed of winter

germinating and developing annual plants.

This study showed that the effect of the month and

the intensity of grazing on the subsequent forage

production varied with the time grazing occurred in the

spring. By delaying the grazing event, more net forage

production resulted from the grazing treatments than from

the control probably due to a more efficient soil water
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use with the combination of other environmental factors.

The combined effect of the weather and the grazing

(litter loss was reduced) may explain the differences in

the response of the control and the grazing treatments.

Total vegetative ground cover was more influenced by

the intensity and distribution of rains than by grazing.

Pitt and Heady (1979) stated that the residual influences

of grazing on cover are negligible compared to those of

annual weather patterns. Protection from grazing

combined with the weather effects resulted in a decrease

of the proportion of annual grasses increasers, which

benefitted the annual grasses decreasers (Bromus species)

and the compositae.

It seemed that the levels of utilization induced

some changes in botanical composition. The intensity and

the frequency of grazing were well below the levels used

by the local herders. These factors combined with the

weather effects resulted in an increase of the proportion

of the Bromus species and the one of perennial grasses,

mainly Dactilys alomerata.

Trends in herbage quality were mainly related to

plant maturity. As more species mature, forage quality

declines and falls below animal nutritional requirements,

especially young animals. As this occurs, the manager

has the option of moving stock to areas of less mature

forage, supplementing the forage or modifying the demand

placed upon it. Successful supplementation requires the
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producer to know what nutrients are deficient, the degree

of deficiency, and the economics of alternative feeds.

This study brought together the first information

related to the response of the herbaceous vegetation to

the time and the intensity of grazing by sheep. The data

obtained suggests that protection, grazing management,

and weather effects are among the key factors which could

explain the dynamics of this plant community.

Better understanding is needed to how best manage

livestock utilization with seasonal changes in forage

production and quality. This involves decisions about

the qualitative nature of the livestock system used as

well as a more comprehensive basis for managing stocking

rates (Raguse et al., 1987).

The levels of forage production obtained are still

low. One of the most limiting factors in this annual-

type vegetation is soil fertility (Jones, 1974).

Fertilization could be used to stimulate plant growth

rate and forage production. In the dehesas oak savannas

of southern Spain, Joffre (1987) reported that nitrogen

fertilization increased the herbaceous production and the

impact was more evident in open areas. It also increased

the importance of the most palatable grass species.

Combined research should be undertaken in order to

study the species dynamics under the influence of grazing

and other factors such as fertilization, shrub removal

and manipulation of mulch. A long-term monitoring scheme
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should be implemented in order to understand the

mechanisms behind these dynamics. Consequently we need

to study the biology of the species, their competition

and water use relationships, compaction and structure of

the soil and its hydrological properties and the impact

of different amounts of residual dry matter at the end of

season.

At the present time and mainly in the future,

demands for food and fiber will increase and ultimately

we shall need to coordinate land uses for multiple use

productivity (Krueger, 1983).
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APPENDIX I

Localization of the Study Site
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APPENDIX II

An Overview of the Study Site
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APPENDIX III

Sheep Grazing One of the Paddocks of the Study Site



APPENDIX IV

Climatological Data of the Kenitra Weather Station

Year S 0 N D J

Months

F M A M J Ju A

Means
or

totals
P (mm) 1951-85 8.2 49.1 98.4 115.4 88.7 80.3 693 50.4 29.3 43 0.2 0.8 594.8
M (°C) 26.9 24.9 21.0 17.8 17.2 18.0 193 20.8 22.9 25.0 27.2 27.7 22.4
m (C) 17.2 14.1 10.7 8.1 7.4 8.4 9.7 11.1 13.6 16.4 18.4 18.6 12.8
Tx (°C) 22.0 195 15.6 12.9 12.3 13.2 14.6 15.9 18.2 20.7 22.8 23.2 17.6

