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TNTRODUCTIORN

The international seminar on "Rangeland Improvement
in the Arid and Semi-Arid Zones and its Environmental and Socio=-
Economic Aspects”™ was held in accordance with project document
PP/6201-86~03 "Assistance fos Establisbment of Research and
Training Centres for Desertification Comtrol in the ESCAP Region"
by the Centre for International Projects in Yoscow, Samarkand
and Ashkhabad within the period of May 17 - June 4, 1987.

The main purposes of the seminar were:

= Mo improve the skills of experts from developines

countries of South East Asis and the Pacific in the
field of desertification control, ecologically-sound
management of rangelands in arid szones;

=To inform foreign experts of the ecological and socio=-

economic aspects of range improvement; of methods to
counter soil degradation: of the main principles of
rangeland management in the arid zones of the [ISSR for
their possible application in developing countries:

=To expand information exchange on the advanced methods

and techniques of range improvement, of controlling the
negative impact of animal breeding on the environment:

= To further promote international cooperation on the
problems of range improvement in arid zones and soil
protection.

At the recommendation of BSOAP and in consultation
with TINRP concerning the list of partiocipants, the seminar was
attended by 13 experts from South Rast Asia and two lecturers
from Australia and UNEP.

The programme of the seminar conaisted of two
interrelated parts: theoretical and prectical. The theoreticeal
part was conducted in Moscow, the practisal one - in Uzbekistan
and Turkmenia. This form of organisation ensured the logical
sequence of lectures informimg the participants of the main prob-
lems of the subject discuseed, of different studies on it and
the recommendations on the sound management of the natural re-
sources, At the second stage the partiocipants used the knowledge
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they acquired during the theoretical course to study practical
ways and methods of rangeland management in conformity with
scientifically justified techniques and recommendations.

The programme of the seminar was fully completed. Leo-
tures were delivered by some leading Soviet scientists and ex-
perts. The seminar included two workshop classes allowing for
disscution and information exchange of participants on range
improvement issues in their countries,

The reporters dwel}:' upon topics of range degradation
mapping feasibility, means of desertification control and nescese+
8ity of direct participation of peasants in the process o} ra-
nge improvement. Representatives of tropical countries {iscussed
the issues of productivity improvement under specific tropical
environments, where the problems of deforestation gain prime im-
portance as well as matter of ground water level reduction and
inteneification of water erosion processes. Froblems of orienta-
tion towards optimum productivity, of water desalination in de-
serts, of the need to introduce nitrogen-accumulating brushes
and legumes were also discussed. Gradt attention was paid to the
socio=economic aspects of rangeland development.

During the final stage of the course, the participants
had a briefing at the Agro-Industrial Committee of the USSR and
were informed on the present stage and prospects of range deve-
lopment in the USSR.

The practical part of the seminar took place in the Central
Asia and was sponsored by the National Research Institute of Astra-
khan Sheep Breeding, Samarkand, Ugbek SSR, and the Inatitute of
Deserts of the Turkmen SSR Academy of Sciences, Aahkhabad. The
participants visited the above institutes and their field stations
where the practical classes were held,

The participants displayed special interest in the tech-
niques of range vegetation improvement, in the development of
long-duration autumm/winter ranges. They were also interested in
the nutrient velue of arid forage plants introduced on the range-
lands, asked about their content of various micro-elements, about
possibilities for different grasses, shrubs and trees ecologyoal
coexistence. They also raised an issue of their impact on range
productivity and of creation of apecific microclimate. Problems



of introduction of exotic or genetioally improved plants; ac-
oumulation and conservation of moisture, practical utilization of
of the institutes' recommendations were also discussed,.

It should be moted that the composition of the parti-
cipants in the seminar was quite heterogenious as regards their
range of interests. Suffice it to say that the seminar was at-
tended by experts from some humid tropical countries (Vietnam,
Indonesia, the Philippines, and Sri Lanka)., Nevertheless, in
summing up the outcome of the practical course, they all noted
the usefulness of the information gained and emphasized that
all countries represented at the seminar can successfully apply
the methodologies of range improvement, if not the practical
methods in use in the USSR,

In conformity with the programme of the seminar almost
all the participants made reports on rangeland- problems in
their countries.

In their free time the participants visited histori-
cal and architectural monumenta of Moscow, Ashkhabad and Samar-
cand, the Exhibition of Bconomic Achivements of the USSR and
the Turkmen S3R, the Moscow circus, etc,

Upon the completion of the seminar, all participants
were handed certificates of completion. Foreign participants
unanimously adopted the Pinal Communique praising the
organizational and scientific level of the seminar and pointed
out the desirability to continue events like that in future,

The present report includes the summary of gelected
lectures given at the seminar by the Soviet acientists as well
as by foreign participants.
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The Rotation of ths Pasture and Pasture Control
Principles

N.T. Nechasva, Institute of Deserts, Academy of Sci-
ences of the USSR, Ashkhabad.,

. The deserts are the territories with rather high poten-
tial bioclogical productivity despite the pronounced extreme
terms.

To mow the interaction between the animales, vegetation
and goil is very important for the pasture control. Long
observations of the state of pasture territory used in econo-.
my and specially conducted experiments make it possible to
draw the conclusion, that moderate, well-organized pasturage
is favourable for pastures. Undesirable changes in their
plant cover and the decrease of productivity take place as
e result of overpasturage or its long absence as well.

The influence of the pasturage's mechanism differ. The
estrangement of the above-ground orgemns' parts (vegetative
and generative) ruins different functions of growth and de-
velopement, changes the morphological structure, physiologi-
cal functions of above-ground organs, and even underground
ones, weakens the regenerative processes etc. The pasturage's
influence on the seed regeneration of plants is also great.
On the one hand, cattle bites generative shoots off, that
ruins the renewal ability of planta, on the other - tramples
peeds down, that facilitates their comservation and normal
sprouting.

The influence of the graging animales on the soil layer
is as follows. If the pasturage slight or moderate, it ie
positive factor and shows itself in a certain loosening of
- the moil layer, if excessive - it's a factor of degradation.

Pasturage influences the processes of relief formation,
especially in sandy deserts. Ruining of the turf layer gives
the start to the process of sand blowing and hollow formati-
on.



Depert plants, exposed to the influence of herbivorous
animals for a long time, have formed a number of adaptations
for pasturage in their structure. These adaptations show
themselvs in the stucture of above-ground organs (curved,
pricky in case of shrubs), in the arrangement of buds, in the
ability of bited off shoots for quick regeneration, in the
predominance of vegetative reproduction over seed one in case
of perannial grasses etc.

The pasturage also influences all kinds of vegetation
in different ways.

Unlike sheep, camels eat not only annual, but also
rough, hardened brushes. That's why camels use 70% of saxaul
branches, suitable for eating in the autumn and 80% in the
winter, meanwhile sheep correspondingly 50% and 60%. During
wide pasturage saxmul crown looks as if it was cut, vegetation
receives the "pasture form". Strong crown biting off stimu-
lates awakening of rest bude in the lower parts of bushes and
intensifies the formation of shoots. As a result, the food
mass does not goes down, and stunted bushes bscome get-at-
able to sheep. The representativesof Chenopodiaceae family
(Haloxylon persicum, H. aphyllum, Salsola richteri) are acti-
vely eaten only in the autumn-winter season after the end of
the vegetation. Though the representatives of Calligonum gemus
are eaten when they are green, the curves of their branches
prevent full eating of the shoots, considerable part of bran-
ches remains and securesthe life of the plant. The Calligonum
seeds have to be buried in sand, it takes place during pastu-
rage.

Calligonum rubens develops better on the intensivly used
pastures, gives more green shoots. adapts to the pasturage,
forming stunted bushes. Calligonum rubens usually grows as a
high bush (up to 2,5-3 m), its pasture form has flat short
bushes 1,0-1,2 m high with crown's diameter about 3 m.

Wormwoode and saltworts (Artemisia, Salsola) are the
most widespread and economically significant plants among
suffrutexes. In the spring, autumn and winter sheep cosiderab-



'ly eat vegetatiweshoots of wormwoed im the lower part of the
bush. Generatiw shoots are eaten much worse and mainly autumn-
time. In the summer Artrmisia is eaten badly, in the spring
30%, in the autumn and winter 40-50% of shoots, suitable for
eating is used. If the pasture loed is moderate, wormwood
grows satisfectory and regenerates well, if strong - the worm-
mood is inhibited. Camels eat the upper parts of Artemisia,
using 50% of annual increase springtime, 75% in the autumn
and winter, during strong pasture load they eat even peranni-
al poft shoots.

Suffruticose saltworts are eatem by cattle in the autumn
and winter (Salsala gemmascens, Andbasis salsa) or all the
year round (Salsola rigids). In the autumn and winter sheep
- use 35-50% of annual shoots, camels up to 75%. During strong
pasture lo&d camels bite off ahoots compleatly, plants become
short, practically do not seed and do not regenerate.

In the autumn - winter season moderate pasturage does
not inhibdit frutescent saltworts.

Their are two species of sedge, that are the most wide-
spread and valusble among perannial plants: Carex physodes
in sandy deserts and C.pachystylis in loess and clay deserts
of foothills. Sheep eat the sedge all the year round. Spring-
time they use B85%, in other sessons 50-70% of shoots' yield.
Camels eat Carex fewer, within 20-30% of the yield, but spring-
time Carex is the base of their ration. The sedge has high
after-grass ability due to strong underground organs, that
surpass above-ground shoots' mass in 15-20 times and success-
fully resist the pasturage in the spring. Moderate pasturage
does not inhibit Carex, particularly when the season of pag-
turage ohanges every year. But systematical spring grazing
or pasture load halves the yield withim 4-5 years.

¥ell-eaten perannial plants, e.g. Astragalus, disappear
from pasiures even during moderate, but systematical spring
pasturage because of absence of the strong root system.

There are two groups of annmual plants, that have great
pasture significance: ephemerals with winter-apring vegetation
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and annual saltworts. In the spring and summer 60-T0% of
spring grasses' yield is used, in other mseasons - up to 60%
of dead wood. Sheep eat all the shoots with generatiweorgans.

Annual saltworts are eaten in different ways: 60% of
some of them is used summertime and their number quickly falls
during etrong pasture load. 50-60% of lush saltworts' yleld is
eaten after the end of the vegetation in the autumn and winter.
They are fewer damaged by pasturage, because they have time
to: seed.

When pasturage is absent, plants seed graduslly, within
long period of time from ripening in the spring up to the
late autumn. But only a small part of seeds goes down the moil,
the rest stay on the layer, where rodents, insects and birds
eat them. So the possibility of normal grass regeneration
diminishes next year.

During the pasturage ripe seeds are widespreaded by cat-
tle, that's why the pastures are seeded simultansously, with-
in a short period of time. Depending on the pasture load the
depth of the penetration differs. When the load is low (9 heo-
tare per capita) or moderate (6 hectare) most of seeds reaches
the depth, favourable for sprouting (0,5-2 cm) and only a
small part of them (3-8%) reaches the depth of 5 cm. If the
pasture is overloaded (3 hectare per capita) up te 26% of
seedsgets into the depth unfavourable for sprouting (from 3
up to 5 cm) and has no chance to sprout, as a rule. The lar-
geast number of shoots grows in the areas of moderate pasture
load (264 shoots per 1 m2), than of the low (204 per 1 m2)
and at last the strong one (128). The shoots mumber on the
protected areas is the least (70 per 1 nz). there was no
pasturage, and seeds were not trampled down .

During pasturage on desert pastures a certain part of
food inevtably gets spoild (broken off or trampled down). The
amount of the food losses depends on the composition of
plants' vital forms, the soil layer, the load of pastures.

The losses of the frutescent and suffruticose:fodder does not
exceed 1% of their amount in all the seasons. During the



1.

epring pastursge soft gresses are trampled down most of all.
Being bent down or ‘trodden in the sand, green grasses are
able to rise (sedge in particular) end their losses are very
small.

Depending on the intensity of the pasturage 3-T% of spring
yield of dead wood is lost summertime. Prail shoots of annual
saltworts are considerably trampled down (about 15% of the
yield in the damp weather). In sandy deserts on large frutes-
cent Haloxylon-Carex pastures sheep's ration consists of gras-
ses in all the seasons. Shrabs' share spring snd summertime
is small - 13-25%, in other seasons is oconsiderable - 33-48%.
Springtime sheep eat the representatiwee of Calligonum, Astra-
galus generis, in the autumn and winter - the representatives
of Haloxylon, Salsola generis.

Table 1.

Composition and nutritiousmess of the pasture ration

on the wormwood pastures

Vegetablw spe- The nutritious.
clies amount in ness of fodder
Season the ration welighting 100 kg
(food unit)
in the first | In the in the in the
days of pas- | following | first days| follow=
turage days of pastu- | ing
rage days
Spring 42 34 T4 63
Summer 18 7T 52 49
Autumn-
Winter 12 12 34 30

Eating of plants changes as grazing goes on. First of all
animsls eat the most attractive, though not numerous plants.
But this variety does not last for a lomg time. The ration of
the following days is less nutrious and more typical for pas-
tures (Table 1). The nutritiousness of pasture ratiordimini-
shes from spring to winter on all the pastures: on the Artemi-
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sia pastures halves, on the Haléxylon- Carex ones reduces in
3,5 times,

During spring grazing biting off inhibits plants on ear-
ly phases of vegetation. Peramnial plants (Carex physodes in
particular) have no time to accumulate enough plastical sub-
stances in their underground organs, that ensure high vitali-
ty of perannial plants and normal growth of shoots next sea~
son.

Well-eaten perannial plants are usually eaten before
their seeds get ripe, that's why small, ill-eaten and even
harmful plants gradually take their place. Lots of short
grasses with low degree of use appear after the twice-repea-
ted spring grazing. As a result, though the number of Carex
ahootd:doea not decrease for a while, their maass halves in 4
years. The number of annual plants sharply increases and the
productivity falls.

During summer pasturage, shortly after the annual plants
have gown, their seeds are trodden in the soil and then simul-
taneously sprout. In primnciple it's a positiwe thing, but for
some cereals, e.g. for Bromus tectorum, which is very drought-
resietant, summer pasturage is so favourable, that it ousts
more valuable annual grasses and even peramnial sedge (Carex
physodes), inhibited by the pasturage. Bromue tectorum itself
is a bad sort of food, because it's stunted and grows too
thickly. Though the total amount of food does not diminiah
and sometimes even grows, its quality decreases, because in
comparison with sedge the cereals are less nutrious and kept
worse among dead wood.

During autumn and particularly winter pasturage late
treading down of seeds and breaking of shoots decrease the
amount of annual plants. It shows itself in the damp miid
(vegetative) winters, when cattle pastures on the shoots. Ne-
vertheless, the main foodplant - sedge, growa well, because
it is elways grazed after the end of the vegetation and grows
among not numerous annual planta. The monotony of herbage,
where Carex physodes predominates, is a negatiweconsequepce
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of systematical winter grasing..Pasture territory with salt
wells constantly used wintertime is characterized by Carex
in a good condition, but insipid annual spring grasses.

Grazing, repeated twice im the same period - in the first
and in the second half of the spring or spring and autumniime
in the same year - inhibits the vegetation. In 4 years of sys-
tematical twice-repeated grasing the amount of grases food

sharply falls even on the well-fixed sands.
' Using of the rotation of the pasture, i.e. annual change
of the season, when the pasture is used, is favourable for
the development of vegetation and the improvement of soils.
The rotation of the pasture with the alternation of grazing
in all the seasons successivly is the best one (Table 2).
It's difficult to realize this most recional scheme in prac-
tice, because not all .the pmstures can be used all the year
round. In this case the rotation of the pasture may consist of
certain seasons' alternmation, e.g. spring-winter or summer -
autumn (Table 2), or cover just a part of the pasture territory
(it aleo promotes keeping of pastures).

The schemes of the rotation of the pasture differ. The
difference of the pasture reaction on the pasturage, that de-
pends on the character of the vegetation and soil layer is to
be taken into consideration as well. The season of using
changes more often on sandy p,stures than on solid ones.

Table 2.
The examples of the rotation of the pasture
(According to V.N. Nicolayev and others)

Year of The mmbers of pasture areas
using 1 2 3 4
Grasing all the year round:
1-2 apring summer autumn winter
3=-4 summer autumn winter spring
5-6 autumn winter spring summer

7-8 winter spring summer autumn
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The alternation of spring-winter and
summer-autumn grazing

spring winter summer autumn
w_ - L]

winter spring autumn sammer
= - I - -

=W -

They are comparativly large areas near wells within an
average radius of pasturage, not emall ones, that must be the
basie of the rotation of the pasture.

Only incipid pastures mhere the yield has fallen, but
the reorganisation of the vegetation has not gone too far need
reat. In this case pasture productivity restores within 6-7
years. If pastures are broken to a great extent - these changes
are inevitable. The territories need radical improvement.

Systematically grazed spring pastures ealso need reat.
But, in practice, it's very difficult; the rotation of the
pasture may be used here: annual change of the season of using.

Long absence of pasturage on the pastures with satisfac-
tory state of the vegetation nagativﬂy influences the soil
and vegetatiwcover. 4 years of rest caused the fall of the
productivity (20%) in the South-Bast Kera-Eumes. Longer rest
cauges the disappearance of some plants, excessivesoil comp-
ression, formation of surface crust (with moss, lichen, agua~
tic plants etc.), blocking of normal plant regensretion. Long
absence of pasturage is unfavourable for all types of pastures,
it causes decrepitude and low productivity.

Right, scientific, well-organized pasturage preserves
ecological systems of arid territories. Racional using of
pastures is capable to provide high level of productivity abd
prevent the formation of deserts in arid areas.

Bibliography:
Nicolayev V.N.;Gladysheva L.E.;Durdyev N.N., Chemical
composition, nutritiousness and biological full-bodiedness of
Kara-Kume's pasture food.~ Ashkhabad:Ylym, 1980.
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PODDER ASSESSMENT AND DESERT PASTURE VALUATIOR

Vol, Nigkolaesv
Institute of deserts, Acsdemy of sciences,
Turkmen SSR

Desert pastures in the Soviet Middle Asia occupy
enormous territory extending for about 20® froam south to
north and 36° from west to east.

Vegetation of this vast region acoounts for over
5.5 thousand different types and forms of plante. Mountain
areas are characteriged by the largest differentiation in
species. However, in spite of the paucity of vegetation in the
desert part of the region, a significant part of meat, wool,
sheepskin and 100% of karakul astrakhan ie produced here.

Desert pastures as distinot from grasing grounds of other
goeographical zones ordinarily are used for grazing purposes
all year round and only at winter time, after enow falls and
ice-covering, indoor maintenance of sheep is practiced. Low
harvest yield and its changeability at different seasons of
the year is a characteristic feature of desert pastures,
Different types of pastures have their respective dynamism
in season fodder amassing. Apart from the plants that are
being consumed around the year, desert is rich in vegetation
that is eaten by animals at definite seasons of the year,

Por fodder assessment of pastures it is especially
important to take into acocount nutrition walue of pasture
herbage. Peeding of agrisultural animals eccording to the
norms based on sirioct calculation of their needs in organic
and mineral ingredients of food-stuffs compared with their
utunl presence in pasture vegetation is the final and
desirable objective in rational pasture cattle-breeding.

It is rather difficult to make assessment of the
nutrition value of pasture fodder. Prom the start the
nutrition value of separate types of plants should be defined,
then - correlation of these types should be established,
which always varies depending on the pasture type. And only
after that, one can pass over to assessing nutrition values
of pasture types, groups of types and classes, Obviously, it
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i8 necessary to know fodder nutrition value at different
seasona in the situation when cattle-breeding on pastures
takes place around the year,

In the USSR, the nutrition unit and quantity of digested
protein is taken as an indicator of fodder nutritiousness. To
the, ° extent that the new data is accumulated, a gradual
passover to fodder assessment in energy units is being
practiced. As distinct from the Scendinavian fodder unit
which is calculated on the nutrition value of barley, the
Soviet fodder unit is caloulated on nutrition wvalue of ocats.
In this case, the fodder assessment ie based on a system of
starch equivalent, worked out by Keluner. Just as in the case
of starch equivalent, assessment in feed units suggests
congtant and invariable productive action of all fodder nut-
rition elements irrespective of balanced rationing for
animals in accordance with macro- and miocroslemsnts, vitamine
and other bilologically active substances.

At present time the preference in the overwhelaing majo-
rity of the countries in Vesterm Burope, the USA, irabdb Bast
ia given to the syatem of assessing nutrition value of fodder
and rations according to pure emergy derived on the basis of
exchange energy content in fodder. Apart from the fodder
assessment according to pure emergy, there exists in these
countries an evaluation of total sum of nutrition substances,
as well as of the quantity of digested protein,

In the GDR over the last years a new system to assess
fodder nutritiousness was developed according to whioh fodder
productive effect is sized up by pure energy fat scoumulation.

Pasture rationing of sheep and camels grasing in desert
zone is quite varied and represented by different live forms
of plants - starting from large shrubs and trees up to small
annual ephemers.

Practice of desert pasture cattle-breeding has shown
that the most important in terms of fodder for pasture
cattle-breeding are a few dozens of plant species, while the
remaining part of plant types is to be found in small
numbers and, thus, their role in feed balance is insigni~
ficant.
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To feed correctly animals it is not enough to know
botanioal composition of plants growing on pastures. One
should know also in what way this fodder is digested in animal
stomack, whether it is eatable and what is its nutrition
value, In this comnection in the USSR the emphasis has been
put lately on studying feed advantages not of separate plants,
but of pasture rationing, since eatability and especially
digestion of fodder from this or other plant varies greatly
depending on the colleotion of associated pasture plants.

A comprehensive oyole of research studies on chemical
content of seasonal pasture vegetation in Turkmenistan was
carried out over a number of years by the Institute of deserts,
the Academy of sciences, Turkmen S3R, Data om fodder digestion
received in the course of the special balance tests with
animals was used to assess nutritiousnese of desert pasture
fodder. To make this data comparable the assessment results
of fodder nutritiousness was expressed in schematical feed
units balanced acoording to digested protein contents,

Shrubs play a significant role in fodder rationing of
sheep and camele during different seasons of the year. They
form on pastures the upper and middle layers of vegetation,
The height of shrubs reaches 0.8-3 m.

Among bushes dominate different kind of Ghenopodiaceae
fanilys Adellenia subaphylla, Haloxilon aphyllum, H. persicum,
Saleocls richteri, S. arbuscula. Ordinarily wvegetation begins v
in the early spring, flowering - in April, fruit-bearing -
in autusn. Annual shoots and fruit-bearing sprouts are used
as fodder mass. Sheep are eating them only in autumn and
winter, camsls - the whole year round.

Another, aleo reprssentative group of bushes are species
of Polygonaceae family: Galligonum alatum, G, elatum,

G, setosum and others, Species of Galligonum family are
widely spread on pastures of sand desert. Bushes are 1,2-3 o
high, Short vegetation cycle is characteristic for these
species of plants, usually it begirs in March, flowering -
in April, fruit bearing - in Mai-June. Annual shoots and
fruits which fall to the fround rather early and are picked
up by animals from the ground serve as s feed mass,
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Table 1. Nourishing seasonal dynamics of desert pasture fodder

Tatritlousness of 100 kg of Todder
Hame of the plant M:Mtu in absclutely
s 3 winte.

Bushes
Aellenia subaphylla 78 59 47 36
Galligonum alatum 90 68 20 15
G. densum 57 42 16 -
G. elatum 74 68 21 1
G, setosum 100 68 23 16
Ephedra strobilacea 149 142 118 T2
Haloxylon aphyllum 151 87 50 50
H. persicum 99 76 52 26
Salsola arbuscula 90 66 55 41

Semi-bushes and

semi~shrubs
Anabesis ramosissima 139 =) 80 37
Astragalus longipetiolatus 182 67 47 36
A. unifoliolstus 178 67 51 36
Geratoides ewersmanniana 95 T0 45 40
Gonvolvulus divaricatus 89 46 25 16
G, korolkovii T4 44 25 20
G. subhirsutus 98 75 43 16
Kochia prostrata 85 70 49 30
Mausolea eriocarpa 108 87 35 17
Oligosporus scoparius ™ 72 50 39
Salsola gemmascens 109 79 64 59
8. orientales 90 7 53 46
Seriphidium badhysi 82 70 56 28
S. kemrudicum 72 68 54 "33
5. kopetdaghense 17 45 47 35
S. maritium 63 51 42 32
S. santolinum 90 67 54 27
S. scotinum 128 S0 41 24
S. sogdisnum 106 43 43 35
S. sublessingianum 132 95 48 22

S. terraealbae 117 T4 58 38



Continued Table 1

Tutritiousneas of 100 E of fodder

Name of the plant (Bef.u.) :ont.d in absolutely

spring summer autumn winter

S. turaniocum 82 T 56 55
Smirnovia turkestanioca 212 137 a7 43

Perennial herbs of

sumger vegetgtion
Agropyron sibirioum 129 75 47 22
Reluropus repens 110 69 56 26
Alhagl oanescéns 85 58 52 25
Aes persarua 59 44 29 17
Aristida karelinii 21 15 12 10
A. pennata 78 65 16 15
Astragalus agameticus 178 80 - -
Elymus racemosus 85 61 31 -
Heliotropium arguzioides 180 86 28 16
Stipa hohenackeriana 136 53 28 15

Perennial herbs of

B vegetat
Astragalus maximowiczi 245 110 - -
Garex pachystylis 149 90 47 39
G. physcdes 118 62 37 23
Gousinia shimtoptera 62 49 44 11
Dorema aitchixonii 110 63 - -
Porula assa-foetida 163 127 46 36
F. Badrakemsa 150 105 - -
Poa bulbosa a5 50 48 23
Rheum turkestanicum 111 75 - -

Annual herba of

sugmer ngetgtggg'
Agriophyllum latifolium - 109 98 52
Atriplex lasiantha B 85 28 22
Ghrosophora gracilias - 73 59 53
Geratocarpus utriculosus - " 46 46
Glimacoptera lanata - 17 64 45

Gs transoxana - 91 51 29
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Continued Table 1

utritiousness o [
Name of the plant (a.t;:.) %ountod in abeolutely
spring sumsep  etumn winfer
G. turcomanica - 43 3T 23
Gamanthus gamocarpus = 61 40 32
Girgensohnia oppositoflora - 104 72 40
Halimocnemis karelinii - 48 42 41
Halocharis hispida - 51 43 30
Salsola leptoclada - 72 44 44
S. paulscnii - 53 42 16
Annual herbe of spring
vegetation (ephemers)
Aegilops sguarrosa 66 36 26 -
Bromus tectorum 112 67 35 24
Eremopyrum buonapartis 153 84 60 36
E, distans 146 99 64 51
E, orientale 132 97 72 47
Gutandia memphitica 101 15 s -
Acantholepis orientalis 156 82 27 -
Alyssum desertorum 112 - - -
Arnebia decumbens 188 142 . -
Delphinium camptocarpum 183 66 32 -
Isatis violascens 172 116 40 -
Koelpinia linearis 152 85 - -
Leptaleum filifolium 177 85 - -
Senecio subdentatus 151 112 49 -
Strigosella africana 150 91 27 -
S. gandiflora 119 68 44 -
S, turkestanica 146 83 21 -
Satragalus filicaulis 150 122 B -
Cnobrychis pulchella 200 128 - -
Trigonella grandiflora 153 80 - -

®Nutrition values of summer annual plante during spring
period was not celoulated since animals are practically not
eating them
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Data given in Table 1 shows that the maximum nutri-
tiousnese of all plant spsoies is tébcorud in the spring
period. Then it falls abruptly and reaches the minimum in the
winter time.

Anong bushes the largeat nutrition values demonsirate
in the spring %time Bphedra strobilacea and Haloxylon
aphyllum, which is explained by significant acoumulsgtion of
protein. However sheep is consuming both of these types
reluctantly in the epring time, That is why their nutri-
tiousness should be taken into sccount in feed rationing
of camels.

Seai~bushes and seami-shrubs -~ rather numerous set of
plants whioh play a notioceable and in some cases predominant
role in feed rationing of cattle. Plants of this group
usually make the middle, and when the bushes are non exis-
tant, the upper level of vegetation empecially in gypseous
and clayey deserts. Flante height is usually of 30-60 sm
and with some species comes to 100-120 sm.

In floral sence the largest diversity of types represent
Chenopodisceae and Gompositae families, Species and Legumi-~
nosae and Gonvolvulaccae families are aleso rather common. In
the spring time Leguminosae species demomstrate the highest
nutritiousnesa. They are Astragalus unifoliolatus, A. longi-
petioclatus and especially Sairnmovia turkestanica.,

Perennial herbs of summer vegetation is relatively small
group of plants though it plays a signifiocant role in feed
rationing of sheep and camels. Summer perennial herbs are
characterized by rather prolonged oyole of the vegetation
period. Graminease family has the largest representation in
this group. The majority of plants increase their fodder
mass to the maximum extent in the summer time. Astragalus
agaarticus and Helliotropium argusioides possess very high
nutritiousness in the spring time though it does not give
effect since animals do not consume these plants.

Perennial herbs of apring vegetation (ephemsrs) is
relatively small in teras of species composition group of
plants, but extraordinary widely distributed over desert
pasturese It differs from summer peremnial plants only by
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shortened vegetation ocycle. The majority of plante represented
here makes the basis of feed rationing for sheep in different
types of pastures and has paramount imporiance for desert
pasture cattle-breeding. Flants of this group build up their
feeding mass in the spring period. Then the plante dry out,

Two types of Gyperaceas - Garex physodes and G. pachysty-
1is are the most valuable plants in terms of feeding effeot,
they are distributed everywhere, the first - on sand soils,
the second - in loees and foothill regions. Poa bulbosa
(Gramineas family) is also widely distributed in foothill
regions and provides for the main harvest mase on pastures.

