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introduction:
any herbaceous plant that is eaten by grazing animals to fulfill their nutritional 
requirements is forage. Forage can be legume, grass, or forb. Legumes are dicots, that 
is, they produce two seed leaves, have reticulate leaf venation, and bear seeds in pods. 
examples are clovers, peas, beans, sericea lespedeza, and kudzu (Figure 1a).1 Grasses 
are monocots, that is, they produce single seed leaf and have parallel leaf venation. 
examples are corn, bahiagrass, bermudagrass, rye, wheat, oats, and ryegrass (Figure 
1b). Grasses are a good source of energy while legumes are a good protein source. roots 
of legumes are colonized by Rhizobium bacteria to form root nodules (Figure 2), and fix 
atmospheric nitrogen into soil. Different legumes have specific Rhizobium bacteria, so 
when introducing legumes into a new field, the legume seed must be inoculated properly 
in order to establish the stand successfully and get good production. When grasses and 
legumes are grown together, application of commercial nitrogen fertilizer may not be 
necessary, because of nitrogen fixing ability of legumes.2 

Forages can be classified into annuals and perennials based on how long they survive and 
produce once planted. annual forages grow and mature during favorable seasons and 
die at the end of the season within a year; examples are annual ryegrass, wheat, oats, 
cowpea, soybean, and crimson clover. Some annuals, if managed properly, can reseed, so 
may not need to be planted every year. Perennial forages survive for several years, that 
is, they grow and mature in favorable seasons and become dormant during off-seasons; 
examples are bahiagrass, bermudagrass, dallisgrass, johnsongrass, switchgrass, white 
clover, and sericea lespedeza. When managed properly, perennials, once established 
successfully, produce during favorable seasons for several years.
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Figure 1.  examples of dicot and monocot seeds, seedlings, and leaf venation: (a) bean and (b) corn

Source: Karki and Gurung (2009) 
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Figure 2. root nodules on effectively inoculated white clover. 
Source: http://www.dpi.nsw.gov.au/__data/assets/image/0008/157490/fig2-innoculating.jpg

Forages can also be categorized as prostrate, semi-erect, and upright growers based on their growth 
pattern. Prostrate species crawl on the ground surface such as bahiagrass, common bermudagrass, 
and subterranean clover. these species tolerate close and continuous grazing. Semi-erect species 
like tall fescue, orchardgrass, and arrowleaf clover are fairly tolerant to close grazing except under 
stress conditions. Forages like switchgrass, sericea lespedeza, and alfalfa are upright growers. these 
forages cannot tolerate continuous close grazing, so rotational stocking with a suitable rest period or 
continuous stocking at a rate low enough to leave enough leaf area for re-growth is required for these 
species.

Forages are also classified as cool season or warm season based on when they grow. cool-season 
forages like oats, rye, ryegrass, tall fescue, clovers, and vetches grow during cool season and die or 
remain dormant during warm season. Warm-season forages like bahiagrass, bermudagrass, dallisgrass, 
johnsongrass, switchgrass, perennial peanut, and sericea lespedeza grow during warm season, and die 
or remain dormant in cool season.

if selected and managed properly, different types of forages can be grown successfully in a silvopasture 
system. Silvopasture is a sustainable agroforestry system where trees, forages, and grazing animals are 
intentionally integrated and managed for economic, environmental, and social benefits. it is different 
than animal grazing the understory vegetation in forest. Silvopasture involves management of all three 
components in such a way that optimizes the benefit of the whole system and minimizes the negative 
effects of one component over others. the concept behind adopting a silvopasture is to obtain a higher 
total benefit than from individual component done alone. Silvopasture can be established by introducing 
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a low density of trees into the existing pasture, thinning 
down the existing tree stand and establishing pasture 
in the available space between tree rows (alley), or by 
planting forages and tree saplings at the same time in 
a new field. 

