Range improvement Techniques
1.1
General.
Rangelands in Pakistan which are 59.3% of the total land area extend from Alpine pastures in Northern mountains to temperate and Mediterranean ranges in Western mountains and arid and semi arid desert ranges in Indus plains. Elevations range from sea level in South to over 8800 meters in the Northern mountainous region of Himalayas. Extreme climatic variations are the result of elevations range and summer monsoon rainfall. About 70% of the country is arid to semi arid. Summers are extremely hot while winters are cold. Rainfall varies from 100 mm in the South to over 1500 mm in the North. Northern snow covered mountains of Himalayas, Hindukush and Karakorum ranges are main source of runoff for the mighty Indus River and its tributaries. Central and Southern plains consist of fertile soils but annual rainfall is low, averaging less than 250 mm.

Range lands of Pakistan are back bone of Pakistan’s economy as agriculture, industry, livestock and other fields are directly and indirectly dependent upon range lands. Major part of Pakistani population and economy is engaged in agriculture and livestock rearing. Some 16 million hectares (76 %of cultivated land) for irrigation, 93.6 million heads of livestock for forage and industry for electricity are totally dependent upon the range lands. In addition to this, Pakistan lacks in forest cover and unable to meet wood based demands of the population and wood products of more than 2.0 billion rupees are imported annually.     

Range lands of Pakistan are in degraded conditions, only Northern range lands are in fair to good condition. Major bio-physical factors which caused range land deterioration are number versus quality of livestock, land tenure system, migratory herds, arid climatic pattern, erosion due to wind and water, scarcity of water and low quality underground water. Sub-Committee on Range Management (GOP, 1983) reported that absence of independent range management agency, lack of administration and expertise, lack of public participation in range development programmes, mismanagement of range livestock, lack of adequate resource analysis and surveys, difficult working conditions and low priority by planning and development authorities as major constraints of range management in Pakistan. 
Following table shows range resources of Pakistan, their area, present forage production status and improvement potential:
Table- 1: Range resources of Pakistan
	Range land
	Area (m.ha)
	Current potential 
	Improvement potential 

	
	
	DM
(t/ha)
	Total 
DM (m.t.)
	DM
(t/ha)
	Total 
DM (m.t.)

	Alpine pastures 
	1.68
	1.5
	2.52
	2.50
	4.20

	Trans-Himalayan Grazing lands
	3.50
	0.6
	2.10
	2.00
	7.00

	Himalayan forest Grazing lands 
	0.67
	0.6
	0.40
	3.00
	2.01

	Pothwar scrub ranges 
	1.68
	1.5
	2.52
	4.00
	6.72

	Desert range lands 
	7.97
	0.5
	3.98
	2.00
	15.94

	Kohistan ranges
	2.38
	0.4
	0.95
	2.00
	4.76

	Central Balochistan ranges 
	8.00
	0.5
	4.00
	1.00
	8.00

	Eastern Balochistan ranges
	5.00
	0.4
	2.00
	1.50
	7.50

	Western Balochistan ranges
	18.50
	0.3
	5.55
	0.80
	14.80

	Suleman mountain ranges
	1.50
	0.3
	0.45
	2.00
	3.00

	Total :-
	50.88
	6.6
	24.47
	20.8
	73.93


Source: Mohammad (1987)
1.2
Rangeland.

Range lands are those areas of the world which by reason of physical limitations - low and erratic precipitation, rough topography, poor drainage or cold temperatures - are unsuited to cultivation and which are source of forage for free ranging native and domestic animals, as well as a source of wood products, water and wildlife. (Stoddart et al, 1975)

 The local term for range land in Pakistan is “Chiragah” which is considered wasteland and synonymous with desert and arid land.
1.3 
Range Management


Range management is the science and art of optimizing the return from rangelands in those combinations most desired by and suitable to society through the manipulation of range ecosystem. (Stoddart et al, 1975)

Range management is the scientific management of range land for the continuous and maximum production of forage and livestock, consistent with the use of land for other purposes.  Specifically, it is the management of natural vegetation for the production of livestock.
1.4
Range Management in Pakistan.


In the Pakistan rangelands have primarily been managed for Livestock production. However, the multiple use concept of rangelands also include the protection of watershed which drains into a number of big dams like Terbela and Mangla, and providing of Wildlife with a vast complex of natural habitats. These concepts have been recognized by researchers, planers and environmentalists. 