Annual herbs of summer vegetation have great importance
in vegetation coverage, especially in gypseous and clayey
deserts. Here belongs a numerous group of annual herbs of
Ghenopodiaceae family with vegetation period extended from
spring to autumn., The majority of types related to this
group of plants 1s charaoterized by the development of rela-
tively deep stern root system which enables to get moisture
and nourishing substances out of soil even in summer, the
moat difficult period for plante vital growing. Maximum
build up of fodder mass of this group takes plece in the
summer-autumn period. In the apring and summer cattle is
consuming the majority of plants in small quantities, but
the amount is increased substantially in autumn and winfter,
the period of fruit-bearing of Ghenopodiaceae, which serves
a8 a fat producing feed for sheep and camels.

Annual herbs of spring vegetation (ephemers) are
extremely important on pastures of southern desert subsone,
which is characteriged by strictly seasonal winter-spring
distribution of atmospheric precipitation. Within the
boundaries of the Soviet Middle Asia the plants of this
group are widely dismtributed in pastures of sand and loess
deserts. Shortened period of vegetation is generally charace-
teristic feature of this plants group especially rich in
species number. The maximum build up of feeding mass falls
on the spring period. The plants consumption by the cattle
is very high during the whole year.
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Pasture rationing of animale within the limits of the
same type of pastures remains a constant quantity and is
changed substantially by season. However even within the
limits of one year, at the beginning animals are eating more
attractive, tender parts of a plant, whioch are very appetiz-
ing. If the catle population is moved to another ground when
the most appetising and nourishing pasture plants are
oconsumed, animal retioning will bs gradually supplemented
with more coarse and lese nourishing fodder plants. That is
why while defining the degree of pasture plants consumption
by cattle in pastures it is desirable to proceed from average
seasonal indicators.

Nourishment differentiated evaluated of various pasture
types (Table 2) in conjunstion with their harvest yields
and fodder oonsumption by different kind of cattle is used
in pasture valuation and ensuing economic assessment in
all-state system of land cadasire.

Table 2. Seasconal dynamics of fodder nourishment in the
main types of desert pastures, Turkmen SSR

Yutritlousness of 100 kg of
fodder (l.f;n.) counted in air
dried weight

Types of desert pastures

sprips  gusmer  sutumn  wipter

Sand deseris 12 68 44 28
QGypseocus deserts 11 63 52 35
Glaysy deserts 115 70 50 32
Loeas deseris 118 76 54 30
Plood-lands terraces 130 T8 49 21

Land constitutes the main and indispensable means of
production in agriculture, Unfortunately, not always and not
everywhere neceéssary care ls taken of its rational utilization
and improvement of soil fertility.

All=-union land cadastre has been worked out and is
periodically renewed so as to make land users more respon-
sable for its cultivation, as well as to emsure scientifically
sound planning and organization of agricultural production.
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Land valuation as one of the elements of land cadastre
envieages identification of its natural fertility.

While preparing pasture valuation one encounters the
greatest difficulty in working out valuation scale. The
majority of scientists suggest to take as ites basis fodder
productivity. However, there is no unanimity of opinion in
thie matter at the present time with regard to evaluation of
pasture productivity: sccording to ite harvest yield, mccord-
ing to the size of physical fodder mass consumed by cattle,
or the size of the consumed feed mass expressed in feed
units, or schematic feed units, balanced on the basis of the
most important indicator of nutritiousness - protein
consumption. That evaluation of feed productivity of pestu-
res in schematic feed units adjusted according to digested
protein, is the most objective criterion for valuation of
pasture territories. At the present time there is no uniform
all-union valuation scale anabling to assess all pasture
territory of the USSR. To have an approximate idea of it
is necessary to know the fodder productivity of natural
pastures in all the main natural zones of the country.

Prooceeding from the closed 100-points evaluation scale
it is sufficient to determine the highest indications of
fodder productivity with the aid of which high limite may
be found, as well as to establish the price for ome point in
schematic feed units.

The analysis of data sccording to fodder productivity
of natural and cultivated ;uturoa in various natural sones
of the USSR provides the possibility to determine the upper
limit of feed productivity which is equal to 10 thousand
B.f.u., from 1 ha.

To make pasture valuation of desert zone, a separate
regional 100-points scale is being worked out provided that
it can eventually be transformed in the all-union soale.
Since the maximum productivity of desert pastures is equal
to 1 thousand s.f.u. from 1 ha, ratic of regional and
all-union valuation scales might be as follows (Table 3).
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Table 3. Approximate regional and all-union valuation scales
to aspess pastures asccording to fodder productivity

Regional soale All-union scale

Fodder Assess~ Yodder ABBess-
Valustion. dheee oontent, mwent in oontent, ment in

#.f.u./ha points s.f.u./ha points

Rioh pastures 1000-810  100=-81 10000-8100  100=81
Medium pastures 800-610 80-61 8000-6100 80-61
paltur::.h.d 600~410 60-41 6000-4100 60-41
Poor pastures 400-210 40-21 4000-2100 40-21
Pooreast pastures 200~ 20 20= 2 2000- 20 20=0,2
Useless pastures - - - -

Inoconvenient lands - 20 2 20 0.2

Gomparison of two suggested wvaluation scales demonstra-
tes their good correlation. The value of ome point on
regional scale comi‘poadc to 10 s.f.u., but on all-union
scale - 100 s.f.u., 1.0, 10 times higher, In thie case the
ratio of converting of the regional scale into all-union
is equal to 0.1 Thus, tracts of desert pastures with fodder
productivity of 900 s.f.u./ha acocording %o the regional
valuation soale for desert zone will be assessed in 90 points
and put into rich pastures category. The same pastures will
be assesped if we use all-union scale in 9 pointe and will
be placed into the class of pooreast pastures.

If we make pasture wvaluation in the USSR in accordance
with the suggested principle, the territory of the desert
sons falls completely into the class of poorest pastures,
which is in conformity with the real state of affairs,

Apparéntly, the most controversial matter in the
process of elaborating all-union valuation scale is the
lower limit the poorest pasture clasm gradation. FPollowing
logical ocorrelation of two scales under ocomsideration it
would be more ¥easonable to determine the lower limit of
all-union scale in the same way as regional - in 2 points.
But in this case, while making all-union assessment of lands
£it for pastures, the class of 1nno§3.aient lands will
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include many millions of hectares of Karakum and Kizilkum
pastures, fodder yield of which constitutes less than

200 s.f.u./ha. At the same time it is well kmown that millions
of karaskul sheep ere grasing the whole year round on these
poor pastures. Taking this into account it is advisable (at
least while making assessment of desert pastures on an
all-union scale) to combine the lower limit of all-union and
regional evaluation scales not acoording to points, but
rather according to absolute figures. Medium scale pasture
map was used in the Turkmen SSR as the basis for departure
in pasture valuating, according to each contour of which
spring-summer, autumn-winter fodder reserves were caloulated.
Valuating indications were taken into account in preparing
three schematic cedastre maps: for spring-summer, autumn-
winter periods and average annual indices (Pig.1).

Examining the schematic map of pastures valuation in the
Turkmen SSR as a whole it is possible to establish vividly
expressed dependence between matural factors (climate,
relief, soil) on the one hand, and the sise of evaluating
point on the other., The most highly productive fodder areas
are gituated in river flood-lands with elevated norms of
moisture in surface soil layer. Then mountain regions follow
with larger quantity of precipitation and grey type of
soils. For huge areas of desert regions a definite regularity
can be traced - reduotion in pasture fodder productivity in
the direction from south-east to north along with the re-
duction in precipitation from 170 ma in somth-sast to
100=80 mm in north of the Republic.

Pasture valuetion maps should be used as the main
material of depariure for subsequent economic land assessment
as the means of production in agriculture,

Economic assessment of desert pastures, as well as other
land categories, is the next stage in preparing aend imple-
menting a state land cadastre and is a matter for separate
consideration.
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Figure 1

1. Valuation of pasture types in Turkmenistan, taking
into account their nutritiousness. 2. Assessment of the pasture
territory in pointa. Poor pastures. Impoverished pastures,
Medium pastures Rich pastures. 3, Inconvenient lands (less than
5 pointse). 4. Pastures not suitable for small cattle. 5. Oases.
6, Value of one point is equal to five schematic units.
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THE METHODOLOGICAL BASIS OF THE DESERT PASTURE
MONITORING

V.N.Nkkolayev
Institute of desert studies AS TS3R, Ashkhabad

The desert-pasture monitoring is a system of scientifi-
cally substantiated regular actions designed to give
comprehensive and timely information about the condition of
degert pastures. Sush information may be used by industrial
enterprises as a basis for adoption neceesary adainistrative
decisions aimed at preservation of the environmental balance
in the desert scosystem.

The system of the desert-pasture monitoring comsists of
the following major elements: the regular inventory of pastu-
res, the geobotanical map-making, the setting of medium
long-term indicatora of fodder productivity, the integrated
fodder evaluation of pastures in the system of the State Land
cadastre, the identification of the annual and seasonal dyna=-
mica of the fodder productivity of pastures,

The inventory of desert pastures 1s carried out periodi-
cally, each 12-15 yeara, During this period great changes are
expected to take place in the plant cover of the desert as a
result of the integrated effect of natural and anthropogenio
factors. They should be comsidered in detail.

The inventory of desert pastures is made in the process
of the integrated detailed geobotanical examination of the
pasture territory. A new map of pastures is drawn up in the
course of i1t. Besides the composition of the major map of
pastures, the inventory of water sources, industrial facili-
ties is carried out, the experience of the application of the
pasture territory in the system of the pasture rotation is
studied and analyzed. :

The data received serves as a basis for a number of
detailed topical maps and diagrams. The results of the
inventory are used to give a comprehensive desoription of the
condition of the pssture territory, the recommendations are
worked out to improve ite application.
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A ocomposition of the pasture map is the most important
task that ie solved during the geobotanical examination of
pastures. Remote techmiques of studies with the employment
of the materials of aerial and epsce photography play a great
role im the improvement of the quality of map-making and the
increase of the amount information that contain pasture maps,
whereas the volume of fileld works goes down,

The schale of asrial photographs is wvery important for
effective identification under the conditions of the desert
sone, On the large-scale aerial photopiotures (1:100000 and
more) it is easy to identify separate bushes under the condi-
tions of the sand desert with big bush vegetation, each of
the bush specimen has its own image due to the peculiarity
of its struoture,

With the deorease of the scale of photopictures up to
1:25000, the character of the placemsnt of saparate plants
in the vegetation community starts to play a more important
role. Such categories as thickness of etand, closing, spacing
between separate bushes and etc. become very important.

With the further deorease of the scale of merial photo-
graphing the mosaic structure of the plant cover identified
by the tome of the photopicture begins to play the role of
the identification signs. In case of the small- scale aerial
photographing (1:4000 - 1:17000) different combinations of the
vegetation that bslong to the particular types of landscape
are identified on the photopictures. Therefore the process
of identification in general boile down to the aingling out
landscape categories such as communities, localities, areas
and etc. and not to the usage of the signs of vegetation
images.

The application of one of the scales of photoinformation
is determined by the character of the geobotanical examination
and concretie taske of the researchers.

The character and technique of photopictures varies
greatly depending on the type of work donme and the scale of
the final version of the pasture map.

Various scales of space photographing have their own
purpose allowing to identify the larger units of landscape
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and pasture classification,

The photopicture identification always has an integrated
nature and ‘ie based on the environmental information. The
character of the relief and soil is easily identified as the
major component of the vegetation environment on the large-
scale photopictures in this case. The location of plant
associations on the definite type of relief and soil serves
as an additional sign, that allows to determine the boun-
daries of the allocated pasture.

Various signs are used to identify different specimen of
bush vegetation: ratio of the chrome green to the height of
the plant, height of the placement of the largest diameter,
form, sharpness and contrast range of the magnified photo-
picture, nature of the bush shadow. Furthermore the comnditions
of plant habitat serve as indirect additional signs: elements
of relief and soil, nature of humidification.

The culture landscape is clearly identified on the small-
scale space photopictures, In this case the comparison of
space photopictures of the same territory made in differsent
years allows to determine the dynamios of the expansion of
the areas with anthropogenic landsocapes.

The researchers receive ftwo basic advantages with the
application of spsce photographing: impartial and operational
character of the information allowing to study the dynamice of
nature processes at large areas.

The last years have seen the great interest towards the
integrated, multistep application of the data received by
remote techniques for scientific and practical purposes in
different fields. During the examination of the pasture vege-
tation the synchronized three step investigation of pasture
territory plays important role. Land (field) examination of
the key areas, medium-scale examination based on the materials
of aerial photographing, small- scale examination based on
the materiale of space photographing. This time it really
becomes possible to use an integrated approach during the
examination of desert territories at different levels
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simnltaneously and in various directions.

While determining the fodder productivity of desert pastu-
res it is necessary to take into aoccount their total yileld and
the volume of the consumed reserve., The total yleld of pasturea
is an amount of the total fodder mass of the pasture vegetation
(caloulated for its air-dry condition) not comsidering the
extent and nature of ites consumption by the animals. In fact
the consumed reserve is only a part of the eaten fodder mass.

Under the conditions of the desert zome, in the course of
the cattle keeping at the pastures all the year round the
dynamics of the total and eaten reserve in different seasons
is very important.

Starting the evaluation of the fodder reserves at the
pastures the right choice of the area typlcal for its
vegetation and the nature of relief becomes mignificant. To
determine the fodder reserves one should prevent the pasture
of the cattle at the area chosen for this purpose. In case
of necessity to carry out the work at the pastures with
partially consumed vegetation, the correction factors should
be develeped for various species of plante because their
consumption by the cattle is different.

Under the conditions of the desert with thin vegetation
a narrow long strip—transect is considered to be the most
sultable ground for the determination of the amount of feed
reserves, It allows to take into consideration the constant
changes of the plant cover thicimess on different elements of
relief,

The size of the transect varies depending on the nature
of the plant cover. Por many years the transect up to 4 m
wide and up to 400 m long was used for geobotanical examina-
tion that covered the area from 800 to 1600 m.

The recent oomprehensive study of the optimal area of the
yield accounting of desert pastures and frequency of areas
during the composition of pasture maps in the scale
131100000 (the basic scale of the geobotanical map-making under
these conditions) made it possible %o realize important
corrections,
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The results of the fractional yield asccounting of pastures
according to plant associations give us an opportunity to
recommend the optimum length of transect up to 100 m. It is
possible to estimate the fodder productivity of each of the
plant groups separately all over its length. The shorter
length of the transect is not desirable mainly because of the
difficulty to account objectively emall rare plent associas-
tions. The trensect 500 m long may be applied only in
masses with homogenous, hardly changing plant cover at the
large area. Z

The laying-out of the iransect strip and the ecological
profile takes place at the same time. The direction of the
profile and the transect is chosen in such a way that they
crose the maximum number of plant groups in this area.

The large-scale field teat of kilometers long transect
laid=out for the estimation of the fodder reserves at diffe=-
rent types of desert pastures enables to recommend the laying-
out of the meter long grounds with 50 m spacing along the
line of the transect to evaluate the reserves of low grass
vegetation.

The plant mass collected from the meter grounds and di-
vided according to basic production groups then makes it
possible to calculate the yield of each plant group, identi-
fied at the ecological profile and the transect separately.

While drawing the diagram of the scological profile it
is necessary to make correoctions and precisions in the field
itself. The special attention is paid to the correct matohing
of the boundaries of plant groups, relief and soil elemesnts
it gives us an opportunity to posses correctly matched
diagrams of landscape that are used, if necessary, to make
additional corrections of the geobotanical area boundaries on
the pasture map with extrapolation of the content of serial
photographing reference materials for key areas.

As a result of the calculation of the extent of plant
groups, relief and soil elements at the profile, their ratio
within the limits of the given terrain is being determined.

The processing of field materials begins with the deter-
mination of areas that belong to different plant groups at the
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transect by means of the summation of etrips with the same
plant groups. If there are bare ground all over the transect,
they are included into the total estimates.

The number of specimen of bushes, small bushes and tall
grass is calculated all over the iranseot according to the
specimen and classes of size for each of the plant group and
is written separately in special blanks. The number of these
plants per one hectare is estimated by means of established
factors.

The processing of field material om the accounting of
grass vegetation collected in the course of laying-out of the
transect meter grounds has its own peculiarities. First of
all the number of meter grounds laid-out for each of the plant
group is estimated. Then the air-dry mass of specimen is
deterained for each of the plant groups, it is calculated in
kilograms per hectare.

The adjustment of the data hoconliu to the results of
the average yield yoar is one of the important moments in the
estimation of the fodder reserves at the desert pastures.
There is a very complicated interdependence between the
pasture yield and weather oonditions of the year because
numerous specimen of the plante at the pastures that belong
to various life forms react in different ways to the weather
conditions.

The following gradation is used for the meteorological
evaluation of each year for the geobotanical examination of
desert pastures: very high-yielding year, high-yielding year,
average-ylelding year, low-yielding year, bad year. The special
indicators caloulated for different biological plant groups
on the basis of the long-term cbservations are applied for the
japartial evaluation of the amount of fodder reserves at
desert pastures under different weather conditions of the
year,

The calculation of the total and eaten fodder reserve
with the help of the seasonal coefficients is binding for all
the seasons of the year. The calculation of the average year
eaten fodder reserve 1s made taking into account the duration
of seasons in the corresponding natural area.



On the whole to estimate the yield of pastures on the
basis of the key ground the calculation of all the indicators
is made taking into consideration the percent ratio of the
available plant groups.

The estimation of the seasonal dynamice of total saten
fodder reserve fluctuations at production grounds identified
on the pasture map is carried out by means of averaging of the
values of the total yleld of pastures for each of plant groups.

The data of the estimation for each of the production
ground is laid down in the consolidated register of the
seasonal fluctuaticn dynamice of the fodder reserves. The
consolidated regisier contains all the geobotanical grounds
with the legend of the pasture map, the area of pastures,
total and eaten fodder reserves according to different seasons
and their average emount for the whole year.

To feed the animales properly it ies necessary to know how
the animals eat the fodder in various seasons and its nutri-
tiousness in particular.

In the research on the nutritiousness of the pasture
fodder much attention is paid to the study of the seasonal
fluctuation dynamice of the faotual ratione of different
specimen of cattle during their pasture at wvarious types of
desert grounds. The original method called "simulation" was
worked out in the USSR for the estimation of pasture rations
of the different specimen of cattle, The gist of this method
lies in the determination of the ration content and eaten
amount of the fodder at the pasture with the help of the
direct calculation of the number of bites of the animals of
various specimen of plants with the further simulation of
biting. This method gives good resultes under the conditions
of desert pastures with bare grase stand.

The materiala that characterize the nutritiousness of
the pasture fodder, the data about its content and amount of
pasture ration for the different specimen and groups of the
animals are widely used during the composition of feed
balances in the pasture stock breeding.

The approximate feed balance of the nutritional
substances under the conditions of keeping of Karakul cheeps

B
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at Saxaul and sedge pasture (Haloxylon persicum-Carex physodes)
in the Central Earakum deseri serves as an example (see Table 1).

The composition of such feed balances makes it possible
for the workers of desert-pasture stockbreeding to find
rapidly a solution of the questions of the balanced feeding of
the agricultural animals covering the defieit of the nutri-
tional substances by means of the additional feeding.

The working out of the pasture land cadastre is considered
to be one of the important actione demsigned to axamine in
detail the desmert pastures for further development of the
stookbreeding,

The basic elements of the pasture land cadastre are
valuation and economic estimation of the pasture territory.

The waluation of lands provides for identification of
their natural fertility based on the quality signs. The
materials of the large-scale geobotanical examination of
pastures adjusted according to the average long-term indica-
tors are used as a starting point for the valuation of the
desert pastures.

With the dewvelopment of the remote methods of research it
becameé really possible to make a rapid annual evaluation of
the fodder productivity of pastures at the large territory at
the same tims., The methods of ewaluation are based on the
correlation interdependence between the plant productivity and
the valus of coefficients of spectra brightness. The data
received is adjusted taking into consideration the peculiari-
ties of natural conditions of different pasture regions, the
structure of the plant ocover, nature and extent of consummation
of various specimen of plants by the animals.

The Institute of the desert studies of AS TSSR has
developed a principal, methodological scheme that provides for
integrated application of remote and ground techniques of the
evaluation of fodder productivity of desert pastures with
compoaition of multipurpose operational pasture maps. These
are the major elements of this scheme: zoning of the pasture
territory; preparation of the materials on the seasonsl
dynamice of the inorease of the fodder mass according to
classes, type groups and types of pastures; composition of
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multipurpose operational pasture maps.

Despite all the advantages of the remote technigues of
the evaluation of the fodder productivity of the desert
pastures over the traditional ground method of the gecbota-
nical examination, they have one major shortcoming: compara-
tively low accuracy, that sharply limits their range of
application. The acouracy of the calculation of the parame-
ters of the plant cover with the help of remote aerial and
space photographing methods is influenced by the objective
factors: the distorted effect of the atmosphere, bare nature
and multilevel character of the plant cover, different
timing of the vegetation development in various natural
pasture regions, It is clear that remote photometric techni-
ques of exsmination do not allow to identify the structure of
the plant cover that complicates the avaluation of the fodder
reserves in all the seasons of the year.

Such great number of the drawbacks makes it necessary to
run obligatory ground synchronized monitoring %o make correoc=-
tion and precision of the data received by means of the
remote methods,

The permanent key grounds that cover all the multiple
vegetation of the pasture territory under comsideration
should be indispensable. Different categories of the key
grounds may be laid-out at the pastures: review, summary,
detall and suxiliary. The first three categories of the key
grounds are used depending on the production purpose of the
operational pasture maps. The auxiliary key grounds, that
cover the whole pasture territory are used only onmce in
10-15 years during the regular inventory of the natural
fodder areas.

The main objective of the composition of the annual
operational pasture maps is to provide the specialists with
the necessary objective information as a result of the
comparison of the evaluation of the present year fodder
productivity with the average long~teram indicators received
in the course of regular detailed invemtory of the pasture
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territories. Therefore during the composition of the opera-
tional pasture maps it is necessary to have all the results
of the geobotanical examimation including the productivity
values on the basis of the average yield year.
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B.V.Vinogradov

Aerospace surveying is one of prineipal methods for desert
rangeland monitoring. The use of remote eensor indieation is
esaential in studying of environmental conditions, classification
end mapping of rangeland aystems, monitoring of phenolugical
development and bBiomess dynamics, ete,

The main tssk of remote sensor indiestion is studying of
the structure snd mapping of rengelands, At first, the use of
sarial photography in rangeland mapping wae limited by contour
interpretstion

when only soundaries of rengelands were mapped, while
thelr content was determined in the fleld, Laoter on, estazlish-

interpreting
mant of reliawle indieators for rangeland vegetation
interpretation

permitted to develop methods of ecombined technigues
based on lnvestigation of key sress snd extrespolation. This en-
svled to spply the landscape approash to mepping, ann to perform
a multi-stage generalization of rangeland eeosystems, thus sig-
nifieantly increasing (sy 2-3 times) effislency of work.

The seconed task of asrospses rangeland monitoring is ceter=-
mination of produestivity ey optliesl indigstors. The theoretical
wasls of this method were studies on relstionship » tueen ref-
lectivity of vegetation and its miomass, At present, this task
is achieved mostly By using multi-spestral images from Earth
satellites, as well ms By serial spectrophotometric surveying
of rangelands.

The third task is remote sensor phenology or aerospace

monitoring of rhythmies in rangeland vegestation composition

and ®iomass, in annual, especially in springtime, acrospace
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inspretion of rongeland vegetation seansonal development is used

in Central 4sia, hazakhstan and US Western states, Remote sensor
measuring of siomass growth rates In the bseginning of the vege-

t-tive prriod permits to predict rangeland yields, deviations in
vinetation time anc composition of rmcowmiomorths,

The fourth task of monitoring is indication of rangeland
ecunomiec nodifications, recording of their many-yeasr dynamiss
and forecasting of future changes. Aerosj'ace images are used to
isentify nvnamic ~tages of such modification or degradation of

interprete
rannelanas, their changes related to grass burns, water
manancment construction ete, Tha most correct method of range-
land rewote sensur monitoring is comparison of repeated asro-
space luages of the same areas ontained with large time inter-
vals (2-U yesars.. Such s comparison permits an accurate measure-—
ment of the scipe and rate of rangeland transformation., Optical
and ra iation 1 f cts of man-made succession of rangeland vege-
tation ; rmit to forecast desertification processes,

‘mong technical questions of rangeland aerospace monitoring,
the fullowing two are of special importance. One is studying
of rangeland vegetation optical properties, determination of
natural and tecnnical conditions for surveying. An important
achieven=nt in this field was the amove-mentioned model of re-
lationship metween arightness and miomass on the exponentigl
aasis and s lection of optimal srightness indices in the red
and near-IR spectral sends. Another problem is automated pro-
cessing of renote sensor data. Unfortunately, the level of auto=-

mation is still very far from that of detailing achieved by
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visual interpretstion, Nevertheless, it was possible to autonate
som@ importent suxiliary operations, in perticular, comparison
of images in different spectral intervaels, differentiation of
oejects sy the lsvel of optie density for classification pur-
poses, segsonal comparison of images ste.

At present, there are no gommonly secepted notions of range-
land mapping. This is due to complexity of spatial structure of
rangelands, multifeetorial sharacter of their classification,
uncertainty in the term ®type of rangelsnd” and difficulty to
generalize differently scaled rangeland units, The ex.sting
elassifisations of rangelsnds (geobotanie, ecological, topolo-
glesl ane physionomie) are ineonsistent and do nut r flect their
complex spatial strusture. In the most often used classifica-
tions the type of rsngeland - lowest taxononic unit - is
characterized ay uniformity of esologiesl conditions and =imi-
larity of the vegetation botanic composition; the group of types =
medium taxonomie unit - is identified By properties of the vege-
tation cover and esological conditions hsving an ecconomic value,
and the elass - highest taxonomies unit - is isentified sy most
important, having a grest sconomis wvalue, ecologieal indicators
(climate, relief, hysrology, soil). However, there is no uni-
formity in the use of tnis classifisation, since the same levels
are interpreted differently. For instanee, in the work oy lLe-
chaseva snd Nikolsev the type is ldentified sy » list of domi-
nating forage plants, group of types - by so0il factors, and
slass - by landscape types of desertsf3/. In the work By Vino-
gradov and Popov /#/ groupe of forage lands are irontified on

1:10000-1:20000 aeriml photographs By predominating associa-
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ations of forage plants, topography, #difference of solls and

sand staoility in wet conditions, while classes - on 1230000-
1:50000 serial photographs - By landacape indicators with eertsin
combin-tions of classes, sssociations and formations of plants.

There is a need in sueh classification of rangelands whish
would take into account comwminations of geobotanic, ecologiecsl
and landscape indicators at all hierarchie levels. Moreover, the
iorntificd units should we sufficiently physionomie and easily
recoonizasle on images, just as types of land use /4/.

Accorriing to most authors, the lowest unit of rangeland
clas ificalion is range site, which corresponds sy territory
to n venelation a-sociation site with one soil difference on one
relicf pixel, and with & single type of rconomic use. The size
of r~nne site wuuld correspond to the minimum ares of vegetation
ascociation or elementary complex. In arld zones it varies from
0,1 to 5 ho ‘average I ha), depending on the topography. Range
sites ore mapped in 1:10000 detailed scale.

Mapping of rangelands in smaller scales {1:30000 and less)
may he complicated due to the necessity of generalizing in two
ways = typological and territorial,

Typological classifieation of range sites is sdone through
genvralizing characteristics of plant composition, Forage landas
arn sundivided into species, genera, classes, families.

species

) of forage lends Lis typologlesl grouping (assosiae«
tion) of range sites with a certain composition of grazed and
non-grazed plants, certain specific yields, ssasansl production,

soil difference and ane type of economic use.

A genus of forage lands is the second stage of typologisel
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generalization, where groups and elesses of plant associations
are qualified By indisaters pointing to elmilarity of edifica-
tors, sub-sdifiestors end strusture of gesosiations,

A.clese is determined sy plant formetion or group of forma-
tions united By a generie similarity of edificators.

A family is shsracterized my type of wvegetation having si-
milar esobiomorths of edificators, whieh determine the type of
seonomis use.

The asove typological units do not sover all pnssisle ver-
sdons of generalization, Therefore, in some cases it is necessary
to distinguish sum-species and asub-elasses of furage lands ete,

The main proslem of rangeland mapping is the difficulty of
classifying their spstial parameters. The chorolugie territorial
classification is made on a landscape basis. The principal ad-
vantage of maps using the chorologie elessification is their
specific and detailed charscter, relissility and timeliness,

The most develeped lgndscapa slsssification of rangelands
exists in Australia. From 1948, it uses the national system of
four key scales for land mapping. . A land site - princi-
pal echorologie unit whieh is uniform as to topography, vegeta-
tion and solils - is mapped in 1:10000 scale. t land unit is
e comeination of gesogrephically relsted land sites, chararter-
ized by uniformity of the parent roek and conditions of inter-
nal drain whieh are reflected in the soll and vegetation cover,
sut not in the form of relief, Land units are napped in 1:50000
scale. A land system presents s comkination of geographically
related land units, whose boundaries normelly coincide with

clear geomorphological lines. This level is mapped 1:200000,
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& land region and lendscape are distinguished By morphogenstiss
of the geologicnl structure, and are shown on 1:I1000000 and
1:3000000 maps.

