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1.1. Area. Climate and Vegetation: 

Balochistan is situated in the south western part of Pakistan 
in a desert belt between 250 N and 320 N. With an area of about 34 
million ha and population of about 5 million, Balochistan is the 
largest and most sparsely populated province of Pakistan. Highland 
Balochistan is generally defined as those areas above 1000 m
 
altitude. Highland Balochistan has many flat valley bottoms
 

'surrounded by sloping rangelands that merge into mountains. The 
valley bottoms lie between 1000 and 2200 m altitude and the 
mountain peaks reach 3600 m. (Thomson and Rafique, 1992). 

Balochistan has an arid or semi arid climate with annual
 
precipitation varying from 50 mm in the west of over 400 mm in the
 
east. The rainfall distribution pattern is erratic with extremely
 
low and high temperatures (Kidd et al. 1988). Physically the area
 
consists of an extensive plateau of rough terrain divided into
 
basins by mountains.' Balochistan has been divided into two major
 
crop ecological zones by Rafiq (1976). Most of Balochistan south of 
30' N has been classified as hot subtropical desert, where the 
rainfall varies from 50-150 mm and the principal landuse is grazing 
with some agriculture. Whereas the high altitude areas of northern
 
and eastern 'highland) Balochistan with an altitude of 1000 m to
 
over 3000 m are climatically classified as semi arid continental
 
Mediterranean (Rees et al. 1988). The climate of highland
 
Balochistan is harsh, with annual rainfall increasing from 200 mm
 
at the southern end of!the highlands to over 400 mm in the north­
east of the province. Rainfall occurs both in winter and summer,
 
with winter rains are predominant in the north west which is less
 
affected by monsoons. Summers are hot in subtropical desert' and
 
mild in highland areas. Winters are cold with mean ,,minimum 
temperatures in January close to zero, although absolute minimum 
temperatures can fall to -150C. 

The vegetation of the northern highland area is a grassland
 
type on the lower range where annual precipitation is 300 mm, with
 
40% occurring in summer and mixed grass-shrubland in the higher
 
rangelands with Chrysopogon aucheri and Cymbopogon jiarancusabeing 
the major grass species. While in the southern 'part of highland 
Balochistan, the vegetation can be class'ified as an Artemisia and 
H!aoxyon. shrub steppe (Hasnain 1985), where the annual 
precipitation is 200 mm, with 80% occurring during winter.
 

1.2. Distribution and Description of'Fourwing Saltbush 

A.trip7ey canescens commonly known as Fourwing saltbush is an 
exotic halophyte and-occurs from the West central Great Plains to 
'the Coastal Range cf United States and from northern Mexico to 
canada, It is an evergreen shrub with densefoliage about 1.8-2.7 
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-. 6grmide,.,,,,Th eaves. are_ grey green..1.5z5-.cm
 
long, 2-8 mm wide, linear alternate, elliptical or spatula shaped,
 
covered by dense grey scales on both surfaces, directly attached to
 

,
stems. It bears staminate or pistillate flowers which.'born on
 
separate plants. Male flowers are found in dense spikes forming
 
long terminal panicles, while female flowers are found in devse
 
leafy spike-like panicles. The flowering period is from July
 
through August. Seed is enclosed in bracts and matures through the
 
fall months. Bracts are directly attache'd,, forming four projected
 
fringed wings united in a thick body over the seed, approximately
 
6-15 mm long and 4-8 mm wide (USDA, SCS, CAES and CDFG, 1979).
 

1.3. Ecological Adaptation:
 

Most saltbush species including fourwing saltbush are adapted
 

to arid or semi-arid mediterranean and/or subtropical climates
 
located between 20 'and 50',of latitude North and,South in Eura'sia,
 
Africa, North and South America and Australia (Francelet and Le
 
Houerou, 1971). Fourwing saltbush is an exotic halophyte shrub with
 
dense foliage and extensive root system and is adapted to wide
 
range of soils arid climates. It thrives in areas where the mean
 
annual precipitation is as low as 250 mm. It can develop under
 
cultivation in the arid zone between the 200 and 400 mm isohyets of
 

'
 mean annual rainfall , under strictly rainfed conditions (Le
 
Houerou, 1992). In areas, where mean annual rainfall drops below 
 *1 

200-250 mm, additional water from runoff, or irrigation, or the
 
presence of a water table is mandatory for good production.
 
Fourwing saltbush shows a high adaptation to cold environments,
 
withstanding. -20' C and below "n some parts. of Western United
 
'States. On the other hand, It shows "Kranz" leaf anatomy and
 
therefore exhibits C4 carboxylation pathway of which the optimum
 
temperature for photosynthesis is high (30"35OC) which enables it
 
to survive during hot dry periods in arid climates. Atriple,
 
canescens is adapted to sandy soils but shows the best development
 
and highest productivity on medium textured deep soils (Le'Houerou;
 
1992). It is also reported to do better on more shallow silty soils
 
e.g. soils having shallow lime crusts etc. Fourwing saltbush is
 
categorized as Meso-euhalophy'te, which is considered to be a good
 
tolerant of saline conditions. Although it can be effectively grown
 
on , saline soils, but performs well in non-saline soils with
 
alkaline soil reaction.
 

1.4. Biomass and Productivity,:
 

(I, The biomass.and productivity of fourwing saltbush is highly
 
variable, depending upon the ecological condition of the soil and
 
climate a-iwell as the management applied. Artificial plantations
 
of fourwing saltbush underrainfed conditions, can yield upto 2000­
4000 kg dry matter/ha/year in areas with mean annual rainfall of
 
200,400 mm under proper management (Le Houreou, 1992) Fodder
 

Sproduction from, Atr'iple' plantations may thus rea~ch 3-6 time as 



faircondition angelandsandconstitute. a -buffer-forage g. 
reserve for drought periods or periods of- regular scarcity such as 
late summer and autumn. The ratio between forage and wood in 
Atrnplex species is about 50% which can be improved by appropriate 
management like pruning etc. (LeHoureou, 1986). Atriplex canescens 
react strongly by a profuse rejuvenation after cutting back or 
pruning. Young leaves and twigs show a much better forage quality, 
with a higher nitrogen content and a lower amount of ashes and 
salts. In rejuvenated stands, the leaf/stem ratio may be of the 
order of 70-80% until approximately 6 months and- then slowly " 
decrea!,es (Le Houreou, 1986). For a sustained biomass production, 
cuttingback should occur for fourwiig saltbush every 2nd to 3rd 
year depending upon the management and grazing intensity. 

1.5. Forage/feed value of fourwing saitbush 

The most desirable characteristics ,of fourwing saltbush 
include its extreme drought and-cold tolerance and high quality 
browse especially during summer and autumn months. This shrub is-,a .­
perennial halophyte which continues to produce leaves and twigs 
round the, year. The crude protein content of leaves of Western 
Texas ecotypes of fourwing saltbush have been reported in the range 
of, 16-18 % during mid winter, (J,L. Petese,'and D.,N. Ueckert, 
unpublished data). It has been suggested that i acre, of fourwing 
saltbush might provide the supplemental protiinreq(irements for 
0.5 to 1 animal unit during a 90-day perib$d (Ueckert, 1985). Like 
other halophytes, fourwing saltbush has nlow energy values because 
of high ash contents, The.'energy values are reported to cover only 
maintenance requirements of'sheep if they consume 1.2-1.5 kg DM/d 
(Le Houerou, 1992) . But nutritionally, saltbush species contain 
high nitrogen values which have been reported to be as high as 2.5­
3.5 % DM , i.e., 16-20% of crude protein,(Le Houerou et 61.'' 1982, 
1983; Hassan et al.,' 1979). The digestibility oif dry matter and of 
organic matter has been ,rep6red to be ,around 60% and .50% 
respectively (Le Houerou et al., '1983). The digestibility of 
nitrogen has been reported to be around 65% but the retention of, 
nitrogen is only 55% (Benjamin et al,., 1991). Atriplex supplemented 
with grazing of ,iative ranges resulted in animal1irweight gains of 
around 80 g/h/,/d' (Le Houerou , et al., 1983). A-triplex-, fprage
consumption in addition to stubblte "r wheatstrawco.s.mption coulconumpio whea,straw ,consumpt'o 'c..... 

lead ,.to a well balarced rati 'n -and fulfil the- nutriti6nal . 
requirements of animals in a productive' grazing, system (Le :H.ouerou,outoal. 199) 

1.6. Roleof AZRI in Four-wing Saltbush Research: 

Fourwing saltbush was first introduced ,n' Mediterranean 
-<, Balochistan highlands in mid 50's at Maslakh Rarnge,- ome40 km-west 

of Qu..ntta withMafunding from"CUSAID. SubsequentI ",h the shrub was 
grown a't Mastung farm by Soil Conse ' vation 'Department. during early 
1960's by Ba'lochistan Forest Department..Nursery raised seedlings 
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_,wre,_p~lanted,LIn .-few -demons-tr-ati on- p.I-ots at.,Mas I akh -Range .Project-. 

near~ Quetta. During early 1980's, this shrub received further
 
attention by the Balochistan Soil Conservation Department when it
 
was propagated through nursery and was planted in few demonstration
 
plots at Mastung. Research on fourwing saltbush was started in 1985
 
with the establishment of Range and Livestock sections at AZRI
 
under USAID/MART project. Since 1985, the Range Section at the Arid
 
Zone Research Institute (AZRI) in Quetta has focused on range
 
vegetation surveys, and on assessing the potential of exotic
 
grasses and fourwing saltbush (Ar-iplex"canescens).
 

Based on the results of various studies conducted by the Range 
Section, it is emerging that fourwing saltbush, a perennial -' 

halophytic chenopod native to the arid south-western states of the 
USA, is well suited for growing on land marginal for cultivation, 
where there is some soil but poor plant cover. Much of.the range 
section's work is concen'trated on various agronomic and utilization 
trials of fourwing saltbush because it appears to be the most 
promising technology emerging from the research efforts of the 
Section. 

Research work on various agronomic and utilization aspects of
 
fourwing saltbush conducted by AZRI in highland Balochistan is.
 
reviewed in this status paper:
 

2. 	 P~-P g, andl E _ bi -urr~nmt 

2.1. 	Growth of Fourwing Saltbush Under Rainfed Conditions in
 
Highland Balochistan:
 

Growth and establishment of four'wing saltbush -as studied
 
under arid climate of highland Balochistan at Arid Zone Research
 
Institute, Quetta during 1984. Seeds of fourwing saltbush were
 
obtained from the office of Soil Conservation Officer, Mastung.
 
Seedlings were raised in polyethylene tubes in the first week of
 
September, 1984. Seedlings were planted at 20-25 cm height during
 
February, 1986. Seedlings were transplanted in circular pits of
 
0.65 	m depth' and 0.65 m diameter du9 along contour ridges at 1.5 x
 
1.5 m'spacing. The trial included one hundred twenty five seedlings
 
planted with one irrigation of about 15 litres of water. Crescent
 
shape contour ridges were provided as micro-catchments along the"i
 
contours to collect and conserve the maximum possible quantity of
 
surface run-off to ensure plant survival.
 

',,Threeyears after planting,"plants were categorized on the
 
basis of height, diameter and canopy area as big, medium and small
 
in April , 1988. Average dry mass was also estimated by clipping
 
nine plants from each caegory and drying them in oven at 9 t for
 
12 hours. Total dry mas...roduction per hectare was estimatedon
 
the basis of number of plants per,unit area (Afzal et al "199:2)
 
Data were recorded after three years of production. The survival
 
rate.was 45% whileaverace dry mass production estimated in that
 

:";:'/,': p :, ?:::' '2 " ' : !
• 

:::,"-!
. .,' ,,/ 	 U
 

9;* i': )'' & .6 :: : :: !;.6 ,i 	 :2 4' & .•, 



_--study--- was-.-rpre -o b 160k pe .-hectare.-- The- --annua I~ 
precipitation during the study period was less than '200 mm which is 
considered as low compared to the averageifigure of 250 mm. Plants 
in big category attained average height of 1.02 m and produced 
711.63 g dry mass. Whereas, plants in. medium and small categories
 
produced 298.73 and 81.13 ,g dry matter per plant, respectively
 
(Table 1). Average canopy area measured for plants in big, medium
 
and small category plants was 2.17 m2, 1.13 m2 and 0.83 mi,
 
respectively (Afzal et al., 1992). It was reported that the
 
idifference in 	 plant height, crown diameter and dry matter yields of 
plants wqre 	due to site variation (water holding capacity,
 
infiltration rate etc.) In addition to the above factors, genetic
 
variability was also considered as a contributing factor for 
difference in 	height, canopy cover and dry mass production.
 