During the past 50 years several range development / improvement projects have been implemented in various ecological zones of Pakistan. Various agencies, departments and organizations have conducted research and extension trials in the ranges most nominal are Provincial Forest Departments, NARC, ARINA, PARC, PFI, AZRI, CDA, SAZDA AKRSP, etc. The detailed discussions of these development / improvement techniques implied by these organizations are given in the following pages. 
            Pakistan still lacks an independent agency vested with authority, responsibility and accountability to undertake range management programmes and participation of stakeholders in planning, development and execution of development projects except few examples lead by NGOs i.e. AKRSP..     
CHAPTER NO. 2
RANGE IMPROVEMENT TECHNIQUES.
2.1
Range Improvement. 
Range improvements are just what the term implies.  They are manmade changes with a range area, which improve and facilitate rangeland. (F.W.P.R.M conference, 1966)

In no sense should these range improvement be confused with the over all range management.  Improvements are only tools of the major aspect of range management i.e. grass seeding can become a major operation, yet such seeding is of value only if the increased forage can be utilized within an over all range management program.

These improvements must fit with in a plan to be of real value. This, in turn, presupposes that there has been an evaluation or a range analysis made to determine what improvements are needed and where they are needed e.g. in many areas water is in short supply and some type of improvements are necessary to develop water if livestock are to use the area. Range improvements techniques in practice under various conditions are discussed under following headings.

2.2
Plant introduction trials.

It refers to the introduction of indigenous and exotic forage plants of various morphological and physiological characteristics having some forage value into their respective adapted ecological zones.
2.3
Range Re-seeding.
2.3.1
Natural revegetation.


This requires sufficient number of desirable seed producing plants, adequate soil moisture and nutrients and suitable climatic conditions for establishment of range vegetation under natural condition. This is the cheapest but slow process of rehabilitating the depleted range lands. 

2.3.2
Artificial re-seeding.

When natural re-vegetation cannot recover within a short period and there are few desirable species artificial re-seeding is carried out. Following factor considered to re-seed the range site:-
· Proper selection of range site.

· Choice of ecologically suitable species.

· Use of mixture.

· Elimination of plant competition.

· Proper seed bed preparation.

· Proper season and time of sowing.

· Correct seed rate.

· Distribution of seed and seed coverage.

· Contour sowing along slopes.

· Seeding method.

It is usually expensive technique to improve the rangelands.
2.4
Stock Water Development.

For optimum utilization of range site proper distribution of livestock is necessary and governed by the availability of drinking water for livestock within the range. For this purpose various structures (Concrete and earthen) are developed at suitable points in the range e.g. springs, surface wells only and with wind mills and Persian wheel,  earthen bunds, water tanks ,surface drains, etc.
2.5
Soil and Water Conservation.

Various engineering and biological techniques e.g. terracing, reclamation of gullied lands, afforestation, sowing, planting, ponds, dry zone afforestation structures, etc. are adopted to improve / rehabilitate the range vegetation.
2.6
Rain Water Harvesting.

It refers to deliberate collection of rain water from catchments and its storage. The catchments may be natural or artificially created to avoid infiltration and evapo-transpiration. Various means to increase runoff are:
· Improve cover.
· Mechanical treatments (smoothing &  compacting the surface, terracing, micro-catchments, etc)
· Reduce soil permeability by chemicals.
· Covering the catchments with rigid or flexible material. 
2.7
Water spreading.

It is common practice in the Northern and Northwestern parts of the country in foot hills where dams or dykes are constructed to hold flood water.
2.8
Sand dune fixation.

Sand dunes are not enduring features, they soon change place and form under the action of winds.
2.8.1 Thal Techniques.

These include the following techniques adopted in Thal, Cholistan and Tharparkar ranges:
· Re-seeding with palatable grass on proper seed bed.

· Tuft planting of bunch of grasses.
· Earthen tubes for raising fuel / fodder trees and shrubs.

· Transplanting trees and shrubs.

· Broad casting seeds of shrubs along with grasses.

· Plastic and grass mulching.

· Drip irrigation system. 

