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Table 2. Leaf colorafion and dry weigh& of fwo-year old wesfern mounfain 
mahogany seedlings. 

Treatment 

N+P 
P 
P 
P 

Root Leaf 
nodulation coloration 

none dark-green 
trace yellow-green 
slight pale-green 
moderate green 

Average weight 
per shoot 
(Grams) 

11.2 
0.8 
2.1 
8.3 

categories on the basis of size 
and color. The largest seedlings 
approached in size and color 
those which had been given both 
N and P and their roots con- 
tained nodules about an inch in 
diameter, and several smaller 
ones of assorted sizes. The small- 
est plants were chlorotic in a 
fashion typical of nitrogen de- 
ficiency in many plants with the 
leaves yellow-green. The roots 
had several minute nodules but 
no large ones. The seedlings in- 
termediate in size had nodules 
about a half inch in diameter 
and foliage of a pale-green color- 
ation. 

In Table 3 are given the aver- 
age dry weights of roots per plant 
and the distribution of root nod- 
ules according to treatment and 
size class. The appearance of 
roots bearing nodules is shown 
in the photograph. Of special in- 
terest is the large nodule joining 

the roots of the two plants. 
Through careful slicing of this 
nodule it became apparent that 
it grew on one plant but envel- 
oped the root of the other. The 
dry weights showed that plants 
supplied with N + P had the 
largest root system and no nod- 
ule formation. Of the plants sup- 
plied with only P, the ones with 
the best nodule development 
produced the most root weight. 

On wildland soils low in nitro- 
gen it would be well to manage 
for those species which increase 
fertility. It appears that western 
mountain mahogany is capable 
of improving the nitrogen status 
of low fertility soils. 

Table 3. Roof dry weighfs of seedlings and size of nodules. 

Treatment 

N+P 
P 
P 
P 

Average number of 
nodules per plant 

small medium ~ large 
none none none 

5 0 0 
4 2 0 
3 2 3 

Average root weight 
per plant ~_ 
(Grams) 

9.7 
0.9 
1.8 
6.4 

Seasonal Variation in Coverage of Selected 
Grasses and Forbs in Relation to Grazing 
Intensities in India 

HARSHWARDHAN R. SANTl 

Lecturer, Department of Botany, Banaras Hindu Uni- 
versity, Varanasi-5, India. 

Grazing modifies the structure 
of many plant communities. 
Fundamentally the grasslands of 
India are biotic in origin and 
hence their response to grazing 
presents many management 
problems. There are various 
controversies regarding the ori- 

1The author is highly grateful to Dr. 
R. Misra, F.N.I., for his valuable 
guidance and encouragement dur- 
ing the course of this investigation. 
Thanks are also to the Government 
of India for the award of a Research 
Scholarship. 

gin of these grasslands. Many 
ecologists consider them to be 
aseral in stage and biotically 
controlled. The importance of 
grasslands in India from the 
range management and grazing 
points of view is very high as 
they are the chief source of fod- 
der for cattle in this area. The 
pressure for fodder is suffi- 
ciently high that various prac- 
tices are adapted to feed the 
livestock. They include grazing, 
scraping and trampling. The in- 
fluence of grazing, however, is 
not always well understood. 

Various workers have made it 
clear that individual plants are 
rarely spread at random within 
a grassland community (Black- 
man, 1935 and Clapham, 1936). 
Ray (1959) while making a phy- 
tosociological analysis in north? 
eastern Oklahoma concluded 
that the aerial coverage used in 
making the analysis gave the 
best relationship between vari- 
ous species. The phytosociological 
differences in the same or dif- 
ferent grazing-ground vegetation 
are important in ecological stu- 
dies. 

The object of this experiment 
was to study the variations in 
coverage of the plant species 
under the influence of grazing 
on the grassland. The vegetation 
was charted on meter quadrats 
to know the actual position of 
the plants upon the field during 
the summer and the rainy sea- 
sons. Although this method was 



laborious, it gave quantitative 
results, and when used exten- 
sively, furnished a complete pic- 
ture of the structure of the vege- 
tation above the ground. Charts 
were taken on protected, me- 
dium grazed, and overgrazed 
fields during the summer and 
rainy seasons on the grazing 
grounds of Varanasi, India. 

From each chart the area of 
each species was noted and av- 
eraged for each grazing treat- 
ment (Table 1). 

Discussion 
It is concluded that the plant 

species occurring in both seasons 
show increases or decreases in 
coverage during the rainy season 
as compared with the summer 
season. These plants may be 
grouped as follows: 

(1) Plant coverage increases 
in the rainy season in each type 
of grazing ground. The reason 
for such increase during this sea- 
son is higher availability of mois- 
ture which plays an important 
role in the growth of the plants. 
They are: Alysicarpus monili- 
fier, Convolvulus pluricaulis, In- 
digofera Zinifolia, Desmodium 
triflorum, Boerhaavia diffusa 
and EvoZvuZus nummularius. 