Table: 2.1.1. 	Fourwing saltbush Dry Mass Production and Moisture
 
Content at Arid Zone Research Institute, Quetta.
 

Plant Height Canopy Fresh Dry Moisture Dry 
category (m) area mass mass content mass 

(m2) (g) (g) (g) (M) 

Big 1.00 1.8 1252.1 696.7 555.4 55.6
* Big 0.95 2.0 1287.4 703.5 583.9 54.6
 

Big 1.10 2.7 1311.2 734.7 576.5 56.0
 
Medium 0.65 1.2 542.0 305.5 236.5 56.4
 
Medium 0.60 1.1 509.1 292.3 216.8 57.4
 
Medium 0.70 1.1 521.6 298,4 223.2 57.2
 
Small 0.50 0.8 141.3 82.2 59.1 58.2
 
Small 0.50 0.9 150.6 85.6 65.0 56.8
 
Small 0.45 0.8 140.0 75.6 64.4 54.0
 

Average dry matter per plant= 363.8g
 
Average dry matter/ha at 1.5x1.5 m spacing= 1600 kg/ha
 
(Reproduced from Afzal et al., 1992).
 

It was concluded that fourwing saltbush can be raised on
 
marginal lands of upland Balochistan through planting seedlings by 
establishing micro-catchments during winter rainy period with one
 
wateringj at the planting time.
 

2.2. Competition effects on the establishment of fourwing saltbush:
 

A study was 	conducted by Aro et al., (1988) at Tomagh
 

(Loralai) to look at the competition effects on survival and 
establishment 	of fourwing saitbush. In July 1967, 240 three months
 
old fourwing saltbush seedlings were transplanted into 0.5 sq m to 
1 .0 sq m openings in the Cymbopogon-Ch.r sopogon grassland. Each 
transplant got four litres of water at planting time and another 
four litres two months later. During that period, the study site 
received only. 27 mm of rainfall and during the next 10 months 
received only an additional 147 mm. Livestock grazing was excluded 



to the .young plants. ;
 

Fifty percent of the fourwing saltbush seedlings planted into
 
the established grassland community survived the first year. At
 
least 25% showed vigorous growth, and the twenty largest plants 
averaged 27 cm in height and 19 cm inth diameter. These results 
indicated that fourwing saltbush planted into open stands of .,
 
grazing stressed perennial grasses can compete with the existing
 
vegetation if adequate soil moisture is received during fir(st few
 
months of planting (Aro et al., 1988),
 

Effects of competition on survival and growth of fourwing
 
saltbush were also observed when saltbush seedlings were
 
transplanted into existing Artemisia stands in karkhasa valley
 
during 1990. A large number of saltbush seedlings were transplanted
 
in February, 1991 in trenches previously dug on a hill side at 
Karkhasa National Park near Quetta with a good cover of Artemisia
 
and other annual and perennial grasses. Inspite of the good rains
 
received during spring season, the survival and growth of the
 
transplants were very discouraging even one year after planting.
 
The average survival was about 20-25% while the growth was also
 
affected tremendously. This indicates that transplanting fourwing
 
saltbush do not give encouraging results when planted among already
 
existing native flora in highland Balochistan. In a study conducted
 
in Western Texas on the establishment of fourwing saltbush within
 
perennial grass stands, it was found that survival and growth of 
fourwing saltbush seedlings were significantly greater in
 
competition free plots than in inter-spaces betwe(h rows of various
 
species and survil-al decreased as height of grasses increased
 
(Petersen et al., 1986).
 

In another forage reserve establishment trial at Miamgundi
 
near Quetta, similar observations were noted regarding the
 
competition effects of native shrubs on the 'growth of fourwing
 
saltbush. About 1600 seedlings were planted on the 4foothills at
 
Miamgundi during March-April, 1992. The area was prepared with the
 
help of disc plough and the existing vegetation was removed. The 
seedlings were transplanted along ridges of contours prepared to 
conserve rain water. Just across these contours, about 2000 
seedlings were also planted along gentle slopes in hand dug small 
pits among Artemisia stands without preparing land and removing 
existing competition. One year after - plantation, distinct 
differences in growth response of fourwing saltbush were reported 
I(AZRI/ICARDA, 1992) . Seedlings planted along well prepared contours 
grew to an average height of 1 m with a similar spread of crown 
diameter. While those planted without land preparation under 
competition with Ar-temisia survived but did not grow at all. This 
indicates that fourwing saltbush plants can survive under 
competition but do not grow well as a result of root competition : 
and .,less moisture availability. On the basis of these results, it 
was recommended that seedlings should be, planted in areas where 

-
____________________________________________ _____; • . ,'.: : ; p / ; : 
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---- thiere-is -enough-soi -for r:oot establishment and-where -competition, 
has been removed by some sort of lond preparation (AZRI/ICARDA, 
1992). 

2.3. 	Vegetative Propagation of fourwing saitbush:
 

Direct seeding of fourwing saltbush has not produced desirable
 
results in highland Balochistan. Germination 'f fourwing saltbush
 

* 	 seeds is very low due to many factors such as hollow seeds, hard
 
seed coat and presence of germination inhibitors like saponin (Nord
 
and van Atta, 1960). The most common method of establishing
 

4: 
 fourwing saltbush stands in highland Balochistan is transplanting
 
nursery grown seedlings. A study was conducted by Jasra et al..,
 
(1993), to investigate vegetative propagation of fourwing saltbush
 
in highland Balochistan. Establishment of fourwing saltbush was
 
studied using cuttings from mature fourwing saltbush plants at
 
AZRI. The branch cuttings were planted in pits at 1.5 x 1.5 m
 
spacing. After planting the pit was filled with soil to within 15
 
cm of the surface to allow 50 ml water harvesting. The three
 
treatments applied were:
 

a) Length of branch cutting; s) short (15 cm), m) medium (22.5 cm)
 
and 	1) long (30 cm). All cuttings were about 0.5 cm in diameter.
 
b) Mode of placement in the soil; v) vertical-two thirds of the 
cuttings were 	in the soil leaving one third above the ground and s)
 
slanting-the cutting was plantedin the soil at a 45 slope with
 
two thirds in the soil and the rest above the ground.
 
c) Season of planting; F-second week of February, M-first week of
 
March and A-first week of April.
 

Out 	of a total of 72 branch cuttings, only nine cuttings
 
sprouted'during spring, 1991. Inspite of good and well distributed
 
rains during spring 1991 (235 mm), the sprouting rate was very
 
discouraging a'd by the end of June,. 1991 only one cutting was
 
surviving. These results indicate that the scope for establishing
 
fourwing saltbush through vegetative propagation under arid
 
conditions of Balochistan may be limited (AZRI/ICARDA, 1991).
 
However, follow up studies using growth hormones like indol acetic
 
acid, to encourage root initiation were suggested which might
 
increase the success rate of vegetative propagation.
 

Table: 2.3.1. 	Response of Vegetative Propagation of Fourwing
 
saltbush in Balochistan.
 

Type of Cuttings.Cuttings Cutting
 
;,cutting planted sprouted survived
 
small vertical February 4 1 0
 

small vertical March 4 1 1
 
small vertical April 4 0 0
 
small slanting February 4' 0 0
 
small slanting March 4 1 0
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medium vertical February 4 1 0
 
medium vertical March 4 0 0
 

A 
medium vertical April 4 0 0
 
medium slanting.February 4 0 0
 
miedium slanting March 4 1 0
 
medium slanting April 4 0 0
 

long vertical February 4 2 0
 
long vertical March .4 - 1 0
 
long vertical April 4 1 0
 
long slanting February 4 0 0
 
long slanting March 4 0 0
 
long slanting April 4 0 0
 

To 	 -ta-l- 7 2 9- - - 1
 

(Reproduced from Jasra et al., 1992).
 

2.4. 	Benefits of fertilizers, manure and micro-basin water­
harvesting on fourwing saltbush establishment:
 

Plant density, the possible benefits of fertilizer .pplication
 
and manure, and two different methods of micro-basin water­
harvesting, were investigated in this trial. It was initiated withA
 
the planting of nine month-old seedlings at Quetta (A2RI) and
 
Tomagh in June 1990. At AZRI, the saltbush seedlings were planted
 
on a site where few other perennial plants grow, whereas at Tomagh,
 
the seedlings were planted among the native bunch grasses,

Cymbopogon schoenan thus and Chr'jsopogon aucheri. The three
 
treatments wer'e:
 

- fertilizer: manure, N plus P, and no fertilizer (three levels) 
- plant spacings: 2.5 and 2.0 m (two levels) 
- water-catchment system: saucer-shaped, V-shaped (two levels)
 

These treatments combine to give 12 treatment combinations in.
 

a factorial design with two replicates. The fertilizer was applied 
 A
 

to each plant as a single dose equivalent to 11.5, kg nitrogen and
 
11.5 kg phosphorus/ha, as Nitrophos (23230, 50 kg/ha), Manure
 
was applied to each plant at a rate equivalent to 1 t/ha. A single
 
irrigation of 15 1/plant was applied at planting. The saucers have
 
a diameter of nearly 2 m and the Vs have arms of 2 m length at 90 0
 
to each other. Measurements of plant survival, height and crown
 

-
diameter were made every month on the same five individually tagged 

plants in each plot. The experiment ended in June 1993, and the 

biomass of leaves and :wood of plants was determined using
 
destructive methods.
 

'.V" 	 TIA, A : i 

'A-, 	 -, '.'r ;. : , , >3 , < . ,,,.,>: , ; A ; ,, ; A:X : ! : . - ; , ; . 



" " v' ro" t 

~~t~~T -kdlcontrast in'g"-roth'-pt'terns of sieeft 
AZRI and Tomagh, which have different levels and distributions of 
rainfall, as well as soils. The total rainfall during the period

from July 1990 to June 1991 and from July 1991 to June 1992 was 391 
and 332 mm at Quetta AZRI, respectively, and 424 and 350 mm, 
respectively at Tomagh. The distribution, however, at the two
 
sites differs: at Quetta, rainfall is concentrated during winter
 
and spring, whereas at Tomagh, rainfall during the summer monsoons
 
makes a large contribution to the annual total. The mean minimum
 
temperatures at Quetta and Tomagh are also different, even though
 
the altitude at Quetta (1680 m) is slightly lower than at Tomagh
 
(1800 m).
 

At Quetta, the plants are growing on soil that was transported
 
in and placed over the underlying gravel beds that form the base of 
the' AZRI research station. The soil is thought to be fairly
 
fertile, although no analyses have been made. In contrast, the
 
soils at Tomagh are very shallow, with a calcareous hardpan 15-20
 
cm below the surface. This would affect root development, as can
 
be seen in the next experiment on different water-harvesting
 
methods.
 

The clear effect of climate on the pattarn of growth of 
saltbush is reflected in the increasing crown diameter of plants 
growing at AZRI and at Tomagh (Figure 2.1). Following planting in 
June 1990, seedlings at AZRI showed little growth during the 
autumn, when moisture but not temperature was limiting, and during 
winter, when temperature but not moisture was limiting growth. 
Growth started again in March 1991, when temperaturesbegan to rise 
and was rapid until June, when lack of moisture probably started to 
limit growth again. A period of dormancy followed until April 
1992, when growth started again. Even though growth expressed as 
crown diameter was less in the second summer 1992 than in 1991, it 
continued until October 1992, as compared with July in 1991. This 
may have been because more moisture was stored, following excellent 
rain (132 -mm) in April 1992 at AZRI. 