2.8.2 Balochistan Techniques

These include sand dune fixation work conducted at Mastaung, Noshki, Pasni, etc:
· Mechanical stabilization (walls, wooden barriers, spread brush wood, etc).
· Chemical stabilization (soil binding material e.g. clay soil mud spraying, carbonated clay mixed with water, etc).
· Biological stabilization (planting of various indigenous and exotic plant species e.g. Tamarix sp, Haloxylon sp, Calligonum sp.).    
2.9 Range Burning
It is oldest known practice to manipulate range vegetation for livestock grazing as it increase the re-growth of grasses. The reason for burning includes:
· Increase the palatability of forages.
· Removal of old & dead material thus increasing utilization by grazing animals.
· Suppression of un-desirable plants.
· Prevent invasion of inferior species.   

2.10 Range Fertilization.
It involves the use of chemical fertilizer in range lands. It is un-economical in arid and semi arid ranges but useful for moist ranges. Fertilization of croplands has long been practiced and pastures generally show markedly increased yield from fertilizers. The advantages suggested for pasture fertilization have been increased yield higher nutritive value of forage, and earlier growth in the spring.  Some interest has been directed toward discovering whether or not similar result might be secured on dry rangelands.

It appears that the use of fertilizers on rangelands should be limited to areas of high moisture such as meadows or areas where rainfall is high during the growing seasons.  Experience on cultivated land as will as limited experience on rain suggests that the response secured is related to climate, to the soil material, into the type of vegetation.  Much experimentation will be necessary before effective and general use can be made of range fertilization.  Doubtless many areas can be made yield greater forage crops when factual data become available, but there is distinct danger of actual reduction in yield accompanying fertilization on  arid lands, specially during drought years, because rapid growth during favorable growing periods produces herbage having a transpiration requirement greater than the soil can supply.

2.11 Fencing.

It involves various engineering and biological fences to protect the area from grazing and promote natural re-vegetation and artificial re-seeding practices e.g. wooden fences, wire fencing, barbed wire etc. Fences are also necessary to divide range areas in to pastures for specific usage, or uniform utilization.  Although, fences are not being pushed for several reasons, they will eventually be used more and more throughout all the private lands. Where large scale ranching become more prominent, fences will play a much larger role in range management. A good fence must be built and it must be kept in good repair.  Fences, which are not in good repair, serve no useful purpose.  They must be checked at regular intervals.
2.12 Salting.

It is a technique in which salt is placed at suitable and properly distributed location inside the range area. It helps the proper distribution of livestock and uniform utilization of the range. 
2.13 Adoption of grazing system

It involves various scientific grazing schemes to utilize the range area in a systematic manner to rehabilitate and maintain the range health. Various systems derived are:- 

· Rotational grazing system.
· Deferred grazing system.
· Rotational – deferred grazing system.
· Strips grazing system.
· Nomadic grazing system.
· Continuous grazing system.
2.14 Culling.

It refers to eliminate the weak, useless, unproductive, uneconomic and un-wanted animals from the herd to decrease grazing pressure induced by these animals. It is practical application of range improvement principle known as quality rather than quantity of livestock.
2.15 Headquarters. 
As a general practice in this country both sheep and cattle are returned to some type of headquarters, every night for protection. This means to get uniform distribution of livestock and good use of range area temporary headquarters must be built.  This would include some type of living quarters for staff and corrals for the livestock. If these areas are to be used in cold winter weather, good corrals must be built. (F.W.P.R.M conference, 1966)
2.16
Corrals 
Corrals are a place to work cattle or sheep.  They are built for protection.  Where predator problems do not exist, corrals are not used for night bedding of sheep or cattle.  In Pakistan corrals are necessary for protection of livestock.  They can and should be built where they will facilitate uniform distribution of livestock.  Permanent corrals are very costly to build and can be placed only at certain points. (F.W.P.R.M conference, 1966)
2.17
Roads and trials

Roads & trials are a part of the range improvement program.  In many cases roads are necessary for range improvement.  In many mountain areas roads and trials are often necessary to reach and use certain range areas.  Here again roads are expensive and their development for range works must be carefully worked out.  It is very uneconomical to spend sums of money for building roads, trails etc.  Unless the over all range plan can justify such expenditure. (F.W.P.R.M conference, 1966)
CHAPTER NO 3
RANGE IMPROVEMENT TECHNIQUES IN PAKISTAN

3.1 Plant introduction trial.








Introduction trials of indigenous and exotic forage plants (Grasses, Shrubs, trees and Legumes) have been conducted by various organizations at different location / range lands in Pakistan. The detail of some of the trails is shown below in the table:
Table – 2 : Details of Plant Introduction trials.
	Organization
	Location 
	Forage Species Trailed

	AKRSP
	Alpine Pastures
	Agropyron desertorum, Trifolium spp and Medicago sativa.