Sovirt landscope studies use 4-3-stage classifiestion,
A facies serves as an elementary unit with one indigenous plant
nssociation, one series of deriva.ives united by one epiassosia-
tion, one soil diff:-rence, uniform conditions of moisture end
drain, and aicroclinnte, Urochishche is a complex of facies
united ay one form of relief on a uniform sumstrate (simple uro-
chshclie), Or a channing suestrate (comsined urochishehe)., Then
qgues locality, pre tnting a regular comwinaotion of morphologi-
cally, geophysically and geochemnically integrated urochishchas
with repeated forns of relief, The prineipal unit is landscape
wiich als . r presents a regular comosination of localities united
sy one genesis and geologicel gniq;grpholngical structure,

Canada adopted a staged clessification. 4 land type in it
is deterwined as territory with acsolutely uniform comeinetion
of soils of one soil series, and successional series of vegeta-
tion, This is close to our simple urochishche, A land system
is territory with repamted indicators of relief, soila and ve-
Qutntinﬂ. 1t corres onds to our locality or combined urochishehas.
A lnnuMIStr‘Ctis characterized By specific relief, gsology, geo-
iorphology anu corresponding vegetation., This is our landscape.
Finally, a land e is territory with a distinct regional
climate rnfl.cted in the vegetation cover, It corresponds to our
uniderstanaing of a province, i

"parcells écologique®
In francophone countries the lowest unit ic :

characterized sy specifics of microclimate and microedaphon,
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and shown only on maps of super-large saseale. "Station écologinue™
is defined on large-scale mnp; by misrorelief, soil cover and
effacts produced by man sned animals, ®Sectaur écologique” is

shown on medium-seale maps by topographis situation, local cli-
mate and typs of surface sedimentation, "Région écologigue” is
mapped in small scele ®y general relief, regional climate and
large geomorphological units, The highest unit - "zone écologique”
is characterized by 20nal climate and is shown on very small-
scale maps.

In the swove-mentioned landssape elassifications of levels
(excluding the Australisn classifieation), neither scale inter-
vels, nor the levels themselves are not strictly predetarmined,
making it #ifficult to secept them uneonditionally, Un the oasis
of frequeney-spatisl characteristics of geosystemns we succreeded
to caleulate a single step of spproximstely three-fold
increase of the scale denominator when passing from a lower to
higher level, and logarithmic distriwution of unit scales /I1/.
Sueh classification ls universsl, more detailed ancd covers the
whole range of scales, Definitions of units in this cla-
ssification are composed of two parts - stem "choros" (site,
territory) and prefix pointing to the secale. In our classifica-
tion the elementary unit is "monoehors™ which covecrs one element
of the relief with one plant assosiation and one soil difference,
Units at higher levels are combinations of lower units,

In principle, it would ke more simple to introduce landscape
taxons in rangeland classification. For instance, this is prac-
ticed by Australian scientists who use landscape units in range-

land mapping. However, in this case the typology of rangeland
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units is not taken into account, Therefore, it would ee more
prefarnvle to have a two-dimensional classification,

The principle of the proposed classificsation is cleerly i
seen on the graph, where typological units are plotted on one
coordinate, and chorologieal = on the other (Fig.4). In the ecross-
point we have the required two-dimensional units for mapping
rangelanns in various scales. Neturslly, in various geographie
conditions and ¢:pending on territorial complexity this propor-
tion ean change., Taule I gives a list of major rangeland systems
in surveying scaless which are shown on small- medium- and large~-
scale maps,

It woul ' -e interesting to introduce in classification the
third parameter - cononiec modification of rangelands related
to cvernrnzing, rovever, the level of depradation can we clearly
shown only for range sites., In complex rangelsnd systems various
elemciits nay have various levels of degradation under the same
load, “epending on capawility of single range sites to resist
over rrazing. 4t the level of range sites, the most adequately
stucied are nodifications in 1ilak white sgksaul sand-desert soils.

The first vegree of rangeland modification (degradation) is
reflected in change of vegetation at the level of associatioen
groups. The vegetation composition changes insignificantly, phyée-
cenosic links get weaker and transition to saml-assnei-tiun:nio
evident, though the changes are easily reversible. Spots U$V=hn-
solidated sands amount to 4-I0% of the area.

The second degree of degradation is reflected in changes
of association classes and transition to agglomerations, whieh

are difficult to roverse. The volume of grazed phytomass is
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decreased two-fold. Spots of non-consolidated sands reach 18%
of the area,

The third degres is characterized by practically irrever-
siele changes at the level of plant formations. Hangelands ie-
come practicslly unsuitasle for use, The area of non~consoclidi-ted
sands exceeds P5%. .

The fourth degree sre wadlands, completely excluded from
rangeland rotation end practically devoid of any vegetation.

An important advantage of desert rangeland monitoring with
the help of aerospsee teehniques is the possisility of quanti-
tative avaluation of rangeland many~year dynamics, Thir is illus-
treated sy the following example.

Te investigeste chenges in the status of rangelands on Black
earths of the Caspian Plaina for the last 30 years we analyzed
aerial photographs of I1:20000-1:30000 scales obtaincd in 1454,
1983, 1970, 1979, IGBI mnd 198BS, and spmsce photooraphs from
"Salyut-4,8 and T® orwitel stations taken in 1978, 1978 and 138¢

with spatlal resolution S0-80 m, Field studies were carried out

in I9S5a, 1938, 1981 gned I9BI-IGBA. To evaluate tfv-rrtification
trends a» testing ground of PI6,000 ha had Wren nelected,
Barren
Uue to a high opticaj contrast of sands

compared to semi-desert rangelands, all desertification foei
are well interpreted on panchromatie photographs with a rela=-
_tive error I-PA (the ssme error occurs as a result of reonctric
distortion of images, inaccurate carrying ov-r of contours from
images to s map etec,).

The methood of instrumental interpretation with prior cla-

ssification followed wy comparison of results (f'ost Ilassifica-
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tion I, thod) is u:e:r to compare to compare repested images of
various scales and guality. First, indication and classification
of discrtificntion focli (eoloeumulative, ~eflation-cumulutive
and oflation facies) was performed visually by aerial photo-
nraphs and instruncntally Wy space imnhges using display-type
14 jroc ssor and a single legend, Then, the intarpretation re-
sults - ere corrected and converted into the single data presen-
tation scale 1:3U0000. The detected desertifieation trends are
shoun in Fig.2.

ihe 1454 images reveal a» stnasle status of ecosystems. At
that time thers wvare predominantly (A3.3%) grass-wormwood ranges
and hay-lands on sandy Brown soils with forage vields 3-8 semb-
ners/hi, and on e-dow-Brown soils with yields B-I? eentners/hs.
The formar appearcd on aerial photographs 4n grey tones with
diffused transition of shades, and the latter - im dark grey
tone with visiole signs of hay harvesting, By 1870, the pressure
upon rangelands reached critical values. As a result of over-
grazing, yields from gress-wormwood ranges and thelr area were
reruced two-fold, Their images had also changed: they bagame
more linht, and the texture of complexes - less contrasteds

degradation

In I47i=1161, the of Black Barth natural ecosystems re-
acned catastrophic proportions. The previously dominating grass-
wor wood ranges disappeared sltogether. Serious degradation
affected not less than 75% of rangeland ares. Average yislde
fropped to ?-3 centners/ha,

For wathematical expression of desertification trends on

aerospace data’to calculate the ares of

the Black Barth-uve used
drift sands and :eflated surfaces.
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Most sonveniently, desertification processes are descrised

@y the expression:
S(tg) = » exp (kg - t ), (1)
where: B - relative ares of desertification foci in t, yeor;
8 - relative area of ¢drift sands and deflated surfaces in the
state of scosystem stability (s = 22I%); t, - conditional year
when the desertificgtion processes started, whose intensity
is described by exponent k, This funetion was computer-solved
By three points of the linear regression squation:

In S = kt;= k&, : (2)
Analysis of equation (2) gave ecoefficlents of e -uation (I):
a=P.3; t =1354, k=0,I., Thus the squation appeared ns:

s(tij-z.! exp (0.1(t;~1334)) (3)

Here the correlation factor is 0.,8399, and the ro=idual
dispersion - 0,087, According to the obmteinad expression (3),
the area of desertification foel inecrwases rvery year By appro-
ximately I0%X from the area of the preceesding year.

Analysis of equation (3) leads to following conclusions,

In 19%0s, desertifieation foei eovered only 3-4% of the ecoregion
area, and the rangelands were not overpressed, In 136Us, the
desertiffication reached the maximum edmissible value - [0% of

the reglon ares, i.e, the level of reversiwle ecosystem changes,
and, accordingly, pressure upon the rangelands sharply increased,
In 19708, the desertificatiion processes mecame critical - they
affected over POR of the area, This was already the stage

when chanhges in the ecosystem were diffigult to rrverse, and

the pressure on the rangelands exceeded the normal one »y 2-3

times. In IJ80s, the desertification dynamics adopt.d an expo-
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present

The wuantitative expression of the desertification
tronds peraits their extrapolation forecasting. It is assumed
thaot a present trend can we extrapolated at least By one~third
of Lhe time investigated, In our case, forecasting san ba made
sy 10 yonrs head, i.e. up to 1494, According to equation (3),
the nrrertification foel will reach B84% in 1990, and ecover the
\hole area -y 14372 (Fig.3).

Th+ aiove rlata present a predictive model for the esoregien,
However, alternatives are possiwle, depending on changes in
the pr Jictive osackground, i.,e. environmental conditions sig-
nificant for predietion purposes. Corrections ara made on the
vasis of aduitionnl studies, first of all taking into aecount
spatial lrregularity of the territory. For instanee, consider-
ing that the saaslands (clay and wrown soils, salinized and other
s0ils resistant to eolie processes) account for awout IOX of
the testing ground, the form of the trend should change: after
reaching 70-00% of the area.in 1989-1990, the desertifisstion
foci will slow wown their growth to the logistic curve. Phyto-
reclanation of sands, started in 1980, will also slow down the
desertification process. If the scope and efficiensy of phyto-
reclamation is maintained at the present level.(amout IX of
sand area per year), parameter "k" in eguation (3) will we re-
duced to 0,08. Uy the corrected prediction, expansion of deser-
tification foci should also ke slower, reamching the maximum in
[d45, a~fter whieh the foecl area will megin to shrink, Other

factors may also se used to correct predictions,
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¥1G.2 DEVELOPMENT OF DESERTIPICATION PROCBSSES ON THE
BUACK EARTH ON THE BASIS OF AEROSPACE DATA

1959 Q d )

D, : eﬂJ a9  ISnm

A - 1954; B - 1970; C - 1979/1981

1 -~ variously tramped rangelands
2 - barren drift sands and deflatory depressions
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FROM EXPERIENCE OF DESERT PASTURES IRRIGATION
(The USSR, Mongolia and Syria sre taken as examples)

S.M.Golubev
Ministry of water supplies,Moscow

The problem of providing foodstuffs for world population
envisages intensification of agricultural production on the
basis of utilization of achievements in scientific and
technical domain. In this connection the experience of
optimal measures in irrigation of natural pastures as an
important means of raising the effectiveness in cattle-
breeding is of significant interest.

In the Soviet Union the natural pastures ooocupy 332
million ha, which is 1.5 times larger than cultivated arable
land,

The main areas of pasture cattle-breeding is fo be found
in Kazakhstan, where its territory is equal to 180 million
ha and in the republics of the Middle Asia - 70 million ha.
About B80% of sheep live~-stook, over half of horse and goat
population, the fourth part of cattle and the whole popula-
tion of camels are grazing on natural pastures.

The creation over the yeasrs of the Soviet power of big
cattle~breeding farms made it possible to pass over to
organization of the planned use of natural pastures terri-
tiries. However, pasture irrigation is still one of the main
issues of further cultivation of the arid sone.

Subterranean waters is the most dependable and widely
uged source for desert pasture irrigation. It allows %o solve
the problem of water supply in cattle-breeding and to
establish stable fodder base. Research studies undertaken by
the Soviet hydrogesologiste have indicated the existenmce of
significant reserves of underground waters in the USSR arid
zone, Estimated reserwes of subterranian waters only in the
Kazakh SSR are assessed in the figure of 1960 l3

The largest part of quality underground waters in
Kazakhstan is situated in the south of the Republic. In the
sand desert tracts of Mujunkum, Eigilkum, near Arak Karakum
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subterranian waters are located at the depth of 3-10 to 30 .
Production capaoity of wells is estimated to be 200 to

430 IJ/GIJ. At the depth of 100-150 m. artesisn basins have
been located, which contain primarily fresh water (of high
pressure and selfflowing). Wells capaoity is

300-8,000 w>/day. 100 million ha of pastures received water
and 40 thousand of arable land was irrigated in Kazakhstan
with the use of underground waters.

In the Turkmen SSR about B80% of the territory falls om
a vast desert ~ Karakum, which plays an important role in
cattle~breeding of the Republic.

Waters of profound layers in Karakum as a rule can not
be used in sgriculture due to high content in them of mineral
substances - up to 15-30 g/l.

Fresh and slightly salted underground waters are to be
found in the form of lens of various origins and volumes,

The largest lenses have been formed in the sone of formation
of hilly-ridge sands. 8 big under the sand lenses with the
total statistical deposit of 80 ka’ have been studied in
Earakum. On the basis of the subterranean waters of the
Yaskhan lens it became possible to arrange for water supplies
of industrial and agrioultural enterprises including pastures.
Water drain has an enormous importance, Reserves of the
drain flowing in Karekum are estimated in 332 million
w’/yearly (of all the deserts of the Middle Asia and
Kasakhstan - 703 million IJ/,.I:I'IJ'). This provides for the
possibility to have distant pasture cattle-breeding and
small oasis irrigated agrioulture. Drain water flowing
provides for 20% of water supply in desert pastures of
Turkmenistan.

The total water consumption of underground waters in the

USSR for pasture irrigation reaches 0.33 ks’ during the
yoar. To get the water to pastures 50 thoussnd chinks,
51 thousand slit wells were bored, over 101 thousand ponds
were consiructed., The level of water up-take mechanization
is equal to 85%. Building of water-pipes and water channels
is going on a wide ecale. Pumping, cleaning and water
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refreshing stations are also being built up. So, for
instance, in the Kazakh SSR oombined water-pipes in Ishim
and Bulaevesk with the total length of 3.5 thousand km are
presently in use. Drinking water for over 600 thousand
people is supplied through them, as well as water is sup-
plied for cattle-breeding farms. The length of Presnovsk
combined water-pipe, for example, whioh runs along the
territory of the RSPSR and the Kaszakh SSR, is over

3.3 thousand km.

The general sketoh of agricultural water supply deve-
lopment in the USSR for the period until the year 2,000
includes a programse of undertaking further prospecting,
research studies, projects of construction worke to get
water to natural pastures. An analysis of the present state
of natural pastures in different parts of the country is
given in the general sketoh, which defines at the same time
a variety of measures $o enhance the effectiveness of their
use. A great number of measures 1s to be carried out so as
to solve such problems in the period up to the year 2,000.
In particular, it is contemplated to supply all natural
pastures with water and to ocarry out reconstruction of water
supply systems in previously irrigated land areas equal to
170 million ha. It is planmned %o improve the mechaniszed
water supply, to further clean watering points e.t.oc.

The recomnstruction of pasture water-pipes envisages
provision of means of automatiszation and communicstion, which
regulate the processes of water supply and water elewvation.
It is planned to raise significantly the level of industrie-
lized construction of water intake and watering pointe at
the expence of larger utilizatiom of the system of construs-
tion modules and blocks of techniosl squipment. Type projects
of buildings with the high ratio of prefabricated elements
were worked out and are put to practice in the framework of
this systenm.

The ratio of pastures with water supply from the under-
ground sources will resch in the year 2,000 95%. It is
planned to undertake water refreshening of waters polluted



with minerals at heliorefreshing, electrodialysis and
reciprooal-ocsmotic plants.

It is planned to drill 700 thousand exploitation holes
to get water to mew territories and to restore the systems
that have broken down.

Other necessary technical measures for pasture watering
are also envisaged.

Great experience of the common work 0 emsure etable
development of cattle-breeding has been accumulated by the
Soviet and Mongolian water supply organizations.

A8 is known, the leading place in egricultural produc-
tion of Mongolia belongs to cattle~breeding, when the cattle
is grazing on pastures the whole year round. It gives about
4/5 of gross agriocultural productiin. Pastures account for
about 85% of country's surface area or 132.7 million ha. The
richest tracts of pastures are situasted im the north of the
country, where main reserves of surface waters are concentra
ted.

The MFR is cheracterised by sharply continental climate
with small amount of preoipitation, sisable annual and daily
fluctuatione in air temperature, with cold windy winter and
short summer. Severe natural conditions cause significant
difficulties in organization of cattle watering during the
cold period of the year, In winter time a eignificant part
of springs and wells is frozen, at the same time water
demand asocording to comsumption norms is reduced only 1/3
or 1/2 timee. Thus, the regions which are well supplied with
water in summer time become poorly provided for in winter
time. During severe snowy winters the sitnstion worsens by
the faot that the cattle has to get its fodder from under
the snow. Its additional feeding with mixed foodstuffs and
hay raises the norms of water oomsumption otherwise the
animals may perish due to water defiociemey in their bodies.
It is explained by the fact that in pasture cattle-hreeding
the animals are eating grass together with snow and, thus,
get additional moisture.

At the beginning of the 60-s mase construction of water-
ing points began in Mongolia with' the USSR technical assis-
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tance. Average annual construction rete in the MFR ie

1.5 thousand watering points and around 2.5 million ha of
pastures receive water, At the beginning of 1986 the total
of 74 million ha got water and 30 thousand watering pointe
were constructed. About 80% of them are pit wells and holes
30 m deep, 20% - holes with the depth of 150-200 m. It is
planned to finalize watering of natural pastures in the MFR
before the year 2,000.

A pit well is the most widely used type of water intake
installation in the MPR not only for pasture watering, but
for water supply of small settlements. Its construction and
exploitation are not expensive. It is put into operation
within short period of time and is compensated very fast.
Boring wells with rotor and shock-rope type machines are
constructed on pastures, where underground water is located
on a eizable depth. Wells are equipped with filters and pumps,

The following measures are envisaged for further develop-
ment of pasture watering:

- reconstruction of watering points, whioch will include
spring manipulation, modernigzation of outmoded wells that
will increase production capacity of watering points, improve
their eanitary state and ensure the year round exploitationg

- construction of new wells and holes to use the waters
of Quaternary accuaulations and surface jointings in the
zones of rooky grounds, as well as abyssal subtéerranean
waters;

= irrigation of forage crops to create buffer fodder
stocka,

Soviet and Mongolian water management organizations
conduct scientific research and test constructive studies to
create special water elevating equipment to utilize in the
MPR wind energy installations and to solve other gquestions
of great practical significance for further development of
distant pasture cattle-breeding.

"A scheme of exploitation of Syrian desert water resour-
ces" is under consideration in the Syrien Arab Republic in
conformity with signad contracts and with the participation
of the Soviet water management organisations. A great number
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of prospecting and research studies was perforamed in the area
of 4.97 million ha, including hydrological, hydrogeological,
soil, gecbotanical and other studies to substantiate project
decisions.

The cattle-breeding (primarily, sheep-breeding) in the
SAR accounts for 20-40% of the total value of agricultural
production in the country. Natural pastures in the Syrian
desert is the main fodder base of the cattle~breeding.

Inorease in cattle population, lack in pasture watering,
not regulated grazing, distruction of vegetation (including
by means of transportation) lead to overexploitation and
degradation of pasture lands.

Pasture watering in the SAR has its century-old history,
Some ancient water-falls are in use till present day, Under-
ground waters, river flows and during precipitation period -
rain water accumulated in natural relief hollows and arti-
ficial ditches is being used for cattle watering practically
the whole year round. The total of 1,000 water sources
(holes, wells, storage lakes e.t.c.) are in use. They are
situated at the distance of 10 to 40 km aend even at greater
distance, which obviously has a limiting effect on the proper
use of pasture lands.

Subterranian waters of the Syrian desert is the moset
reliable source of pasture watering. The underground waters
depth location in Quaternary accumulations in vadi plains
ordinarily do not exceed 1-2 m but in Palasogene-Neogene
acoumulations they reach 70-50 m.Waters do not have pressu-
ro. Arid climate leads to mineralisation of underground wa-
tors in this area and only in river basins the mineralization
does not exceed 1 g/l. Relatively low deposits of water
layers make them accessible for extensive exploitation des=
pite considerable salt content in water. Yearly water intake
is about 13.1 million w’. Jointing rooks and carbonates of
surface chalk, where the main water ssoumulation can be found,
are the most plentiful in water reserves. Water content in
rocky ground is not uniform. Specific ocspacity of wells is
2-5 1/s., Mineralization of subterranean waters - from 0.4
to 3-4 g/1, The deposit depth is measured within the limits
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of 200-300 m. Yearly water intake - 11.9 million m .

The Buphrates is the permanent source of pasture water-
ing. In pasture zone aldjacent to the Euphrates, canal water
supply is in wide use (average distance to pastures is up to
30 km). Water intake from the river and irrigation canals
is done by portative pumps and manually. Natural olosed
hollows are used as temporary water reservoirs (feids -
Gjub, El-Mey, Kasabdgit and others), where during rainy
periods around 10-20 million of water 1s accuamulated.
After high-floods are over and river-beds and feids have
dried out nomads cattle-breeders open small kopani -
dug-outs of up to 5 m in depth and take subsoil waters.

According to the estimates of specialists, out of the
total volume of suriace flow about 12% of water is being
accunulated in small reservoirs (around 3 amillion l’) of
seasonal regulation, which are designed to get 25% of their
capacity intake from annual flow.

Scientifically proved recommendations for further
development of cattle-breeding, raiesing fodder potential of
pastures, production of fodder on irrigated lands and other
matters are given in "The scheme of exploitation of Syrian
desert water resources®, It is expeoted, that to reach the
desired level (the year 2015) for cattle watering, taking
into account daily consumption in each season, it would be
necessary to have 9.7 milliom m> of water. Proceeding from
the maximum capacity of one watering point and seasonal
distribution of live-stock it would be necessary to set up
4,2 thousand new watering points. According to estimates,
water requirements for casis irrigetion will sugment to
96.6 million > annually (at present time the relevant
figure is 22 million l’). Acoordingly the traots of irriga-
ted land will increase from 1.7 to 11.0 thousand ha,

The main source of pasture cultivation will remain un-
derground waters. The use of surface water with the help of
reconstructing existing reservoirs and construction of new
barrages to develop estuary irrigation will grow, Howsver,
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specific oconditions of surface flow formation in a desert
ocsn not engure stable production of fodder only at the
expaenoce of estuary irrigetion. This problem is in need of
further detailed study.
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Inproving of sand-desert rangelands
G.M . Mukhammedow,
Institute of Oe=erts,
Academy of Sciences of Turkmenian 53R,
Ashkhabad

broductivity of sand-desert rangelands is low, and in lean
years it reacnes only 1,0-1.8 wetric centners/ha. In sverage, 3
vears out of IU are lean years,

improvese:nt of rangelands is an isportant resrrve to provide
furane for ani.cals. It can be achieved by creating artificial phyto-
cenoses capanle to produce high and stable yields. In this respact,
the exp: rience gained by the author in the Central Kara-Kum may
prescnt a cortain interest,

Ihe Central Kara-Kum Ls one of major rangelands in Turkeenis,
strecching up to BUU km from east to west., The total ares of the
region is I2,7 mln, ha.

Most of the rrglon is represented by high (I0-IS m) ridged and
nillock sands, The central part, within the ancient deltas of Rur-
gas and Tujent rivers, is cuvefcd by ridge-and-takyr complexes,
with 20-25 m high meridionel ridges alternated by wide tekyr-liks
surfaces ano sors.

The ground waters are found very deeply (20-23 m) snd are highly
mineralized (25-30 mg/l). The vegetation lives exclusively on the
atmospheric uvater.

The climate is continentsl, In winter, frosts can reasch -30-3%°¢,
An average annual precipitation 1s 80-150 mm, with most high levels
in winter and spring,

Plants of hersaceous and herssceous-wormwood phytocenoses,

which are characteristic of the region, have a superficial (up to
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IR0 cm) root system, and therefore they cen not fully use noisture
and nutrlent reserves of the environment., As s result, the vegeta-
tion productivity is lower than possibley

At the same time, newly sown or added artificial phytocenoses
have root systems located at various levels, down to 8 m and more,
thus permitting a fuller utilization of environmental resources,

There are two ways for improving range- snd haylandsji simpli-
ficated and substantuiasl. The simplificated improvement is achievad
through sdding seeds of woody and bBushy plants to the alresdy exist-
ing thinned vegetation cover without prior eultivation, The suns-
tantisl one = Wy strip plowing of the community with adding to the
culture of lacking forage plants,

The method of rangeland improvement is selected Jepending on
natural and environmental conditions (see Table I).

Tamle I,

Methods for improvement of ssndy rangelands

RaliE? Sand .t“lllxatlon Ulg.td‘ion Improue\bnt nethod
High-ridged Barchaned, Thinned selin Simplificated:
sy-well sands, wunstabilized adriing of white

up to 30 m saksaul mixed with

bPaletiky chekexz,

red kandym and

chogon
Ridged and Low-stabilized Selin, thinned Simplificaled:
hilloek sands, kandym ardding of white
up to I0 m and black saksauls

mixed with other

shruss
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I. !. !. ‘.
Inter-rioaed Medium-stawilized Thinned semi- Substantisl:
low-hillock sanrs shrussed grass harrowing and
up to I m cover sowulng of sak-

sauls, other
shruws and
semi-shrubs and

perennial harbs

Intrr-ridged Steoilized Thinned shrums  Susstantial:
low flattened and semi-= strip plowing,
sands, uniler- shrums, Ilak adding of sake
laion Wy takyrs, turf of medium sauls, other
up to U.S5=1,5m height shrues and pe-

rannial heres

4ccording to L.G.Dobrin (I979), the -rea of by-well Barchan
massifs in Turknienia is 35,000 ha, of which 70X sre in the Central
Rara-Kum, To rerstore vegetation in this ares, it is necesssry to
sow white saksaul (at a sceding rste af 10 kg/ha). In mixture, it
is possiule to use chogon (sand form), Paletiky cherkez and red
kandym, Howcver, white ssksaul should account for more than a half
of seeds, thus ensuring an adequate number of shoots - S00-I200 par
ha (depencing on neteorolagical conditions).

On larne areas ofdesert rangelands it is advisable to improve
without wuechanical protection, irrigation or fertilization, wut
with embeuding the seeds, Such an emsedding can be effected by

running througnh a herd of sheep (Nechaeva, Frikhodko, I988). Aerial
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sowing, used for several years, proved to ke unprosuctive vxactly
because the smeds were not embedded, On By~well sands it is possible
to add "granulated”™ seeds obtsined by soaking them in a pulp-like
solution comprising clay and ssnd in I:® retio, Additional sowing
into a wet soll or through the snow also gives good results. The
plants taking root in the first year enroot well later on, and

their mortality rate in the following years is only asout 30%.

In 8% years a shrubsary with a grass cover is formed,

Formation of @ stable phytocenosis of srtificial hersaceous
white saksaul on high-ridge sands takes place in the second year.
Analysis of its floristic eomposition shows that the ovasls of arass
cover are perennisl herss, such as Heliotropium arguzioides and
Tournefortis sogdiana, and annual ceresls Bromus tectorum and
Cutandig agephiticg. With development of a new phytocenosis, the
role of Aristies kerelinil is reduced to the minimum. The perennial
Carex physodes - an important ssnd stawbllizer - spreads only to

the upper third of the slope and in By~-shrus spots, without reach-
ing the ridge top., In a IA-year community the numncr of species
varies within I0~I3, instead of I-2 existed oefore the improvenent,
In most cases the numler of hersaceous plents per [ rnz is not more
than B0O. An exception are By-shrubm spots, where the numeer of
Bromus tectorum aned Cutgndip memphitiea eereals may reach ¥o-50.
The inter-shruk space ls occupied by Hellotropium arguzioides and
Yournefortia sogdiana, while an insignificant numcer of Jetracme
recurvata and Lgppuls caspias grows on the periphery of tamarix
mounds, indicating to a veak stawilizastion of sands,

Dynamics of crown projection sareas shows an increase of this

parameter with age in cultivated Hsloxylon persicum, and a decrease
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in wild plants . hich readily spread over low-stanilized sands -

Gmirnovia turkestana, Acanthophyllum elatius, Aristids karelinii.

fYields of annual forage herms grows in I0-I&4 years from 3.8
to 9.8 motric centners per ha, and their nutritive qualities rise
significantly, The annual/percnnial plant ratio in the siomass
tenus to increase in favour of the latter (from 44 to B3%), thus
making wiomnass yields more stahle by years,

rruluctivity of rangelands on ridge-hilloek low-stabwillized
sands can .« 1ncr ased using the ahove-mentioned simplificated
improv.oonent cteehniyues, Taking into account good conditions for
forewtalion and protection against the wind erosion, it is possible
an Lhese lands to increcase the num er of soun species, wy including
in the mixture Llack saksaul, Richter cherkez and worjok, in sddi-
tion to the alreauy mentioned chogon, kandym, Paletiky cherkex
and white saksaul, Within 5 years after sowing the shrubs, s guite
for.wed self-reproducing normal phytocenosis appears. It includes
trees, shruos, semi-shrubs, perennial and annual herhs, thus per=
mitting an all-year orazing on the srtificlal pastures. The total
phytoiass of shruns increases in I0 yesars from 24.5 to 82,2 metrle
centners per ha, and forage yilelds - from 3 to 9 metric centners
per hn.