At Tomagh, a different growth pattern was seen and'the plants 
were, in, general, smaller than at AZRI. Crown' diameter remained 
fairly constant from November 1990 until February 1991 and then 
increased rapidly owing to risirrg'temperatures and good rainfall. 
Marked contrasts in growt:,however, were seen between treatments, 
which are discussed below. The decrease in crown diameter in June 
1991 may have been a measurement, error that affected all 
treatments. From July 1991 until the end of the experiment in 
December 1992, growth continued at 'a, steady rate, even' during 
winter. This suggests that winter temperatures were not low enough 
to stop growth and sufficient" moisture was generally available. 
Indeed, the good rainfall during the winter 1991/92 accelerated 
growth of the plants fror October to December 1991, especially of 
those receiving fertilizer and manure. After a short period of 
relative dormancy in January and February 1992, growth continued 

or a ,y :ah : "V- .. ::.:::-v : 

%1'i ::'. ! 
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thouhotthe -umr-f1992-and -only--sIowed-during--the -period---I. 
September to December 1992, when lack of moisture may have been the
 
limitingu factor.N
 

Only the main effects of fertilizer application on crown
I'diameter were statistically significant at Tomagh, and these
 
effects persisted, even when adjusted, using crown diameter in
 
November 1990 as a co-variate. This effect can be seen in Figure
 
2.1. The benefits of added plant nutrients at Tomagh, but not at
 
AZRI, suggest that the soils at Tomagh are low in fertility,
 
compared to the soils at AZRI. This suggestion needs to be
 
confirmed, using the chemical composition of the soils.
 

At AZRI, treatment effects on crown diameter were similar
during the autumn and winter dormant period, but effects began to
 

emerge during the period of rapid growth In the spring of 1991.
 
The increased crown diameter from harvesting water in saucer-shaped
 
basins as compared with V-shaped catchments was generally highly
 
significant (P<0.001), with the statistical significance of the
 
main effects of plant spacing and fertilizer on crown diameter
 
being somewhat lower over the period August 1990 to December 1992.
 
During the 10 months after June 1991, the plants growing in saucers
 
with no fertilizer or with manure tended to have larger crown
 
diameters than the plants in the other treatments. This difference
 
persisted through to December 1992. When the initial differences,
 
however, in crown diameter were removed, using the crown diameter
 
in August 1990 as a covariate, the significance of the main effects
 
was seldom stat'i7t-,cally significant (P>0.05). There were no
 
significant interactions between plant spacing, fertilizer
 
application and water-harvesting design.
 

The conclusion drawn from this preliminary analysis of the
 
data is that,,at AZRI, growth of saltbush plants is similar under
 
the two water-harvesting designs and that adding inorganic
 
fertilizer or manure had little beneficial effect. In contrast,
 
inorganic fertilizer and manure enhanced plant growth on the
 
infertile and shallowsols at Tomagh. At both sites the height of
 
the plants and crown diameter responded similarly to the various
 
treatments (AZRI/ICARDA, 1992).
 

2.5. 	Comparisons of different methods of water-harvesting in
 
fourwing saltbush establishment trial
 

Ways 	have to be found to ensure that saltbush establishes
 
quicklyafter planting, without the need for additional watering
 
This reduces the amount of work to be, performed by :farmers and
 
should make them more willing to adopt the teifhnology. Planting has
 
to be completed before the !ong, dry period in summer, and even
 
during the planting season from December to late February rainfall
 
can be insufficient for plant growth and survival. It is therefore
 
important to harvest s much water as possible close to the plant
 

__ __ __ 	 __ _ N.,1 



The four ways of harvesting water investigated in the trial
 

-saucer catchmnents; each saucer has. a 2 mn diameter,
 
V-shaped catchments: the Vs have 2 im arms at 90' to each '11 

other, 
- contour furrows: at 2 m spacing, and 
- ripping: at 2 m spacing. 0 

Six month-old seedlings were planted in June 1990 at Zarchi
 
and Tomagh into native range dominated by Cyrmbopogon schoenanthus
 
and Chrysopopon aucheri. A single irrigation of 15 I/plant was 
given. The trial was laid-out as a randomized complete block design 
with four replicates. Survival rate, crown diameter and plant
 
height were measured every month on the same tagged plants. Only 
the results from Tomagh are reported here since growth of 
saltbushes at Zarchi in all trials has been poor, except under 
irrigation. This suggests that Zarchi, with a mean annual rainfall 
of about 200 mm, is too dry compared with Quetta which receives 
annually about 250 mm rainfall. Also the soils where the trials are , 

laid out are quite shallow and ,stony and thus have little water­
storage capacity. These arguments are supported by the good growth 

of bushes at a site below Zarchi station, where the soils are
 
better, some water can run-on to the site (known as the sai7aba 
system) and there is no competition from sagebrush (ArtemIssia i i: 
mar it ima,) .. , 

During the first four months after transplanting there was
 
some growth of the saltbushes, expressed as crown diameter (F'\,ure.
2.2). During this period soil moisture was available and mir'fImum 
temperatures were above 10'C. Thereafter the crtown diameter of 
plants decreased until January, probably due to leaf-drop and 
damage by rabbits which are common in the area. Beginning in 
January 1991, no increase in crown diameter was then seen until
 
March. This is difficult to explain since even th6ugp..low
 
temperatures may have limited growth until April, this would not
 
have been the case thereafter when moisture,,was adequate. By July
 
1991 a period of steady growth occurred tK/continued for 18 
months until December 1992. This is the sake 4 inding as in the ' 
other experiment at Tomagh reported above. It suggests that once 
the bushes are established, they can continue to grow through 
winter at a rate similar to the summer period. 

There were no statistically significant (P>0.05) effects of 
the different water-harvesting designs on crown diameter, although 
the bushes planted in furrows tended to be larger. This may be' 

related to the better catchment of water in the furrows rather than ' 

breakage of the hardpan, since it is likely that the ripper would 

have broken the hardpan too but the bushes were smaller. 
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It is difficult to conclude from this,-study at Tomagh that one
 

-- ,-.-water.-a v s"In .o -- n -p e a a i n t e t e t- s-b t e--t a 
other since it is not known what role the, hrdpan plays in 

determining plant and roote'growth. Furthermore,'*h "magnitude of 
the effect of competition from the bunch grasses is also unknown. 
However, from a practical standpoint ploughing would be the 'land 
preparation method of choie since it can be mechanized and appears 
to result in the largest plants among the treatments compared 

(AZRI/ICARDA, 1992) . Indeed, saucers and V-shaped catchment designs 

would appear to be impractical due to their high labour costs. 

These costs have to be very low to give range improver nlznt 

technologies a,chance of being accepted by governmen agencip, let 
'
 alone farmers. 


2.6. Effects of watering frequency on establishment rate:
 

When soil moisture levels 're 1\low, it is essential to use a
 

small irrigation to ensure the successful establishment of
 

saltbush. This is the case when planting Is 'after early May when
 

little further rain is expected and is particularly true if the
 

rainfall in spring has been poor. In several of the present
 

experiments about 15 litres of water (a bucket-full) were applied
 

at planting..
 

An e'xperiment was conducted at Zarchi which aimed to
 

investigate the effect of watering frequency on the performance of
 
saltbush. The seedlings were planted in pits at Zarchi in May 1990
 

ata spacing of 1.5 x 1.5,m in a randomized complete block design
 

layout with f6ur replicates and three treatments. At each watering
 

one bucket full of water (about 15 litres) was given to each plant.
 
The same four plants in each treatment and replicate were sampled
 

'for crown diameter and plant height once every mo>nth until December
 

'9 92. The treatments were: 1) watering once every week, 2) watering
 

or'-e every two weeks, a'nd 3) watering once a month.
 

The plants watered once every two weeks tended to be taller
 

than the plants in the other two treatments and this improvement
 

was generally statistically significant (P<0.05). However, the
 

growth of the plants was poor, as in most experiments at Zarchi.
 

despite theadditional watering (AZRI/ICARDA, ,1992). This finding
 
suggests that other factors are limiting growth, such as a lack of
 
top soi Iwhere the experinent is being conducted. Interpretation <>f
 

the, results is not attempted and the experiment has been abadoned
 



2.7. Effects of plant spacing on growth of fourwing saltbush:
 

.Experience with forage reserves of saltbush at AZRI has shown
 
that, if stands become too dense, they are poorly utilized by sheep
 

and goats. The purpose of this study was to find the optimum plant
 
density that maximizes carrying capacity. It is anticipated that
 
the closer plant spacing will make better use of the scarce
 

rainfall, because more will be used by the plants rather than being
 

lost as evaporation. The life-span, however, of closely spaced
 

plants may be shorter because of competition effects,. This will be
 

less serious, provided. the plants remain small as a result of
 
grazing.
 

The study is being conducted at two locations; AZRI station,
 
,Quetta, and Karkhasa National Park near Quetta (Fore:'r.y
 
Department, Government of Balochistan). At each location,.two
 

blocks (replicates) each of 3000 m2 and differing in their soil
 
types, were planted with, six-month old seedlings in February and
 
March 1991. The three plant spacing treatments being applied within
 
each block are: 1 x 1 m (10,000 plants/ha), 2 x 2 m (2,500
 
plants/ha) and 3 x 3 m spacing (1,111 plants/ha). Every two months,
 

data are collected on survival rate (mortality), plant height and
 
crown diameter. Plant biomass was estimated from the regression
 

between plant biomasF,, which ranged from 0.0018 to 2,9942 kg, and
 
plant height and crown diameter, which ranged from 15 to 110 cm and
 

10.5 to 135 cm, respectively, (P<0.001, n= 27, r2=0.90).
 

Apart from ground cover, there were no statistically
 

signifi cant effects of plant 'spacing on the various parameters'
 
measured and estimatedrpJant.biomass. The expected trends, however,
 

are sufficiently interesting to deserve comment (Table 2.7.1).
 
Individual plant volume doubled, but[,plant volume per ,hectare
 
decreased by about 75 percent, as plant ,density decr'sed from
 
10,000 to 1,111 plants per hectare. This resulted fii a four-fold
 
difference in individual plant biomass, much better ground cover
 
and a higher rainfall-use-efficiency in closely spaced plants.
 

Survival rate was similar across the spacing treatments
 

(A.RI/ICARDA, 1992).
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Table 2.7.1. Plantdimensions, volume, biomass, ground cover, 
rainfallII-use-eff i c i ency and survival at the November 1992, sampj in g. 
at three plant spacings (S) and two locations (L), AZRI & Karkhasa. 

Plant spacing (m) 	 Sign. 
SED 

lx1 	 2x2 3x3 S L.
 

P1int height (cm) 58 62 6,7 10.3 ns ns 
Crown diameter _(cm) .58 63 78 16.9 ns ns 
Plant volume (m) 0.'11 0.16 0.24 0.104 ns ns 
Plant volume (m/ha) 1065 409 268 268.3 ns ns 

.Biomass (kg DM/ha/2 yrs) 2922 1123 735 - - -

Ground cover (m/plant) 0.27 0.35 0.51 0.189 ns ns 
Ground coy.er., (percent) 26.7 8.7 5.7 10.7 ns 
Rainfall-use-efficency3 4.18 1.61 1.05 - - -

Survfial (percent). 95.1 95.0 90.6 2.79 ns ns 

'Levels of, significance: ns = P>0.05, . P<0.05.

b2Estimated from regression between biomass and plant volume. 

kg dry ma-cter (DM)/mm rainfall/ha. Based on rainfall (698.6 mm)
 
between October 1990 and October 1992.
 