	Forest Deptt.
	-do-
	Phalaris tuberose, Elymus junceus, Agropyron spp. etc

	PARC
	Trans Himalayan   G Lands (Jaglot)
	Trifolium spp

	PFI
	Jaba ( Pothwar Range)
	Trifolium hybridum, Trifolium pretense

	AZRI
	Maslakh (Balochistan))
	Vicia spp, Artemisia spp etc.

	FRS
	Mastong    (Balochistan)
	Agropyron spp, Atriplex spp, Tamarix aphylla,   Arundo donax, etc.


Source: Noor Muhammad (1989).
In addition to these WMD Rawalpindi, FAO based projects, NFPRP, NARC, etc conducted trials of over 600 species (Indigenous and Exotic) which are not liable to be summed up here.
3.2 Range Re-Seeding.
3.2.1.
Natural Re-vegetation.

Following measures and recommendations have been conducted and suggested in the various regions of Pakistan:
· Fencing of 40,000 hectares of Maslakh Range using barbed wire which increased plant cover and species composition.

· Exclosure and protection of Maslakh, Hazarganji, Cholistan, Tharparkar, Kohistan and Pothwar forests from grazing improved natural vegetation. 

3.2.2 Artificial Reseeding.









Reseeding requires adequate soil moisture and nutrients and seed bed preparation. Some of the artificial reseeding methods adopted in Pakistan are as under:

· Tuft Planting of Cenchrus ciliaris and Lasiurus sindicus in Thal area on shifting sand dunes at spacing of 1.5 x 1.5 m during rainfall.
· Transplanting of grasses and legume seedlings in hilly areas.

· Cenchrus ciliaris and Lasiurus sindicus have been reseeded successfully over thousands of hectares in Thal, Dhabeji, D.G Khan, Pothowar, and Cholistan Desert Range Lands have been conducted in 1983-84.
3.3
Stock Water development.
The amount of water needed by livestock varies with type of range, climate, season and kind of animals.

· Alpine pastures, Trans Himalayan Grazing lands and Himalayan grazing forest lands require no development of stock water except certain places in vallies where ponds, ditches or water channels are constructed.

· Small dams are constructed to collect monsoon rainfall in Pothwar plateau.

· Stock water development is earnest need of Thar, Cholistan, Thal, D.G.Khan and Balochistan mountain rangelands. Here Following developmental works have been carried out:
· 478 ponds (Tobas) in 15000 Km2 of Cholistan.

· Installation of hand pumps at regular distance of 7 Km in Thal area.
· Persian wheel wells, springs and small reservoirs in D.G.Khan Ranges.

· Karez, in Balochistan ranges. 40000 hectares of Maslakh range have been provided by springs, surface wells, Persian wheel wells, earthen bunds, water tanks, etc. from 1954 to 1964. Also desert sand tanks in low rainfall areas.
3.4
Soil and Water Conservation.

The watersheds are backbone of national economy and are main source of irrigation water and electricity. The construction of dams like Terbela, Mangla, Waarsak, Khanpur, Simli and proposed Kalabagh are the basic and largest water conservation techniques.


Provincial Forest Departments, WAPDA, Soil and Water Conservation Directorate, Terbela and Mangla projects have conducted the measures namely.
· Engineering Techniques.

· Biological Techniques.

Table given below shows soil and water conservation activities in Pakistan: 
Table - 3: Past, present and future watershed activities in Pakistan:     (000ha)                                                                                         
	 (Activity
	Punjab
	Sind
	Balochistan
	NWFP

	-Soil cons.

-Afforestation

(Area where work  completed)
	37.0

436.0
	-

-
	-

366.1
	93.8

73.0

	-Soil cons.

-Afforestation

(Work in progress.)
	3.4

11.6
	-

-
	-

428.5
	307.6

307.6

	-Soil cons.