S5owing of snrul sseds with harrowing gives good results on
low-sta.ilized small-hillock sands, This method is simpler than
plowing whico is not always possiele uecause of relief conditiond,
and sometimes is not feasiwle due to the danger of erosion. Harrow-
ing sefore and after sowing facilitates embedding of the seeds,
steauy shooting and better enrooting. Harrowing does not eliminate

the orass cover, and ripping creates favoursmle conditions for
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rooting and further growth of annual ane perennial herwes. &s a re-
sult, in the first 5 years produetivity of rangelands rises rue to
abundance of herbks, end later on ~ dus to the sown shrubs,

To improve rsngelsnds on small~hilloek sands it is possibkle
to use all types of plants with various 1ife forms which are re-
commended for sand deserts. The seeding rate is B kg/ha, of whieh
more than a half should be sakssul, and the rest - other shrubs in
various comwinations. The shooting rate resches 3,000-5,000 per ha,
whbly 31-30% rooting in the fFirst 3 years (74X for uvhite saksnul)
when the sowing density is P,000 shrubs per ha. The [irojective
cover increases from €3 to 80X in IO years., 8y that time, the shrubs
reach their maximum size, and the community receiv:s an uncurgrowth
from seewed reproduction ensuring s long life for the new phyto-
cenoses.,

Undersowing of forage plants - saksaul, cherkez, chogon and
other shruss - on virgin lands with herb-stsbilized (vrpocially with
ilak) sands does not give positive results because of competition
on the part of the latter., Un sreas stadili/ated ey ilak, the most
optimal agrotechnical method for introdueing phytomeliorant is
strip plowing. Plowing on stasilized sands should we ffectad at
& depth of not less than 30 em. In case of a lesser depth, ilak
roots start growing again in the first year, prevnonting shooting
and enrooting of the new plants. Plowing changes water-physical
snd chemical properties of the soil, reduces evaporation, elimi-
natea conpeti%ion for moisture on the part of root heres, facili-
tates aceumulation of moisture up to 4=I0 mm even in summer, creat-
ing favourswmle conditions for new shoots, their enrooting, nrowth

and development, The numser of shrub shoots reaches 4,000-10,000
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per ha, sut within 3 years it decreases Wy 50-87%,
tlants sown on plowed lands are characterized by accelerasted
grovwth and development: in five yesr white saksaul becomas I100-IS0 em
high vith the same diameter of the crown, and enters the generative
Phase., wWith -ge, the specific variety of the community expands,
to gether with the projective cover. After five years, reprodustion
of ilak and other herws oegins (from roots and seeds remaining im
the soil), pernitting to use the artificial pasture for grazing.
In conclusion, our many-year studies show that at any lavel
of sand ranneland regradntion phyto=improvement measures lead to
thoir reclamntion and incresse of forage yields.
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] oF P. Y DESERT

Shamsutdinov Z.Sh.

Institnte of Earakul Produotion, USSR Ministry
of Agriculture, Samarkand.

Vegetation of desertis and semi-deserts, which are used
as pasturss, presents by itself a rather fragile, easily
vulnerable natursl creation. Poor economic cultivation and
exploitation of these ecosystems lead to disbalance, impo~-
verishment of their structure and productiviiy and occasio-
nally to their destruction.

Low productivity of desert pastures, sharp flactuations
in harvest yields and in content of nutrition substances in
pasture fodder depending on year or the season, as well as
poor composition and structural simplioity of natural eco-
systems make it necessary to work out effective technology
to raise fodder productivity and stability of pasture eco-
aystems.

This article summerizes the results of activities in
the All-Union Soientific and Research Institute of Karakul
Production, USSR Ministry of Agriculture in elaborating
scientific base and methods of radiocal improvement of de-
sert and semi-desert pastures. Experimental studies were
carried out in a foot-hill desert (Nishan station) with
clear lightly loamy grey soils with the yearly precipita-
tion rate of 220 mm., in wormwood-ephemer desert (Earnab
station), in sub-sand clear grey soils with the yearly pre-
oipition rate of 160 mm and in South-Western Kizilkum
(Ayak-igitminsk station) in desert sand soils with the
yearly precipitation volume of 110 mm.

The forming of confemporary flora composition and ve-
getation structure in arid regions of the Middle Asia and
Kazakhstan, especially in foot-hill aress and plains adja-
cent to mountains is greatly affected by anthropological
factors - grazing by animals, cutting of woods and bushes,
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as semi-shrub plants, ploughing and fires. Combined action
by natural historiocal and anthropological factore resulted
in dominating dietribution of ephemeric and ephemers-worm-
wood vegetation and foroing out bushes and golanic semi-
ehrubs and later - the wormwoods.

Gonsidering various uithropologioal options of desert
phynocenoses in the light of the understanding about their
full composition it is worthwhile to mention that many pre-
sent day vegetation communities of the USSR arid sone are
not fully complemented in terms of flora and cemose since
they do not include species capable to grow in given condi-
tions when there is sufficient number of embryos. The lesok
of full composition in phynocenoeses and the possibility to
enrich them with new inoluding more productive plants spe-
ciee is well supported by the results of research studies
of sinusial structure of natural and artificial phytooeno~-
ses, conducted for the first time by N.T.Nechaeva. e

The special research studies that we carried out while
examining structure of natural ephemer Garex pachystylis +
Poa bulbosa and wormwood ephemer Artemisia diffusa + Garex
pachystylis + Boa bulbosa communities made it possible to
determine the following: ephemercidoues communities of foot-
hill desert occupy small layer of alr enviorenment =-

0-15 em and of soil - 0-60 em , ephemeroidous wormwood phy-
tocenoses respectively 0-235 and 0-90 em.

Artificial sgrophytocenoses grown from bushes (Halo-
xylch aphyllum, Salscla paletskiana, S. richteri, Ephedre
atrobilacea,Rellenia subaphylle) and from semi-shrubs
(Salsola rigida, Eochia prostrata) due to ite strongly de-
veloped and deeply penetrating root system, loocated in
soil, contribute in different ways to cultivation and méi-
lization of new ecological niches.

In the zone of root growth of artificial phytoocenoses,
which were produced by meeans of sowing seed mixture of
bushes, semishrubs and herbs, moisture reserves and nutri-
tion substances are 3-5 times larger compared with the live



conditions of natural ephemeroidous and ephemeroidous-worm-
wood vegetation. .

Ephemers and ephemercide if they are sown in their pu-
re form can not serveas dependable means of raising harvest
yield of pastures in a desert sone, at the same time fodder
plants from the class of bushes end semi-shrubs are charac-
terized under these conditiona by relatively high producti-
vity which is due to ecological and biological features.

Bushes and semi-shrubs are charmoteriszed in the oculti-
vation process by rapid and development,early and steady
entry into the reproductive phase, by plemntiful fruit-bea-
ring. N.T. Hechaeva plages them in conformity with the onto~-
genetic charsoter of their growth among rapidly maturing
bushes, which enter generative phase at the age of 1-2 years
and promptly developing their surface part - Aellenia su-
baphylla, Salsola, Kochia prostrata, Artemisia diffusa,

A. furanica, A. halophila. Their life span is 7~25 years.
Among the late maturing types whioh enter fruit-bearing
phase after 4-5 years are Haloxylon aphyllum, Ephedra stro-
dilacea, which live about 40-50 years.

Grest importance in defining produotivity and resistan-
ce of fodder plants to extreme oconditions of desert ecolo-
gical regime has the character of development and formation
of root systems. Annual ephemers, ephemeroids and ealt worte
form surface and poorly developed root system mainly adapted
to use soil moisture, sccumulated ad a result of precipita-
tion.

Cultivated semi-phrube form relatively etrong deeply
penetrating root eystem. Aellenis subaphylla's roots pene-
trate the soll during the first year for 180-250 sm, the
fifth yeer - 800 sm. Roots of Koohia prostrata end Salsola
rigida in the first year of existance penetrade the earth
to the depth of 80-150 em, in the third and fifth - 500-
T00 sm.

Root system of Haloxylonm aphyllum, which is cultiva-
ted in different soil climatic conditions of arid zone is
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also characterized by strength and deep soil penetration:
in the first year - to 130-150 em, at the age of 5 years -
to 12-14 m, 10 years - to 16 m.

The plants consume not only moisturs from atomospheric
precipitation due to their deep root system, but condensa-
ted, elevated by capillaries soil moisture end subterransan
wa-ters. At the same time, Haloxylon aphyllum, Salsola pa-
letzkiana, 8. rigide, Aellenia subaphylla, Kochia prostrata
are characterized by the economical use of soil moisture -
for transpiration. The most intemsively transpiring plants
out of tested onss are Burotia ewersmanniana - 673-1
105 mg/hour, ecotypes Konchia prostrata - a little less ~
400-665, and others - the most economical users of moisture
for transpiration - Salsola rigida - 337-364, Haloxylon
aphyllum - 302-318, Aellenia subaphylla - 415-556 mg/hour.

Effective method of improving desert and semi-desert
pasturee wes worked out on the basis of know-how of ecology
and biology of fodder plants and field agrotechnical tests,
In particular, the All-Union Solentific and Research Insti-
tute of Karakul Production has designed a method of orea-
ting pasture protective belts of black saksaul (Haloxylon
aphyllum).

The role of pasture protective belts in a desert is of
great importance, They reduce wind speed (1.5-2 times aas
compared with the open pasture), hold the snow and protect
the soil from drying and blowing. Relative air humidity is
higher in the belt itself and in adjacent places. As s re-
sult more favorable ecological conditions for growth and
production of high harvests of ephemers and annual saltworts °
are created. Type composition of plants in s foreat belt ias
more differentiated. Here we have substancielly larger va-
riation of types of ephemerous herbs while their density is
lower (2-3 times) as ocompared with the open pasture. Im
pasture protected belt the harveat yield of fodder mass of
ephemers is being inoreased 2-3 times, a new phytosenos
with the features of community of herds, cereals, ephemers,
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saltworts is formed. At the distance of 100 m on the lee-
ward side of the belt the fodder harvest gets augmented by
25 %.

To choose a trasct for pasture protection belts it is
necessary to take into account soil-olimatic, pasture-fee-
ding conditions of each farm and biologioal peculiarities
of blsok and other bushes that are used to improve fodder
lands.

The most suitable places to set up pasture protection
belts are sand, sandy and loamy soile. Soile with emall or
medium messure of salt in the form of sulphate or chloride-
sulphate are aleo suitable. Accelerated growih and forming
of high stem are seocured for blaock saksaul on such types of
soil with the optimal level of underground water deposits
(5-30 m).

The effectiveness of creation of pasture protecting
belte depends, apart from the right choice of pasture strip,
from timely and exact fulfillment of the whole complex of
agrotechnical methods designed to create favorable condi-
tions for growth and development of oultivated plants.

In others than sandy deserts, the width of pasture protec~
ting belte is made of 25 m. Between each pair of belte a
natural pasture of 200-250 m of width is preserved. When
the belts are distributed in such a way, then for each
100 ha of pastures one may have from 12.5 to 20 ha of pro-
tection belts.

Great effectiveness of pasture proteocting belts may
artise out of their position, when they are lined perpen-
dicularly to the direoction of prevailing winds. The proper
preparation of soil for sowing plays an important role in
the series of agrotecimdcsal methods of establishing pasture
proteoting belts.

An sttempt to introduce Haloxylon aphyllum by way
simply additional sowing over the vegetation of the desert
pastures the seeds of some types of Artemisla, Garex pac-
hystilis, Poa bulbosa are usually of no avalls shoots are
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rather sparse, grow plowly and plante are dying out. Such
character of bushes and semishrubs development is explained
by high competitivness of Gare pachystylis and Poa bulbosa.

Ordinarily mould-board ploughing with complete overturn
of the layer to the depth of 20-22 em is preacticed. Ploughing
on poor, ealted or strongly gypeeous eoile is done with a
subsoll cultivator to the depth of 15-30 sm with simulte~-
neous harrowing. If there 1s the need, the disk-rolling and
fragmentation of ploughed strips are performed. Autum-win-
ter-spring period is oconsidered to be the best time to prepare
s0il. It is better to begin the ploughing operation while
the soil ia still wet. This will allow to give the soil &
good work over within desired depth norme.

Keeping to optimal powing time limits is an agrotechni-
cal method no less important for creation of forest belts,
which ensures desired germination completeness. It was es-
tablished during many years of research studies and in the
course of production practice that the best sowing time 1i-
mits for Haloxylon aphyllum, Salsola paletskian, 3. richte-
ri should be winter (from the middle of December to middle
of January) and early spring (from mid-January to mid-Feb-
ruary).

Among & number of aegrotechnical measuree an important
pert is given to optimal norms of seed per hectare and to
the depth of seed placement in soil. Standard norm of seed
sowing with the due account of ite quality is 5 kg/ha for
the first class, B-9 kg/hafor the second class and 2.0-2.5
for the third class (without wings When pasture protecting
belts are made of Salsola paletskiana and S. riohteri seed
sowing norm is equal to 7 kg/ha. In case of mixed sowing,
sowing norm for Haloxylon aphyllum is 3.5 kg/ha and for
Salsola paletzkiana, 8. richteri - 2.0 kg/ha. The seed pla-
cement in soil to the depth of 0.5-1.0 em is the most effec~
tive way of sowing of Haloxylon aphyllum, Salsola paletskia-
ne, S. richteri. The seeds are covered by rolling.
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In March-April appear shoots of Haloxylon aphyllum,
Salsola peletskiana, S. richteri. Plants of the black sak~
saul and cherkes reach on oclear sandy grey soile 45-60 and
sometimes 70-80 sm in height at the end of the first year
of vegetation. In the fourth and fifth year of vegetation
the height of these trees gets to 2.5-) m. At this time
normal pasture protecting plentations have been already
formed.

Optimal density of standing Haloxylon aphyllum during
the formation of pasture protecting belts ie 500-800 bushes
per I ha. This standing density provides for good develop-
ment of ephemercus and saltworts vegetation which ensures
the highest pasture productivity. Excessive density of sak~
saul bushes leads to close of their crowne, complete
black-out of ground and disappearance im the shade of the
black paksaul of ephemers and saltworts plantations. The
value of dense plantations with closed orownsg in terms of
fodder and phyto-land-reclamation is low. The thinning out
has to be done in the second year of Haloxylon aphyllum
exatance. With the standing density of 500-800 bushes per
I ha and their uniform distribution, the nutrition area of
each bush will come to 12.5-20 32. While thinning out over=-
dense plantations of 5-10 year of age, part of bushes is
dug out, enother part is transformed into pastures by cut-
ting bushes at the height of 30-40 sm from ground surface.

Poot-hills of the Middle Asie covered with ephemeral
and ephemeroid vegetation serve as splendid epring-summer
pastures. The main drawback of these territories lies in
absence of asutumn-winter grazing. Grassy plants dry cut at
the end of the apring, are easily broken and carried away
with the wind. Harvest yield and nutritiousness of fodder
go down sharply. In winter time still intact low height
herbs are covered with snow and become inaccessible for
sheep. As a result, a very tense situation arises with
respect to fodder balance of karakul producing farms loca-
ted here.



4ootechnical conemiderations dictate the oreation of
autumnwinter pasture in foot-hill semi-desert. Selection of
karakul sheep as species was taking place against the back-
groung of fodder diversity under the conditions of sand de-
sert. That is why the karakul sheep are in need of specifio
rationing - they consume 1.,5-2 times larger amount of plant
species than other asnimals.

The desirability of setting up bush and semi-shrud pas-
tures comes not only out of sootechnical needs, but also
out of the necessity to exploit favorable ecological condi-
tione of foot-hill semi-desert (elevated atmospheric preci-
pitation, more fertile soil). Almost half of the ground mo=
isture in half a metre soil layer in a foot-hill semi-de~
sert (Nishan steppe) in the amount of 800-1.500 t/ha is not
taken by natural vagetation and umelesgly evaporates during
the summer and autumn.

All this set a tesk at one time ~ to establish in
foot-hills of the Middle Asia autumn-winter pastures. The
best fodder plants under these conditions turned to be Ar-
temipia diffusa, R. turanica, A, halophila, Saleola rigida,
Aellenia subaphylla, Kochia prostrata, Salsola lanata, Ga-
manthus gamocarpus, Halimochemis villosa. Pollows the ratio
of sown plants: bushes - 30 % semi-shrubs - 60 %, epheme-
roids - 10 %. The ratio of sown land to pastures 30 - 35 %.
Harvest yield on sown lands accounts for average figure of
1.5 t/ha of eatable dry mass. Thus, several tasks are sol-
ved simultaneously - raieing of pasture fodder volume end
overcoming the limitations in the periods of their use.

As distinot from foot-hill sone, the desert wormwood
pastures are lacking Juley green fodder in the summer pericd.
Sheep are getting green fodder in desert pastures mainly in
spring. In this conneation the creation of artificial summer
pastures with high harvest ylelds acquires great practiocal
slgnificance. 3

The following plants are used to create summer pastn-
res in this zone: Eochia prostrata var. ocanescens, K. prost-
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rata var. villosissima, Burptias ceratoides, types of Astra-
galus, Galligonum, Koohia scoparis, Garthamus tinctorius.
Artificial pastures oreated in foot-hill wormwood ephemer
desert acoumulate during the summer period the maximum quan-
tity of eatable phytomass, which is equal to 2.5.-5.0 t/ha
from Koohia prostrate, 4.6 t/ha from Oalligonum rubens,
2.5+2.9 t/ha from Koohia sooparia, 2.5-3.0 t/ha from types
of Astragalus, 3.0-5.9 t/ha from CGarthamus tinctorius (in
green mags). At the same time, fodder of these plants con-
tains in summer from 10-12 to 16 % of protein, significant
quantity of carotin and carbohydrat, as well as from 30 to
66 % of moisture. All this mekes it in the summer period an
important source of highly nutritious greem vitaminic fod-
der against the background of natural pastures with their
dry faded vegetation.

Summer artificial grazing ground made of Kochia scoparia,
Garthamus tincordius is used alresdy in the first year of
sowing, while different types of Galligonum, Astragalus,
Kochie prostrata - in the second year of vegitation.

In Usbekistan, it was recogniszed phytocenocsically pro-
ved and economically desirable to establish long-standing
pastures of sutumn-winter and around the year exploitation,
which coneist of bushes of Haloxylon aphyllum, Salsola
richteri, Aellenia subsphylla - 25 %, semi-shrube of Kochia
prostrata, Salsola rigida and different types of Artemisia -
60 %, herbs Poa bulbosa and ephemers -~ 15 %, It is recommen-
ded to sow for spring-susmer pastures semi-shrubs Kochia
prostrata, Burotia ceratoides, Gamphorosma iessingii - 70 %
and herbs Poa bulbosa - 30 %.

It is preferable to conduot sowing works in the autum-
sumner period, when conditions are more propiocious for seed
sprouting and their field germination is higher. During the
autum-winter sowing seeds are placed into wet surroundings
and during prolonged winter time are in good watering condi-
tions, are subject to alternate (positive and negative) tem-
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perature impact which ensures their atratification. This
adds to favorable conditions of seed sprouting and develop-
ment of fodder plants shoots. Seeds covering in soll ele~
vates their field germination. Optimal coverage depth is
0.5-1.5 sum.

Stability of ecosystems is depending upon the comple~
xity of structure, number of species composing sencses and
interaction of these species. In this connection while con~-
structing pasture agrophytosenoses, great importance acqui=-
res, besides correct definition of number of species and
living forms, knowledge of biologicel and phytosencsic ocom-
patibility of fodder plants in conocrete ecological condi-
tions of an arid zone.

Pasture agrophytosencses of around year utilisation,
made of the mixture of different types and living forms of
feed plants, are characteriged by high productivity, whioh
surpaeses natural pasture lande 3-~5 and more times, by estea~
dy harvests according to yeers and seasons, by diversity of
fodder and long-standing productivity.

Long-term utility and economic desirability of intro-
ducing methode of land-recleiming in desert and semi-de-
sert pastures have been proved by actual work in the lea-
ding karakul producing farms of the Middle Asia.
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SEED-GROWING AND SELBCTION OF DESERT-PASTURE FLARTS

Z.8H,Shamsutdinov
Institute of karakul production, USSR Ministry of
agriculture, Samarffand

Selection and introduction of new foddeér crops has
enormous significance for the solution of the problem of
railsing productive capacity of desert and semi-desert pastures.
Thia problem is many-sided and complex: a selectioner deals
in the desert zome not with cultured plants, but with wild-
growing, not studied at all or studied superficially in
genetio, blological and physiological sense, At the same
time, conditions of deserts and semideserts are extremely
different and are subjeot to stress preassures of ablotic
factors.

Due %o a number of causes the ssleotion of arid feed
plantes is lagging behind in the system of sgricultural crops
gelection. One of the causes ies the fact that the develop-
ment of methods to increase the harvest yields of desert
pastures (in particular by introducing new feed plants in
orops) has begum gquite recently.

In the arid zone of the Soviet Middle Asia and Kazakh-
stan over 300 types of feed planis of natural flora belong-
ing to 29 botanic families were tested. The largest part of
tested types belomge to cereals families - Gramineas -

75 species, Chenopodiaceas - 40, Leguminosae - 29,
Oruciterae - 25, Compositae - 17, Polygonaceaes - 13,
Umbralliferae - 10 and only 91 species belong to remaining
22 families,

The following mspecies are the most adaptable for
cultivation and use in the selection work

Trees
1. Calligonum arborescens 2. Haloxylon aphillum
Shrubs
3. Haloxylon persicum 8, Ephedra strobilasea
4, Calligonum rubens 9. Salsola paletzkiana

5. Calligonum caput-medusae 10. Salsola richteri
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6. Calligonum microoarpus 11. Aellenia subaphylla
T« Calligonum setosum 12, Salsola arbusculiformis
13, Salsola laricifolia
Semi-ghrubs
14, Kochia prosirata 19, Artemisia diffusa
15. Salsola rigida 20, Artemisia badhysi
16, Camphorosma lessingii 21, Artemisie kemrudios
17. Burotia ewersamanniana 22, Artemisia Halophila
18. Astragalus agameticus
Perennial
23. Astragalus agametious 24. Poa bulbosa
Annugl
25. Salesola lanata 28, Eremopirum orientalis
26, Gammanthus gemocarpus 29. Bromus tectorum
27. Halimocnemis villosa 30. Maloolmia grandiflora

The following features are expscted from the species
selected for deserts and semi-deserts; high harvest yilelds in
definite soil climatic conditions; annual harvest stability,
especially during unfavorable years; ecological plasticity;
high feeding capacity; presservation of the best feeding parte
(leaves, assimilar sprouts); setability to systematio grasing;
early plant growing on epring pastures and prolonged vege-
tation on summer pastures; drought-resistance, salt-resis-~
tance, frost-resistance; simultaneous ripening and fruite
fall-resistance; relatively high field gerainating ability
of seeds; resistance to sickness and pesta. Flants should
have a root system, which anables to use moigture and
nourishment reservea not only of the surface, but of the
deep layera of soil. Until now 8 species of feed plants
have been selected in the USSR and among them & species of
Kochia prostrata and two species of Selsola rigidas.

Types of Kochia prostrata - "Karnabaky" and "Pustimny®
are characterized by relatively high harvest ylelds
(1.2 = 1.5 t/ha of dry fodder in the regions with annual
rain fall of 160-250 mm). They are adaptable to cultivation
of perennial pastures and haymowing. The types of "Orgachersky
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early-matured™ and "Orgacherasky late-matured"” are adapted
for mountain pastures in EKirghigia (annual rain fall -
300=500 ma). These types yield 3.5=3.9 t/ha of dry fodder.

Salsola rigida species - "Pervenets Karnaba" and "Sumny”
are charasterized by extrems drought-resistance and signi-
ficant salt-resistance, yield 1.5 - 2.0 of dry fodder in the
regions of rain fall of 110=250 mm. If we take into account
that average harvest yleld in natural pastures is only
0.3 t/ha, and in unfavorable years even lower, one can
easily figure out, what a great potential of raising pasture
productivity may be found in selection of desert feed plants.

Arid regions are far from being uniform in soil-climatic
and phytocenotical respects, Bven within the framework of the
same ecological type of desert selection of uniform species
similarly adapted for cultivation under different conditions
ie hardly probable, Unfortunately, the above mentioned species
of desert feed plants fit relatively favorable conditions =
for foothille and mountain vallies. It makes approximately
30% of arid land in the USSR. One of essential drawbacks of
desert pastures oonsistas in sharp fluotuation of their
productivity which adversely effects cattle-breeding. Under
these conditions the priority attention is given to selection
of crops species, which constantly yield high harvest
irrespective of meteorclogical conditions. In the course of
unfavorable years the harvest yield of such type should not
be lower than 0.6 - 0.8 t/ha of dry fodder,

A serious problem of pasture cattle~breeding may be found
in sharp changes in nourishing values of pasture feed plants
in the course of the year. Por example, 100 kg of dry
pasture fodder in Kigilkum and Earakum contains 81 feeding
units in epring, 49.5 - in summer, 54 - in
autumn and 18.3 in winter. Protein content is being
reduced from apring to summer from 20% to 5%, albumen -
from 13% to 4%. Reduction of the general nutriton value
and protein content in summer and especially, autumn
and winter leads to disruption in normal cattle-feeding on
pastures, to albumen hunger. This phenomenon provides basis
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for another, not lees important direction in the selection
work - improvement of feed quality. Pirst biochemical studies
of inner variability of desert feed plants have demonstrated
that they are charaoterized by great polymorphism with
respect to albumen content and other nutrition ingredients
and this is an indication of sizable selection opportunities.

Selection work in desert feed plants is based on many-
sided utilization of wild species as starting point, However,
up till now introduction into cultivation of desert feed
plantes more often accidental material, collected at one
place of the area of this or another species, was used, at
the same time ecological-geographical types of plants, formed
in the process of evolution, have different economic and
ecological wvalue.

Intraspecific differentiation of wild types of feed
plants in deserts and semi-deserts can be observed, if the
sémi -~ shrub Kocnia prostrata is taken as an example. Itas
area is vast - from nothern temperate regions of Buro-Asia to
north Africa. It is quite natursl that within the boundaries
of such a vast space species can not be uniform. In the
research work of the selection centre of the Institute of the
karakul production great diversity not only within one
apecies, but also among acotypes and population was establi-
shed. This diversity relates to morphological, biological,
ecological-physiological features and economically valuable
signes,

The indicator of plant survival turned to be the same
for all tested types of Kochia proatrata in ephemeral desert
of clear grey soil of 1ight loamy mechanical composition., In
the south of Kirghizia the survival of plants at the end of
the fourth year of growth -~ Kochia prostrata var. canescens,
Ksp. var. virescens was equal to 66.0-68.2%, K.p. var. villo-
sissima from Volgograd, K.p. var. virescens from Achikular =
29.9 - 36.,4% and K.p. var. virescens from Stavropol - only
2,8%. Tested ecotypes turned to be differentiated according
to economical value symptoms, in particular according to the
size of the formed feed yield which varied from
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2024 = 2.2T7 t/ha of dry fodder, ecotypes from the south of
Kirghigia, to 0.6 = 0.7 t/ha of dry fodder, ecotyped from
Munkum and Volgograd.

Wild types of feed plants, the product of natural
selection, are extremely adaptable to extreme correlation of
faotors of abiotic environment, have their own ecological
shelters in deserts and semi-deserts, are characterized by
high tolerance to prolonged soil and air drought, soil
salinity and other environment limiting factors. Wild
population of feed plants are very atable to pasture. As a
rule they are more resistant to sickness and pest compared
with cultivated feed planis. These features and sympioms
of natural flora types help a great deal in implementation
of regional selection programmes in arid areas.

The negative fectures of wild feed plants as original
speocies for selection are the following; unevenness of seed
mnaturing, low field germination, crestafalling, seed pollu-
tion (mechanical sowing becomes more diffioult), rapid fall
in seed germination (during the firat year of storage),
insufficient leaves coverage. Some types and forms of feed
plants are thorny, contain much salt, volatile, oils,
alkaloids e.t.c.

In spite of these drawbacks, the main task at the
present stage of selection effort oconsists in identifying
wild types of feed plants, which are promising for selection.
At the sams time, identification and study of promising types,
variety of their species, changeadility, economic features
6.t.0., can not be made by one researcher or even organization.
Comprehensive cooperation of all interested institutions is
called for in this undertaking.

Prom the point of view of collecting original material
for introduction into selection work the priority importance
aoquires variation centres similar in its ecological
conditions with the region for which the collected material
is destined. Mountain and foothill regions are noteworthy in
this respect which are gathering grounds for types and
forms of feed plantes with valuable economically useful
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characteristios and ecologo-blological features., The ques-
tions of seed reproduction play an iamportant role in orga-
nizing an introductory selection work with feed plants.

The need of rational organization in seed-growing for
feed plants has set up a task of studying the biology of
fruit formation, seed fertility and elaboration of seed pro-
duction technology. Research studies show that desert feed
plants are growing very fast in cultivated agrotechnical
areas, aaturing, already during the firat year are entering
generation phase and bear abundant fruits. In cultivated
conditione seed fertility of semi-shrubs is growing constantly
during five-year périod and of shrubs over the period of
12-50 years.