In regions where rainfall is so low that efficient use of 
moisture -is a priority, these preliminary results indicate that
 
rainfall-use-efficiency can be markedly improved by usihg close 
plant spacing. ,During the coming season, however, the effects of 
inter-p]ant competition should become apparent, especially in the , 
closely spaced plants which could make high plantdensity less 

7
attractive Indeed, it is generally -considered that a plant 
population of 1000 per hectare is closer to(/the le'iVel that allows 

S.persistency of the populatonylt is also unlikely that farmers 
will consider planting well over 1000 plants per hectare because of 
the high-:osts'involved. Plants in three different treatments were 

- grazed by sheep during summer of. 1993 and further grazed after the
 
.,egrowth during fall of 1993 by leaving hallf of the plot planted
 
wiith ixm plant spacing as ungrazed. Further development of both
 
ungrazed and grazed plants will be studied.during spring and summer 
of 1994 "a. f ng 

o 	 3.1. Grazing potential of-fourwing sa ltbush'pastures under deferred
 
and continuous regimes:
 

It was found essential that grazing studies, be conducted to 
investigatte the carrying capacity of saltbush and its persistency. 



Fourwing saltIbush can withstandmoderate to heavy grazing pressure
 
(Rumbaugh eta7., 19 ),,but, wihusui tab Ie__grazing_.management
 

,sustained production is not., maintained (Jefferies and Pitman, ­
1986). Utilization of satbush by animals is generally recommended 
after 18 to 24 months of growth (Ueckert, 1985). The adoption 
potential, however, of saltbush is likely to be reduced if farmers 
have to wait this long. Therefore, some of the saltbushes planted 
on farm land in March/April 1992 was grazed in December 1992. 

A 	new grazing study on saltbush at AZRI , which also serves as a 
training exercise, is investigating the persistency, offtake and
 
carrying capacity of saltbush under different grazing regimes.
 
Since the study started late in the growing season, only a simple
 
comparison was made of the potential of saltbush grazed in a
 
continuous.,(set-stocked) or a deferred regime. The latter involved
 
.,twice the grazing pressure of the continuous regime but for half
 
the duration. Moreover, grazing in one of the deferred plots ended
 

; 	eight weeks before grazing in the other deferred plot and in the
 
continuously grazed plot. This could affect the level of root
 
reserves in plants entering the winter period and ultimately the
 
persistency of the plants' The trial used Balochi and Harnai
 

yearling rams. They were offered a basic diet of wheat straw, since
 
it was anticipated that the saltbush alone could not maintain the
 
liveweight of animals during the autumn period, when plant growth
 
diminishes owing to a lack of soil moisture.
 

Two adjacent blocks (replicates) of saltbush, one of 35 x 152
 
m and the other of 41 x 143 m, established in the early summer of
 
1987 at AZRI were used. Each blocl, was divided into three plots,
 
and starting in July, one plot In each block was. grazed,
 
continuously by five sheep for 16 weeks at a stocking rate of 28.3
 
sheep/ha. Grazing by 10 sheep in one of the other two plots in each
 
block started on the same 'day and continued for eight weeks. The
 
sheep were then moved to the other plot for another eight 'weeks.
 
Thus the mean stocking rate in these two plots was also 28.3
 
sheep/ha, but one was grazed later into the autumn than the other.
 

At the start of the study all leaves from seven plants in each
 
plot were removed, weighed, and dried to determine biomass
 
available at the, start of the study. Eight plants in the
 

continuously grazed plots were protected by 1.5 >, 1.5 m cages and
 
the biomass of leaves on them measured at the end, of the study.
 
The leaf~ biomass of, other plants exposed to grazing in each plot
 
was determined at the end of grazing. This made it possible to
 



estimate the amount of leaf aailable at the start and of•end 
grazing, and the amount apparently removed by the sheep. Sheep." 
grazed from 8.00 toL 2.O h and th enreturned to pens for water and ' ' 
chopped "wheat straw, which was offered at a daily• rate of .500 
g/sheep. Samples of straw 'ere taken' for dry matter analysis. 
Sheep were weighed at the start of the tri..Jl, then once a week 
until the trial ended.
 

The 	preliminary results from the trial are shown in Table:,
 
3.1.1. There are unlikely to be stalistically significant
 

.: 	 differences between the two grazing regimes, with,sheep in both 
treatments gaining 13 'to 18 g daily. About 1109 kg dry matter 
(DM)/ha leaves were on offer at the start of the trial, and intakes 
of leaves and wheat straw were the same in the two treatments' The
 
total intakes were 'about 20 g DM/kg li'eweight or 47 g DM/kg
 
metabolic body weight.
 

These results indicate that, in the autumn, sheep griing 
saltbush need to be supplemented with wheat straw to allow modest 
liveweight gains (AZRI/ICARDA, 1992). The saltbush could have 
provided a higher proportion of the diet at a lower "stocking rate. 
but the duration of grazing would have been shorter. Currently it 

Is not known how farmers will manage their saltbush reserves and, 
therefore, it is important to expand the area and number of 
reserves on farms, so that these can be grazed, by farmers' animals. 
Meanwhile, grazing studies are needed which will give researchers 
the information necessary to advise farmers on grazing regimes that 
allow good offtake from sa1tbush reserves, without jeopardizing the 
persistency of the plants. 

Table 3.1.1. Grazing days, liveweights and average daily gains of
 
sheep, grazing offtake of saltbush leaves, and intake of saltbush
 
leaves and wheat straw in a continuous and deferred grazing regime
 

Deferredl
Continuous 


Initial liveweight (kg) 29.8 27.8
 

Final liveweight (kg) 31.8 29.3
 
Average daily gain (g) 18 13
 

Offtake of saltbush (kg/head)
 
Initial Biomass 20.0
,20.0 


Final Biomass 	 3.0
.2.8 
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-"Sumof two eightweekgrazing periods.
 

SThe plants were cut a~t 8-10 in'thes above :the ground level 
' t	 h e after trial ended and the regrowth of these plants measured
 

during the next' spring season.. The hei ght and crown diameter' of 1.5
 
randomly selected plants were measured ,in each plot. NoI
 

7 	 statistically significant differenice was 'fo And in the: height and 
: 'A . . . .:u;crown-diameter of plants in ' deferredme and 8'Continuous t~reatmentAf plots 

after-the pruning. This means that the plants responded in, the same
 
t h d e f e r r e d a n d
 .;	fashion in terms,.of regrowth following grazing w i
 

continuous regimes under similar grazing pressure.
 

the stdy Fiv plnsi ahpo-eepoetdb 	 . .
 

3.'2. Grazing management of: fourwing saltbush pasture under
 

'!'.Another trial: ongrazing 'management of fourwing saltbush was:
 

conducted during summer, l gg3.,;Three rams of Harnai breed were used , 
Iin the three different treatcments which' include, fourwing saitbush 
-;grazing- with: 'no supplementation (control), fourwing s alitbush : 

teThe planpts oer at 8-1 he stoken
ctw ck i 	 tertund level 
grzn plus 200 gof • wheat strawihead/day and: f'ouring saltbUsh: 

grazin .plus g' wheat straw/head/day.: There were Z:.. 500 	 .two 
pns 	 measuredo eac
randomly she lced were 8.n 120lnoadteno


*stat1' :,7i-all 5 5 infcn ifrnewa on ntehih n
: repl ications] for each treatcment. Two adjacent: blocks (repli~cates),. i 
:::,of :saltbush, one, of 35 xI 152 im and the other of 41 'x 143 m, 

.
of p' in deferred.. dh; 	 +,:;:.,:crow ,dameter,'? :."lants.. 	 an 'on ,inuotreatment: plots *':!,
e'stablished in the eal sume of 198 at A and prne in 
January, 1993 were used. Atthe start of the study all leaves from i 
aftr ihe 7;/[.>"'ui d theplnts res on ed the s .'ng<.?>This:: '.means:,tt"k ?:7tt 	 rr >ae.i 

seven i-' plants e 

7idetermine biomalss of fourwin g salitbus h i: a v a l b l e 'at the! start of{i	 a 

cages anthel as of 154 o them a
study. The amount of forage contributed bin 	 each: 

w a s a l s o
:>O
plo 	 measured.
 

:;::' ::;Each"of block was I grznInto p <lot st!art:ing • of !i:)!?two divi'de]d: <threei, weeeigghateee eachin? midJu 	 s, ;an~d 

http:terms,.of


1700, 1900 h. daily for 15 weeks. 'Daily wheat straw intake (g) was
 

recorded for each group. In addition, each group was offered a
 

known amount of water per day and the daily water intake in litres ­
was also r6corded for each group. The wheat straw was offeredto
 

each group after the first grazing session i e. , at noon while,
 
water in known quanti-Cies was offered throughout the day and night
 

and measured each morning after taking sheep for grazing. Sheep
 

were weighed at the start f the trial, then once a week in the
 

morning until the trial ended. Fourwing saltbush forage consumed by
 

each group of lambs was measured at the end of the grazing trial by.
 

the estimation of forage on caged (ungrazed) and grazed plants.
 

Table 3.2.1. Grazing days, liveweights and average daily gains of
 
sheep, grazing offtake of saltbush leaves, and intake of saltbush
 

leaves, wheat straw and water in three different feeding regimes
 

4WSB grazing 4WSB grazing 4WSB grazing
 

alone + 200 g WS/d + 500 g WS/d
 

Grazing days 105 105 105
 
Initial liveweight (kg) 22.7 23.13 23.2
 

At week 9
 

Final liveweight (kg) 25.7 25.4 . 25,4
 

Average daily gain (g) 48 36 35
 

At'week 16,
 
Final liveweight (kg) 24.2 25.0 25.5
 

Average daily gain (g) 14 18 22
 

Offtake of saltbush (kg/head)
 

Initial Biomass 54.0 .45.0 42.0
 
Final Biomass 5.1 4.0 4.6
 
Offtake 49.0 41.0 37.4
 

Intakes (g DM/hd/d)
 
saltbush leaves 466 390 356
 
straw - 176 371
 

-total 
 466 566 727
 

Water Intake (l/hd/day) 3.7 3.5 3.7
 



The preliminary results from the trial are shown in Table 
p3.2.1._ h e g i e an a e age _of..48, 36 _and..35-_g _daiy,_~l,, the.-.,--,,.,..--,. 

three treattments i.e., grazing -ourwing saitbush alone, four-wing 
!saltbush grazing + 200 g wheat, straw and fourwing saltbush grazing 
+ 500 g wheat straw per day. However, 'after the first nine weeks,,
 
four-wing saltbush forage became less and less available and become
 
a limiting factor in the weight gain of sheep especially for the 
group solely fed on fourwing saItbush diet. At the end of fifteen
 
weeks grazing period, the average.daily gain was in the reverse
 
order. Sheep in the group offered 500 g wheat straw each day showed
 
maximum daily gain i.e., 22 g as compared to the other two groups.
 
That means as the fourwing saltbush forage became a limiting
 
factor, sheep in all the three gorups reduced their daily gain with
 
the group lost the maximum weight fed on fourwing saltbush forage
 
alone. These findings are helpful in 'determining the optimum
 
grazing capacity of sheep fed on fourwing saltbush pastures. Also,
 
these results would be helpful in indicating the time at which
 
sheep need to be supplemented with wheat straw in addtion to/
 
grazing fourwing saltbush forage. This study is planned to be
 
repeated during the next summer and fall to make concrete
 
recommendations. There was no difference in the daily intake of
 
water for the three treatments although daily water- intake
 
fluctuated with the rise and fall in the daily temperature (Figure
 

About 805 kg dry matter (DM)/ha leaves of four-wing saltbush
 
were on offer at the start of the trial, and the intake of leaves
 
of fourwing saltbush was 'higher for the group. fed on fourwing
 
saltbush forage alone, however, there were no statistical
 
differences in the fourwing salibush intakes for the three
 
treatments. The total intakes were about 20 g DM/kg liveweight or
 
47 g DM/kg metabolic body weight. About 228 kg DM /ha of annaual
 
grasses and forbs were also available for sheep during the grazing
 
period in all the three treatments..
 