(2) Plant coverage decreases 
during the rainy season in each 
type of grazing grounds. The 
main reason for decrease in the 
coverage of each plant species 
during this season in spite of 
higher availability of moisture is 
higher inter-and intraspecific 
competition. The plants are 
Bothriochloa pertusa, Dichanth- 
ium annulatum, EvoZvuZus alsi- 
noides, Vernonia cenera and Cy- 
nodon dactyZon. 

There are certain plant species 
which occur only during one sea- 
son or the other. Their coverage 
is recorded in the respective sea- 
sons for the different grazing 
grounds. These are Trichodesma 
indicia, Blumea Zacera, and VoZu- 
tarella divaricata, occurring in 
the summer and Dactyloctenium 
aegyptium, Eragrostis gangetica 

VARIATION IN COVERAGE 

Crotalaria medicagenia and Digi- 
taria sanguinalis, etc., occurring 
during rainy season. 

The effect of grazing and other 
disturbances on the coverage of 
the grassland species also can be 
taken into consideration. The 
plants are grouped according to 
the intensity of grazing under 
the following heads: 

(1) The coverage increases in 
response to moderate grazing but 
further grazing decreases the 
coverage. These are: Desmodium 
triflorum, Boerhaavia diffusa, 
Dichanthium annualturn, Evolvu- 
Zus alsinoides, Digitaria sanguin- 
alis, Paspalidium flavidium, Era- 
grostis tenella, Setaria glauca, 
Sporobolus diander. 

(2) The coverage increases as 
the grazing intensity continues 
to increase. The species are: 
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EvoZvuZus nummularius, Cyno- 
don dactylon, Alysicarpus Zongi- 
folium, Eragrostis elongata, Eu- 
phorbia hirta, and Heliotropium 
strigosum. 

(3) The coverage decreases as 
the grazing increases. These are: 
Alysicarpus maonilifer, Convol- 
vuZus, pluricaulis, Indigofera 
Zinifolia, Vernonia cenera, Dacty- 
Zoctenium aegyptium, Eragrostis 
gangetica, Crotalaria medica- 
genia and Euphorbia thymifolia; 

(4) Lastly there is Panicum 
psibopodium. Grazing and pro- 
tection have no major effect on 
its coverage. 

Thus the effects of grazing and 
season on the plant coverage are 
varied. The nature, extent, and 
frequency of damage caused to 
the coverage of the plant appear 
to set up a sequence of metabolic 

Table 1. Average area occupied by each species during summer and rainy 
seasons in three fields. 

Medium 
Plant species Protected grazed Overgrazed 

S R2 S R S R 

Alysicarpus Zongifolius 
Alysicarpus monilifer 
Blumea lacera 
Bonnaya brachyata 
Boerhaavia difjusa 
Bothriochloa pertusa 
Convolvulus pluricaulis 
Crotalaria medicagenia 
Cynodon dactylon 
Dactyloctenium aegyptium 
Desmodium triflorum 
Dichanthium annulatum 
Digitaria sanguinalis 
Eragrostis elongata 
Eragrostis gangetica 
Eragrostis tenella 
Aragrostis viscosa 
Euphorbia hirta 
Euphorbia thymifolia 
Evolvulus alsinoides 
Evolvulus nummularius 
Heliotropium strigosum 
Indigofera linifolia 
Paspalidium flavidium 
Panicum psilopodium 
Setaria glauca 
Sporobolus diander 
Trichodesma indica 
Vernonia cenera 
Volutarella divaricata 
lS=Summer; 2R=Rainy season. 

----_squarecm--__- 
- 

1.14 
0.90 

- 
1.44 

- 
1.98 

- 
2.10 

- 
1.55 
3.06 

- 
- 
- 
- 
- 
- 
- 

1.82 
0.68 

- 
1.60 

- 
- 
- 
- 
- 

8.91 
- 

0.97 
1.41 

- 
1.73 
1.80 
2.69 
1.00 
4.58 
1.11 
3.52 
2.51 
1.79 
1.08 
1.20 
2.09 
1.10 

- 
1.04 
1.44 

- 
12.60 

- 
7.17 

- 
3.81 

- 
1.58 
6.13 

- 

1.24 
2.76 

- 
- 

3.96 
1.04 
3.22 

- 
4.17 
0.98 
2.34 
0.96 
0.71 

- 
2.47 

- 

- 
- 
- 
- 

3.08 
- 

2.90 
2.11 
1.52 
3.16 

- 
- 
- 
- 

3.52 
1.68 

- 

- 
2.38 

12.80 
4.61 
2.64 
1.89 
3.17 
2.63 
2.91 
3.57 
3.78 
1.21 
0.75 
1.30 
1.08 
0.77 
1.76 
2.72 
4.50 
1.50 
3.34 
3.29 
2.11 
1.18 
0.90 