Seed harvest yield of Kochia prostrata of different
ecotypes is about 80-160 kg/ha, of Salsola rigida -

120-150 kg/ha, of Aellenia ceratoidea = 120-300 kg/ha, of
Camphorosmal leseingii - 30-60 kg/ha, of Burotia ceratoides -
70-80 kg/ha, of Haloxylon aphyllum - 200-450 kg/ha, Atemisia
diffusa - 10-15 kg/ha, Salsola paletzkiana - 400~500 kg/ha.
At the same time desert feed plants sown in cultivsted agro-
technical areas produce seeds of better quality and larger
weight.

Identification of fruit bsaring characteristics of
desert feed plants under the conditions of cultivation opens
great vista for organization of accelerated eeed production
in quantities that satiafy cattle~breeding farms. Different
types and species of desert feed plants envisage specific
physico-chemical characteristics of soil and ground, measure
of their moistening.

Seed plots of pasture feed plants should be founded on
the best lands with even relief that allow to use agrioultural
equipment with a high production rate, Plots formation is
made on clear fallow lands. To prepare fallow land it should
be ploughed during the period of the highest acoumulation of
soil moisture. The goil is ploughed to depth of 20-22 sm
with simultaneous harrowing. After the rains the soil is
ploughed again to the depth of 12-16 ‘'em with simultaneous
rolling it up which provides for the coverage and better



86.

preservation of moisture. The soil is subject to disking and
cultivation in caese pests show up on it. The second tilling
of fallow land depends upon the fact, whether pests have
shown up.

Timely sowing is very important to get germination of
full value while forming seed plots of desert feed plants.

In the USSR the best sowing dates are considered to be
November-January. Good results are obtained when the sowing
is done just before the snowing or while i%f is enowing. To
get optimal density of standing plants it is necessary to

be within the following norms of seed sowing: for Kochia
prostrata - 4/5 kg/ha, Salsola orientalis - 6, Aellenia
sudaphylla - 8, Arteamisia diffusa - 0.5, Camphorosma
lessingii - 6, Holoxylon aphyllum - 5 kg/ha, taking into
account 100% of economic (sowing) seed fitness.

Seeda of desert feed plants are as a rule polluted with
a8 touch of different stuff, including twigs, leaves, dry
bude e.t.c. which adversaly affects 1its pouring. It makes
it impossible to use regular seeding-machines, which have
to be significantly modified.

While creating smeed plots of Kochia prostrata, Salsola
rigida, Camphorosma lessingii and Artemisia diffusa inter-row
width is made equal to 60 sm, Aellenia subafylla - 75 sm.
Optimal depth of seed coverage for Haloxylon aphyllum,

Kochia proastata, Camphorosma leseingii ie about 0.5-1.0 aam,
for Salsola orientalis - 1.0-1.5, Asllema subaphylla -
1.0-2.0, Artemisia diffusa - 0.5 sa. Coverage is done by
rolling with disk-ring roller immediately after sowing or
atill better simultancously with it. The dates of maturing
and harvesting of seeds of desert feed plants depend to a
laerge extent on natural conditions of their growing and
annual state of metereology. The sign of seed ripening is in
their becoming brown, good development of sprouts, their easy
separation from the stem if the bush is shaken. Species under
oonsideration mature in October-Nowvember. Harvesting is done
by combines and manually when 70% of seads have already become
ripe. During separate harvesting, for example, of Kochia
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prostata and K.p. var. villosiseima stems are mown by a
harvester into rolle when 30% of seeds are ripe, After rolls
have been dried up over the period of 4-5 days and seed have
completely ripened, the final harvesting is done by combines.
Separate harvesting allows to begin field tilling 4-5 day®
earlier than usually, sharply reduces seed losses (from

50% to 15%), improves their quality. Reserves of nutrition
substance in the seeds of desert feed plante is rapidly
evaporating. That is why 1% 1e expecially important to see

to 1t that seeds are dried on time and properly. To make the
drying process uniform and rapid collected seeds (pile) are
spread in a layer of 5=10 sm and are being shoveled perma-
nently. It is recommended to proceed with the drying using
open asphalted ground and if weather conditions deny it, then
it might be done under light, well ventilated shelters. Seeds
sowing qualities should be in confirmity with the following
parameters: moisture content at the storage and during
transportation - not to exceed 12%, quality for seed-growing
purposes, for creation of cultivated pastures and hay-mowing.

Table 1. Seed sowing qualities of desert feed plante

Termination @eds o
Frans migesad  sproias

Aellenia subaphylla 50 - 40 - 30 60
Haloxylon aphyllum 70 - 60 = 50 75
H. persicum 80 - 70 = 60 60
Kochia prostrata var,
canescens 70 - 60 = 50 40
K.p. var. villosissima 70 = 60 = 50 30
K.p. var. virescens 70 = 60 = 50 40
Salsols paletzkiana 45 - 35 ~ 25 65
Serichteri 35 = 30 - 20 65
S.rigida 70 - 60 = 50 50
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Developing rangeland resources in African dt)’ll(‘ldl
Prof, Ing. Jiri Skoupy, DrSc
United Natiocns Environment Progamme, Mairobi

Introduction

Arid sod semiarid regions constitute more than 50 per cent of tropical
Africa and support more than 35 per cent (116 milliom) of its population. The

drylands (Figure 1) of tropical Africa extend over an area of 24 countries
/%),

(a) largely desert countries with more than 66 per cent arid areas:
Botswana, Cape Verde, Chad, Djibouti, Kenya, Mall, Mauritania,
Miger, Somalias;

(b) counties with over 30 per cent arid and semi arid areas. Burkina
Faso, Ethiopia, GCambia, Mozambique, Senegal, Sudan, Tanzania,
Zambia, Zimbabwe; and

(c) countries with below 30 per cent arid and semi arid area. Angola,
Benin, Camercon, Madagascar, Rigeria, Uganda.

In arid lands, the dryland vegetation is a fundamental resource which
transforms solar energy into food and which protacts and stabilizes the
surface of the ground. This vegetation survives by adapting to water deficit
in ways which are important because thsy determins seasonal differences ino the
usefulness of dryland pastures.

Uoder natural conditfons and through appropriate strategies the dryland
ecosystems maintain a balanced exchange of water and energy. The equilibrium
is resdily disturbed when meagre vegetation is reduced by mans actions which
expose the ground surface, humus will be mineralized and eoil structure lost.
Rein will fall directly on the soil and break it down. As the water budget
dateriorates in tha soil beansath, the level of groumdwater in nearby wvells may
fall. The water lost to the soll store now cootributes to over ~ rapid
runoff. Where the surfacs has been loocsened or disturbed, the top soil layer,
with the best structure anod the bulk of plsnt food, may be washed away,

%) See Eaferences



89,

Fig. 1

MWap: Drylands of Africa
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or blown avay io dust storm. All these changes mean a more hostile
environment for plants. Vegetatioo responds less well to rain, produces
less biomass and many plants tend to die at an increasingly early stage of

drought. Such changes are typical of desertification 3’.

Desertification is caused by overcultivation, overgrazing,
deforestescion snd bad irrigation. Increased herd sises and decreasing
pasturelands lead to overgazing. MNew wells and improved veterinary services
can mesn more animals than rangelands can support. Woodlands are being
cleared at the rate of four million hectares a year in the arid tropice y.
Such deforestation can cause vater tables to fall, soils to erode and land ro
become dusty and arid. Tree planting - for fuel, for timber and to prevent
desertification - ls proceeding 50 rimes slower than the Sahel really needs.

Expanding croplands are pushing herders onto ever more fragile land.

While traditional systems of Livestock sanagement were generally well
adjusted to local ecological conditions, now much rangeland has severely
deteriorated. We koow far less than we peed to about the theory and data of a
relevant human ecology to apply to rangeland management. A long histry of
failed resources is part of a larger process by which local mechanisms to
manage resources in good or bad years have been eroded by events beyond their
control. However, one is for sure, developing of rangeland resources in
African drylands must be done hand in hand in intsgrated manners with
sntidesertification measures.

Hatural conditions

Tropical Africa, as defined by FAO (1978), lies between the northern
aod gouthers 1solines of 18°C as mean temperature in the coldest month,
Table 1 shows climatic zonation of the tropical African drylands. Flgure 2
shows rainfall zones in Africa.
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Figure 2, Africa rainfall: 200mem to 800mm rainfall tone
190 per cent lsohyst probability)

Source. Adapred from Arlas for Afrk
Eduions Jeun: Afrique. 197)



Table 1: Climatic zovation of the tropical Afriecan drylande

9.

Zope designa- Length of gro- Approx. rox. corresponding zone
tion wing period mean annual % (1976) UNESCO iﬁﬁ)
Jahoke FAO (1978)4/ rainfall
(1982)5/ (wm)2)
Fa0 (1978)
I 0 days Saharan b) Hyperarid
100 - 250 — [/111111 1
I
Arid II 0 =74 days Sahelo- Arid
Ssharanb)
350 = 600 — S/ LN LT
111 75 = 89 days Sahelian
500 - 800 = [/I1II11/
v 90 = 119 days
600 - 900 — Sahalo-
Semiarid
Sudanian
Seal
arid V 120-149 daye Wi
750 = 1000 — ////1] 111
v 150-149 daye Budanian Subhumid
800 - 1400 — /71111111
Sudeno~
Guinean e
Source: Kotschi, J. (1986)

(a)
(b)

Found by comparison of isolines.

Saharan and Sshelo - Saheran zooes overlap.
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5011 fertility in arid and semi arid reglons ie determined primarily by
wvater availability., Low nitrogen content is the next limiting factor for
production, followed by phosphorus. BHNutrient levels of potassium, calcium and
magnesium are normally sufficient), pH is commonly neutral to slightly
alkaline. Wind and water erosion are the most common problems.

Water conservation measures are of primary importance. Apart from
large alluvial valleys (Niger River) water is generally scarce. In most
cases, surface water {s available only during and shortly after the rainy
season, which last from zero to six months. Reduced annusl rainfsll duriog
the last two decades, increased surface run—off on degraded lands and greater
demands for water have led to a situation in which water use exceeds water
intake rates. The ground water levels have dropped. In some areas natural
vegetation is dying becauvse root systems no loager reach ground water tables,
and boreholes supplying drinking water for humaps and animals must be
continually deepened.

The natural vegetation is characterised by Cree-shrub-grass ssvannas
woodlands and aparse forests, The savannas range from grassland plains with a
few scattered trees, through shrub and open woodlands, to dense and complex
systems of trees, bushes and grasses. In many aress, the savanna merges into
a true forest in which there are several levels of trees, oftern described as
broad-leaved woodland or wooded grassland. With increasing aridity, the
density of trees decresses and thorny, xerophile and drought - resistant
species gain in importance. Most of these are slow-growing, and many are
difficult to regenerate. ’

Human influence has fundamentally changed the natursl vegetation.
People have selected and maintained trees for many purposes: browse, firewood,
charcoal, construction wood, ete. Increasing human and animal population have
led to drastic reduction of natural vegetation and, in places, to complete
devestation. The slov growth of indigenous species and the problems of
revegetation meke rehabilitation difficult.

Large areas of savanna woodland and dry tropical forest are being

cleared every day to make way for cash crops. Domestic grazing animals can
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2lso destroy woodland., It is even more difficult to keep track of the
destruction of tress outside the forests than in them. Yetr the loss of such
trees, rarely recorded in forestry statistics, may be more important to
rangeland ecology than loes of forests. Crowing stock and deforestation rates
by country are given in Table 2,

The Sshel is & region of steppes with thorny species. The term
"steppe” 1is applied here to “open grass vegstation, sometimes mixed with woody
species, and generally not subject to fires. There are widely spaced
perennial grasses, usually not resching 80 ecm. Annuals are often abundant”
y. Thus the steppe is a vegetation consisting essentially of small, annual
berbs (mainly grasses), interspersed with some peremnial grasses and woody
species. The cover of herbaceous stratum is small, the formation is open.
The steppe exists in several forms: with trees snd/or bushes, and with herbs

apd/or grasses only.

The spatial distribution of the vegetation is, however, extremely
heterog 3 heterogeneity being associated with the topography, type of soil
and the distributioa of water. Both the sand dupas, with good intiltration
but lov water holding capacity, and the slopes - where run off is considerable

~ have an open vegetation. The ligneous stratum is less developed, while the
herbaceous stratum on sand can be considerable. The herb layer conalsts
mainly of spnual grasses. The woody epecies sometimes form dense populatiouns
in the depressions; bere the importance of the harb layer is inversely
proportionsl to the development of woody plants, and perennial grasses are
present. ' g

The Sahel is crossed by great rivers, notably the Miger and the
Senegal. In the rainy season, these rivers overflow and large areas are
flooded. In these flood zome, aquatic rangelands develop. Southwards, in the
Sudano-Sahelian and Sudanese zones, savaona replaces the steppe.
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Growing stock and deforestation rates by country

Country

Volume of
forests

and savannas
mill. md

Annual deforestation rate 1981-85

Total deforestation Savannas & of

(1000 haw)l

Forests
L of forests
area

A. Largely desert countries (over 66X of area arid) .

Botswana
Cape Verde
Chad
Djiboutd
Kenya

Mali
Mauritania
Hamibia
Niger
Somalia

Burkins
Faso
Ethiopia
Gambia
Mozambique
Senegal
Sudan
Tanzania
Zambia
Zimbabwe

c.

Angola
Benin
Cameroon
Madagascar
Nigeria
Uganda

229
n.a
213-#)2
n.a
116
102
n.a
214

34
156

30

n.a
ao_a)z
n.a

39

40

n.a

50

60

13

.

0.1
o.a
0.6
o.a
1.6
0.5
n.a
0.2
2.1
0.1

-F-N-N-- BTN -F-0-
R TR RETRE-T )

DR

Countries with over 30X ¢f area in arid and semiarid zooes

85
752
7
133
145
997
693
629
222

60
88-%2
3
120
49
504
130
70
70

® s @ % 8 a2 W

COoOO=OoOONOO

W LMD O e

- -] I-}"on
e .
B LN R~

Countries with below 30X of ares in arid and semisrid zooes

1091
60
4861
1104
958
165

94
66
100
156
400
50

. e

A O R
(- N - VY

Sources: FAO/UNEP (1982)8/ pa0 (1984),7/ J. Kotschi (1986)
")1 Mean gross volume over bark
#)2 J. Kotschi at all calculation
n.a. wessss.nOt available

Remark. The given wood volumes exclude shrubs and woody fallows.
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Bush fires are most common in areas with a hamogeneocus biomass greater

then 1 t ..Iu-l. This explains vhy they hardly occur north of the 300 - 400

mm isohyet. BSouth of the 700mm ischyet, the vegetation burns every year 8/.
Bush fires influence the dynamics of the rangslands in two waye: directly, via

the seed balance and indirectly, via the burning of the biomass.

The drought exarcsrbate eituatiocn in African drylands. The 1968 - 73
Sahel drought killed between 50,000 and 250,000 people and some 3.5 million
head catcle -3-1. Bowever, prolonged droughts are & “normal t.;haangnon" in
the Sahel. Drought ie a relative coacept implying rainfall insufficient to
support humsn and soimal population. Drought has revealed, not caused,
ecological imbalance, emviroomentsl degradation and mismanagement.

Production of rangelands

The production of rangelande ls often expressed in rhe number of
cattle, sheep, and goats per hecatre, or in kg of mest and milk per animal.
Although this production (secondary production) is the ultimate goal, we must
accept that plant production (primary production) is the basis for this
secondary production 8/.

Primary production can be natural vegetation, cultivated forage or
agricultural by-products. The quantity and quality of primary production
determines secondary production. Likewise, secondary production influences
primary -:.\roductf.m. Here we vill merely meation overgrazing, deforestation
bush fires and drought as factors which influencs this primary production,

Primary production, in turn, depends on environment, although man can
iotervene by irrigating, fertilixing, reseeding, tree planting, etc., Climatic
factors (rainfall, temperature, humidity radiation, evaporation, photoperiod)
and edaphic ones (topography, physical and chemical characteristic of the
soil, depth of the soil) determine the quantity and quality of forage.

Man has modified the primary production of African rangeland by

agricultural and pastoral expansion, deforestation, fire and new settlements.



In may instances this has reduced biological diversity and productivity and
caused serious breakdowns in essential ecological processes. We have to find
ways out froam present situstion in order to develop rangeland resources om

sustainable base both primary and secondary production.

Investments in the rangeland of Africa and achievements

Io the last 15 years the equivant of 600 million US dollars in
international development funds has been invested in the rangeland of Africa
in an attempt to develop a strategy of resources exploitation that would be as
efficient as traditional pastoralism but that would have a chance of coping
adequately with the greatly changed conditions of late twentieth century
African life -9-,. There 18, however, very little to show for that
iovestment. Several ressons have been put forward for the failure of

livestock and rangelands projects:

(a) Domestic livestock systems have undoubtedly been introduced into
some areas vhich are ecologically unsuited to that from of land

use;

(b) 1t has been difficult to design projects to the required
geographic scope), pastoralists are highly mobile and their
cultures and economics often transcend more than one political

boundary’,

(c) pastoralist systems and rangelapnd ecologies sre unsufficiently
respected to provide a basis for planning;

(d) projects intended to improve pastoralist conditions have
frequently been poorly designed and executed; there sre numerous
examples where development and charitable institutions have
attempted to assist rangeland peoples without adequately assessing
or understanding the total system these people live and work
within,
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(e) projects have been imposed without an ﬂl!sunding of pastoralist
societies, and imposed to achieve objectives which have little to
do with the objectives of those societies lﬂf_

Inspite above facts, however, fovw efforta have been made to improve
arid and semi arid raogelands in Africa.

Mays and means of developing rangeland rescurces and their problems

While there is no esingle fix or package for livestock and rangeland
management, and little prospect of dramatic improvement, there are
nevertheless a ousber of promising improvements and tachniques which could
provide benefits, particularly 1f ueed in combinatiom. These include
controlled extension of water points and any other forms of of water
development, livestock population and, carrying capscity, pastoral grazing
strategies, sedentarization, plenting of multipurpose fodder trees and shrubs,
afforestatico, sgroforestry, establishment of plantations, natural forest
mapagement,, sand dune fixation, reseeding of range, soil conservation,
aptidesertification measures, energy, improving vetsrinary care, improving
livestock marketing facilities, education, training, research, disaster

prevemtion etc.

Controlled extension of water points

Much efforts has been put into trying to improve the lnfrastrdcture of
pastoralism by the sinking of new wells, mainly in the Sahelian region of
Senegal, Mauritania and Mali., The phonomenal growth in the number of
watering points has concentrated herds in limited areas and causes
desertification through grazing, browsing and tramping. Watering points tend
to be over-used and often contribute more to degradation than to the opening
of new ranges. Wells also tend to break down. In northesst Kenyas only 14 to
54 boreholes drilled since 1969 were working in 1979. In Botewsna 40 per cent
of boreholes never function., In Tanzania most of the former permanent water

supplies were elther broken down, clogged up or in need of spare parts 'lg’.

However, in Botswana, water development increased available grazing



area by 2.5 timés, and in Somalia appears to have been technically successful
and without negative ecological impacts, although limitations of sccess have

increased inequalities between pastoralists 1—l'f.

Evidence suggests that water development without careful planoing,
donor coordination and control over water use has coosiderably aggravated to
severity of droughts. Today it is generally agreed that water development can
play an important role in development of livestock production, but that it
must be seen in the context of rescurce mansgement as & vhole if negative
effects sre to be avoided. In future, water development will continue to be
an important mesns of opening up grazing areas which are presently under
utilized or not used at all. For exsmple, Mauritania has 55 million hectares
usable rangelands, but only 39 million are used, largsly because of water
shor tage L?_/_ However, capacity of wells or dame should be limited so
that the number of animals which can be watered is not so great as to cawes
widespread overgrazing. The ideal situation with regard to vater development
1n2tl;§fkendile area (Kenya) would be to have a watering point on every 25
ka” — .

should be used to draw water.

Not motor pumps but rather manuals or animal driving pumps

Livestock populatioco and carrying capacity

Relative to area and human population, a higher percentage of total
livestock population is found in arid and semiarid drylands of Africa than in
other dry tropical areas, e.g. in South Africa and Australia, Table 3 showe
that che drylands of Africa has a high stock density (6,4 m!hz).). The
seaiarid zone has the highest density of livestock and agriculturally active
people of ecological zone in Africa apart from the highlands 2/.

Carrying capacity may be defined as the upper rate of stocking that can
be supported on sustainable basis without damsge to the habitat. With
increased numbers of people and livestock, large parts of arid and semi-arid
have been severely overgrazed, leading to grose modification of the natural

vegetation and serious soll erosion. The produc.ti\r:lty and therefore the

#
) TLU ... Tropical Livestock Unit.
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Table 3. Humen and livestock population in African drylands

Zone Arid Bemiarid Drylands
Surface area 8.3 4.1 12.4
(mill. hz)

Agricultural

population 24.8 65.7 90.5
(million people)

Livestock population

(mill. head)

Cattle 1.5 45.5 77.0
Sheep 37.0 23.0 60.0
Coats 48.3 33.2 B1.5
Camels 11.1 - 11,1
Total TLU*)? i 1.7 7.4 79.1
People )‘hz 1.0 16.0 7:3
LD /kn® 5.0 9.1 6.4
TLU /Person 1.7 0.6 0.9

Source: Jshoke (1982), adapted.

‘}1 TLU ,..Tropical livestock Unit: 1 camel =1 TLD,

1 cattle = 0.7 TLU, 1 sheep/goat = 0.1 TLU.
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carrying capacity of the Africam dryland range resources has declined. This
is true of trees and bushes, both browse resources. It is also true of
grazing resources, which are affected by a probable change in species
composition of annual grasses. Moreover, carrying capacity depends not omly
on the plants but alsc on the water available to livestock. The carrying
capacity also varies with local varistiocns in average apnual rainfsll,
seasonal distribution of rainfall, soils and inputs of energy and nutiriemts

What numbers of people and domestic animals can be sustained in dryland
rangelands without destroying it? Estimating the sustainable carrying
capacity of rangeland i fundamental to any long term effort to help the
envirooment to recover. Moreover, it is difficult and often a completely
academic exercise. FAD finds excass current population in terms of food
1—3/. The World Bank study finds enough land to support a much larger
populacion until the end of the century, with regional variatiomsa, £ V
Both studies as above assume a continued low input for this case;, both predict
much higher carrying capacities with increased inputs, by which is meant more

capital-intensive methods.

Many pastoralists are good stockmen but poor pasture managers. Rw
will notice or be able to take heed of the deterforation of food plants or the
time lag between disappearance of food plants and their effects on stock
nusbers. Often stock losses are heaviest in dry years, when they are blamed
on poor rainfall rather than on range deterioration. Recovery in such arsas
may appear rapid with good raios but this often misleading. Where thers has
been a loss of species or change in the structure of plant communities,
recovery of vegetation will depend on plant succession and may tske decades.
Where top soil has been lost, the recovery will take substantially longer.

Demografic regulation would be effective in the medium and long term.
Control of pasture use is particularly important in determining to
sugstainability of land use. 1In Sahel, access to pasture and browse, to form
land and crop residues, and rights to water, salt licks, access to trees, and
wild food plants are regulated by traditional mechanisms in the pastoral
economies. Seasonal and annual variations in plant growth make collective use
of pastures inevitable,
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Calculstions of carrying capscity should be treated with cautien,
particularly if the wethodology is not stated. Instead of an overall figure,
a production system approach indicating specific forage limitations would be
more appropriaste for estimates of cerrying capacity b .

Pastoral gracing strategies

Pastoral grasing strategies involve herding as a means of animal
coatrel. A common strategy in wmobile pastoral systems is herding splitcing,
e.g. milking animals are kept close to the homestesd and the dry herd is taken
on transhusanca. In arid areas, splitting between species is also practised:
the milking camel herd is kept close to tha camp, the small reminents some
distance awy, and the dry camel herd still further away, so that different
grazing areas are uwsed for different production purpoees.

The patchy and unreliable rainfall in arid areas demands high mobility
of herds, and the more arid the area the more opportunistic land use must be
to achieve any livestock production El. Transhumant cattle moving from
wettear to drier sreas, vhere raisers commence latter, have an advantage in
baing able to graze relatively young grass vith high nutriative value than
mature grass for a longer period than can sedentary cattle.

The effects of long -~ distance movements on animal production are
often regarded as negative. However, if drowing i{e done carefully, animals
can even gain weight en route -"—‘y. Hovement is more likely to disadvantage
the people, especially for its access to health care, schooling and other
soclal amsniries., The hardship of movement on the pastoralists themselves is
one redason why some decide to settle.

Sedentarization

The essential adaptive strategy of pastoral societies is movement. The
policy of most countries is to settle the pastoralists in order to provide
them vith services such as education, health and veterinary services, and to
better intergrate the pastoralists into the sarketing system,
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Developaent services to pastoral societies should, as much as possible,
be based on training local members of a commmity io the fields needed, such
as those mentioned above and providing them with all the infrastructures of
services, Undoubtedly, of course, this trend heightentens the need for range
monitoring and control in zones surrounding settlements, trading centres and

waterpoints.

Since 1976, WESCO and UNEP have been carrying out a programse in &
22,500 Ir.llz area of northern Kenya traditionally grazed by four groupe of
pomadic pastoralists. Thie Intagreted Project in Arid Lands (IPAL) is e
interdisciplinary research project to determine the procsss leading to
desertification and to find solutions,

The project appesred to combine both the modern and the traditicasl.
It included permanent settlements, as well as food aid and veterinary and
well-digging services., The project found that desertification accompanied
settlements around wells, shops, schools and famine relief centres, and has

been exacerbated by a reduction in available graxing aveas.

IPAL - KAIRES (Kenya Arid Lands Research Station) has over the years
produced an impressive quantity of published documentation, containing much
valuable scientific information, including ecological studies, the composition
and density of woodlands and shrublands, and monitoring trends in tres
populations, human consumption of wood and browse production and consuaption.
The long term objectives are to develop a system of land use which will
reserve the present trend towards rangeland degradation end to establish
production at a level sufficient to provide for the needs of the growing and
increasing sedentar {zed population., However, the mobility and dispersion of
livestock can again be Increased considerably, and overall aumbers of
livestock can be better controlled through a greatly improved marketing

system E’.

Regettlement and training in non-pastural occupations can reduce
pressure on pastural land. Success in resettlement of pastoralists has been

reported from Somalia, vhere some were trained as fisherman /. Bogg
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suggests that, rather than ressttling destitute pastoralists, after drought or
similar disaster it may be economically more ratiomal to help them to restock,
at least in areas where widespread overgrazing is oot ap immediate

problem 18/ .

Planting trees and shrubs

Trees and shrube serve s wide range of protective and productive
functions, They have the potential to improve the supply of energy, raw
materials and food and to i{mprove sustained management of the envirooment and
to promots socioc-sconomic development. They not only control erosion, they
improve water use and microclimate, and increase soil fertiflity. Tree
planting can cootribute substantially to comtrol of desertification.

Fev afforestation efforts have been made to improve srid/semiarid
rangelands in Africa. Most of the present forestry programmes were launched
in response to the 1969 - 1973 drought. GSince 1975, commitments have been
groving rapidly especially in the CILSS (Comité Permsnent Inter-Etats de
lutte Cootre la Sécheresse Dans le Sahel). The main ctfor-l:l are concentrated
in West Africa, followed by East Africa.

In the early ysars, forestry activities were aimed primarily at meeting
domestic energy demand, e.g. fuelwood and charcoal. A slight change in
approach can be observed within the last 3~4 years. FAO and some other
organizatiocas have tried to encourage the greater use of trees and shrubs for
livestock fodder. Trees of the Prosopis genus and Acacia genus are highly
resistant. The Prosopis genus bear pods which are up to 14 per cent protein
and 45 - 55 per cent carbohydrate 2" The foliage of Prosopis juliflora and
P. cineraria sre lopped for fodder every winter {n the arid and semiarid zones
of Indiea.

Acacis albida is also valusble fodder and often is the only remaining
bit of greenery in the dry seasons. This leguminous, nitrogen-fixing trees
has a deep taproot system that enables it to tap lower sources of water and
nutrients inaccessible to agricultural plants. The leaf litter of the tree
contribute nitrogen, other nutrients and -n;ch-nudad organic matter to the
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soil. The wood is used for local construction and as a fuel. The thormy
branches serves as fencing material.

Acacia albida is leafless during the agricultural sesson and therefore
does not compete with crope for light. Crop yields under snd around Acacia
albide have been found to be equivalent to those in fertilized fields,
Therefore, Acacia albida has been given high priority in agroforestry projects
in suitable parta of the Sahel Ef' The idea of agroforestry is to grow
field crops/pastures with shrubs and trees intermixed in spatial and chronical
combinations of the different vegetation components in such a way that there
is a little competition as possible between them; instead their vaerious
requirements should be complementary. By this means, optimum productivity per
unit area could be achieved. However, little technical knowledge sxiste yet

about agroforestal practices on the extension levels.