These results indicate that, in the autumn, sheep grazing
 
saltbush need to be supplemented with wheat straw to allow modest
 
liveweight gains. The saltbush could have provided a higher
 
proportion of the diet at a lower stocking rate but the duration of 
grazing would'have'been shorter. Currently it -is not known how
 

.. 	farmers will manage their saltbush reserves and, therefore, it is
 
Important to expand the area and number of reserves on farms, so
 
that these can be grazed by farmers' animals. Meanwhile, grazing
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studies are needed which wi 1l give researchers the information 
necessar v to advise fTarmers on graz i ng reg i nes that a'l ow good 
offtake Irom Sa I Bush reserves , without ieopard izin. the 
peisisiofnev of 	tIh- p lants. 

lhe p laint s were cut at 8- 10 inches above the qround level 
at te r the t r i i I -I idtd , LIe r eq r oktn of t h e : p I-anLEs w i I [)e 

measured duriwo thn pr inc of (994. The height and crown diameter 
of 15 rardomlv se-lea:ed plants will be cnecsured in each plot. 

4_ N- triti 'e 1 of f a_,rwing s1lLbush 

4. 1. Fourwing saltbush Forage Compared with Conventional feeds For
 

Yearling Sheep:
 

lhe study was conducted at the Animal Nuirition Linit. AZP I to 
determino (We i'iep ,.wiIitv and r va 1o (F fourwinq,- h , r Ht i [ iv, 

sa itbush whti1w ,hp r -c¢ w-i m conven.t -i feedsh : -t- inore owa 1 t-or 
sheep. Iwon i v tour year" i i H -arrai skio -p of appro:c i ma t:e ly the same 
w.icih and ", a wore rardoml V dividod {ito l he glroLIps of cight 
an i mlsI a h2.1(1, I lb Itour ,ay anr-d four na Ife a e in e:ch qroup . Each 
of these cii owp, war," ciciom 1v ai.s -; dnedto be fed one of the 
fol lowing rat ion:; 

Ra tio A: 	 Fourwin csal tush 

(600 ci/day/animnal) 

ration B: Lucerri hav 

(600 o/dav/an i ma l) 

Ration C: 	 Wheat Straw (500 P/day/animal)+
 

barley qrain (100 g/day/animal)
 

Fourwing Saltbush was col acted dail v [forn a saltbush stand 
growing at AZRI. Each animal was fed individiually and the weights 

of c.ailV feed consumed and refu ed were recaorded. [he feeds were 
available to the anima ls from 8.UO am to 4.10 pri. [he total teed 
inwtake was calcuiated on th-ea cir'y ,i.tro-r basis. Anima s were offered 
dr-inlirnq for minutes aelr: eve y two hours diring thenwaer 30 
feed ing perr i aftier that they had f ee accaess to the drinkinI, adi 

water. [he duration of the study was f ur weeks. du'ing February 
and Marah, 1988. The following data war recorded during the study: 
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a) initial body we-Iiqhl of each anima I 
b) weekly bod y weiqhi qain/loss of each animal 
c) da I v I eed ot / r o ect b vo ea[i:h anrimal 
d ) pa 1a t a I viv i rclde.:- 1Cu ) ai led by the foIl owing 

forrlI ,:t:
 

Fhilatii i II -1., Ine 	 'y : L I NIA ".100 

rF ED UF F P DD 
Th r e wa a " Irn tinuI(: i itIe in fheI f[,-. of rationsI- e alII after 

the secorid day Of f_,-,d inq . l;v t - n in D (lay, Ihe pa-1atabi I ty index 
}):,:,]ne a lro s , If, 0 )l% WA II-1fw ; - Ot , -H;' h:ll. I1,Wt I l )h,iV , f O-LII-W iIlCI 

a b - o_ ; o t-" I YV: , ci i . I a i n rab ea)I 	 ( II( i Ih , I 'V I v 

1 I ). I I - ti: I k In-k H-nC.I" CoIll li a-a . -o1t: ) c)I-F ol 'rw irnq 

::iv.'t :l ,hll Ill,::' ' . hI11 .1 -1 i-v,hut Ik-1i, Lhar w Lhe wheat:i h' I 

'..-. in t, uIrihe 
1rj:,, nl~ic--c -II , , f , ic\ ' l17:ii . I .I ( i: i d o1:d 

I. i Ir'-: l i' k i hic Ii c lchirii 
.I ,ii.:c-i w',F,,-F t l-we .y I . .I 

:
W0 	 1,q:OC. : tl t <'f ' l t , v :in~d w lk:,,i 1I : 1 hta rt I v (t'I I(I (I t, (-Ilp S h a d-,l"l I_-

,ip, -i [I; I V -;tI t o'] n {I,-i i I:11k- of 	 c i- 1 o F ,hur mi :qn:, tHoui r" the 
1 rli i:i ,-CI 1 --- c d ii.linin-t . Do r Io ."-I- bL L:1lli iiroip showed a 

- dv W1, I 1t:11 v 1I from it Ihi-i a 1:dlit:tdrop IId of: tIe t ir-d 
w -I. , tI i i I [F - I<aHitI: ,-l-" ' -- tL.7d , LtJ rtt Ct qa srtd d cia 1 
no- ih Fll-IIh- l"nlo iin i (:-I- l, o c wast. Clii 	 heh O f thrIe tip-

i 	 n Jifi can at tI:icl er-I-IC-, Cli rr-t-e fok -- nd fonr nee s. Diffser ences 
h pr-i- CO o ma ,a teIna he wereI-fAiI I,- rni-l -l 11id cIroups not 

r-tat is-ical I siinificant (Ati-ur- e-irhara -t al. , 1988). 

Table: 4.1.1. Palatability Indices of Three Rations Fed to Yearling
 

Sheep.
 

Days from sta:-t: of experiment
 

1 2 3 4 5 6 7 8 9 10
 

Fourwing Saltbush 41 36 42 53 82 92 98 98 98 98
 

Wheat Straw 36 34 38 50 52 56 66 68 69 70
 

Licern Hay 	 46 43 49 62 72 90 99 99 99 99
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Table: 4.1.2. 	Yearling Sheep Weights (KG) Under Three Different
 
Feed Regimes.
 

Feeds 	 Weeks
 

0 1 11 111 IV
 

Four-wino saltbush 22.5 20.3 20.3 20.3 20.6 

Wheat Straw + 	Barley 21.6 20.3 21.0 21.1 21.3 

Lucern Hay 	 22.6 20.7 22.0 22.1 22.6 

Mean 	 22.2 20.4 21.1 21.1 21.5
 

Standard Error 0.40 0.41 0.45 0.37 0.36
 
NS NS NS * * 

Probability Levels:
 

0.05 
0 . 0 1 

NS Non Significant 
(Reproduced from Atiq-ur-Fkehman et al., 1988) 

[he drop in the I -ive weigcht of al I groups at the beginning of 
the exper-imnlenl: ws ire)ori:ted 1(:)obe the resul t of non-ad.justme-It of 
rurnen riicrot lor .ct tIhe new foods (P-est:on, 1985) . The Uptake of 
ever v teed wI z Iw -in Lhe F i r st s i x cda vs an cl Lb I s Ii k el1y i c c ou n 

o;: I nIIh- bcd we iclrht re'orded dIr i no the f-i r-st week. ]he 
s 11ckV4 h -1-l rtrq 	 could etr tei!- i Its} i j cv how l:ojr'-i saltbiush mek: the. 

miia init c. l -i n r-q. i I i cI F Cil 1 heep- J (-I I.d(-Io s. I he r SLes I I-:s Cf I-his 

.lctd)v i k toW ! -- t , rrwinc sal lI:bustl Lhor.e was i-ore pcIalt ab 1 
tI-an the, wF-aI h i - I ev iii raLion (Atiq-ur-kehmani cL1 1. 
1988). F ii I. if 1. , ( 19/3) arnd _ enahicl arid 0D rl1phv ( 19851) a Iso 

re-por' ed lh,[iL UPI;)F lerrentFiiiq straw with barley qrr'ai n's only increased 
St:Fa -int(, k -id rIrnprcves enerovv ot but ir,eir :he bI l ance sh1eep, 

-onrrs F irf was I I . have shown that1h-itr intFake very sma Reports 
1)v prvi d ino . d)dd it: le sorrrce of ener(v 1ile st ub Ile. s1)r,-w. and 
other" e r Iouclhacle. e., can a balancedneriv 	 Atripl foraqe supply we lI 1 
rait ion Wh ich could lead to a sigri'ficant live weiglt: gain under 
t-his procluci ve oazIn9 system (Le Houerour . 1992). 
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4.2. Nutritive Evaluation of Fourwing Saitbush in Growth and 

Nutritive value of fouring saitbush was investigated for 

growing lambs in a study during 1989 at AZRI, Quetta, Twenty four
 
Harnai lambs were divided into three groups of eight animals each
 
and each group fed daily 4 kg of one of the following three rations
 

wheat straw and lucern hay (24:76), fourwing saltbush and
 
cottonseed cake (71:29) , and wheat straw and cottonseed 
cake
 
(59:41). All the animals were let out for grazing in the dormant
 
native range for about three hours in the afternoon. The rations 
were offered to the animals in groups @ 500 g/head/day. The animals 
were given fourteen days to adapt to the new feeding regimes, after 
which the actual growth trial started which lasted for eight weeks. 
The following observations were recorded: 

1. Initial body weight of each lamb after the adaptation period.
 
2. Daily feed offered/refused.
 
3. Weekly body weight gain/loss.
 
4. Mortality, if any.
 

After the end of growth trial, a digestibility trial was also
 
conducted. Four animals from each group were randomly selected. A
 
complete record of their daily feed 
intake and faeces voided was
 
maintained individually for seven days. Dai:1y feed offered. and
 

.refusal samples were saved and stored at room'temperature for later­
ana'lysis. The results indicated the body weights of the animals did
 
not differ during the first four weeks of the study. During the _ 
5th, 6th, 7th, and 8th week of the grcwth trial, the body weights 
of lambs fed ration 1 (lucern hay and wheat straw) and ration 2 

. (fourwing saltbush and cottonseed cake) 
were not different, but
 
were significantly lower (P<0.01) than those of lambs fed on ration
 
3 (cottonseed cake and wheat straw). The crude protein content of
 
the three rations fed were same. However, ration 3 contained higher
 
TDN (60%) as compared to ration 1 and 2 which contained 53% and 50%
 
TDN respectively. This indicates thai although ration 1 and 2
 
contained enough nutrients for maintaining the body weight of the
 
animals, ration 3 provided more nutrients as compared to the other
 
two rations which reflected on the better performance of the
 
animals. The dry matter intake and crude protein digestibility did
 
not differ between the three rations (Table 4.3). However', the'dry
 
matter, acid detergent fiber and neutral detergent fiber
 
digestibilities of the ration containing fourwing saltbush were 



iower than the other two rations possiblyhecause of 1inifIcat ico' 
process. Lambs given raiIon 3 (CSC I WS) performed better than 
those on the. o ther two : Lirients i nrd i 110Oi 1 I lhe ,ppl of, , v 
-::.i.ippl1,rueni,'v ir0- Ori and( en'eroV from c-al:K.on :ed cake mi .h I have 
improved Lhe f ibre, ul:i I izaLiori of whea straw. [ cat" h c oant, luded 
f rom I ' Idy L,,-it }th1lmbs can at least be minliri.c on a ration 

contain ing 71% sal hiujshl. 

Intake 	 ility oflable: 4.2. 1. and Digesti1 Lambs Fed Different 

Rat ions. 