- 
1.98 

- 

- 1.24 
2.04 2.16 

- - 
- 0.72 

1.86 5.66 
1.86 2.48 
1.72 3.06 
6.20 3.01 1.87 

- 2.54 
1.52 2.04 
2.18 1.17 

- 1.80 
- 1.68 
- 0.62 
- 1.00 
- 0.95 
- 1.82 

2.20 - 
2.10 1.50 
2.28 2.42 
1.74 3.12 
1.50 3.13 

- 1.60 
- 2.55 
- 0.40 
- 0.58 

1.52 - 
0.98 1.40 
2.64 - 
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Palatability of Herbage and Animal Preference 
HAROLD F. HEADY 
Professor of Forestry (Range Management) University 
of California, Berke’ley. 

Introduction 
One important problem in 

wildland management is how to 
obtain high sustained grazing 
use without undesirable vegeta- 
tional changes. Another problem 
focuses on the reduction of ani- 
mal damage to forests in which 
the animals themselves have 
little or no economic value in 
comparison with the value of the 
eaten plants. Still another cen- 
ters on the control of undesirable 
plants with certain animals. A 
common denominator of these 
animal-plant relationships is that 
every grazing animal selects its 
food from the wide range of 
plants in natural vegetation, not- 
withstanding the fact that some 
animals eat many kinds of foods. 

Summarized herein are semi- 
nar discussions aimed at (1) de- 
fining herbage palatability and 
animal preference, (2) examin- 
ing the factors influencing each, 
and (3) reviewing the effects of 
preferential grazing on vegeta- 
tional change. The topic was se- 
lected in the belief that a better 
understanding of palatability 
and preference will be useful in 
understanding (1) vegetational 
changes, (2) formulating better 
animal management practices, 
(3) planning vegetational im- 
provement programs, and (4) 
determining food intake. As in 
any study of this type, much ef- 
fort was taken to formulate 
definitions and to organize a 

framework that elucidates the 
known facts and deficits. 

The seminar itself is a gradu- 
ate course in range management. 
Members in 1963 included stu- 
dents in forestry, zoology, and 
range management. This sum- 
mary is the work of the whole 
class as each student reviewed a 
part of the literature. All con- 
tributed to the discussions and 
to editing the manuscript. Par- 
ticipants were D. W. Cooper, 
Jack Hooper, Vernon Mayes, 
Joseph McBride, Dale McCul- 
lough, Rex Pieper, David Taylor, 
Gene Thorley, and Robert Zieg- 
ler. 

Rationale 
PaZatabiZity is defined as plant 

characteristics or conditions 
which stimulate a selective re- 
sponse by animals. Similar defi- 
nitions have been used by Young 
(1948) 7 and Cowlishaw and 
Alder (1960). Webster defines 
palatable as pleasing to the taste; 
hence, pleasing to the mind. 
Preference is reserved for selec- 
tion by the animal and is essen- 
tially behavioral. Relative pref- 
erence indicates proportional 
choice among two or more foods. 
Many factors besides palatability 
influence food selection. Palat- 
ability and preference have been 
used as synonyms (Ivins, 1952; 
Sot. Am. Foresters, 1958). 

The stimulus-response r el a - 
tionships in food selection and 
acceptance constitute a complex 

chain of events. No single plant 
characteristic has been found 
that is isomorphic with one 
physiological measure and one 
behavioral process. For example, 
the convenient and well-known 
primary tastes (salty, sweet, 
sour, bitter) are no longer ade- 
quate because taste results from 
combined stimulations and there 
are no corresponding, rigidly 
specific taste cells (Kare and 
Halpern, 1961). A continually 
changing body chemistry un- 
doubtedly influences taste 
(Young, 1957). 

One author has suggested that 
three interrelated systems exist 
which regulate food acceptance 
(Young, 1948). One of these is 
within the animal body and in- 
cludes such items as nerve stim- 
uli initiated by energy release, 
blood sugar level, body tempera- 
ture, movements in the digestive 
tract, fatigue of mouth parts, the 
senses, and others. These have 
been associated mole with the 
stopping of eating than with the 
beginning. The reader is referred 
to Balch and Can:;,!ing (1962) 
for a discussion of current hy- 
potheses on regulation of food 
intake by ruminants. This re- 
view concentrates on the out- 
ward expression of these mech- 
anisms in food selection rather 
than on the mechanisms. theni- 
selves. Animal behavior, innate 
aspects of food habits, and the 
influence of certain physiological 
conditions on food preference 
were considered broadly. 

The second system includes the 
conditioning of an organism by 
previous feeding habits. Few 
data, which apply directly to 
freely grazing animals, are avail- 