Many tree aod shrub species have already proved useful for forestry
activities within Africa dry lands. Exotic tree species have been so favoursd
including Bucalyptus comaldulensis Azadirachta indica, Prosopis juliflora,
Albizia lebbeck, Casuarina equisetifolia, Parkinsonia aculesta, Cassia siames
and others. The indigenous African species have been largely ignored inspite
that 1t is very well known that they are fully adapted to the local
conditions, are highly resistant to drought and serve a great variety of
functions. MAmong those successfully planted are:. Acacla senegal, A. albida

and Khaya senegalensis,

In many cases, 1t would probably be preferable to plant shrubs rather
than trees, Shrubs appear to have been largely neglected, yet, they could
represent a valuable contribution of forestry to improved land use.

Based on even the more conservative projections of future population
growth and food requirements, it is safe to say that the ability to preveat

sand-blowing and even sand dune fixation and afforestation - will demand

increased attention in the econcamic planning within the African drylands.
Sand dune fixat{on is designed to present the movement of sand long enocugh to
enable either natural or planted vegetation to become established. The
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technique of dune fimation is, therefore, besed ca the principle of reducing
the threshold velocity of wind at the dune surface by establishing a
pre-planting msechanical system.

Io view of the sctual process of desercification, particularly in the
Sahelian region, and the need for expanding sand dune fixation activities, a

nev classification based on dynamic criteria is proposed ﬁl—l.

Good results with sand dune fixation were obtained in Senegal, Morocco,
Mauritenia, Meli, Somalia and Tunisia. _Of all the forest species, the hardest
and the most adaptable ip the arid and Saharan regions is Tamarix aphylla.
The next hardest, as far as the south of Tuniss is coocerned are Calligooum,
Acacis ligulats, Parkinsoois scculeata and the self-sown bushy species such as

Mitraria retusa, Aristids pungens, Retama retsm, and Lycium arabicum 3-}‘-".

Given the tremendecus fuelwood needs within the rangeland regions and
the fact that pational forestry departments are not able to match by present
afforestation neads, the only long term socisl forestry, e.g.
mobilizing the support and active participation of local people to plant and
protect trees. Social forestry in African drylands is still st very modest
level compared with Asia, notable in Indis and China, The most popular
afforestation measures s the “green belt™ a shelterbelt of hard, drought

resistaoc trees which protects the settlement from sandstorms and encroaching
sand dunes, and wvhich can be harvested for fuelwod, fodder and polea. Such
graen belts of 500 heactere were established around Ouagadougou, capital of
Dpper Volta and 300 hactare gresn bslt around Miamay, capital of Mger,

Puel-seving cook stoves aim at reducing fuslwood consumption by
replacing the traditional three-stone fire. Moergy savings in the range of
30-40 per cant can be achieved /-
success full.

Hany stove programmes has been quite
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Resseding of range

Determining whether a range can be restored by natural means or will
require artificial seeding is a matter of judgement. However, the decisiom
should be based on the kinds and smounts of plante remaining, the axpacted
rate of naural recovery and the cost of alternative approaches, the climatas,
the supplementary treatments that may be used to accalerate natural
restoration, stable soil conditions, and whether the site is adapted to

prevent artificial seeding uehnlquﬂ-l-'z-l .

Reseeding of range with indigenous grass species has been attemptad in
many parts of Africa. However, in view of the high cost end lov animsl
production yields per unit ares reseeding is not likely to be economically

viable. -y. Furthermore reseeded areas must be protected.

Education, training and research

People's knowledge should be the sharting point of rigorfous scisatific
enquiries. This call for two-way channel of communication between scientist
and local people in which both sides gain a better knowledge of snimal
husbandry practices and farming.

It is important thst scientific and technological advances be
communicated in a way vhich facilitates their adoption where they are seen to
be both socially and economically benefial and ecologically sound.

Some of the recommendations to be proposed for acceptance will ba quite
new to local nomadic populations. To convince them that the recommendations
made are workable and desirable, demonstrations are necessary. Two types of'
demonstrations should be expoited: active participatory demonstration and

non-active participatory demonstrationm,

Suitable topica for the training included. afforestation programmes,
construction of water pointa, soil rehabilitation, emergy savings, the use of
veterinary drugs, livestock breeding, antidesertification measures and health

care.
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Conclusions

Rangsland rehabilitation fe a highly-specific process and must be based
oo a largs number of community b d develop €t projects of manageabls
size. Many different asction are necessery to solve the problem of
envircomental degredation in drought-affected reglons of Africa. These are
oseded at all levels, from local to intarnstional, and from an enormous
spectrus of individuals and organisatiouns,

Envircomental rehabilitation cannot be a purely technical process.
African socleties cannot resurret the past, nor can they be expected to adopt
an eavirocnmental philosophy ehaped largely by the concerns of western
society. To achleve the balaoce batween productivity, ecological
suwstainability and equity, African societies need to develop an ethic with
corresponding attitudes and behaviour that reflect an appreciatica of the
barmsony expected from ecodevelopment. local psople must be fully involved in
the necessary and slov - search for and definition of a pew ethical and
behavioured attitude.



109.

References

Kotschi, J., Adelhelm, R., Bayer, W., Guanter von Bunau, Haas, J.,
Waters —~ Bayer, A. 1986. Towards Control of Desertification in Africsn
Drylands. The Commiseion of the Buropean Communities, Brussels;
Bundesministerium fur wirtschaftliche Zussammenarbeit, Boon; Deutsche
Gesellschaft fur Tachnische Zu beit, Eachborn, FRG.

Tolba, M., 1985. Heads in the sand. Today and Tomorrow Confarencs,
Tuscon, Arizona, October 1985.

Grafnger, A. 1982, Desertification. An Earthecan Paperback, published
by 1IED, LONDON.

FAD. 1978, Report on the agro-ecological zones project. Vol.l.
Methodology #nd results for Africa. World Soil Resources, Beport 48,
Rome .,

Jahoke, H.E. 1982, Livestock production systems and livestock
development in tropical Africa. FKieler Wissenschafteverlag Vauk, Kial.

FAO- UNEP. 1982. Tropical forest resources. FAO forestry paper 30,
Rome .

FAD, 1984, Production year book 1983. FAD, Rome.
Ridder de, N. Stroosnijder, L; Cisse, A.M.; Keulea ven H. 1982,
Productivity of Sahelisan Rangalends. Volums I, Theory. Wageningsn

Agricultursl University, Netherlands.

Dyson - Hudson, N. 1984. Adaptive resource use stratagies of Africanm
pastoralists. pp. 262 - 273 in D1 Castri et al.



lo.

11.

12,

13.

14,

15,

16.

17.

18.

19,

20.

110.

Timberlske, L. 1985, Africa in crisis. da Eecthscan Paperback,
Intermstional Institutsa for Environment and Devalopment, London and
Washington.

Sandford, §. 1983. HManagement of pastoral development in the Third
World. Overseas Development Instituts, Loandoa.

Integratad Project in Arid Lands (IPAL), pert II, Management Plan.
UMESCO 1983, Techoical Raport Mo, A - 6.

FAD, 1984, Lland, food and psople. FAD, Rome.

Ho, Teresa, J. 1984, Population growth and agricultural productivity
in Sub-Saharan Africa. World Bank, Population, Health and Mutritiom
Dept., Washingtom, DC.

Rausse, E. 1982. Somalia's nomadic livestock sconomy - its response to
profitable export opportunity. World Animal Review - 43, pp. 2 - 11,

Lusigi, W.J, and Glaser, G. 1984, Combating desertification and
rehabilitating degraded productlu_u systems in Northern Kenya: The IFAL
Project. UNESQD and Tycooly Press.

Swift, J. 1977. Pastorsl development in Somslia. In: Glante, H.
Desertification: environmental degradetion in and around arid landas.
Westviev Press, Boulder, Colorado, pp.275 - 305.

Hogg, R. 1985. Re-stocking pastoralists in Kenya:. a strategy for
relief and rehabilitation. Pastoral Development Network Paper 19c.
0DI, 1OMDON.

Bostid, J.. 1984, Agroforestry in the West African Sshel. HNational
Academy Press, Washington D.C. USA.

Mainguet, M. 1985. A dynamic classification of mobile dunes. In. Sand
dune stabilization, shelterbelts and afforestation in dry zone. FAD
Conservation Guide, 10, Rome.



IIT.

1, Tunisia Netional Flaa of Actiocn to Combet Desertification, DC/PAC,
UNEP, February 1965,



112,

LESSONS FROM COMBATING DESERTIFICATION
OF RARGELANDS IN THE ESCAP BEGION

J.A. Mabbutt
Emeritus Professor, University of New Bouth Wales, Australia
Présent address: BMB 2188 Wattamolla Road, Berry, NSW 2535,
Australia

I. INTRODUCTION

The Plan of Action to Combat Desertification (PACD) formula~
ted by the UN Conference on Desertification (UNCOD) and subse-
quently endorsed by the UN General Assembly contains the follow-
ing definition of desertification: "the diminution or destruction
of the biological potential of the land (which) can lead ulti-
mately to desert-like conditions. It is an aspect of the wide-
spread deterioration of ecosystems, and has diminished or destroy-
ed the biological potential, i.e. plent and animal production,
for multiple use purposes at a time when inoreased productivity
is needed to support growing populations in quest of development"
(United Nations, 1978).

Dregne (1983) has identified the following over lapping
stages in the desertification of rangelands:

- replacement of perennial grasses by annuals and forbs;

- increase in the density of woody shrubs and trees;

- absolute decresse in plant cover of all types and

exposure of the soil surface;

- 80il crusting due to trampling by livestock;

- accelerated soil srosion by water and/or wind.

For Dregne, moderate desertification of rangelands involves
partial deterioration in the pasture assemblage and incipient
erosion, equivalent to fair range condition on the US scale.

Severe desertification is evidenced in the dominance of the
pasture by forbs and woody shrubs, by significant reduction in
plant cover, by significant soil losses through sheet and gully
erosion or by deflation in areas subject to wind erosion, with
drifting of sandy soils and growth of sand hummocks and Emall
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dunes. It equates with poor range condition on the US scale.

Very severe desertification is marked by large areas of
barren land with ercsion gullies or dunes, representing the
extreme condition popularly thought of as desertification. It
represents a virtually complete loss of economic productivity
and a degree of deteriorstion at which reclamation becomes prohi-
bitively expensive and where significant natural recovery may
take many decades or even centuries. It equates with very poor
range condition on the US scale.

On the basis of estimates made for UNCOD, Dregne (1983)
estimated that of the 3750 million ha of rangeland in the arid
and semi-arid zones, B2 per cent or 3072 million ha were at least
moderately desertified. Degradation of rangelands is by far the
most widespread form of desertification therefore, accounting for
more than 90 per cent of the srea affscted by it. Bural popule-
tiona dependent on pastorslism likely to have been seriously
disadvantaged economically through desertification, with their
livelihoods put at risk, were put at 17.5 millions, more then
one third of whom were resident in Asia and the Pacific region.

The main causes of desertification in rangelands were listed
at UNCOD as overgrazing, cutting of trees and shrubs for fuel-
wood and construction, ummenaged firing, and soil compaction
linked with all the foregoing (UNCOD Secretariat, 1977).

Recommendations of the PACD directly related to combating
desertification in the world's rangelands included:

- surveying and monitoring rangeland conditionj

- assessment of productivity of range types, determination

of the impact of grazing on them, and their requirements
for regenerationj

- instituting nmeasures to assist regeneration, including

temporary exclosure, seeding or planting pasture plants
and trees for shelter, fuelwood etc., physical and
chemical treatment of denuded soils, water and soil
conservation;

- developing improved grazing strategies, including

determination of carrying capacities and stocking rates
of range types for appropriate livestock management
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systems, provision of watering pointe and fences,
development of silvipastorelism and fire management;

- improving livestock management through selection and
breeding and control of diseases;

- strengthening extemnsion services in support of improved
range and livestock management, supplemented by
demonstration plots and projects;

- strategies to combat drought, including forage and
grazing reserves, supplementary irrigation or water
harvesting, provisions for moving stock from affected
areas;

- measures to combat other climatic extremes, including
ghelters and wind breaks;

- strengthening the economic basis of the pastoral industry
through improved marketing and transport facilities, and
price support schemes and through integration with
adjacent livelihood systems;

~ measures to decrease pressure on rangelands such as
pronoting alternative livelihoods and improving land
tenure;

- provision of health, social services, housing etc.,
compatible with dispersed and mobile populations.

) The genersal objectives of such measures were to reverse the
environmental processes of desertification, to establish ecologi-
cally appropriate and sustainable land use, and to improve the
quality of life of people affected by desertification.
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II. ASSESSMENT OF PROGRESS WITH THE IMPLEMENTATION
OF THE PLAN OF ACTION TO COMBAT DESERTIFICATION

The PACD called for an assessment of progress with its
implementation seven years after its inception in 1977. This Ge-
neral Assessment of Progress (GAP) was reported on by the Execu-
tive Director of the United Nations Environment Programme (UNEP),
as the UN body entrusted with the co-ordination of sctivities
under the Plan, to the Twelfth Session of his Goverming Council
in May 1984. The documents upon which the GAP was based included:

- a further global assessment of the status and trends of
desertification;

a review of actions under the FACD;

- a review of institutional and financial measures in

support of the PACD,

A broad summary of these findings was published in Environ-
mental Conservation, Vol. 11, 1/2, 1984,

This pasper draws particularly on the first and second of
the above sources, and alsc on an unpublished document "Assess-
ment of the Implementation of the Plan of Action to Combat De-~
sertification in the Asian and Pacific Region", prepared for the
ESCAP Secretariat in support of an intergovernmental Meeting
on the establishment of a regional network of research and train-
ing centres for desertification control (Mabbutt, 1986).

The CAP found that progress in combating desertification
since 1977 had generally been disappointing in most countries
little had been achieved in assessing and monitoring desertifi-
cation and in drawing up co-ordinated action plans, or even in
establishing the requisite machinery - all designated as priority
areas for initial actions under the PACD. One consequence of this
was a lack of detailed information on desertification status and
trend, and it was necessary to rely for the most part on broad
Tegional assessments. Among the actions undertaken relevant to
desertification control, there appeared to have been greater
emphasis on investment in general infrastructural development -
such as road construction, for example - than on field projects
to counter the processes of enviromnmental degrsdation. With no-
table exceptions, the course of desertification appeared to have
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gone unchecked, particularly in the developing countries. The
GAP also revealed that desertification was by no means confined
to arid and semi-arid lands but was particularly serious in the
subhumid tropics, with the result that the population at risk was
considerably larger than in the 1977 estimates. In terms of area
affected the rangelands posed the main desertification problem,
and in most areas, including much of Asiam, the trends remained
negative.

III DESERTIFPICATION IN RARGELANDS
OF THE ASIAN AND PACIFIC REGION

ional variety of toralism

Attention is drawn to the great extent of the region - an
area of more than 30 million 8q/km in 39 countries, with more
than 20 million eq/km in the arid, semi-arid and subhumid zones.
Iivestock-based systems of land use include extensive shepterded
open rangeland in lowland and upland deserts, including nomadic
and transhumant systems, subject in some areas to state direction
but still lergely under traditional use, fenced commercial range-
lands under private lease with year-round set stocking, grazing
of village commons, woodlands and wastelands as an adjunct to
rainfed cropping, grazing systems supported by forage production
from irrigated agriculture, and animals kept by farmers practis-
ing swidden farming in tropical uplands. Bach of these systems
is threatened to some degree by desertification.

This variety of pastoral use reflects a wide range of envi-
ronments in the drylands of the region. In the north and west,
arid and hyperarid climates characteristic of much of Western
Asia are extended sastwards through Central Asia by the barrier
of the Himalayen and Tibetsn rangee across the rain-bearing air-
streams. To the south of this barrier, tropical monsoonal clima-
tes prevail in which a dry trade wind circulation is interrupted
by the rain-bringing southwest monsoon of Bouth Asia in June-
October and by the northwest monsoon of northern Australis in
December-March. These rains become lighter towards the continen-
tal interiors, as in Rajasthan and central Australia. Rangelands
north of the mountain barrier experience severe climates with
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extreme winter and summer temperatures, a meagre precipitation
mainly in the cold half of the year and including snowfalls,
and strong winds in the transition seasons. In the far south of
the region, the rangelands of southern Australia have rain in
their temperate winters but also receive occasional drenching
summer Trains.

Socio-economic contrasts in the region are no less striking.
It contains some of the world's least-developed economies, many
developing countries, including the very large economies of India
and China, and developed economies as in Australia. With more
than 2.5 billion inhabitants this is the world's most populous
major region. Populations are considerable even in parts of the
drylands; for example in the Rajasthan Desert, where population
density averages more than 50 per sc kilometre. In comparison,
the drylands of Australia seem devoid of human settlement. The
bulk of this large and rapidly increasing regional population
remains rural and dependent on the land, with resulting intense
and growing pressurs on natural resources.

b. History of pastoral land use and desertification

In southwest Iran, the Iranian Plateau, the Indus valley mnd
China the region includes areas with the longest hiatories of
pastoralism in the world, as indeed also of tillage and irriga-
tion. In such areas ecosystems were transformed and the processes
now recognized as desertification set in many millenia agoj;
their progress has fluctuated through history, particularly with
varying political and economic stability, but in the past the
traditional systems generally mainteined s degree of envirommen-
tal stability or at worst of only slow deterioration, perhaps of
periodic degradation and slow recovery. Bince the beginning of
this century however, and particularly since the mid-century,
traditional pastoral economies have been increasingly disrupted
or displaced by a number of developments, including population
growth and rise in livestock numbers, growing urbsn markets for
meat, technological changes such as the advent of motor trans-
port, rising consumption levels with social and economic sdvan-
cement, and the encroachment of mechanized cropping on the better
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grazing lands. These changes have resulted in localized over-
grazing and an accelerating removal of woody vegetation for
fuelwood and comstruction. At the seme time, traditional migra-
tions of pastoral nomads have been hindered in many areas by po-
litical restrictions on movement, by their own desire to benefit
from education snd sociml services, by government policies fa-
vouring sedentarisation, and by a response to economic opportu-
nity offersd by employment in cities or industrial and mining
centres at home and abroad.

A comparable mcceleration of desertification has occurred
in areas where grazing of livestock forms an adjunct to rainfed
cropping, as in Rajasthan. The main underlying factor here has
besn a doudbling of population over the past 30 years, to more
than 20 millions - a rate of increase greater than in India as
a whole. Over the same period there has been a radical increase
in livestock numbers, to a total of 24 millions in 1984. Yet the
area available to grazing hss diminished with the extension and
intensification of cropping, particularly the loss of fallow
lands. In most areas the impact of grazing has been compounded
by the gathering of wood for fusl, and no more thamn 5 per cent
of Rajasthan is now wooded. The consequences of overgrazing have
included a decrease in palatable perennisl pesture species, de-
nudation and wind-drifting of sandy soils snd mobilisation of
formerly fixed dunes. There has been relatively little development
of alternative sources of livelihood, leaving 80 per cent of the
population dependent on the land. The benefits of large-scale
irrigation through the extension of the Rajasthan Canal are
reatricted to the northwest corner and offer little relief to
the general problem.

The Australien rangelands typify the shorter history of de-
gertification characteristic of lands opened up in response to
growing markets of the industrislizing world of the mid-Nine-
teenth Century. Different parts were occupied at different
times, gemerally in response to good seasonal rains and rising
world prices for wool or meat. Each of the main pastoral districts
shows an early exploitive phase in response to unwarranted
expectations from pasture lands about which little was known, to
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the misapplication of imported technologies, to inappropriate
land holdings, and to a lack of the infrastructure, such as fen-
ces, watering points and transport, necessary to combat the va-
garies of rainfall. This inevitably led to rapid desertification
in the first years of occupation.

c. Status and trend of desertification in rangelands of the
ESCAP region
The status and trend of desertification in rangelands of
the ESCAP region as estimated in the GAP and subsequent assess-
ments (Mabbutt, 1986) are as follows (areas in millions of ha):

Subregion Extent of Bangeland Area De- Percentage Trend
sertified Deserti-

fied
South Asia 240 225 2 Dsteriorating
China & '
Mongolia 335 250 75 Improving
Australia 375+ 130 35 Btable overall
USSR in 322 250 7?7 Improving
Asia
Combined 1 347 875 65

* Area presently grazed of a potential rangeland area of almost
€00 million ha

These figures do not take account smaller arsas in South-
East Asia, for exsmple northeast Thailand, where livestock graz-
ing have contributed to desertification associated generally with
upland cultivation. The figures for “area desertified" should dbe
interpreted as "areas within which at least moderate desertifi-
cation is widespread”, that is there has been significant re-
duction in the quality and smount of forage and some accelerated
wind or water erosion.

The figures identify the serious situation in the drier
areas of South Asia, from Iran to northwest India and Nepal,
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where the problem areae include shrub pastures in arid sandy de-
sert lowlands and in semi-arid uplande and where the situation
continues to deteriorate. Apart from lowered grazing capacity,
associated problems in these desertified areas include accelerat-
ed water erosion in hilly terrain, with harmful consequences for
water storsges, including irrigation wor-kn. in adjacent lowlands,
and wind erosion and the mobilisation of dunes in sandy deserts.
Destruction of woody vegetation for fuelwood, notably in closer-
settled aress, is a major contributing factor, particulerly in
non-0il producing countries. Encroachment of cropping on former
rangelands has increase grazing pressure in lowlands and has
contributed to deforestation, accelerated erosion and slope
instability in the piedmonts. Despite local successes, as in dune
fixation and range control in Iran for example, desertification
trends are generally negative and the outlook remains unfa-
vourable, as predictable from a continuing growth of rural popu-
lations and livestock numbers, the limited reserves of grazing
land available for further exploitation, and slow rates of
pProgress with rangeland rehabilitation or alternative ameliora-
tive measures.

North of the Himalayan-Tibetan divide, the proportional
extent of desertified rangeland remains high, embracing part-
gypseous low shrudb steppes on clay soils and stony plains in the
northern areas, tall shrublands of the dunefields in the arid
intermont basins, with areas of open low shrubland on takyr
flats, low shrub-ephemercid pastures on the piedmonts, snd mon-
tane mesdows and shrublends. Desertification has a long history
in these areas but trends have been significantly reversed over
the past two or three decades, notably in the Central Asian Re-
publics of the USER and in western China.

It is generally acknowledged that the rapid desertification
which marked the early Buropean occupation of Australiasn range-
lande ie no longer occurring, as a result of betterunderstanding
of the productivity of the pastures and their response to graz-
ing, improvements in infrastructure and operational methods,
and through governmment intervention, including for example
changes to land tenure, limitations on stocking levels and
drought assistance. There is less agreement on how far the po-
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sition has stabilised however, on where it continues to dete-
riorate and on the extent to which imprévement is occurring. A
relatively low percentage of desertified rangeland reflects the
short history of pastoralism and generally low stocking pressures
in these sparsely lands.

1V. PROGRESS IN COFTEROLLING DESERTIFICATION
IN RANGELANDS OF THE ESCAP BEGION

It should be emphasized that actions to improve combat de-
sertification in rangelands of the ESCAP region did not begin
with the PACD, as shown by the presentation at UNCOD in 1977 of
case studies in desertification control by Australie, the
People's Republic of China, India, Iran and USSE (Mabbutt snd
Floret, 1980). Neverthelese the relevant recommendations of the
PACD provide a useful framework for reviewing achievements in
halting and reversing desertification in rangelands of the re-
gion, and for identifyipg constraints to progress as well as
ingredients of success.

a. Establishing the mechinery for desertification control
Recommendations for preparatory measures under the PACD
included establishment of a nationsl co-ordinating machinery for

desertification control, recognizing the complexity of the
problem and the wish to avoid overlapping, gaps or inconsisten-
cies among the actions of the organizations operationally con-
cerned. It was suggested that this machinery should be centrally
placed, at a high level in the administration.

Of the countries of the region for which information exists,
only Afghanisten established such a central co~-ordinating mechi-
nery, and this arrangement subsequently lapsed. Already in China
and the USSR there existed multidisciplinary institutions, in
the Institute of Deserts in Ashkhabed and the Institute of De-
sert Research at Lanzhou, with a wide co-ordinating role in
applied research. The basis of success in these two instances
has been the integration of their scientific achievements into
field projects in the framework of large-scale govermmental
projects. The Central Arid Zone Research Institute, in Jodhpur,
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India, also, has an impressive record of investigations into
problems of the Indian arid regions over a quarter of a century,
but still faces major problems in securing the adoption of its
findings into local systems of land use,

In most countries of the region, responsibility for deser-
tification control has been allocated to one or more existing
departments concernsd with the management of natural resources
or to newer organisations with general responsibility for envi-
ronmental concerns - a reflection in the developing countries of
e shortage of resources and of professionsl staff. Similar arran-
genents have arisen in Australie because land and water resour-
ces are constitutionally the domain of separate State governments
within a federal structure. Buch dispersal of responsibility
hinders the co-ordinated actions required for desertification
control and is particularly disadvantsgeous in the area of range
improvement, which tends to over lap traditional departmental
concerns, for example those of forestry, 8oil and water conser-
vation, agriculture and animel production, as well as aspects of
social and economic administration.

These arrangements are reflected in a general absence of
co-ordinated national plans or programmes of desertification
control as called for under the PACD. To what extent this
explains the commonly inadequate record of desertification
control, or to what extent it ie a refleoction of more significant
underlying constraints, nesds to be considered further.

b. Monitoring and assessing desertification in rangelands

The PACD asked that standardized systeme of surveying and
monitoring desertification, including the human condition, be
established or strengthened, and that meteorological and record-
ing networks be improved, and stressed the need to monitor atmo-
spheric processes, the state of vetetation and soil cover, dust
transport and the shifting of sand dunes, and wildlife - all of
them relevant to control of desertification in rangelands. The
general response at national levels had however been so inade-
quate as to present major problems to the GAP,
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This cannot be put down to technicel shortcomings. Although
the proposed international methodology for desertification
assessment and monitoring remains in its provisional stage
(FPAQ/UNEP, 1984), there have been considersble advances in the
application of remote sensing for rangeland monitoring. Mach
understanding of the nature, progress and csuses of desertifi-
cation came initially from airphoto interpretation of rangelands
(of Kharin, 1976; Vinagradov, 1976), and this has since been
supplemented by the harnessing of satellite imagery with its ca-
pacity for repetitive monitoring, synoptic overview, multi-
spectral analysis and digital interpretation linked with automat-
ed information systems (of Graetzetal, 1976; 1986). Purthermore
the region is relatively well-served with stationa for receiving
satellite imagery, many capeble of handling thematic mapping
data, those in Australis, China, India, Pakistan, Republic of
Iran and USSR being particulerly relevant to rangeleand monitoring.

Several countries of the region, notably Australis, India
and USSR, helped to pioneer the use of remote sensing dsta in
integrated surveys of land resources and capability, and with
the exception of Afghanistan, countries of the region concerned
with the desertification of rasngelands have some facilities and
experience in this area.

At national lesvels there has been significant strengthening
of meteorological and hydrological recording networks, although
stations are still sparsely scattered through the deserts and
uplands within which the rangelands are mainly situated.

Despite all these developments however, and with the sub-
stential exception of the USSR, progress has generally fallen
short of the establishment of rangeland monitoring systems
effectively serving mansgement. Some technical problems in vege-
tation monitoring remain, such as spectral interference from
ground reflection in areas of open low vegetation. More important-
ly, translating vegetation measurements into forsge assessments
requires supportive ground observations by trained technical
personnel on a scale beyond the present resources of most coun-
tries of the region. But beyond all this there still remains for
most countries the essential task of bringing the results of
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monitoring into service through improved range management by
involving the land user, bringing us sgainst the economic, cul-
tural and political dimensions of the problem.

Monitoring desertification through the human condition, in
rangeland societies as elsewhers, has so far provedelusive, There
are first of all problems with relevant physiological, ecooomic
and social indicators, most of which are secondary or indirect
reflections of desertification at best and which in any case pre-
sent difficulties for surveya. More fundamentslly however, the
use of such criteria for assessing desertification requires that
the problem itself be first recast in human as distinct from
environmental terms, in relation both to cause and effect.

c. Assessing range productivi the t of grazin

Already by 1977 there had been considersble achievement in
these fields, notably by the Commonwealth SBcientific and Research
Organisation (CSIRO) and State departments in Australia, by the
Institute of Desert Research in China, by the Central Arid Zone
Begearch Institute in India and notably by the Institute of De-
sert at Ashkhabad in the USER. This work has since progressed
further and its benefits have been shared internationally
through training courses and seminars. In these countries lack
of knowledge in these areas is no longer a major barrier to range
improvement; the needs reside rather in the training of technicsal
staff for survey and extension work and in the application of
the findings in renge rehabilitation and management. Other coun-
tries of the region however require substantisl further assist-
ance in training professional and technical staff to meet these
objectives,

d. Measures to control erosion

Control of wind erosion and the stabilization of mobilised
dunes through the use of shelter belts, bitumenous or organic
mulches, and various methods of planting have been carried out
on a considerable scale in western China (Walls, 1982), particu-
larly on oasis perimeters, in other areas of threatened crop-
land and pasture lands, and along railwaye, in Iran by the
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Forest and Range Organization on coastal and inland dunefields
and on sandy steppes (Niknam and Ahranjani, 1976), in UBSR as
part of the reclamation of send deserts and the protection of
ingtallations (Babaev, 1980), and on a somewhat smaller scale in
field projects in Bajasthan, India (Shankarnarayan and Sen,
1985). These techniques have now been widely tested in field
programmes and, notably in USSR and China, have been incorporat-
ed into improved land use. Several international training courses
on this topic in support of the PACD have already been held in
USSR and China.