P 1986-87 13.1 2.9 111.0 18.4 124.3 93.9 85 393 0.0 8.1 3.6 8.5 431.9
M 27.4 24.4 20.9 17.4 17.6 18.2 20.8 223 23.2 25.1 27.2 273 22.7
m 18.7 14.9 9.8 6.5 7.7 9.1 9.7 12.3 133 16.0 18.8 19.2 13.0
Tx 23.1 19.7 15.4 12.0 12.7 13.7 15.3 17.4 18.4 20.6 23.0 23.4 17.9

P 1987-88 5.9 88.9 154.2 107.8 121.8 59.0 6.5 35.4 11.2 16.7 0.0 0.0 6075
M 29.1 23.6 20.4 19.1 16.8 18.0 20.4 20.2 21.9 24.8 27.6 28.8 22.6
m 193 15.2 11.4 10.3 8.4 8.2 8.6 11.4 13.6 16.7 19.2 19.7 133
Tx 24.3 19.4 15.9 14.7 12.6 13.1 14.5 15.8 17.8 20.8 23.4 24.3 18.1

P 1988-89 0.2 37.1 116.2 6.3 80.7 104.3 92.0 94.4 4.7 0.0 0.0 0.0 535.9
M 29.9 25.5 22.1 18.6 17.6 18.4 20.1 18.8 24.2 25.6 29.6 29.7 23.3
m 17.0 14.4 12.9 5.5 4.9 8.3 9.8 103 14.1 17.6 20.1 20.5 13.0
Tx 233 20.0 17.5 12.1 11.3 13.4 15.0 14.7 19.3 21.6 24.9 25.1 18.2

M, m, Tx, and P are respectively mean monthly maximum temperature, mean monthly minimum
temperature, mean monthly temperature, and mean monthly precipitation (Direction Mete°
Natonale, 1989).
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APPENDIX V

List of Plant Species Recorded in the Study Site During
the Period (1987-1989), and Under the Three Treatments

PERENNIAL GRASSES

Cynodon dactvlon (L.) Pers.

Festuca caerulescens Desf.

Dactylis glomerata L.

Holcus lanatus L.

Hvparrhenia hirta (L.) Stapf. Stipa aiaantea Link.

ANNUAL GRASSES

Anthoxanthum odoratum L. Avena lonaialumis Dur.

Erachvpodium distachvum (L.) Beauv. Bromus mollis L.

Bromus rigidus Desf.

Laaurus, ovatus L.

Lolium riaidum Gaud.

Vulpia alopecuros (Schousb) Link

PERENNIAL LEGUMES

Briza maxima L.

Lolium multiflorum Lam.

Poa annua L.

Lotus macoccanus Shoen.

ANNUAL LEGUMES

Anthvllis hamosa Desf. Coronilla repanda (Poiret) Guss.

Lathvrus anaulatus L. Lotus corniculatus L.

Lupinus luteus L. Medicaao italica (Mill.) Stend.

Medicaao truncatula Gaertn Ononis biflora Desf.

Ornithopus compressus L. Ornithopus isthmocarpus Cosson

Trifolium anqustifolium L. Trifolium resupinatum L.

Vicia benahalensis L. Vicia sativa L.

PERENNIAL FORKS

Aiuga iva (L.) Schreber Arisarum vulgare Targ-Tozz

Asphodelus microcarpus Salz. Bunium fontanesii Maire

Centaurea polvacantha Willd Dipcadi, serotinum (L.) Medik

Gladiolus segetum Kerl-Gawl Hvvocheris radicata L.

Iris sisvrinchium L. Leucovum automna e L.

Muscari comosum (L.) Miller Narcissus tazetta L.

Paronvchia araentea Lam. Sanauisorba minor Scop

Scilla autumnalis L. Urainea martima (L.) Baker
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ANNUAL FORKS

Anaaalis arvensis L. Andrvala intearifolia L.