Rat ions
 

1 2 3 

WSLH' FWSB±CSC WS+CSC SED 2 

Dry MaLter Intake (g) 449 	 472 458
 

Dicestibility (%): 

-dry maLter 57. 9a3 4 1 .3b 57.0' 3.1 
.. rde protein 70.3 70.8 71.1 1.7 

--a.rid Jat:er -nt fiber 50.6' 13. 2 b 4 5 .2' 3.9 
b
-rn, t- al detergent fibre 49. 3 a 21.6	 49.2a 4.0 

WL.H = wheal straw+ lucern hay; FWSB+CSC = fourwing sal tbush + 

ottonseed cake; WS+CSC = wheat straw + cottonseed cake. 
san:larcd e'rror of d if erence. 
v,7Lues in nomeLhe raw wilh difIferent: superscripts differ 

signifi -dn vly (K0< O .f05). 

(R:Ceproaduced from Atiq-ur-Rehman et al., 1990). 

4.3. 	Fourwing saltbush as a Winter Maintenance Forage for sheep
 

Grazing Highland Balochistan Rangelands:
 

Nutritive valuno of nsaltbush 	 investig: iated afourwirq was 	 as 
winter ma intenance browse i comipar ison to native ranle graz inq 
with or wilthoui proteir or eneryVsupp lementIa:ion . Fhe stucy was 
concucted at Tornaqh kanic,- Iive..toolk Research .'Station in l-oralai 

1is-tricL irn November, 1988 for 10 weel:s. Sixt en Ha rna-i lambs, six 
to sever months of age. were divicded into four giroLips of four lambs 

each. Each of the four qroup; was randnomly assigned to one of the 
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following treat-mens-- -­

1. Fourwing saitbush grazing alone;
 

2. Range grazing + ltc'ern hay @ 100 g/head/day
 

3. Range grazing + barley grain @ 100 g/head/day
 

4. Range grazing alone
 

Lambs in the first treatment grazed in four IOx17 m blocks of
 
fourwing saltbush established in 1987 and shifted weekly from block
 

to block while all other lambs in treatment 2, 3 and 4 grazed
 

native mixed grass-shrubland range . The grazing time for all lambs" 
under all treatments was eight hours i.e., 0800 hours to 1600
 

hours. The lambs in the treatment 2 and 3 were fed their
 
supplementary ration individually late in the afternoon. All
 

animals had equal access to the drinking water in the morning and
 

evening.
 

The data on live weight changes, and cumulative metabolic
 

weight changes are summarized in Table 4.4. The two range grazing
 

plus supplementation treatments produced weight gains which :were
 

not significantly different from each other. Except for the first
 
three weeks of the study period, both of these treatments yielded
 

significantly higher weight gains (P<0.05) than did range grazing
 

with no supplementation (Atiq-ur-Rehffian et al., 1990). Fourwing
 

saltbush grazing provided cumulative weight gains at the end of
 

Ist, 3rd, 4th, 6th, 7th, and 8th weeks which were not significantly
 

different from the range grazing plus the lucern hay treatment. At
 
the end of 4th and 10th week, weight gains by l~mbs on fourwing
 

saltbush treatment were similar to those on the range grazing plus
 

the barley grain treatment. The fourwing saltbush treatment was
 

significantly different from range grazing with no supplementation,
 
only at the end of 4th week when animals in, the later treatment
 

experienced a sharp drop in average weight. &ab" browsing fourwing
 

saltbush as their sole dibt gained an average of 6 percent-in body
 

weight over the 10-weeks period. This compares with weight.gains of
 
5.8, 10.3, and 12.9 percent, respectively, for range grazing
 

without supplementation, range grazing with barley grain, and range
 
grazing with lucern hay treatments. Towards the end of the study
 

there was an apparenderease in the average quality of fourwing
 
saltbush forage consumed due to decreased intake of more leafy
 

foliage. This study concluded that under fourwing salbush grazinqg,.>
 

alone, lambs can not only maintain their body weights but also gain
 

some weight (Atiq-ur-Rehman et al., 1990)
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Table: 4.3.1 	. Weekly Liveweight Responses to Different Grazing and
 
Feeding Treatments by lambs.
 

Weeks
 

0 1 2 3 4 5 6 1 8 9 10
 
Treatment
 

Fouw ing saltbush 12.30 12.35 1?.05 12.35 12.55 12.60 12.98 12.90 13.35 13.20 13.25
 

grazing alone
 

P5nm
e Grazing +
 
Lucern hay (100 g/h/d) 13.25 13.55 14.35 13.85 14.00 14.45 14.40 14.35 14.90 lb.30 15.60
 

Ranoe Grazing +
 
barley grain (IOOg/h/d) 12.40 12.65 13.20 13.25 12.95 13.65 13.90 14.00 14.40 14.55 14.15
 

Range Grazing alone 12.75 12.55 12.80 12.55 12.05 12.65 12.80 12.90 13.15 13.55 13.75
 

Reproduced from Atiq-ur-Rehman et ai., 1990
 

4.4. 	Fourwing saltbush as a supplement to basic diet of wheat
 

straw :
 

S a T'1,mti P1 i1-r IC , 1 d ied for i ts potentia I both as a 

SuI-pn ll I I: o1(1 I Ilnds ih'c are genera IIy heavi yl I " 1 5)n neqit 
no" tic! popu-latio r n-arlt.s ancid r emova l OfCi,cua.crad- o.i ,-vcr of nt a 1 1 rI mli 

,. Iio'r ( a - entf o cds such as31o iv. k" wn:>o(J Id pp 1eI to other i: 

,lhs a :str,- . A\stucty v s oncu ,-t. AZjRI to, inIvest icIa -P the valued 	 : 

'F ', I ih .1:-; ,-f l in-n I I , , ,:"ic di e- ot wheat s ltraw 
p-rch.sed tr,- I Ie nncal: C F i-t :',cts :F I ,(Ae i nq sal thush on 

Ic'4 :-,ve-,:,I i . , I I (ill. i p-liri -n and po tassi m in the blood 
, re u d i ,r-id da i 1v tor iri t: , ,,*as r ,corded. 

had pliases z 
cia vz ,c e r I' eliopped 200 q 

The :inely i-lvre . In 1:,.indArci;a ioan phase f six 
s c, oI t -k e d , twfl;,, . wheat. s traw and 

dail oF I ,<r ed coni.fot:o (Ic-e (C C ) ing ,bou t 20LI - -Iat, con ta in 
p er1..-cn <t 1) in the dry rratter (DM) . irin n the maincI--LIsid: rLcin 
.,:p"r ,_ni.fi 	p.o ,h i cid tC Lo 8 dav:; u qroups,our each 

i i i I ou r casta a Lcee oFt er d cad­on air n or mat - fl-irna i riIa e s ri 
/ iL'1t'ur wl ial : s :ravj i , add iti ion t:o ot,: o1 111i yvI"ot s oFI su dr-dri d 
a'i .5sh ( . ,Ic; ,ens.) le aves anc --h,-r ves ed I-n Noveih er and 

De emhei- ]99 I. The our levels were 150 0 _), 4i50 and 600 a of 
)leaves (air dr-y fataiter) . Faeces were collected durinn the last 7 



days of the exper irmen:al period. Feed, rtafusal and faecal ariple ­

were dried and ,..hed acc ording to standard procedures onid intakes 
of dry matter (DII ) ,nd organic matter (O [), and diges-t ibilit:y of 
ihe dcr matter (OD() and orqranic matter (GU) arid ( va Lie, were 

- l :.l7e1td. (M valn in. ti e, .:mnuont. of organic matter d iested per 
IUO n drv matte.r inc,. te d ) 

Mtie final plase of the e::periment lasted 13 cays, when sheep 
were ac, in offered .ad / ii"am/ wa-t strw a-id 200 i CSC . I:aeces 
t r-or one s;heep in each grcoLfp were co1 lec Led. so that the 
diqes Libilitv of I:tie wheat :s;Lraw/C&C diet c ould be c alculated. 

Te re w,s a ter dericdny for he U PM a nd UNI.) to reriain Lhe same at 
the Iow and medium levels of teed i in . I-thush leaves anid then to 

I cher leUrea ,dctr ae he [i l evel s . IW tr ieaite: di f f erence however, 
Wer only innif'i.a-it in the case ot the nIMP [able 4.4.1). 

lii )1o "4.4 . 1. Di stibil i ,tyo1 d ry rid organi c." ma tert , ) value, 

d.-i I V intakes ot dry and organic matter, and daily nain5 of sheep 
of for-ed diets containinflg four different proportions of saltbush 
lea-1ves and ,-mheat traw. 

Proportion FWSB in total DM1 

SDI Sign. 
Low "oedium High V. high 

(0.15)2 (0.29) () 49) (0.69) 

Number" of observations (n) 4 33 4 33 -

Diestibilities (Q) 
- dry matter 52.4 53.3 48.9 44.4 4.41 ns 
- oganic matter 54.7 54.3 50.1 43.3 4.68 
-D valLe 48.2 47.0 42.2 35.7 3.90 

rotal intakes (g/day) 
dry ntter 892 939 836 765 61.2 
organic rnatter 785 814 707 631 54.3 X*: 

(/W0 75 )-dry mat,: r 66.8 74.0 63.3 58.2 8.4 ns 
or'garic matter (/W0 '75) 58.8 64.0 53.5 48.1 7.2 ns 

Daily caims (g) 41 10 -14 -100 39.8 

1Residual standard deviation can be used to calculate standard forerrors 
comparisoris of treatments where the n contributing to each mean differs. 
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Actual proportion of salthush leavos in the diet. 
3One sheep in each of these treatments refused lare amounts of saltbush leaves 
and for this reason the data were not included in the analysis (AZRI/ICARDA, 

1992). 

There were statistical Iv siqniticant differences between the 
treatmen s:: iWi terms ot [M! ,nd UN I (Table 4.4. 1). Definite trend:!i; 
were appare nt . iMe tota 1 intakes at the low and mediurm levels of 
inclusion of ,.naltb J. h leaves wer-e simi lar but decreased as the 
proportion ol sa h h- leaves in the total diet increased. 

Li rier regtre-ssi on nat vs is was conducted between the 
proportion of saltbush leaves in the total diet (S) and LMD, OMD, 

DMI and M1M ( It Dle 4.4.?). lhis made it possible to estimate the 
digestib i i_ ana rd intakes f or ciets containingr wheat straw only 
and sa lthiush leaves on Iv. W ie IMD ,and (OMD of the wheat straw were 

-ii nh , ard converse ly. the DMD ,rd OM Of the saitbush leaves low. 
le d ies-t ibil i tv of straw frori tLe oca Il landrace of wheat. -as not 

vet ieen determined at A/RI ar d thiere is no inforrmation about the 
orinin or tie s lraw. One woulId expect in vivo lMD values up to 50 

percent. Inciced, th-ie best wheat straw determined by ICARDA in Syria 
reached 44 parcent (F) FLP , 1 r987 ) . The DMD and UM9 values of the 
wieat: stra, Lsed in this exp)eriment are Lher-fore sur-prisingly 
high. Sirni I, r-v. the DI)M) and OMD values of the salLbush leaves are 

surprisincly low. 

[he decreasing OMI and cligestibil ity in the total diets as the 
propor-Lion of s, Itbush leaves increased is reflected in the 
decreasing liveweicrht gains of the sheep (Table 4.4. 2). The sheep 

would have been neither raining nor losing liveweight at a saltbush 
proportion in the total diet of 0.38. 

lab1e 4.4.2. ConstanLs of linear reqressions between dry matter 
(ULMD) and orqanic matter (OND) diqestibility of the total diet, and 
daily total dry matter (DMI) and orgnanic matter (OMI) intakes, and 
the proportion (5) of saltbusl- leaves in the total diet. 

Y a (SE) h, (S"E) k F1 PSI 

DDM 55.6 (2.55) -14.4 (5.13) 0.58 0.0274 4.37 41.2 
[om 58.5 (2.17) --19.3 (6.21) 0.67 0.0091 4.74 39.2 
DMI 977.7(32.69) -299.9(73.:38) 0.76 0.0015 56.0 677.8
 
OMI 869.9(27.31) -338.8(61.29) 0.85 0.0001 46.8 531.1
 

http:338.8(61.29
http:869.9(27.31
http:977.7(32.69
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IThese values indicate the estimated values for diets containing no salt­
bush leaves.
 