Nevertheless large areas subject to wind erosion and sand
drifting remain untreated, threatening nearby productive lands.
Major comstraints in several countries are lack of resources,
including trained personnel, and failure to accord priority for
action. The measures required are closely related with afforesta-
tion programmes and other actions to ease the fuelwood crisis,
particularly in South Asia, where afforestation projects out-
number other forms of response under the PACD. In these more
densely settled sandy desert areas, where wind erosion of graz-
ing lands is linked with pressure on agricultural lands, techni-
cal solutions to control wind erosion must be supported by broad-
er economic and social measures to relieve pressure on the land
and to secure community involvement in and support for protective
management after completion of the projects.

Less prominence has been accorded to control of water ero-
sion in rangelands. Watershed improvement and erosion control are
however priority areas in densely populated Nepal, where three
quarters of the country consists of steep, hilly terrsin, where
an area of 150,000 8q/km supports a human population of 15 mil-
lion - 90 per cent rural - and a livestock population in excess
of 22 million, and where less than 25 per cent of the original
forest cover now remains. Considerable international assistance
is being provided in the field of soil and water conservation,
but so far little scientific work seems to have been carried out
to improve the status of rangelands.

In the flattish rangelands of western New Youth Wales,
Australia, areas known as "scalds"™, denuded by a combination of
wind and water erosion, are being successfully revegetated
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through a combination of disc ploughing, shallow pitting or
contour banks with seeding plus fertiliser application, and lo-
cally with the treatment of hard-setting soils with gypsum.

©. Measures to improve pastures

It is this category of actions which identifies the notably
successful responses under the PACD in the USSR and China. In the
UBER improvements include the planting of shelter belts of taller
shrubs in the piedmont and loessic deserts, commonly involving
strip ploughing and seeding, the regeneration of the mixed shrub-
land of the sandy deserts and the establishment of perennial com-
ponents in ephemeral pastures, locally using aerial seeding.
These improvements have been solidly based on studies of the
ecology and productivity of the pasture communities. Labour-
intensive reclamation programmes in Arid western China include
the planting of shrube and grasses in "kuluns", as part of dune
stabilisation on oasis perimeters, whilst on the sandy semi-arid
steppes of north-central China aerial seeding of shrubs and
pasture grasses has assisted the stabilisation of sandy soils
through a8 a counter to wind erosion (Zhu and Liu, 1983).

Actions to assist pasture regeneration in rangelands are
commonly handicapped by cost in relation to productivity end the
large areas involved, notably in Australia, where labour costs
are high. Asrial seeding has been used to overcome these problems
in some areas, notably in the Ord River catchment of Western
Augtralia. Aircraft have alsc been used in the application of
herbicides for woody shrud control in the southeastern range-
lends. A growing optimiem about the future of Australiamn range-
lands (cf. Harringtonetal, 1984), reflects confidence about under~
standing the problems rather than actual achievement, but here
have been considerable advances in pasture sgronomy, in fire
management of woodland pastures and in combating woody shrub
invasion.

In India, CAZRI has identified valuable shrubs and perennial
grasses as the basis of proposed methods of pasture improvement,
in particular in association with water harvesting, but popu-
lation pressure on communal grazing landa, lack of resources and
traditional attitudes have hindered their application.
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f. Development of improved grazing strategies and livestock
management

Many countries in the region have introduced national
programmes to control the use of rangelands. Afghanistan has
formulated new grazing laws and measures to facilitate the
seasonal movement of the nomadic pastoralists who compriese a
quarter of its rural population. The Ielamic Republic of Iran
has sought to protect its rangelands by nationalizing them and
by regulating pastoraliem end fuel-gathering.

In the Central Asien Republics of the USSR, seasonsl grazing
systems have been introduced for new state ranches for karakul
pelt production, based on some decades of ecological studies
and supported by fencing, construction of shelters and the pro-
vision of rational networks of watering points. These innovations
are an integral part of regional development supported by the
extension and amelioration of irrigation and the exploitation of
groundwater.

The effective adoption of improved grazing systems must in
the last resort depend on the land mansger. The atate ranch ies
well-adapted to apply such improvements, but change is less
easily brought about in traditionsl pastoral societies, or where
livestock owned by peasant farmers are grazed on common lands.
Nevertheless, since animal productivity in traditional pastoral
systems may be only a quarter of that in improved commerciasl
systeme there is obvious scope hers for reducing grazing pressure
whilst mainteining output. It has so far proved to be a more di-
rect and effective avenue of progress than that of pasture impro-
vement, although meeting obstacles in traditional attitudes to
livestock as wealth, or where livestock numbers are seen as
part of risk-reduction, or where there are religious barriers to
selection or control of breeding stock. Programmes for livestock
improvement in traditional systems are commonly being helped by
market forces in response to the growing urban consumption of
meat and dairy products in many developing countries, and indeed
the presence of marketing outlets has been an important ingre-
dient of success.
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The commercial system of Australia operates on pastoral
leases which stipulate maximum levels of year-round set stocking
to obtain "lenient" grazing pressures. Bo fer, the main benefits
of applied research have come from improved livestock quality
and health rather then from grazing management, since deferred
or rotational grazing generally shows no sdvantages.

K. Developing and managing water resources in rangelands

The provision of stock waters, irrigation supplies for
forsge production, and domestic supplies to raise living standards
in pastoral communities have been important parts of regional
improvement programmes, for example in the Karskum Desert in the
Turkmen S8R and in Bajesthan in Indie. Conversely, the central
role of range improvement in programmes of watershed management,
with their implication for water supplies in adjacent areas, has
also been recognized, as in Nepal. Most countries of the region
have responded in some way to this recommendation of the PACD,
but supplementation of existing supplies is not in itself enough,
gince such developments have implications for and need to be
integrated with range management. Experience in Sshelian Africa
has shown how the provision of additional stock watering points
without such controls may accelerate rather than control deserti-
fication.

h. Beduction of drought risk

Preparing for drought is something whioh receives support
in principle, but in practice responses are still generally of
an emergency nature, and hence inefficient. Affected populations
have time-tested procedures for coping with moderate droughts,
with governments entering the picture only in severe droughts.
Whilst food reserves have been established in many countries,
communal customs, growing livestock numbers and pressure of imme-
diate needs have militated against setting aside drought paature
or forage regerves, In India, successive Pive year Plans intro-
duced the Drought-Prone Area and Desert Development Programmes,
which included establishing food and forage reserves and pro-
viding drought insurance. In most developing countries however,
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drought insurance is minimal or absent and any financial assist-
ance is in the form of ad hoc payments. Australian governments
assist pastoralists in drought-proclaimed areas by subsidizing
transport of livestock and fodder, whilst marketing support
schemes and low-interest loans help to reduce the impact of
fluctuating production and prices.

Pastoralists are unlikely to be assisted by progress with
long-term weather forecasting (1-6 months) in the near future.
There have been widespread improvements in stock and domestic
water storages and supplies, assisted by the availability of
heavy construction machinery. Most important in the long term
are increased operational flexibility through improved turnoff
and marketing facilities, supplementary irrigation where appro-
priate, and general economic improvement in pastoral communities,
including the provision of alternative forms of employment and
income.,

V. LESSONS FROM THE IMPLEMENTATION OF THE PACD

The general premipe in the PACD that existing basic scien-
tific knowledge was adequate to proceed with its implementation
has been shown to be justified with respect <o range improve-
ment. What remains is to adapt that knowledge and experience to
the range of environmental and socio-economic conditions in range-
lands in the ESCAP region, and additionally to mobilise it in
the development of relatively simple and rapid methods of deser-
tification assessment to assist the formulation of dessertification
control programmes., Nevertheless there are wide differences
between countries of the region in their resources of trained
scientific and technical staff at all levels. This situation calls
for regional co-operation in training for desertification control,
and the network of resesrch snd training institutions recently
initiated by ESCAP for this purpose should be widely and strongly
supported, whilst internmational funds should be sought for estab-
lishing training institutions in countries that lack them.

The GAP did not find that lack of aid funds had been a major
cause of the generally insadequate response to the PACD in the
area of environmental improvement; rather that such activities
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hed received low priority in the expenditure of the funds made
aveilable. Where investments have been made in primary production
they have tended to be in irrigation or other forms of intensive
production, leaving rainfed cropping and pastoralism relatively
neglected. It hae been suggested that this may because the true
costs of allowing the continuing degradation of productive lands
have not been made clear, nor the social benefits which may
accrue from rehabilitation. This is particularly the case for
rangelands, which tend to be the most remote and marginal areas,
geographically, economically and politically.

Pastoraliem, although dependent on the land, tends to be
driven by the ecomomic and cultural fabric of societies or by
international commodity markets that are relatively insensitive
to the state of the land. The fundamental need is to improve
feedback between the natural and socio-economic systems, involv-
ing not only improvements in extension services and the provision
of infrastructure, but the building of cultural bridges and the
participation of pastoral communities in range improvement pro-
grammes.

The last few decades have seen a reassesgment of traditional
pastoral systems in many parts of ths world, for example through
work by institutions such as the International Livestock Centre
for Africa (ILCA) and activities under the UNESCO/Man and Bio-
sphere (MAB) Programme. Theres have been few such assessments in
the ESCAP region, although the Turan Basin Programme under MAB
ie a valuable exception (Mabbutt and Floret, 1980). The findings
of such studies have under lined the importance of traditional
pastoral land use, including nomadic uses, in areas that might
otherwise remain unproductive, the value of traditional skills
and the need to create conditions which can preserve and rein-
force them through new technology and allow them to operate whilst
maintaining an ecological balance, and the social and cultural
importance of such communities which goes far beyond their eco-
nomic significance. The PACD stresses the importance of securing
community participation in desertification control measures, not
simply through the passage of information, but through involve-
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ment in decision-msking, mansgement and ownership. This approach
has been exemplified in many programmes in social forestry in

the ESCAP regions, but not so far in pastoraliam, although the
modernised systems of karakul sheep raising in the USSR exemplify
some aspects of it.

Perhaps the final lesson in the PACD, and one which is
exemplified in the two outstanding national exemples of range-
land improvement in the ESCAP region, is the importance of poli-
tical will. Dryland rehabilitation projects tend to be long-term,
with low initial returns on outlay, making them relatively un-
attractive by relatively short-term commercial criteria. Range-
land improvement projects particularly fall into this category,
which is generally one for government initiatives. It is signi-
ficant that the two main regional examples of national success
in combating the desertification of rangelands come from planned
economies, where the links between scientific research, planning
and development are close and direct. Elsewhere, perhaps the main
result of international concern with desertification since 1977
has been a growing awareness of the finite nature of land resour-
ces, including rangelands. This awareness however has not yet
prevailed in the arena of public policy-making. It remains for
the scientists to prnlonf the costs of rangeland degradation in
compelling terms, and to provide convincing examples of the net
benefits of rangelend improvement.
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FORAGE PRODUCTION FROM DESERT HANGELAND OF INDIA
K.0. Bingh

Central Arid Zone Research Institute, Jodhpur
ABSTRACT

Pield experiments were conducted at Central Arid Zone
BResearch Inatitute, Jodhpur and its Range management and soil
conservation areas to find out suitable techniques for increas-
ing productivity of arid grasslands. Reseeding high yielding
perennial forage grasses with appropriate agronomic practices
increased forage production significantly. Btrip-cropping of
grasses and legumes and silvipastoral system proved beneficial
under arid conditions of Rajesthan.

Animsl husbandry plays an importent role in the economy of
western Rajasthen es there are risks involved in crop production
because of erratic and low rainfall in this region. The live-
stock of arid region of Rajmsthan are reputed for high pro-
duction potentials and drought hardiness and get their suste-
nance from existing grasslands. But due to low carrying capacity
and increased pressure of livestock on existing grasslands,
these lands have reached to last stage of denudation.

In order to evolve ecientific technology for speedy impro-
vement of the grasslands of arid areas of Rajasthan, studies
were initiated in 52 Range Management and Boil Conservation
areas (each sbout 80 ha) to cover different land types namely
rocky, semi-rocky and shallow soils, duny and deep sandy plains
of the region. These areas were fenced and seeded with matching
grass species. Later trisls on soil and water conservation
introduction of legumes and trees, controlled grazing, mixed
grazing and grazing intensities were carried out. The results
of these studies are discussed below.

FPencing: in efficient grassaland menagement aims proper utili-
zation of forage without undue interference with the growth and
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vigour of useful pleant species. With adequate protection and
grazing the grasslands according to their carrying capacity
(aiming at 70% forage utilization level), the forage yield
doubled within three years time. Increase of forage yield in
'poor', Fair and 'Good' condition cless grassland was 148.3,
91.9 and 116.5 per cent respectively.

Amongset the different type of fencings tried, the angle
iron posts and barbed wire fencing is the most efficacious and
economical in the long run although the initiasl cost is high
(Bs. 15/~ per running metre).

Soil and soil moisture conservation

Adoption of sppropriate moisture conservation measures on
lends with shallow soils and rolling topography (2 per cent
slope) led to significant increase in forage production. The
average increased yields over control as a result of contour
furrowing, contour bunding, and contour trenching were of the
order of 638.7, 168.8 and 165.0 per cent, respectively. Contour
furrows (60.96 cm wide and 22.86 cm deep) with a cross section
of 929. sq. cm. at a distance of 8-10 metres across the slope
proved superior to contour bunds and trenches. Contour furrowed
plots were also found to contain more soil moisture than that
of contour bunded or contour trenched plots.

In extremely dry area of Jaisalmer district, grassland with
gravelly, barren shallow soil was protected with ditch and mound
fencing (500 m apart) and in between these ditch and mound
lines, contour furrowe spaced 8-10 m apsrt were constructed.
These soil conservation structures trapped the naturally blowing
sand and led to natural regeneration of Lasiurus sindicus grass.
The forage yield increased due to contour furrowing over control
was highly significant and mean increase in yield was 632.5%
over control (Table 7). Inter row water harvesting system gave
better establishment and higher forage yield of pasture legumes
than flat sowing. The increases in the yield of Clitoria
ternatea and Stylcsanthes hamata due to inter row water harvest-
ing over flat were 35 and 124 per cent, respectively.
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Performance of Stylosanthes hsmata appeared to be promis-
ing in association with Dichanthium sonulatum in rainfall zone
more than 400 mm. The forage yield of 8. hamata obtained from
pure and mixed plots were 14.1 and 8.6 q/ha., respectively.

The yield of D. annulatum from pure plot was 33.1 q/ha as
against 31.4 q/ha from mixed plot with 8. hamata. Thus total
productivity of grass legume mixture of D. annulatum + S. hamata
was highest of the order of 41.9 g/ha which was 26.9% higher
over control. The crude protein content in 8. hamata was the
highest i.es. 12.53% in pure plot which was followed by 11.42%

in mixed plot with grass. The crude protein content in D. annula-
tum was 4.18 per cent.

Beseeding: Natural succession of desired species is very slow
process in arid region. Hence, reseeding the natural grassland
with suitable perennial grass species is the only solution for
quicker improvement of degraded pasture land. Reseeding involves
proper soil working, sowing of appropriate grass species and
after care of the grasslend. The land should be properly pre-
pared and all unwanted vegetation grubbed out and cleaned. The
best time of sowing for grasses is last week of June or first
fortnight of July. Beed rate of 4-6 kg/ha for Cenchrus species,
5-8 kg/ha for Lesiurus sindicus and 2-3 kg/ha for Dichanthium
annulstum, is recommended.

Beed should be mixed with wet soil three to four times the
volume of seed and drilled in furrows with minimum soil cover
in lines 50-75 cm apart. Dry forage yield of such sown pasture
of Cenchrus ciliaris (358) obtained at Central Research Farm,
Jodhpur in 1982, 1983, 1984, 1985 and 1986 were S07, 1664,
2475, 1800 and 3280 kg/ha, respectively.

In order to have better establisbment of Lasiurus sindicus,
the seed if pelletted is most appropriate. Pellets are prepared
by mixing seeds of graas, cowdung, clay and sand in proportion
of 1:1:3:1 using sufficient quantity of water for preparing
round pellsts of the size of about 0.5 em dismeter, each pellet
containing 2 to 3 spikelets. These pellets may be dried and
stored. Sowing by this method is effective in the areas where
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g0il working is not possible. The establishment of Lasiurus
sindicus and Dichanthium annulatum is more sure with transplant-
ing of rooted slips or seedlings as compared to seeding but
transplanting is not practicable on large scale due to water
scarcity conditions in dry areas and high labour requirement

for transplanting. Bowing of seed of Cenchrus ciliaris (358) at
Central Research Farm, Jodhpur in dry soil before the onset of
monsoon gave 36 per cent higher forage yield over post monsoon
sowing. The results concerning the increase in forage production
due to reseeding under different condition classes of grasslands
presented in Table 2 revealed that incremse in forage yisld due
to reseeding was from 30 to 122 per cent in 'Poor' and 29 to

107 per cent in 'Fair' grasslands.

The direct seed sowing of Cenchrus ciliaris in heavy
textured saline soil completely failed but transplanting of
about 3 weeks old seedling established cent per cent. The dry
forage yield obtained in 1983 during estsblishment year was
26.66 o/ha and it increase to 28.70 gq/ha in 1985,

The Dichanthium annulatum was sown by pelletted seeds in
heavy textured saline soil on mounds. The grasa established well
and dry forsge yield in 1985 was 23.40 q/he, while yield of ne-
tive grass i.e. Sporobolus helvolus on this soil was 14.56 q/ha.

Improved grasses: Lasiurus sindicus gave high tonnsge (upto

2.6 tonnes/ha) in grasslands on sandy soils with annual rain-
fall of 150 mm, and below, whereas Cenchrus ciliarig and
Cenchrus setigerus were found suitable for light to medium
soila with annual reinfall of 300 mm end above and gave yields
upto 3 t/ha, while Dichanthium snpoulatum gave high forsge yield
(upto 6 t/ha) on heavy soils under snnual reinfall above

400 mm. Panicum antidotale performed well on light textured
80ils with an annual rainfall of 250 mm snd above whereas
Sehima nervosum yislded good forage on the hilly terrain. Spo-
robolus helvolus performed well in grasslands witk sealine soils.
The crude protein content of important forage grasses varied
from 9.2 to 2.8 per cent in different seasons of the year. The
protein content was maximum during rainy season and from October
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onvards it started decreasing and was least during April to
June.

Fortilizer use in pasture grasses

The grasslands of western Rajasthan are highly depleted
of soil nutrients and are subjected to erosion hazards. For
optimised production, it is essential to provide adequate
outrients in the soil. Desert soils of Rajasthan are not defi-
cient in potash but they are deficient im nitrogen. Studies on
fertilizer use in range grasses revealed that increased yield
of forage of the order of 50 to 70 per cent could be obtained
by application of 20 kg N/ha. Application of nitrogen at the
rate of 20 kg/ha in areas with annual reinfall of 300 mm and
below and 40 kg N/ha in two split doses in areass with the annual
rainfall above 400 mm, is racommended. The protein content of
forage in fertilized pasture was higher than that of unferti-
lised.

Btrip cropping

Btudies on strip cropping of grasses and legumes were
carried out from 1981 to 1985 at Central Research Farm Jodhpur
and from 1982 to 1985 at Bikaner. Permanent strips 4 to S
wide and 40 to 50 m long of COenchrus ciliaris at Jodhpur and
Iasiurus sindicus at Bikaner were established at right angles
to the general direction of the prevailing winds. In between
grass atrips cluster bean and moth bean for fodder were sown
during kharif season. The mean data in respect of fodder yields
of grasses and annual legumes are given below:

Mean fodder yield a) of aB annual le 1]
Jodhpur Bikaner
Cenchrus cilisris 12.26 -
Lasiurus sindicus - 43 .68
Moth bean 7.29 11.25

Clusterbean 11.40 21.08
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The clusterbeen gave higher fodder yield than mothbean at
both the centres. Lasiurus sindicus yielded meximum forsge at
Bikaner than Cenchrus ciliaris at Jodhpur. The permanent strips
of grasses helped in preventing soil loss caused by wind ero-
sion. The 10ss of soil during summsr season was 86 per cent
higher in control plots than that in the plots having protected
strips of grasses.

Choice of tree species for grassland

To improve productivity of grassland, it ies essential to
introduce some suitable tree species to provide shads for
grazing animals and top feed during the lesn pericds. The se-
lection of suitable tree species for a particular climate end
80il should be given more importance which can provide conti-
nuous and economic supply of green fodder without any extra
input.

Prosopis cimeraria is important drought hardy forage tree
which grows in grasslands without any detriment effect on grass
grown in association with it. The tree is lopped for its protein
rich (17.49 per cent) leaves. Zizypbhus nummularia a bush pro-
vides very valuable nutritive leaf forasge containing 14 to 16
per cent protein. It grows well in cultivated fields and grass
lands. Acacia tortilis grows very well on light to medium textu-
red soils even in low rainfall areas beslow 250 mm. It is both
fast growing and frost hardy, its leaves and pods provide good
top feed. In areas with annual rainfall sbove 400 mm Albigszia
lebbek has given good performance. Calligonum polygonoides is a
gand dune fixation plant. It leaves and tender stem provide a
good top feed for camel, sheep and goats. Acacis senegal grows
well on rocky sites and provides leaves and pods for animals.
Selvadora parsice performs well on saline soils. Acscia nilotica
grows well on heavy textured soils in low lying areas. It pro-
vides nutritive top feed through its leaves and pods. In extre-
mely dry areas, enimals eat the green shoots of Capparis aphylla.
Colophospermum mopane recently introduced in rangelands is also
growing well. Dichrogtachys nutans has given good performance
on different rangelands and provides palatable and nutritive
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leaves for sheep, goats and camel. A good pasture may have
about 30 treea per hectare. Bilvi-pastoral studies conducted
with Acecia tortilis, Azadirschta indica, Albizzia lebbek and
Holoptelia integrifolia and four grasses namely Cenchrus ci-
liaris, Cenchrus setigerus, Dichenthium snnulatum end Panicum
antidotale revealed non significant differences in the dry
matter production under different tree species.

Growth of tree species during earlier years of growth is
slow and may not interfere the growth of grasses. With the
advancement of age, crown cover and root system of the tree
develops progressively and it may affect the ground vegetation.
Btudies conducted on the contribution of the understory in
afforested areas, with Prosopis cinerariam, Albizzia lebbek,
Tecomella undulata and Acacia senegal revealed that production
of forage under first three species did not differ significant-
1y but the yield under Acacias senegal was significantly lower
than the other three species.

Forage yield (Table 3) of Cenchrus cilisris upto 1 meter
distance from Prosopis cineraria trees was significantly re-
duced. But yields under trees from 2 to 5 meter and in open area
at 15 meters did not differ significantly. The graes seed yield
was significantly low under tree canopy as compared to open
land moisture content of soils under tree cenopy was higher thus
indicating beneficial effect of tree canopy by preventing evapo-
ration losases,

Utilisation: - Utilisation of forage from grasslands csn be
through (a) harvesting, preserving and then feeding to the live-
stock. In reseeded pastures forage yields are fairly high, it

is best to resume a portion (about 25%) of it to harvest at
flowering stage to feed animals during lean periods. (b) Grazing:
Best way to utilise the grassland is through grazing based on
carrying capacity. Carrying capacity (on year long basis) of
pastures under five different condition classes in arid zone of
Bajasthan during normal years of rainfall is as under:
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Condition class of Forage production Ro. of sdult cattle
pasture Tand kg/ha during normal units (300 kg body
years weight per 100 ha

Excellent 1500 kg and above 25-30

Good 1000 and sbove 20

Fair 750 and above 17

Poor 500 kg snd sbove 13

Very poor 200 kg or even less 1-6

Under abnormal years, gracing stress has to be increased
or decreased depending on the availability of forage on the
pasture lands.

Goats V/S Sheep Grazing:

Studies on the comparative performance of goats and sheep
on gown pasture of Cenchrus species infested with Zigzyphus
nummularia bushes revealed 292 per cent increase in the body
weight gains in male goat as compared to ram lamb with-in a
period of one year under light intensities of grazing (3
animals/ha). The increase in gain of male goat over ram lamb
was 178 and 75 per cent under medium (4 animals/ha) and heavy
(6 animals/ha) intensities of grazing, respectively.

Mixed grazing:

Resulta of the studies on mixed grazing with cattle and
sheep on Lasiurus sindicus rangelend in rainfall gzone below
250 mm revealed that the growth of animals per unit ares remain-
ed to be the highest when heifers grezed alone followed by mixed
grazing with heifers and sheep and least when sheep grased
alone.

Stall feeding of hay:

Trials on performance of heifers in two systems viz.,
continuous controlled grazing and continuous controlled grazing
with additional stall feeding of hay 4 kg/heifer/dey from



January to June, each year were carried out in Lasiurus sin-
dicus pasture at Lawan (Jaisalmer) and im Cenchrus species
pasture at Pali. Hay conserved for stall feeding was harvested
at preflowsring stage of grass from half portion of the
grazing paddock. Results revealed that stall feeding of hay to
heifere during lean period resulted in higher body weight gains
in all years at both the locations. The forage yield of grasses
at both the locations was also higher under the treatment where
grass was harvested preserved and fed to animals, (Table 4)

Palatability of different species of grasses and the grazing
behaviour of animals

Among all grasses, Cenchrus ciliaris and Cenchrus getigerus
the perennial species are most palatable to all species of farm
enimals during the entire year. The annual species such as
Ariptida funiculata and Cenchrus biflorus on maturity cause
severe discomfort to sheep from the middle of August to the
beginning of Hovember, as their awns and burrs pierce through
the mouth partes and the skin of the grazing animals. Such
spscies are also trouble some to cattle. During this period
perennial species, such as Dichanthium snoulatum and Lasiurus
sindicus are relished most. From November onwards, these pe-
rennial spscies become woody. Then they are not liked by cattle
and cause discomfort to sheep by injuring their mouth parts with
the sharp ends of the stems. Therefore annuals whose burrs and
awne have been shed are relished. From March onwards, when the
snnual grasses get exhausted, the high perennials get broken
down and are caten.

During the hot weather, snimals, eat the green shoots of
Calligonum polygonoides, Oapparis aphylla, etc. Tussocky grasses
e.g. Dichanthium annulatum and Lasiurus sindicue during matu-
rity are unpalatable to sheep and goats, but are grazed upon
by cattle. To have the best utilisation of grassland it is
advisable that sheep and goats fallow cattle - the goats will
eat up, thorny bushes which otherwise are trouble-some to
cattle.
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Preservation of forage:

Specially in the arid regions, there is an shortage of
forage from November onwards when the grasslands get grazed and
it becomes acute in drought years. To have a regular supply of
good and nutrions forage it is emsential to process and pre-
serve it under proper condition. Forage can be preserved by
making hay.
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Table 1: Dry forage yield (kg/ha) of Lesiurus sindicus

under contour furrowed and control plots

Years Contour Control % incresae
furrowing over control
1961 796.2 257.0 209.8
1962 2297.0 212.0 983.4
1963 647.6 65.5 888.,7
1964 1951.0 110.0 1673.6
1965 2293.3 234.3 878.7
1966 2328.1 255.3 811.9
1967 1741.0 434 .4 300.8
1968 371.8 27.6 1247.1
1969 1669.8 328.4 408.5
Mean 1566.2 213.8 632.5

Table 2: The average forage yield (air dried kg/ha)
due to reseeding under different grasslands

Yoar POOR FAIR
Repseded Oontrol HiInorease Reseeded Con- & Increase
in yield trol in yield
1960 1066 750 42.1 73 800 46.6
(3) 2
1961 1609 885 81.8 2002 1556 28.7
(5) (3
1962 990 692 30.1 1686 869 94.0
4) (7
1963 1501 675 122.3 1741 964 80.6
(2) (6)
1964 1552 715 M72.1 2516 1213 107 .4
(7)) (8)

Figures in parentheses indicate the number of trials.



Table 3: Effect of Prosopis cineraria canopy on the
productivity of Cenchrus pasture
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Distance from Porasge yield (Q/ha) Seed

tree (meters) Green Dry %t;}g-)
4 26.6 1.6 38.0
2 58.5 28.8 46.9
3 51.0 24.8 B88.7
4 54,0 26.5 112.3
5 60.6 30.9 115.8
15 open area 64.0 32.8 215.0
SEm+ 5.3 3.2 16.7
oD 5% 15.6 9.4 49.1

Table 4: Gain in body weight (kg/heifer) under continuous
grazing V/8 Grazing with stall feeding of Hay during

the lean period i.e. January to June

YEAR Treatment Lawan PALI
Lasiurus sindicus Cenchrus species
asture asture
Body weig! orage Body we orage
gain (kg/hei- yield gain (k yiel
feor) (a/ha) heifer) (a/he)
1978-79  T1(No.stall 59.8 7.04 4.4 18.99
feeding)
T2(S1:a.11 fom 60.5 10.40 43.4 "9-67
1979 T1(No.stall 28.3 3.48 59.5 21.25%
feeding)
T2(Stall. fesding) 24.0 6.89 82.3 30.66
1980-81 T1(No.stall 24.9 2.01 26.8 2.04
feeding)
'I‘e(st:all feeding) 29.1 11.35 27.2 1.98
1981-82 T1(No.stall 21.6 2.48 33.0 17.68
feeding I
Te(stall feeding) 31.8 3.82 52.0 19.73
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POREST RESOURCES IN THE EAST NUSA TENGGARA (INDONESIA) :
under the pressure of cattle grazing and swidden cultivation

Buterjo Suriemihardja '’

INTRODUCTION

East Nusa Tenggara (Nusa Tenggara Timur; NIT) is the
province in Indonesia located within latitudes 8°5' to 11°1'
and longitudes 118°56' to 125°11' Rast. The total land area
is approximately 4.74 million hectares divided into three ma
Jor islands (Timor, Flores, and Sumda) with a total 566 is -
lands. According to the census of 1983, the population was
about 2.9 million and increasing at an annuel rate of 2%.
About 89% of the population make their living by farming in
the upland hilly areas.