-Afforestation

(Where work required)
	3.2

42.6
	-

-
	106061.1


	72.0
13.2

	Area with severe
erosion hazards
	N.A.
	13.5
	7400.0
	400.0


Source: National Commission on Agriculture (1988).
3.5 Rain Water Harvesting.
Experiments conducted in Thal ranges under this technique are: 
· Mud plaster (soil +wheat husk)
· Polythene sheets and Sodium Carbonate spray
· Sloping catchments, 1 m slope with a trench 1 m deep.
· Sloping catchments, 1 m slope with a trench
· Trench 0.3 m wide and 0.3 m deep
· Pit  0.5 m diameter and 0.3 m deep
· Flattening ground
3.6 Water Spreading.

The developmental work conducted is:
· French and Hussain (1964) described and recommended Pond system, wild flood system and level dyke system for Rakh Miran (D.I.Khan). 485 Dykes were built over 2000 hectares in Rakh Miran showing results doubling the cover and forage yield of Sporobolus spp.

· Seeding operations of variety of grasses in Rakh Choti Dalana ( D.G.Khan) and Suleman mountain ranges over thousands of hectares have been carried out using this technique, (Muhammad, 1984).
3.7 Sand Dune Fixation.

Pakistan has an extensive experience in sand dune stabilization in Thal and Balochistan.


3.7.1
Thal Techniques:

· Reseeding of Cenchrus ciliaris and Lasiurus sindicus at the rate of 5 Kg/ha separately and in mixture.
· Tuft planting of bunch of Cenchrus ciliaris and Lasiurus sindicus with root system at least 20 cm deep and 10 cm above ground and at 30 x 30 cm spacing.
· Earthen tubes (30 x 10 x 1 cm) planting has been conducted with Zizyphus, Tamarix and Prosopis spp.

· Transplanting of trees and shrubs raised in P.Bags.

· Broadcasting of shrubs along with grasses.

· Plastic and Grass mulching with irrigation when used established Dalbergia sissoo and Acacia nilotica in addition to thorny species.

· Dry afforestation techniques at Rakh Dagar Kotli by PFI (Road catchments, micro-catchments, pitcher planting, etc).
· Drip irrigation tests at 5, 10, 15 days intervals by PFI at Rakh Dagar Kotli using 1.2 x 1.2 x 1.0 m water tanks.


3.7.2     Balochistan techniques;

· Mechanical, chemical and biological stabilization work along Quetta – Kalat and Quetta – Ziarat highways in 1954.
· Trench system. 25 cm deep and 1 m apart were planted with Arundo donax, Tamarix, Calligonum and Haloxylon spp. making shelterbelts and wind breaks on 5600 ha of Pringabad, Teri, Qasimabad sand dunes, etc.  in 1972.
· Balochistan Forest Department initiated stabilization in 1970 and selected Prosopis juliflora (mesquite) which proved much successful.
· Balochistan Forest Department carried out coastal land dune afforestation from 1972 to 1985 covering 464.62 hectares in Pasni, Gawadar, Pishkan, etc.
3.8 Range Burning.

Controlled burning experiments has been conducted in Pothwar Scrub range and wet areas in the fall seasons because of presence of litter and dormant period of grasses. 

3.9 Range Fertilization.

Effect of Nitrogen, Phosphorus and Potassium fertilizers have been studied in experiments conducted at different Levels / rates, application interval, harvesting interval and locations of Pakistan as shown in the following table:
Table – 4: Application of fertilizers in different ranges of Pakistan.
	Location
	Fertilizer
	Species fertilized

	NARC
	Nitrogen
	 Cenchrus ciliaris, Chloris gayana

 Panicum antidotale, Penisetum sp.