Forage Selection
Generally, forage selection should be based on soil type, 
climatic condition, animal species, tolerance to grazing, 
production capacity, quality, palatability, adaptation 
to the local environment, and forage production goal 
(whether to produce throughout the year or not). For 
silvopasture, shade tolerance of forage species should 
be considered other than above criteria. Warm-season 
perennial grasses like bahiagrass (both Pensacola and 

tifton-9) and bermudagrass can do well in a silvopasture system in the South if other growing conditions 
(soil type, pH) are met and trees are managed properly to allow about 55 to 75 percent sunlight to reach 
the ground.   cool-season grasses like tall fescue, orchardgrass, ryegrass, rye, wheat, and oats will grow 
well when about 35 to 65 percent sunlight reaches the ground.3, 4  

Similarly, cool-season legumes like subterranean clover, white clover, crimson clover, and vetches are 
suitable to grow in silvopasture along with the cool-season grasses if other growing conditions (like soil 
type, pH, and climate) are suitable. inclusion of legumes into the silvopasture replaces or minimizes the 
necessity of nitrogen fertilizer into the system. a warm-season legume, sericea lespedeza, tolerates 
shade quite well and establishes even in a dense shade where direct sunlight does not reach.5 this 
forage is very suitable for goats as it is a tannin-containing leguminous plant. tannin is harmful to 
gastrointestinal parasites. being legume, it does not require nitrogen fertilization and contains a higher 
level of protein than most warm-season grasses. it establishes slowly, but persists for several years once 
established if managed properly. it does not tolerate continuous close grazing, so requires rotational 
grazing or continuous grazing with low stocking rate to allow its regrowth and recovery. auGrazer is 
the variety developed for grazing, but overgrazing can eradicate the stands. However, it may develop 
as a nuisance weed when not managed properly or planted in a grazing system where goats are not 
included. 

Forage eStabliShment
establishment of forage in a silvopasture system is not much different from an open-pasture system.6 
Planting depth, seed rate, planting method, soil test, liming, and/or fertilization are similar in silvopasture 
as that in open-pasture. in preparation for forage plantation, any unwanted plants and debris should 
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be removed from the alleys (wide space between tree rows) by suitable means (manually, heavy 
grazing/browsing, mechanically, burning, or chemically – less desired and one should be careful that 
the chemical may be harmful to the trees). Furthermore, soil samples should be collected and tested 
for soil texture and fertilization and liming requirements. Soil samples should be collected such that 
they are representative of the whole pasture soil. Generally, 15-20 random soil core samples should be 
collected from 0-4 inches depth for perennial pastures or 0-6 inches depth for annual pastures from an 
area of about 20 acres. if the area is more than 20 acres, then separate samples should be collected 
for each 20-acre plot. Soil samples collected from each plot with identical soil type should be mixed in 
a bucket to form a composite sample. From this, approximately one pint of sample should be put into a 
sample delivery bag or in an airtight clean container. the sample should be labeled well with name and 
address, pasture species grown or to be grown (if it is known), and sample collection and delivery date. 
if soil types differ in different parts of pasture, then soil samples should be collected and prepared 
separately to represent each soil type. 

based on the soil test, the required fertilizer and lime should be applied. Lime should be added 3-6 months 
prior to planting date, because it takes time to mix with the soil and correct soil pH. in addition, based 
on soil test results and adaptation to the local environment, one can select suitable forage species. 
Locally adapted forage species can be inventoried by close observation of surrounding area in different 
seasons to make selection easier. also, growing season, palatability, and nutrient content of forages 
are important criteria for selection. mixing warm-season and cool-season forages would significantly 
increase the duration of forage availability. incorporation of legumes with grasses increases the forage 
quality and productivity as well as lowers the requirement of nitrogen fertilizer. 



6  |  Forage Selection, Establishment, and Management in Silvopasture

a study done in americus, Georgia for three years (2005-2007) in a young longleaf pine-bahiagrass 
silvopasture and adjoining bahiagrass pasture without trees (open-pasture) showed higher quality 
and productivity of forage when crimson clover was added.7 When there was a good crimson clover 
stand, forage biomass of spring harvest increased by 40 percent and nitrogen content increased by 27 
percent. in this study, nitrogen fertilizer was not used in the plots where crimson clover was added, and 
the plots where crimson clover was not incorporated received nitrogen fertilizers (ammonium nitrate) 
at the rate of 60 lbs per acre per year. Forage biomass production in summer and fall (when there was 
no crimson clover stand) remained similar between plots with or without nitrogen fertilizer application. 
this result showed that nitrogen fertilizer required for grass production can be replaced by incorporating 
and maintaining legumes into forage production system. Similar results have been reported from other 
studies. 