ZtAhc 1j, the diet contains lO0 percent saltbush leaves (AZR[/ICARDA, 1992). 

I1 was o- V poss ib I e to get the sheep to eat close to the 
highest level of altbush leaves by limitin the amount of wheat 
straw on offer. lhis tindinnr in in markLed contrast to an earlier 
epe rnenlt in nh i h sheep consumed, w ithout di ff c1( Itv, / 00 cia i lV 
(air -dry basi) of L-,llbu: le -;s, even when oftr.d 100 n daily 
ov[ ar"ley1 ra-il or (:0 it ,rC:(d cab51 a. as we I (At iq- LI r- L e -marh 

'hl1po ddata() . poOn s ib e ,p n:lE ion -or con i:r'stiln(othese a 
r.subi K: 1 that. in th pm-esun t; tudy. I h 1leaves were harvested 

, , i n:-. :-,O-i0!. , whon thii r- iq ,L-ii) I i tv was low, wlireas irn 

the stin.dv of Ati q the v were Ia-rves ted ir June. 

F'ri' -r .*h (-,I ,_ded before it worn be stated that 
c:,.lth-uch har vested at Itho b - irrni nrg of winter has a feeding value 

be How I1,J 1nance1"1)O requi r'eme of o', 1 sh1eep. 

however, tha s:he-p browsirq on saltbush late in the season would 

alsco need to he- Fed wheat: straw, if the ranoe grazing were poor- as 

i uLlui ilv tihe ca e.
 

tin int ot It appl ars , 

5 .S. ' Ey-L -l-li Laic rFl irc; 

5.1. Seed Production:
 

Fourwing sa;tbush is an excellent seed producer, with seed 
matures from October to December. Seed dries on the plant and 
allows some ilexibility in harvesting. There are about 60,000­
80,000 seed per k iloram. Seed is enclosed in brnacts, forming four 
projectedirinnedc woings united in a thick body over the seed. AZRI 
has established larnqe reserves of fourwinrgc naltbush at its farm 
which are ucisd to col lect healthl-y seed for raising seedlings under 
n rsery cond itiors. 

5.2. Seed Treatment/Removing Seed Wings:
 

The bracts of the seed are reported to contain a chemical 
compound known to inlhibit germination. It is preferred to dewing 
the seed before sowing either through a hammer mill or just rubbing 
the seed betweern bricks or sand papers. Another general practice is 
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to soak the dewinged seeds in water for 24 hours before sowincg 
whicoh helps t:o dissolve any c-hemical compound as well as softens 
the hard seed coati/tes ,a 

Rernoviriq the w irll o17 slthush enhantes ciermination rate and 
a,.; I 1 thepreviu-c v ,- ta orils r,:l., t.-sk -irivolviri rtuihhinn s ee:d 

bet-ceri I i- i 'I V -in(j.IV i C -l; proc-cs1t Hil -(e . CCI or th i 
' a Ir t ( J,, ,,i I I I V p ) V , - (. ( I ikJ iIl( I ,I s:q I:d IiCl)V: -s I: a of thoft 

i lirri Mici<hirl ,ry I i -i1 - t ) I --ii NAR I,f iri-iab ad , I : i rather,i t, 
I ilI t_, ,.I o,:) i. l-n):. ,: : o / -)I ., I : j ( -e _,;e.:k- Ip t1 I 1 i-i I I,,: foi )I '-i giid a n'd 

b lunt -: ih i t -rli i i I.', e.,oht (.L}iet' tt-cilh ltoirn a cross
 

TI I V I - t ,:,I- t-, ii :.1r- 4:!Cwi LI in ,i , ee c oiii:ain -r . The machine is
 

r 10 W 11C I I , Led it t ? 1 I I i- V
 

5.3. Nursery Seedling Production:
 

PolveIhvlee r hdO - .,f-,;iz,- 8 x 4 inches (averagre ) are filled 
with ) rn-i:turc, ot soil 1 (i c;arCj ( 1 : ) and seeds ,re sown (2-3 seeds 
pe r h Iq) , ld wi I - I , i yv ti(. 1 'qerr ir,-tir About 30--.35% seeds- are 

'c por Ikd I,-) , i ' (W i thOLIt embryo) . he -iveracie crermirnation 
p-i mit ii Iirouri 1 ,() -4 %,, therefore, is , dv i t o sow 2-3 

c -i lb- -ohvthonecU:,- b,:- . I ntac.t setds of- ourkirirn 5raitbW-s.h 

Sii 1 (I 0 l Iiill I -, Iii t: ield c.>r-d i:" io1-; rand (-::mn on lyIhe ri'.:ed .is 
• . icsmmc-- iii nunr -ie is, , h-is secems Fe,: ihe: re fate:d Ilo th-e thicicl 

pr o C t iV -;:ed . I,:; i, -n! 1 a- to , L -rin ch-Aemical ili ib i h -s.. Th.. 
'o tihis .'e ii incqil ly O I thsi -;r r 1-.1)L r)LI5 1hbr nu-s:,eu r V secd 

r) 'd ion . , i ,i ,,i i Izaf-esIi p ,tz-e in aI)oL1 7-10 dao ; in spr i ng 
lurri"n urii~t erOv utumr. II win Ler, ci-,rmination takes place in 

,- b~it 3-4 we eh, fim , , I t i's pr' er ered to Ive one hi ea 1 h y s eel i n g 

, r,- i d- I irIcs it ta in o i i - t of ahout 25-30 cm in 1-5 months 

: i me i l s I:"In(I :fld ummer seaons 

6 -rr-r r-1 I nti rF>14 SIl - 1-1 irigIs 

6.1. Time of Planting:
 

At nursery, seed 1 ings should be pruned (cut in half) at 3-4 

months aae (8-10 inches height) to encouragre lateral shoot growth. 

Seed 1 in s Ire ,nier1 l 11 v recommened t4 be t.r ansp1anted at 4-5 
mon th s a cI the rec ommerl--lIde t ifme el p 1an inn seed I ins i s i n w inter 

ra inf a 1 season i.e.. trom lIate JanrLa-v to the first week of April 
However, plan ti ing can be carried out t:hrou(hout tihre year if 

irriqation is available. Under rainfed conditions, first watering 
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of about one bucket (10-15 litres)/plant is recommended at the time
 

of plantino to help plant establish its roots.
 

6.2. Site Selection for Planting:
 

.L-ion , .a proper .site is essential for the successful 
e. atb is hmen L C)1 t h i s p I an i, f o jr wi riq sal tbush is best sLui t ­to 
h e .1 - i ?5) -:hJ0t-0 mm ann l rainfa I in h l l ands o:: 

an ic i-n 0.1l:i to,, NastLlnC1, i1 int",a Ior 11hi i 1 r, i F Musl irnbash, 0i 1-a 

-3ai t Ii -I. Lot .,a i efc. [I: rn ri-rcorsfiji i hV cc Lab i:lhod on 
1 low, f arn(If,: w rid iria Ilor" oil I i vation as weol1 as on rav iIv fans 

hay inn drep i n -s , t ioii 1mm loc,il 

:hrub inr r- vivr" intolerant ot compet"i i-ion frorm crasses and 

nd ompe fro i . TpcThe 

lo al hr c r 1.I 1is(-ke Ar-t is and /s ' o, v ,spp. etc. 

6.3. Planting Methods:
 

Fot.ir'winci s.alibush can be planted in pits (1 .5 ft deep and 1.5 
tt wide) to col ltci_ and store rain water. It can also be plantfed in 
ripped lines macie bv Lhe tractor with less cost of di cm inn p-its. 

I-or to.urviinq saltLhush 1'or,-ane ruororves, the p.lai to p1ant distance 
s:hould be 2 x ? m. ul: th:he plant- ;picinci could be chancied accordirq 
t:o the "V e t p)I a.i -inoI O xriJl.F 1c., it p1 an hed a,,;orl i ntercropp inn 
wiLh the wheat, th- plaInt Lo plant ciis .ance should he I x I m and 
row t-o row di-stanu:e should be 4 :x 4 rii. -1imila't1y it planited along 
bUrnds of ( t opp d ta--I s , the p 1ar t. to p I an t di stance shou 1 cl be 1 x 

1 wh cot.ild !m,:er a e windelih aka o ,e as Ied aiqainst erosion. 

7 +T~c Ihnoa]. ci._v Tranu s --.r+
 

7.1. Dissemination of technology through Productivity Enhancement
 

Programme:
 

D.rino 1992. an amount of Rs. 1.5 million was allocated 
throuqh Produc.ivitv Fnhancemen t. programme (PEP) of Pakistan 

Lif Res earch to i ngAqr icu t:ra I Coun 1 (PARC) expand the ex i st 
fourwi nq ,a -1jl)_s nur1-erv at AZR I . and start p 1anti nq the shrub on 
farm ers i a I ds a di oris t r a Li on p Iots on r Iar Ci na 1 land. The 
proor-arrne was ar:-r.-Lcd in kan e Section of AZRI on Ist January, 
1993 with the foilowinq objectives: 

-- to increase fourwino saltbush seedling production under 
nursery conditions 
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- to plant fourwing saltbush seedlings on farmers fields as;
 

forage reserves
 

- to disseminate this technology arrong farmers through farmers 
field (ays, traininn workshops and collaboration wit h 
provincial livestock and Forest Departments anK; NGOs 
involved in ranqoi/forage improvemenLt work in 1 aloc h-istan. 

Dur-int the f irst ,ear of the project, the foll owino jobs were 
carried out for di ssemir aing othe sa,.tbush technologv among farmers 
ot high land ha lochistan: 

7.1.1. Nursery Seedling Production
 

As already mentioned, the capacity of the forage shrub nursery 
at AZRI to hold sediqs was a-bout 25.000 seed I ngs till December 
1992, bu t,, nurs-ery p.ansion work WI AZRI was started in 
January. IMY2 and bv I-e rnd of April 1993, the initial targe: of 
200,000 se dl inq wa arh'Iie-ved. Fi2 Forts are aso beinor made to 
convince provini, i tI to i: ir-l ores t departments as we- I as 
NUO's 1 I-o P:iRtP arnd var i u.j: FAU anid AIDIB pr-o ior to establish thei r 
own r ursorip s -in or der to meet the cema d of four ,4i o sa'lt bush 

.-eecl I i n u . 

Jeedl ings of other promi si ng A trip/e,' species like A. 
lent i forn -is, A . sAr ic' is arid A. /7L/fu.mJ r ia and .s"ls,',s ve "' iou a te, 

are also beinq multiplied at AXRI nurseries to evaluate their 

per formance under fIield condi tions. 

7.1.2. Site Selection/Transplanting Seedlings at Farmers Fields
 

The on-farm testing of a technology with the full involvement 
of farmers pu-ts the Ichnologv to its greatest test , since, if it 
is not adopted by farmers, then the preceding research is of little 
value. This is especi IV the coce in developing coun trires where 
the research resources of na 1: iona I programs are desperately short. 
[or this teason , AZR I started establish i ng sal tbush forage reserves 
under MARP iAZR pro.ject in 1988 at Zar-ch-i and KovaLk. In 1990, "it 
planted Sd 1tbshl- in the buffer zones of -its water -harvesting 
trials, and, in 1991. started inter-cropping studies at two sites 

in Spezand. A new site, at Mia!ngundi near Hazargan.ji Chiltan 

http:Hazargan.ji
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national Park, was added in 1992.
 