Anthirrinum oruntium L. Asterolinum linum-stellatum (L.)
Duby

Biscutella didvma L. Brassica barellieri (L.) Janka

Carlina corvmbosa L. Centaurea pullata L.

Cerastium alomeratum Thuill. Chrysanthemum coronarium L.

Daucus pumilus (L.) Hoff & Link Delphinium perearinum L.

Echium plantaaineum L.

Eruca vesicaria (L.) Cay.

Euphorbia falcata L.

Filago gallica L.

Fumaria of acararia Lag

Helianthemum auttatum (L.) Miller

Leotodon hispanicus (Willd) Poiret.

Linaria bipartita (Vent) Willd.

Loeflinaia hispanica L.

Malva parviflora L.

Plantago coronopus L.

Ranunculus sardous Crantz

Rumex bucephalophorus L.

Sherardia arvensis L.

Sonchus oleraceus L.

Stachvs arvensis L.

Tolpis barbata (L.) Gaert.

Carex distachva Desf.

Chamaerops humilis L.

Asparagus albus L.

Teline linifolia L.

Quercus suber L.

ANNUAL

Erodium bipinnatum Willd.

Ervnqium tenue Lamk

Evax pvamaea (L.) Brot.

Filago germanica L.

Geranium molle L.

Linaria aharbensis Batt.

Malcolmia patula DC.

Ormenis mixta (L.) Dumort.

FORKS

Plantago lagopus L.

Rhagadiolus stellatus (L.)
Gaertn.

Scolvmus hispanicus L.

Silene gallica L.

Sonchus asper (L.) Hill

Teesdalia Coronopifolia (Berg.)
Thell

GRASSLIKES

Scirpus maritimus L.

SHRUBS

Lavandula stoechas L.

Thvmelaea lvthroides Barr. et
Murb.

TREES
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APPENDIX VI

Significance of Main Effects and Interaction in the Month
and the Degree of Use on the Botanical Composition by
Group of Species

Mamora
of the Herbaceous Vegetation
Cork Oak Forest in

March treatment

1988
of the

Month (M) Decree of use (Duse) M*Duse

Perennial grasses NS NS NS

Annual grasses NS NS NS

Legumes NS NS NS

Other forbs NS S NS

April treatment

Month /la Degree of use (Duse) M*Duse
Perennial grasses NS NS NS

Annual grasses NS NS NS

Legumes NS NS NS

Other forbs S S NS

May treatment

Month (M) Decree of use (Duse) M*Duse

Perennial grasses S NS NS

Annual grasses NS NS NS

Legumes S NS NS

Other forbs S NS NS

June treatment

Month /MI Decree of use (Duse) M*Duse

Perennial grasses NS NS NS

Annual grasses S NS NS

Legumes NS NS NS

Other forbs NS S NS

S and NS are respectively significant (P<0.05) and not significant.
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APPENDIX VII

Percent Utilization of the Herbaceous Vegetation
of the Mamora Cork Oak Forest, 1987

Decree of use March April May June

Level 1 17 11.5 22.5 41

Level 2 37 29 35 52.5

PSEM 6 6.5 3.8 5.7

The means of the interaction (Months of grazing * degree of use)
are not significantly different.

PSEM is the pooled standard error of the mean.
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APPENDIX VIII

Net Monthly Forage Production in Kg DM ha-1 of
the Herbaceous Vegetation of the Mamora Cork Oak
Forest Under Different Levels of Use: Not Grazed
Control, Level 1 (30-35%) and Level 2 (70-75%)

Year Repetition Month Degree of use NFP

1987 1 1 Control 262
1 1 Level 1 181
1 1 Level 2 265

1 2 Control 327
1 2 Level 1 259
1 2 Level 2 316

1 3 Control 218
1 3 Level 1 312
1 3 Level 2 273

1 4 Control 138
1 4 Level 1 217
1 4 Level 2 198

2 1 Control 138
2 1 Level 1 72
2 1 Level 2 119

2 2 Control 109
2 2 Level 1 234
2 2 Level 2 165

2 3 Control 192
2 3 Level 1 294
2 3 Level 2 250

2 4 Control 199
2 4 Level 1 223
2 4 Level 2 144
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Appendix VIII continued.