another study done in alberta, canada found that 
bromegrass–alfalfa mixtures without nitrogen fertilizer 
produced more forage as compared to bromegrass 
monoculture with nitrogen fertilizer applied at 45 
lbs nitrogen per acre per year.8 Forage biomass from 
bromegrass–alfalfa mixtures without nitrogen fertilizer 
and bromegrass monoculture with nitrogen fertilizer 
applied at 89-134 lbs nitrogen per acre per year was 
similar. this study also reported higher quality of alfalfa-
bromegrass mixture than bromegrass monoculture. 
another study done in a research station near morris, 
minnesota reported higher forage biomass production 
from smooth bromegrass–legume mixtures without 
added nitrogen fertilizer than smooth bromegrass 
monocultures with nitrogen fertilizer applications up 
to 300 lbs per acre per year.9 

For forage seed plantation, seed bed can be prepared by disking and harrowing if the selected forage 
seed require this type of preparation, and seed should be broadcasted as required. many types of forage 
can be seeded with no-till drill; this planting method lowers the risk of soil erosion and also protects the 
existing plant community in the area. 

Forage management
Grazing should be deferred until the planted forage species are well established. Stocking rate 
should be kept low enough or practice rotational grazing system in order not to damage the forage. 
alternatively, forage should be harvested for hay for the first few growing seasons, before initiating 
grazing. if forage stand is very thin, then seeds should be replanted to get denser stand. Once there is 
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well-established forage stand with desirable density, 
grazing should be managed properly for persistence 
pasture. Overstocking of grazing animals damages 
the forage plant very easily and production goes 
down after few grazing seasons. as a result, forage 
species that cannot tolerate continuous grazing may 
extinct from the system. additionally, in understocked 
situation, available forage cannot be utilized properly 
and much of the forage gets wasted. therefore, 
stocking rate should be kept just enough to utilize the 
available forages. available forage dry matter can be 
estimated from forage height. estimation of available 
dry matter in pound (lb) per inch height of selected 
forages per acre is presented in table 1. if there are 
several upright growing forages in the system, then 
rotational grazing system should be adopted.10 

table 1. approximate pounds of available forage dry matter per inch per acre.

FORAGE SPECIES
Forage dry matter (Pounds per inch per acre)

average range

alfalfa or alfalfa-grass mixture 225 75-400

arrowleaf clover 200 100-300

bermudagrass 260 150-500

caucasian bluestem 180 75-350

crimson clover 200 100-300

Kentucky bluegrass 160 100-175

Native warm-season bunchgrasses 100 50-250

Orchardgrass 180 75-300

Orchardgrass-clover 200 100-325

red clover 220 100-300

annual ryegrass 250 75-400

Oats, rye, wheat 150 75-250

tall fescue 210 100-350

tall fescue-white clover 190 80-325

Source: ball et al. (2007).
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in a rotational grazing system, the pasture is divided into two or more subdivisions (paddocks) through 
appropriate fencing. Watering facility is developed such that animals in each paddock have access to 
water all the time. animals are allowed to graze one paddock at a time and moved to another paddock 
in a sequence or rotation based on forage availability (Figure 2). this system offers uniform grazing 
opportunity in all portions of the pasture and minimizes the selection of more palatable species over 
less palatable species. there are two ‘periods’ in this system, namely, the grazing period, during which 
animals are allowed to graze a paddock, and the resting period, when animals are moved off the 
paddock and rotated to the remaining paddocks. During the resting period, forage species recover from 
the grazing stress and regrow. Provision of enough resting period is very important for a sustainable 
pasture management. the usual recovery period recommended for different forage species is presented 
in table 2.11 

Figure 2. a rotational grazing system with four paddocks.