Practically all islands are mountainous (70%) with the
slopes higher than S0%. Based on the land capability classi
fication issued by Scepraptohardjo (1970), only about 35% of
the land is suitable for agricultural purposes (1.7 million
hectares), that are 3% suitable for irrigated agricultural
lands and 32% for rainfed agriculture, while the remainder
(65%) must be managed for the perenial vegetation or forests
and grazing lancs,

Generally, NTT's climate is arid monsoonal with the se-
verest drought occuring on the eastern regions because of
their proximity to the continent of Australia and its dry
weather outflow winds which give NIT its dry season. The
high mountainous region of West Bumba and West Flores receive
rain in excess of 2,500 mm per year, while the eastern parts
o-_f these islands receive leass than half of that. Rainfall
decreased on islands further east, such as Timor, East Sumba,
and East Flores, where precipitation drops below 1,000 mm per

year. The dry period (rainfall less than 60 mm/month) extends
to eight months.

o) Bilviculturist; Agency for Forestry Research and Develop-
ment, Ministry of Forestry, Indonesia.
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LIVESTOCK PRODUCTION

Livestock production is perticularly important to NPT,
which produce close to 30% of the nation's livestock ,
accounting for 85% of the province's yearly exports (Webster
et al, 1977). This potential is supported by a large area
of savannah as a major resource for livestock production;
Conterius and Menafe (1985) stated that there is about three
million hectares of savannah distributes mainly in Timor and
Sumba. The area is classified by Bonnemaison (1973) into
the Palm Bavannah, Fucalyptus Bavannah, Acacia Savannah, and
Casuarina Savannah (Sherman, Rika, and Lore, 1977).

The most important livestock in NIT is catlle especially
Bali cattle. Livestock shepherdings are generally conducted
extensively without any management actions other than burning
which often carried out twice a year (in June and later in
October). It was estimated by Jones (1982) that the area of
grassland burned each year probably exceeds one million hec-
tares., It is not unusual to see single fires which have co-
vered 20,000 to 30,000 hectares of grassland in East Sumba
and Central Flores during the June-October periocd.

For the future, there is very little potential to extend
the amount of grazing land as the result of the competition
with food crops, poor species of grasses caused by fire, long
dry season, and lack of water. The province, however, could
increase production significantly through better range mana-
gement, improved pastures, and better use of water (Sherman,
Rika, and Lore, 1977).

FOOD CROP PRODUCTION

The economy of the region is based on the exploitation
of natural resources, primarily of the soil for food and
plentation ecrops; during 1975-1983 about 70% of NIT's gross

o d
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domestic product was given by agricultural sector with an
annual increment of about 3%. The great support of agri
cultural sector to the province's income, however, is follow
ed by ever-decreasing land capability due to traditional -
destructive farming system of the farmer.

Swidden cultivation (or shifting cultivation) is the

agricultural ferming system practised by most of the villa-
gers. They live five months yearly on their swiddens (from
clearance to harvest) and the rest of the time live a rela -
tively settled in the villageps. Aproximately 62% of the ru-
ral femilies in NTT are involved with swidden agriculture
(Webater et al, 1977). More than 100,000 hectares of
secondary forest is burned each year in order to grow maize
(Jones, 1982).

Beveral problems associated with swidden agriculture
has been noted by many study teams working for NTT. The
BIRDS (East Indonesia Regional Development Btudy), a tech -
nioal cooperation of the Government of Indonesis and the Go-
vernment of Canada 1974-1977, classify the problems as fol-
lows :

a. The rate of destruction of primary forests in some areas
of swidden cultivation ie excessive and potentially dange
rous.

b. The reduction of forest land coupled with ever-increasing
area under yearly cultivation has resulted in a decline
in water holding capacity of micro-environments and resul
tant fast run-offs. Thinning of topsoils has resulted,
and serious downstream erosion is now observable in many
locations.

¢. The general decline in productivity of the land base.
This could be directly related to a reduction in soil fer
tility coupled with the growing necessity to cultivate
lands only marginally receptive to swidden agriculture.
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FOREST RESOURCES

Appropriate forest area 'in NIT is highly needed by both
local and central government due to the following reasons :

a. The whole area of NTT has been affected by relatively re-~
cent tectonic activity, and some area have been affected
by recent volcanism, resulting an immature landscape
whether it be in major mountesin ranges or in recently up-
lifted coral reefs. This immaturity in the landscepe Rl
tends to promote rapid land erosion (Webster et sl, 1977).
In combination with the seasonal shortapges of surface wa=
ter (due to climate condition, physiography, and the ac =
tion of man), the immaturity of landscape make NTT more
critical.

b. The inecreasinyg need for industrial wood and fuelwood.
Wood consumption estimate indicates some 1,112,000 u’(r)
needed in 1985 and 1,376,000 n’(r) in 1995 (Jones and Dar
sidi, 1976).

In 1985, about 35.2% of the land area was enacted as
forest land. The forest land cosists of protection forest
(677,601 ha), nature conservation forest (116,511 ha), rec- )
reation forest (15,379 ha), and production forest (858,471 o
ha). In fact, in 1976 only about 60,7% of the forest land -
is forest covered (Jones and Dareidi, 1976), which was made
up of primary forest (292,300 ha) and secondary forest (720,
700 ha). By the fact that more than 100,000 ha of secondary
forest is burned each year and, at the same time, more than
1,000,000 ha of grassland burned, one can make & rough esti-
mation about the condition of forest now.

%
o

o
s

The primary forest remaining mostly at high altitudes
and in other remote and inaccesible parts of the region.
Pressure on the forest edge continues, however, from villa-
pers seeking to extend grazing areas and shifting cultivati-
on., In fact, the entire forestry situation in NTT is cri -
tical; the remaining forests are neither supplying local de-



mands for wood nor are they providing adequate watershed pro
tection. Roads and bridges continue to be washed away by
floods, irrigation works are made useless by sediments from
eritical treeless watersheds. Thers is about 1,742,938 ha
of .ritical lands in NTT (36% of the total land), that are
348,308 ha in the forest lands and 1,349,530 ha in the out-
side of forest lands.

POREBTRY AND AGRICULTURE BTRATEGIES

In terms of the economic, environmental and climatic in
fluences of forest on living standards of the people in NTT,
the forests is now in a state of decline. The rate of fo =~
rest destruction, chiefly by fire, continues at an alarming
pace and appesrs to be inereasing. For the best future of
NTT, both national and provincial governments put their
great attentions on the regreening movement, that is the
establishment of fast growing species of trees, grasses, or
legumes for the control and prevention of soil erosion, wa-
ter basin recharge, and environmental protection.

The above strategy combines livestock production, food
crops production, and forestry miseions either in the forest
lands or in the outside of forest lands. In principle, the
core program of the strategy is to develop agroforestry-
based agricultural systems in any kind of land utilization.
A long time is needed to convert traditional-destructive
farming system and uncontrolled grazing inte an ecologicsally
and economicelly usefull system. For NTT the time neededis
probably shorter since there is an indigenous agroforestry
model on Timor which has prospects of being developed in
other parts of NTI'T and also in other arid or semiarid re -
gions; the model is known as Amarasi Lamtoro (Leucaena) Mo-
del.

I50.



I51.

Jones (1982) give a brief description on the Amarasi Mo-
del as follows :

The basic clements of Amarasi Model include the
%rowing of maize in cleared and burned thickets of
amtoro on a two or three year rotation and the

concurrent uséof the Lamtoro to fatten cattle.

A single family, with two hectares of relatively
poor limestone soil covered entirely 'by Lamtoro,
can produce 1,000 kg of maize per year on 2/3 rds
of a hectare twith poasibly 700 kg for their own
use and 300 kg for sale) and fatten 4 head of Bali
cattle on the remaining one and a third hectares
(wit? one for their own consumption and three for
sale).

The Lamtoro regrows from its burned roots making
it unnecessary to reseed or reilnnt the tree. Ite
new foliage is immediately available during the
ensuing dry season for cattle fodder. During a
three or four year fallow period the fallow area
continues to provide fodder for” livestock.

The Amarasi Model is a settled syetem of agricul -
ture involvinr & modified form of swidden culti -
vation and burning. The openings in which maize
is cultivated seldom exceed three hectares and
there is little soil loss in the system.

Amarasi Model has been identified as being a successful
approach to stabilizing the agro-ecosystem in NTT and also in
other arid parts of Indonesia. In the forestry sector, modi
fication of the Amarasi should be developed in the establish
ment of community forestry and bufferzone or fuelwood planta
tions. Specifically for the purpose of cattle raising, how=-
ever, actions will be required on several following points
(Webster et al, 1977) :

a. Improved range nansgemené is ess2ntial. Presently some
of the prassland is overgrazed while other areas are un-
derutilized. The areas closest to the river tend to be
overutilized, further inland, good grazing land is comple
tely dormant.

b, A water development program needs to be undertaken. A stu
dy shorl  bhe conducted to determine froundwater potential.



¢. Accessibility to upland grazing flats must be improved.
A considerable percentage of good grassland upland area
ie not utilized simply because it is unreachable.

d. A pasture improvement program should be introduced. Burn
ing has resulted in eroeion problems and in a poor quali-
ty of coarse grass.
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T. Baasan
B.0. Anhtsatsag

DESERT TYPES OF MONGOLIA

The Mongolian People®s Republic is situated in the
centre of Asia at the average altitude over fifteen hund-
red metres above the sea level and is surrounded on al-
most all the sides by large mountains that isolate it
from the areas of both Atlantic and Pacific air mass cir-
culation. The continental climate largely determines fre-
quent occurence of deserts and semi-deserts.

The semi-desert and desert zones from an arch-like
belt 480 km wide and 2000 km long, embracing the western,
southern and south-eastern part of the country, in par-
ticular The Large basin, Lakes Lake Valley, Transesltai,
East and Bouth Gobi.

The total area of arid zones in MHongolia makes up
641,5 thousand kma. i.e. some 41% of the country‘'s ter-
ritory.

The northern border of the semi-deserts is easily
traced along the boundary of light chesnut soils and cor-
responds to the isohyet of 200 mm, and the northern boun-
dary of the deserts - along the margin of brown stepped-
desert soils and corresponds to the isohyet of 100 mm a
year. It is interesting to note that the northern boarder
of the arid territory nearly coincide with the line divid-
ing the northern and southern geotechtonic megablocks of
the Kaledonian and Gertsinsky periods.

There are quite a few works in the world literature
on the classification of desert types. These classifica-
tions are based on different principles: climatic, soil,
floristiec, lithoedaphic. Of great interest is the desert
classification as to lithoedaphic conditions, suggested
by M.P. Petrov (1973 PFor Centrel Asia for instance the
following types of deserts are found: sand deserts on
loose deposits of ancient slluvial plains, sandy shingle
and shingle deserts on gypsum tertiary and cretaceous
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structured platesus; bresk-stone gypsum on tertiary pla-
teaus; stone deserts on low-mountain and hummocky relief;
loamy low-carbonate nappe loams; loess deserts on pied-
mont plains, clay takyr deserts on piedmont plains and

in encient river deltas, clay badland deserts on low-
mountain relief, composed of salt-bearing maerls and clays;
sononchak deserts in saline depressions and along sea
coasts.

A.G. Babeev, I.8. Zonn and others (1986) have ana-
lyse the existing concepts of desert classification and
tonation in the world and suggested the following types
independent in morphstructural and lithoedaphic respect.

1. sand 4, stone
2. sand-break-stone 5. loess - clay
3. break-stone gypsum 6. solonchak

Proceeding from the above-mentioned works and our
own research of deserts snd semi-deserts of Mongolian
Psople®s Republic we come up with our own classification:

I. sand V. clay
II. ssnd-shingle VI. solonchak
III. ehingle-bresk~stone . VII. rocky (mountain)

1V. stone-break-stone

I. Band deserts occupy 4,8% of the arid territories
of Mongolia., The relief of sand deserts is varied. Widely
occur fixed sand mounds, hillock sands, honeycomb.-
hillock sand even cover sauls, shifting barchan and
barchan-hillock sande, sand desert wvegetation is richer
than in cther lithoedaph types. This is determined by
more favorable water-retaining properties of sands, which
sbsorb atmospheric¢ precipitation anmd slow down their
direct evaporetion. The dominating type of vegetation are
species of more xerophilous type and typical psammo
phytes from Central Asian sand desert flora: Artemisia
klementzea, A. xanthochroa, A. spheerocephala, Hedysarum
mongolicum, Psammochloa villosa, Calligonum mongolicum,
Agropyron fragile, Btipa gobioa, Nitraria sibirica, Helo-
xylon ammodendron, etc.
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Band deserts are subdivided into three subtypes:

1. Sand deserts on thick loose deposits of middle-
upper Quarternary alluvial lacustrine plains. They are
found in the Large Lakes basin and the Lake wvalley. The
relief is mainly barchan-hillock and hillock-honeycomb.
The soils are loamy sand light chestnur and bare sands
occur. The contemporary geomorphological processes are
deflation-accumulative.

2. Sand deserts of piedmont accumulation-denudation
plaine and intermountain depressions. They are widely
found in the foothill areas of Gobi Altai. The relief is
barchan and barchan-hillock, brown stepped-desert
grey-brown and takyr - like soils are developed in dep-
ressions.

3. Bend deserts of the structural-denudation plains,
hummocky terrain and bazalt plateuas, They sare found in
the south-east of the country. The relief is hilleck
barchan~-hilloc and flat-rolling. The sciles eare brown
steppad-desert and grey-brown.

II. Send-shtingle deserts take up 7,2% of the desert
area in Mongolia. The surface layers are made up of sandy
conglomerates and shingles the Vegetation
is dwarf{ shrub and semi-~shrudb in combination with ephe-
meral borbs. Following subtypes are marked.

1. sand-shingle deserts on thick loose deposits of
middle upper Quarternary and contemporary alluvial-lmous-
trine plains. They occur in the Large Lakes basin. The
relief is plain intermitten with small hills of stabilis-
ed or drifting sands. The soils are brown desert-steppe.

2. Band-shingle deserts of piedmont ancient alluvial~
lacustrine plains and intermountein depressions (of Neoge-
ne end Pleistocenesge) are found in the Lake Valley. The
relief is plain in combination with low mountains, hummoo-
ky terrain, lacustrine-solonchak depressions and sand
areas., The soils are brown desert-steppe.

I11. Bhingle-break-stone account for 31 of arid
lands in Mongolia. This type of desert occur on the Cen-
tral Gobi peneplaing and in Eastern Gobi depression. A



156,

peculiar feature of thie type of desert is that its sur-
face is covered with shingle-break-stone elunum an wide
occurence of solonchaks in closed basins. In terms of
their morphostructural features shingle-break-stone de-
serts can be subdivided into:

1. shingle - break-stone deserts of denudation-hori-
zontal and - stratum plains

2. shingle - breask-stone deserts of denudation-sode
plainse, hummocky terrain, piedmonts and basaltic plateaus.

Brown desert steppe and brown steppe desert soils are
typical of both subtypes, while light chestnut mealy car-
bonate soile sre typical only of the latter subtype. The
vegetation is dominated by Artimis Balsola sp., Stipa
8p., Allium sp., etc.

IV. Rocky-break-stone deserts is the major desert
type in Mongolia (43% of arid zone). The predominant re-
lief is low land and hummocky. The desert surface is
covered with break-stone (10-100 mm), sometimes with coar-
ser fragments.

There are many rocky outerops of bedrock materisl.
Three subtypes are distinguished:

1. rocky-break-stone deserts of piedmont alluvial fan
plains

2. rocky-break-stone deserts of piedmont trains and
denudation plains

3. rocky-break-stone deserts of low lands hummocky
terrain and denudation socle plains.

Flat interfluve surfaces of the rocky-break stone de-
serts are characterized by the preseace of a rocky-break-
stone "armour™ resulting from constant weathering and
partly from washing out of dust particles and fine send.
The grey desert prevail soils - usually thin and weakly
developed lime or gypsum. The main vegetation is of shrub-
type spread along the dry riverbeds, very meagre and dis-
persed.

V. Cley deserts are not widely spread in the Gobi,
they take up some 0,3% of the territory. Clay deserts
are subdivided into clay takyr-like and clay badland types.
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1.Clay tekyr-like deserts formed on immature and
often uncompacted clay deposits, are mostly typicel of
intermountain depressions of the Golbyn and Borzongiin
Gobi. Small areas are found in Transaltai Gobi. Takyr and
takyr-like soils have smooth solid surface broken into
polygonal fragments by shallow fissures. Takyrs are usual-
1y devoid of vegetation, sometimes there occur annual
sespweads.

2. Clay basdland deserts of hummocky terrain and dep-
ression edges are made up of mottled clays of Meso-
Kainozoic age. This subtype occurs in Harman and Nogoon-
tsav, Haichiin uul, Transaltai Gobi, etc.

VI. Bolonchak deserts account for some 5% of the
Mongolian arid zone, and occur in small massives in other
types of deserts. They are especially typical of shingle-
break-stone deserts.

They most frequently spread on dry lake shores and
basins without outflow.

Solonchak deserts are subdivided into hydromorphic
and lithogenic depending on the solonchak type.

Hydromorphic solonchaks develop in the areas with
high water tables, on foliated loam and clay lacustrine-
alluvial and alluvial fan deposits. Their surface is co-
vered with dispersed halophylous xerophilous and psammop-
hyte - shrub vegetation. Among halophylous there are many
succulents, most typical are various seepweads (Halocne-
mum Balsola, Ansbasis, etc.). Hydromorphic solonchaks are
divided into crust, plump and wet. Crust solonchaks are
widely spread and occur in low areas. Plump solonchaks og=
cur in combination with the crust ones, they ococupy small
areas and differ from the crust solonchaks by the pressnce
of a 5-15 cm=-thick cushion. Wet solonchaks are characteris-
ed by a higher water table and absence of vegetation.

Lithogenic¢ solonchaks are found in the Transaltai
Gobi. The pecularities of the nature and soile of the
Transaltai Gobi are largely determined by a wide occurence
of salt-bearing and gypsum~bearing Cretaceous-Palasogene
mottled deposits. On the major part of the area they are
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covered by 2 mantle of Quaternary depesite of various
thickmess, but in some regions they out crop directly to
the surface thus becoming the source of salts, gypsum,
8ilt and dust matter.

VII. Non-rocky mountain deserts asccount for 7.5% of
deserts in Mongolia. This type includes pediment moun-
tains of arch axes and inselber m i.e. mountain ridges of
Arts Bogd, Gov Gurvan, Andreigiin Nuruu, etc. In terms of
sbsolute heights there are high (over 2500 m), medium
(1600-2500 m) and low (below 1600 m) mountains.

Desertification processes develop differently in
various types of deserts. In rocky-break-stone deserts of
piedmont train there prevails water erocsion. Deflation
process is typicel of solonchaks snd sand deserts.

In iunfavourable years with low precipitation and
strong winde sand range lands are easily degraded. The
ares of shifting sande increases which results in a
severe desertification of fertile soils. Our data avail-
able since 1940 to this date shows that the area of
shifting sands on former rangeland areas has reached 3,8
thousands square kilometers. This process is undoubtably
connected with prolonged drought period in registered in
Central Asia.

As investigation shows, unsound and extensive use of
territory for animal-breeding and tramsport facilities
contributes to desertification, as well as uncontrolled
deforestation for fuel needs.

In order to control desertification it is important
to develop and implement scientifiocally based economic
plans.
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RANGELANDS MANAGEMENT
IN THE
PHILIPPINES®

JOEY E. AUSTRIA**

I. INTRODUCTION

The Republic of the Philippines is a country
in Southeast Asia composed of about 7,100 islands.
It has a total land area of 30 million hectares,
15.3 million of which are forest lands.

The Philippines' rangelands are a vital natural
resource because they serve as the cheapest source
of feed for the country's livestock industry; they
serve as watershed for important water systems; they
seruefﬁabitqt of wildlife and a place for game hunting
and recreation; and they serve as ecological niche
beneficial to micro-organisms responsible for soil
development and nutrient cycling.

Due to the ecological importance of rangelands,
grazing therein is governed by specific rules and
regulations to protect and preserve their productivity
and ecological stability with the ultimate objective
of optimum production.

The continuous demand for forest products,
coupled with widespread slash-and-burn agriculture
(also known as swidden farming) by forest occupants
as well as by indigenous forest settlers, has helped
increase the area of rangelands. Forest renewal
could not always cope up with the rate of forest
destruction. Hence, many forested areas have become
grasslands and brushlands, making the management of
rangelands an important forest activity in the country.

II. FEATURES OF PHILIPPINE RANGELANDS

Rangelands in the Philippines eover about 2.9
million hectares. Since grasses are the predominant
vegetation, rangelands are generally classified into

* Short report presented during the Seminar on Rangelands
Improvement in the Arid and Semi-Arid Zones: USSR- 18 May
to 06 June 1987. ’

#% Senior Forester, Range Management Division, Bureau of
Forest Development, Department of Energy, Environment
and Natural Resources, PHILIPPINES.
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any of the following grassland community types:

a) Imperata cylindrica type; b) Themeda triandra type;
c) Ca JIIepealgg Enrv;florun type; and d) Eﬁrgsogogon
acicu atus type. ny rangelands are also inter-
spersed with patches of second-growth forests and

brush/weed species such as Chromolaena odorata, Lantana
camara, Mimosa indica, Solanum ferox and Fterldgg

aquilinum,

The soil in the rangelands are usually severely
eroded and are very shallow. They have low nutrient
content, particularly nitrogen and phosphorous, and
many are highly acidic. This is due to the constant
leaching of the soil surface brought about by poor
vegetative cover.

There are two climatic seasons in the Philippines
namely, rainy from May to October, and dry from
November to April. This climatic pattern accounts
for the dramatic changes in rangeland vegetation.
During rainy seasons, rangelands have verdant vegeta-
tion while during summer, rangelands become parched
and dry.

GRAZING IN RANGELANDS

In the Philippines, rangelands are part of the
public domain and grazing therein is opened to private
individuals under the leasing system practiced by the
Government. Under this system, the Government and any
qualified individual execute a lease agreement whereby
the lessor (Government) allows the lessee (private
individual) to conduct grazing activities and intro-
duce improvements in a given area subject, however,
to certain terms and conditions., Any violation of the
terms and conditions will lead to the cancellation of
the lease agreement and forfeiture in favor of the
lessor of any improvement introduced by the lessee in
the leased area. The term of the lease is for 25 years,
renewable for another 25 years. The maximum area of any
lease is 2,000 hectares and the minimum area is 50 hec-
tares., Any grazing land below 50 hectares is subject
to a pasture permit which is renewed annually.

Not all rangeland areas in the Philippines could
be leased for grazing purposes due to the following
reasons:
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1) Grazing is allowed only in areas with
slopes of less than 50% to prevent serious soil
erosion; many of the rangelands have steep slopes,
hence, they could not be opened for grazing.

2) Many rangelands are interspersed with patches
of cultivation by forest occupants or with scattered
settlements by ethnic groups.

3) Some rangelands have been established as
reforestation projects or delimited for industrial
tree plantations, agroforestry, or tree farms.

4) Some rangelands are within watershed reserva-
tions which have been closed to commercial grazing.

As of May 15, 1987, there are 1,022 grazing
leases and 110 pasture permits in the Philippines.
These have a total area of 434,688 hectares and
16,419 hectares, respectively.

PROBLEMS

Rangeland development and management are affected
by the following problems:

1) Many rangelands have been invaded by Chromo-
laena odorata, a poisonous weed species. This has
resulted to the reduction of the carrying capacity of
affected pasture areas. This weed species hinders the
growth of palatable forage species, reduces the mobi-
lity of livestock, and, when eaten, causes diarrhea
and eventual death of livestock. MHany affected past-
ure areas have been abandoned as the eradication of
this weed species has become next to impossible due to
its prolific growth and regeneration habits.

2) Many rangelands have severe occupancy problems.
Population pressure and lack of employment opportuni-
ties in the rural areas of the Philippines compel pecple
to engage in marginal agriculture and in so doing,
rangelands become the target for their activities.

3) Native grass species have low herbage yield
which result to low carrying capacity of pasture areas.
The stocking rate of native grasslands is roughly one
(1) head of cattle per hectare, With this rate, the
annual cattle production for the whole country will not
exceed 500,000 heads of cattle. This livestock pro-
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duction hardly meets the annual beef demand of
168,000,000 kilograms which is roughly equivalent to
672,000 heads of cattle.

4) Many grazing lessees depend on nature in the
development and management of their pasture areas.
They lack interest in developing or improving the
natural soil cover to increase the grazing capacity.

5) Since many rangelands are located in remote
areas, lessees and permittees are often harassed by
lawless elements. This peace and order problem is
one of the reasons why many pasture areas have been
abandoned or left undeveloped.

PROGRANMS/PROJECTS

The management and development of rangelands is
the responsibility of the Bureau of Forest Development,
a line agency under the Department of Energy, Environ-
ment and Natural Resources, This function used to be
directly under the Range Management Section of the said
Bureau. Realizing the growing importance of the role of
range management in forest conservation and livestock
production, the Section was recently upgraded into a
Division to have a larger manpower and a greater part
in policy and decision making.

Further, the regulations and guidelines on the
administration, management and disposition of rangelands
for grazing purposes have also been updated with the
following policies/regulations:

1) Zonification of grazing lands to provide
stability of land use and security of tenure;

2) Deputation of ramch employees as forest
officers;

3) Collection of inspection and survey fees;

4) Increase in the application fees and annual
rental; and

5) Issuance of provisional pasture permits pend-
ing issuance of a regular lease agreement,
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In 1976, the Forest Range Development Program was
launched. This program has five components, namely:
1) manpower development; 2) survey and reclassifica-
tion of areas covered by pasture leases and permits
and potential grazing areas; 3) range improvements;

4) development of range management plans; and 5) con-
tinuous range condition analysis. The training compo-
nent has so far, produced 184 graduates who have become
well-versed in range management. Twenty-one (21) of
them are at present full-time team leaders doing land
capability surveys and reclassification of rangelands.
So far, the teams have evaluated a total area of
1,263,559 hectares of existing and potential grazing
lands.

The establishment of forage seed production areas
and eradication of weed species are the two main acti-
vities under the range improvement component. Thus
far, eight forage seed production areas have been
established throughout the country to ensure a conti-
nuous supply of planting materials of high-yielding
grasses and forage legumes for distribution to grazing
lessees and permittees.

As far as eradication of weeds is concerned, a
study on the eradication and control of Chromolaena
odorata by means of biological, chemical and mechanical
methods has been conducted. The results of gaid study
have been disseminated to pasture lessees and permit-
tees to serve as their guide in the control and eradi-
cation of this poisonous weed species. However, the
chemical method, which is the most effective, could
not be readily adopted in view of the prohibitive cost
of herbicides.

A detailed guideline in the preparation of a
grazing management plan has been developed to guide
grazing lessees and permittees im the systematic deve-
lopment and management of their grazing areas to improve
range productivity and prevent accelerated soil erosion.,
It is now mandatory for all grazing lessees and permit-
tees to reforest steep portions (having a slope of 50%
and over) of their areas, to plant trees within a strip
along the pasture perimeter and along the banks of creeks,
streams and/or rivers within their areas. Likewise,
they are required to gradually improve the natural soil
cover by introducing high-yielding grasses and forage
legumes. In line with this requirement, pasture lessees
and permittees have been urged to undertake range ferti-
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lization. However, many could not do so because of
the prohibitive cost of chemical fertilizers. On the
other hand, organic fertilization has not yet been
extensively practised due to the lack of technology
in the cheap and simple production of non-chemical
fertilizers. These explain why the introduction of
high-yielding forage species has been slow.

The last component of the program, range condition
analysis, has not been carried out as yet due to
financial constraints on the part of the Government.

Another program which contributes to the protect-
ion of rangelands is the Integrated Social Forestry
Program. This is aimed at containing occupancy and
cultivation within forest lands by farmers. In this
program, deserving landless upland farmers who have
been occupying portions of the forest lands as of
December 31, 1981 and have developed the same as their
primary sources of livelihood are considered by the
Government as partners in the protection and develop-
ment of forest resources. They are issued renewable
25-year stewardship certificates over their cultiva-
tions with the agreement not to expand their clearings
and to help in the conservation and protection of their
clearxngs and ad}acent areas, Currently, the program is
1nd1rect1y helping in the solution of peace and order
problems in many areas of the Philippines. This is so
because many peace and order problems are economic in
nature and with this program, many upland farmers are
given the chance to legally occupy and cultivate their
own areas, thus providing them alternative sources of
livelihood.

Related to thie, the Government is at present
doing its best to solve directly the nationwide problem
on insurgency and lawless elements. With the solut;on
of this problem, full development of rangelands is
expected to follow.

CONCLUSION

In the final analysis, rangeland management in the
Philippines is relatively new considering that it has
only been given emphasis during the last decade.
Although appropriate programs have been formulated,
these could not yet be fully implemented due to many
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constraints. It may be noted that the Philippines is
at present still trying to get up on its knees after
having been mismanaged for quite sometime.

With this seminar, I am optimistic that I could
acquire additional knowledge and skills in rangeland
management which could be helpful and applicable in
my country.
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