Year Repetition Month Degree of use NFP

1988 1 1 Control 359
1 1 Level 1 324
1 1 Level 2 576

1 2 Control 450
1 2 Level 1 339
1 2 Level 2 587

1 3 Control 406
1 3 Level 1 383
1 3 Level 2 575

1 4 Control 306
1 4 Level 1 442
1 4 Level 2 423

2 1 Control 208
2 1 Level 1 349
2 1 Level 2 571

2 2 Control 272
2 2 Level 1 324
2 2 Level 2 437

2 3 Control 537
2 3 Level 1 289
2 3 Level 2 643

2 4 Control 273
2 4 Level 1 377
2 4 Level 2 306
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APPENDIX IX

Significance of Main Effects and Interaction in the
Year and the Degree of Use on the Total Canopy Cover
and on Cover by Group of Species of the Herbaceous

Vegetation of the Mamora Cork Oak Forest

Year (Y) Decree of use (Duse) Y*Duse

Total canopy cover S NS NS

Annual grasses HS NS NS

Annual grasses decreasers S NS NS

Annual grasses increasers HS NS NS

Perennial grasses S NS NS

Forbs HS NS NS

Forbs Compositae HS NS NS

Forbs Leguminosae NS NS NS

Other forbs S NS NS

HS, S and NS are respectively highly significant, significant and
not significant.
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APPENDIX X

Significance of Main Effects and Interaction in the
Month and the Degree of Use on the Nutritive Quality
of the Herbaceous Vegetation of the Masora Cork Oak

Forest, 1987

March treatment

Month (M) Decree of use (Duse) M*Duse

Ash S NS NS
CP S S S
ADFc S NS NS
OMIVD S NS NS
Ca S S NS
P S NS NS

April treatment

Month IMI Decree of use (Dusel M*Duse

Ash S S S
CP HS S S
ADFc S HS S
OMIVD S S S
Ca S NS NS
P S NS NS

May treatment

Month ail Dearee, of use (Duse) M*Duse

Ash NS NS S
CP S NS S
ADFc NS NS NS
OMIVD S NS S
Ca NS S NS
P

June treatment

Decree of use (Duse)

Ash NS
CP NS
ADFc NS
OMIVD NS
Ca NS
P NS

HS, S and NS are respectively highly significant (P<0.001),
significant (P<0.05) and not significant.
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APPENDIX XI

Significance of Main Effects and Interaction in the
Month and the Degree of Use on the Nutritive Quality
of the Herbaceous Vegetation of the Mamora Cork Oak

Forest, 1988

March treatment

Month /MI Degree of use (Duse) M*Duse

Ash S HS HS
CP HS S NS
ADFc S S HS
OMIVD HS HS NS
Ca S S HS
P S HS S

April treatment

Month IMI Degree of use (Duse) M*Duse

Ash S NS S
CP S S NS
ADFc HS S NS
OMIVD S S S
Ca S S S
P S NS NS

May treatment

Month (M) Degree of use (Duse) M*Duse

Ash NS NS S
CP NS S NS
ADFc NS NS NS
OMIVD NS S NS
Ca NS S NS
P NS NS S

June treatment

Degree of use (Duse)

Ash
CP
ADFc NS
OMIVD NS
Ca
P NS

HS, S and NS are respectively highly significant (P<0.001),
significant (P<0.05) and not significant.



APPENDIX XII

Significance of the Year Effect on the Nutritive
Quality of the Herbaceous Vegetation of the

Mamora Cork Oak Forest

Ash CP ADFc OMIVD Ca P

Year (combined analysis) NS NS

* = P<0.05

** = P<0.001

NS = Nonsignificant

* * NS
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