	Kohistan ranges
	Nitrogen
	, Cenchrus ciliaris, Panicum antidotale
Lasiurus sindicus

	Thal
	Nitrogen
	Lasiurus sindicus


                                              CHAPTER NO 4
IMPACT / RESULTS OF RANGE IMPROVEMENT TECHNIQUES IN PAKISTAN.
Application of different range improvement techniques in Pakistan are mainly focused on the increase of productivity of range lands, these aspects include soil and water conservation, through which we can utilize the soil and water in long term management. We can also reduce the erosion and degradation of the land, so that good soil is available for different range species production, and livestock can graze through out the year. Development of range vegetation and livestock, due to enough availability of water and forage. Resting places also indicate the good health of livestock. From the improvement of forage species, the livestock feed on best nutrient value species. Due to proper and scientific utilization of rangelands, the production of livestock and their byproducts increase.
The brief description of the result of improvements conducted in different rangelands of Pakistan is discussed in the following headings improvement technique wise.
4.1 Plant introduction trial.
Number of organizations has conducted number of experiments under artificial conditions and field adaptation trails in different rangelands of Pakistan which is not possible to sum up here. The results of work of PFI, PARC and NARC, etc may be summed up as under:

· Higher forage yield
· Good cover for soil conservation

· Availability of forage during winter

· Introduction of exotics 

· Selection and recommendations of grass, legumes, shrubs and trees for different regions.

The results of tests of grasses and legumes by NARC in various locations of Pothwar scrub range are shown in the figure below:
Figure – 1 

[image: image1]



Source: Noor Muhammad (1989)
1. Bothriochloa pertusa (Local)

2. Cenchrus ciliaris (Green Buffel)
3.Cenchrus ciliaris (Dhaman Sofaid)
4. Cenchrus ciliaris (Dhaman Kala)

5. Chloris gayana (Kenyan)

6. Chrysopogan Aucheri (Local)

7. Digitaria decambens (S. Land)

8. Digitaria diversinervis (S Land)
9. Digitaria Swazilandensis ( Aust)
10. Panicum antidotale (Local)

11. Panicum maximum (RMF 508)
12. Panicum maximum (497)
4.2
Range Re-Seeding.

4.2.1
Natural Re-vegetation.
Partial and full protection, exclosure and closing for grazing were tested in all the rangelands of Pakistan.  On average vegetation improved slowly in Tharparkar, Cholistan and Kohistan ranges and high improvement potential of natural revegetation in Pothwar scrub ranges because of rainfall upto 500 mm. However following results have been mitigated:
· 30% increase in cover during 10 years partial protection in Hazarganji forests and Paya Alpine pastures, etc.

· Increase in forage was studied as 4 times in Cholistan, 5 times in Himalayan forest grazing lands, 10 times in Banda Dawood Shah and 20 times in Murree hills.
4.2.2 Artificial Re-seeding.
Artificial reseeding trails have been successful in almost all rangelands except Cholistan with following results:
· Elimination of unwanted plants.

· Most successful in increasing forage yield in areas with rainfall more than 400 mm.

· Average dry matter yield of various tropical grasses in Dhabeji (Sind) from 1976 – 83 resulted as given below:
  Table – 5: Average dry matter yield of various tropical grasses.
	Common Name
	Total Avg dry matter yield (T/ha)

	Buffelgrass
	39.9

	Bluepanic
	37.4

	Gorkha
	26.6

	Love Grass
	20.5

	Rhodes Grass
	3.3

	Sorghum
	20.1

	Saba
	25.

	Hyperrhenia
	25.0

	Green panic
	4.1




Source: Muhammad and Naqvi (1987).
4.2 Stock water development.
Improvements carried out under these techniques in Thal, Tharparkar, D.G.Khan and Balochistan have resulted in:

· Improved availability of drinking water for livestock and human population.
· Uniform distribution of grazing livestock.

· Rain water collection / conservation and reduce erosion.

· Reduce losses of livestock.

4.4
Soil and water conservation.

Engineering and biological soil and water conservation techniques resulted in:
· Reduction in erosion rate in watersheds of big dams and increasing their life.

· Availability of water for irrigation system.

· Increased forage yield.

· Reclamation of gullied lands, etc.



Forage yield increase in Pothwar scrub range is shown in the following figure. 











Figure - 2
	1.
	Control Catchment





	2.
	Unprotected farmers area



	3.
	Gully Bed (Protected + Conservation)



	4.
	Gully Bed Unprotected
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Figure - 3

	1.
	Eucalyptus camaldulensis

	2.
	Ailanthus sp

	3.
	Morus alba

	4.
	Leucaena leucocephala

	5.
	Vitex negundo

	6.
	Control
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    Source: Noor Muhammad (1989)
4.5
Rain water harvesting.


Experiments in Thal ranges resulted as follows:
· 78% runoff of total rainfall when used mud plaster against 49% of untreated plots.