RECOvERy RECOvERy

RECOvERy
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table 2.  guidelines for beginning and ending heights and recovery period for selected forages under rotational grazing

FORAGE CROP
target height (inches) Usual recovery period 

(days)begin grazing end grazing

alfalfa (grazing type) 10-16 2-3 15-30

bahiagrass 6-10 1-2 10-20

bermudagrass 4-8 1-2 7-15

big bluestem 15-20 10-12 30-45

clover, white and sub 6-8 1-3 7-15

clovers, all others 8-10 3-5 10-20

Dallisgrass 6-8 3-4 7-15

eastern gamagrass 18-22 10-12 30-45

Fescue, tall 4-8 2-3 15-30

indiangrass 12-16 6-10 30-40

Johnsongrass 16-20 8-12 30-40

Orchardgrass 8-12 3-6 15-30

ryegrass, annual 6-12 3-4 7-15

Sericea lespedeza 8-15 4-6 20-30

Small grains 8-12 3-4 7-15

Switchgrass 18-22 8-12 30-45

Source: ball et al. (2007).

the idea behind giving a resting period to forage plants is to allow them enough time to recover from 
grazing pressure and regrow. Grazing animals remove leaves and young shoots as well as trample soil 
and plant shoots. For sustainable pasture management, grazing period should end when recommended 
stubble height is reached. this would leave enough leaf area (around 50%) of the forage plant for 
successive recovery and regrowth. Leaves are like food factory for plants because they produce plant 
food by performing photosynthesis in the presence of sunlight. Plants require food for growth, re-growth, 
seed production, and survival. When all or most of the leaves are removed, plants are unable to produce 
much food and utilize any reserve food they may have for survival and growth. Once this happens, 
plants become weak and may die. therefore, it is recommended to begin grazing when plants attain 
their grazing height and end grazing when the recommended stubble height is reached. For perennial 
species, grazing or harvesting should be stopped few weeks before these species go dormant. this 
practice would allow them to store enough food to be used when forages are in dormant condition and 
regrow vigorously in the next growing season. 
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Weed control
Weed invasion is a real concern in maintaining 
forage productivity and persistence. a weed is 
any plant that is not eaten by grazing animals 
and left in the field. When surrounding forages 
are eaten by grazing animals, weeds get chance 
to flourish with minimum competition and they 
will take over significant portion of pasture very 
quickly. therefore, weeds should be controlled 
when they are seen in the system. 

Weeds can be controlled by mechanical, 
biological, or chemical (use of herbicide) 
methods. With mechanical means, one can 
mow the pasture and minimize the chance of 
weed propagation. For biological control, mixed 

species grazing can be used. For example, goats can be mixed with cattle or one species can be allowed 
to graze after another species in the same pasture alternatively. Studies have shown that cattle and 
goats prefer different vegetation, so grazing them together will maximize the chance of utilizing most 
of the forages available in the system.12, 13 For using chemical method, one should make sure that the 
selected herbicide is not harmful to forage and tree species present in the system. moreover, herbicide 
use protocol should be strictly followed to protect human and animal health as well as minimize pollution 
in the water bodies. 

Summary
based on the above, four key summary points are provided. First, forages can be classified in different 
ways based on (1) how long they survive: annual, biennial, and perennial; (2) forage structure: grass, 
legume, and forb; (3) when they grow: warm season and cool season, and (4) growth pattern: prostrate, 
semi-erect, and upright-grower. Second, forage should be selected based on (1) shade tolerance; (2) 
adaptation to local environment; (3) soil type; (4) productivity, quality, palatability, and grazing tolerance. 
third, forage in silvopasture can be established following similar methods as in open-pasture systems. 
Fourth, forage management can be done as follows: (1) grazing should be initiated only when forages 
are well established and recommended grazing height is reached; (2) stocking rate should be based on 
available forage; (3) rotational grazing system provides opportunity to soil and forage plants to recover 
from previous grazing stress; (4) animals should be removed from the paddock when recommended 
stubble height is reached or when 50 percent of leaf area has been removed; (5) overseeding of annual 
forage is required unless natural reseeding takes place; (6) weeds should be controlled properly, and (7) 
excess production should be harvested for hay and conserved for future use.
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