· 77% survival of plants on sloping catchments with trench.

· 170% plant survival in trenches.

· Low survival in sloped trench and minimum with surface planting.
4.6
Water spreading.
· 485 dykes over 2000 ha constructed in Rak Miran (D.I.Khan) in 1966 resulted in doubled cover of Sporobolus indicus and air dry forage yield of 2 t / ha.

· Sedimentation and erosion control in Rakh Choti Dalana (D.G.Khan).
4.7
Sand dune fixation.
Thal and Balochistan techniques experienced by Pakistan have resulted in:

· Combating adverse effects on communication, human health, cultivation and animal health.

· Availability of forage in off season.

· Soil and moisture conservation.

· Establishment of vegetation and green cover.

· Rain water collection and storage.

· Improved sanitation and micro-climate.
4.8
Range burning.
· Controlled burning in Lohi Bher (Pothwar) resulted in increase of forage yield by 200 Kg / ha in spring and by 425 Kg / ha in summer.
· Increase of plant cover of deep rooted grasses like Desmostachya Spp, Chrysopogan sp increased after burning.
· Forage yield in wet areas when burnt increased by 50 %.
4.9
Range fertilization.

Use of fertilizers has proved to be uneconomical especially in arid and semi arid areas. However good results have been shown in high rainfall areas.
· Increase in forage yield of Cenchrus ciliaris from 7.8 to 13.5 t / ha and of Penisetum sp from 12.1 to 28 t / ha. (NARC).

· Increasing nutritive value by increasing crude protein and ash content in forage. (NARC).

· 20, 30 and 25 percent increase in forage yield of Cenchrus ciliaris, Panicum antidotale and Lasiurus cindicus respectively in Kohistan ranges.

This technique is still in infancy in Pakistan and requires more investigations.
CHAPTER NO. 5
SUGGESTIONS AND RECOMMENDATIONS.
Range development program in Pakistan is entering operational phase, and determination of range types, range condition, range trend, range suitability and range production are essential pre-requisites for range management planning and such data is not available to form a basis for such a program. Steps should be taken by the Forest Department to carry out a range survey for evaluation and condition classification to serve as basis for range management planning in Pakistan.

Data about soils in range lands of Pakistan is lacking and whereas it is considered essential to embark upon a program of range development, that early steps be taken by soil survey project for Pakistan to map soils in range areas with a view to producing accurate soil and vegetation map for the Pakistan.

Adequate supply of water is essential for proper utilization of range lands and whereas in a arid tracts the surface water development is not always successful and whereas the alternative source in such areas can be under ground water, details survey of underground water resources in these tracts as early as possible.

It is essential to have correct data about the livestock population and it distribution for the proper range management plans, that immediate steps be taken to carry out the census along with collection of other needed data about livestock dependent on range areas so as to ensure correct and scientific management of range lands to specify the areas under the control of Forest Department.

For the operation of a range management program through private enterprise, the determination of rights is a necessary pre-requisite; the settlement of rights of the local population is carried out as soon as possible.
It is importance to create a suitable agency for the management and improvement of rangelands. The present forest legislation does not meet the peculiar needs of the rangeland, aspirate legislation be enacted to regulate management of various levels. The forest policy directive of the governments provides for the furnishing of grazing and forage to the livestock of the villagers to the next compatible with the requirements of watershed and forest conservancy and whereas directive has not been implemented the forest department in their management plans operation there of should provide for the use of forest by the livestock of the adjoining village communities to the permissible grazing capacity of area.

The range management is directly related to the interest and activities of the livestock owners and whereas their co-operation is essential for successful operation of the program, and whereas it is necessary to create a sense of participation among them.  Grazing association be formed with powers and responsibility for planning implementing range management programs at the village level.

The management of range lands is recognized as a major activity of wild land management in Pakistan and there is a need for the development of personal capable to administer the range resources, and whereas present education and training in range management is not sufficient to adequately equip personnel to meet the problems of 
Range management.

It is recognized that the lack of information concerning the nature, extent, condition and management requirement of the range resources in Pakistan is hampering the process of range management and whereas it has been decided that range management research has become the responsibility of the Pakistan Forest Institute, the government be requested to provide the necessary facility for accomplishment of range research, and that personnel already trained in range management be assigned to the Pakistan Forest Institute to implement the range research program.
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