Under PEP, fourwir-i .-;a 1 tbush pl antinq campaiqn was started -in 
January, 1993 t var i ous ,ar"ot-r f iel ds around Quetta and mor­
si tes: were a,-dded I, -r around f'is.in, lus]i niBaibt O-i a a til, Suah, 
Lora a i , ,arlk iun, V. a i. ovi, kaiak tu- ) areas iri(Ma tij 
c I 1, borat -ion w ith Ihe APP I iv-s:toc E':-:ens i ca P oi et. Nt)'s I i e 
BW F' , I nr ,c--r ,.. ' . t-.~,:-i onl P:r ( ., i t,, Kan. ik IR:!; I AO iolI-i I U Iianld -nn 	 I~a y , 

MastiHno , C 	 fi natit .d pro!icc t ,n I i v, ctock deve I'orrin t and FAD/IJNDP 
In K-grated Range and Lives tock Proj ec ts bei nq operat ional in 

Ba I och i a tan. 

I h e co ed I inr s are be incg transplantod in various patterns 
deperd-in, upon th eonsen+ and demand of the cal laborat-inc farmers. 
The various 	tirea-tmnits are, Ixl mn sp1m c-irq betwoeen plant to plant 

a lonoI nt va ted in f orrm hed ii 1;<4 athrdtir cul It:"i area the of e, 
s:pacing :irari -mni--- with plant to- p la distance of 1:,:1 m ard row 
to row di :tare0 ol 4/" m. hlis spa: i ncr , i used i ni order to a I oi 

orictIcih cpee Pa I wail rws .o th- a t.l ho larmor can plait cere i or
 
anV other trlit: or v,,uo :ab 1. ( olp like water melon or whlat O. rc . itri
 

-
bhtwen We rows:. Ih -orin- rs-rvs were a i so ostah i s hed as 
b Iock I ,ii i o t 1 roniwi tic; -thIi-,:t w- Lh r p t> pl antt:a I. o : ?:c2 m ant 
dis. rce. Iho dcei l of Ifourwing seafltbutsh seedlings transplanted 
under FUF pro je t:at variois loc-it-ions in highland Ba1ochlistan is 

g iVent in table /. I. I. 

Table. 7.1.1. 	Sites planted with fourwing saltbush seedlings till March,
 

1994:
 

Name of Site Area planted Planting Time No. of
 

(acres) Plants
 

Nohesar Riuiciozai (AZRf) 1.50 February. 1993 1800 

Kili Pir wall 	(AZRI)1 0.50 March 500 

Sin. idi/Aihbarg (AZRI) 8.00 March/April 8000 

Pishin (LED)2 	 0.25 April 300
 

Sara Gur Gai (LED)2 2.00 March/August 1500
 

Panjpai (BRSP)3	 0.25 July 400
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Muslim Bagh (BRSP)3 small plot July 100 

Cila SW-IIt-tll (LED) small plot July 200 

IKuchlal< (LED) 2 small plot July 100 

NWil wdti . PI'ndarn (BRSP)3. 25 August 250 

(U i [i . K(a1 ) 

Karal val lev (FAO)4 2.00 September 1500 

;ir1di/All.arc (AZRI) 1 2.00 October 2000 

Habib Zai (Wlishin) (LED)2 0.50 November 400 

A7l11, (Jtetta (AZRI) 1 2.00 November- 1000 

Kalat (BIRSP)3 0.50 December 400 

Barhari (BRSP) 0.50 December 500 

:ar jpai (B-SP) 3 0.50 January, 94 400 

Kanak. Mastung (FAO)4 2.0 January 20PI 

Hvderzai Pishin (LED)2 0.50 February 330 

San iavi, DIl i, Kohlu, 

Brkhan and Lor--ai (LED)2 4.0 February 3900 

I ich lak, Ot ,.la (LED) 2 1 .00 February 1400 

Sab , Quetta (LED) 1.00 Februarv 1000 

Sara GurGai, Duea (LFD) 2 1.00 February 1000 

MianGurcli, Oue ta (AZR )1 1 .00 February 2000 

Ha-:arqanii. Q}uetta (AZR)1 1.00 March 2000 

Oi m Saifullah (LED)2 2.00 March 2500 

Oila Saifullah (LED) 2.00 March 2000 



Oila Saiftjllah (LED) 2 2.30 March 2300 

Muslirnbaqlr (LD) 2 2.50 March 2500 

r;l imbanil (LED) 2 2.00 March 2000 

Sar-acujir'gai (LED) 2 0.50 March 400 

Knvak l ,-A) (AZRI) 1 2.00 March 2000 

LEGEND: 

IT- Aridi c 0 -i Pesearcl Inst i:Cte
 

2u= ADB Live fIoc. Produc t i()i1 E::en-sion Project
 

' halx-hb I t, r 'urr-,I 'lipp t [Irrcirarii'i. 
4= FAO I ot:-rucI-i I I If)lrnd coervation Project :Kanak valley, astung 

5.-- FAOA- Jri-:-c-r e, a cro &&R'ananerme.n-t Balochistan,.te-sh-d Project, 

7.1.3. Collaboration with the agencies/departments
 

In order 4o e fi-Ied-:iweiy -ftrrstfr" Ictuwing saltbush technology 
anong lc r of ba iocrhisLan, rcrssorV col laboration was[tmt-r'S Igihland 

:tar t (1Arnlccq A/P' ,ind provi n- i,_ I Fortest and i ves tock Departrment­
as we I , 501 i0 LiS NGO worl. i ncl on for a ci e / f n dder crops i n 

--loch is an. For [hi is i r-o-:e, a t i inl workshop on seed ing 

prodcli ii a-1 d ait tcI oU1orl p ic .Iir1 i C1ues fOLirw i nq s I t BUsh " was 
orCian 1 zod durll i NalV 993 in which 17 wor kers /f i e Id ( otf i c ers 
part i (:.i pa t Cd f roiI Aqtn i t xi- ens i (:cri / f or es f: Depti : . /AL) Li vestock 

n ieo" ,:r11 haloohista ri Iur'al Suipportfe -is t' as ,- I s NC'I:z li kle 
Pr ocrr oirnri ( hR f ) -rd Mer v C or ps I nternat ionia 1 (MC I ) . The 
par-i1cip rut. were niven hand-on !:r,--inirg in seed] m prodlctior 
, ,.?:c cnr1(1LIS s i d WC I' f:r a k ,n f 0 Vai CU s s ites wher e AZR I has 

tahI i[ I l- var-eni farmers.I- i ".I ' l I ,' l 1bu fo0 -cj e r:-,rves on ous 
fiI , . I I ahcIrao: on WaS I o tarLe d wi Plh Inter" .,-r q ional 

Pa r 1 i p,: V 0lip rid G icr ervit' ic) t il arnd D-evel pnrienL Pr-o.jec i:.-KAnal.:: 
va 1 1t- , a I oc s i-Lor f p I an t i nq f1o r wi no .sa I t bLIsh on ma rci na 1 
lands w Iiih a tproacr'h;rn ys-te apr-.oar.h. ihe campa icin ot F' lantin 
ourwir sal Itbtish as Ioracie reserves was a Iso str enc thenecl wi th the 

col -Iahora tion of Li vstoclk produot ion E'<tens -ion (ADB project ) which 
ha-)ve deve Ioped sever,- 1 nuc" i stat ions for estab I ishinci 
demonstration plots in about 15 districts and tehsi Is of highland 



i~+_n p ct. nn___-__.Ba1oc The oj ers l.have-:s-tart:led- pl]aninrgi::fourwing­

saltbush,- in these nuclei in collaboration with AZRI PEP project
 
personnel. They have plannedforplanting about 20,000 seedlings at
 
these stations during the winter and spring season of 1994.
 

7.1.4. Trainings/Visits/Farmers field 'days
 

In order to popularize fourwing saltbush technology among
 
farmers of highland Balochistan, visits of professional extension
 
staff of forest and Livestock departments and farmers field days
 

were arranged during May and June, 1993. A group of fifteen Animal 
Production Officers (APOS)/Stock Assistants visited AZRI range
 
shrub nursery and field area and wer'e explained the techniques
 
about raising and planting fourwing saltbush on farmers fields.
 
These professionals represented fifteen Districts/Tehsils of
 
highland Balochistan and each one of them committed to establish
 
one demonstration plot of fourwing saltbush on farmers fields in
 
his own target area. The planting campaign would start during the
 
coming winter season, 1993-1994.
 

Two farmers field days were also organized at AZRI fields
 
during June and July, 1993. In the :first field day, livestock
 
farmers' representing Quetta, Pishin, Kuchlak, Mastung, Panjpai,
 
Muslimbagh, Qila saifullah and Loralai areas participated through
 
Livestock Extension Department. The other farmers day.as organized
 
in collaboration with Inter Regional Upland Conservation and
 
Development Project in July, 1993. About 25 farmers"from kanak and
 
Noza valleys participated in the farmers filed day, The farmers
 
were briefed/demonstrated the techniques of raising and planting
 
fourwing saltbush seedlings at AZRI fields. They were also taken to
 

various sites where AZRI,:has established for-age reserves on farmers
 

fields.
 

Another training course was organized under PEP project on
 
November 9-10, 1993 in which 6 progressive farmers from Kanak
 
valley, Mastung participated. These farmers were arranged by the
 
Inter-regional upland conservation project-Kanak, Mastung funded by
 
the Italian GovtL. and FAO. During the two days training, the 
farmers practised to raise fourwing saltbush nursery and planting 

techniques at A2RI fields.
 
-
I a' I"I r, i i ::~) ry:an ::p]a . ,-, 

AK: u", ' "" 2' ' :'7 , i ' ':.';
 



:•~AlthouJgh sufficient knowledge :has, been gained to .sa'y"that : 
:i°f u 'wi :io r ing -sal1 bush has• the potential for a rid cl imate: of Balochistan 
::!::/in: terms of it~s forage aswell] as fuelwood ,value, its large scale 

planatio onmria ad.adaoto ythe farming community • 

,:needs soecuinado-amtesting wit:h full participation of
 

" farmers. Main constraint:s/problems are descr'ibed ,as under:
 

- ti temsnofits fora asll as fouewoo.d valwue,emis largbscale
:::ii.. .it. Forl any range technology to be'adapted by farmers has -tobe 
.a zero cost or minimum cost technology. Thebiggest problem withN
the Afourwing ualbush is that inact seeds do not.germinae under
 
nees secautigyon andln
onfrotestin wIth foull peaicitonofe
 

i: field conditions and can only, be raised as seedlings in nurseries....This seems to be related tothe thick proieciveseed coatoas wel
 
as to certain chemical inhibitors This would bring some cost o
 

•for any lresaecampaign ,:whether or, notl= Government=:,would 

provide seedling free .of.cost to the farmers. At present, seedlings 
are pbrovided free of cost. for estab'lishing ,forag~e reserves onfarmers lands as demonstrationsieso popularize his techroogy
 

1.among ange t b f rt
farmers be ap 


th 2rPlaning fourwingsalt bush on steepd gravelly sloesun
 

iresuledin por growh and hgh mortality due o less misurersri
 

availab e through he tlong tdry piResearchsummer. on -whe
 
establ ishment offourwing sabush on various sites has shown tha
 
this pthnologyef seiednone margina lands (eithe cultvated
 
or fallow) and gravelly fain wht hr or n G ereisn ewsoul
 
are itionvfrom he exi sti ng plan commun tiesas well as enough
 
soil-tosupport gdoweh uder moist sptoepuize tit o
laagdods 


r ip p i n g
matter,.hat s omeusoi workisglike deep plough o r wil l be
 i unolved ion heavly degraded gavel ofans. Howeer less mos 
tisd plut isebest positewatoi thria plans ithear cultvae 
aalaberequired to tplantthis shrub aong ridgesah bunds of.
orstfallow) hiandgrallyfan fo il)wer hr sls
alreadyishmeivatedfareasor th eropping i h 1x4 m sacng as
 

compeitofro the aoei st rpaints/comtis asowael ast enog;!:.:al]ready descri bed.' Necessary :iinformatoni waoud sil enedd 

tatmattehsomeloil,theris likeoetpa plh oririppnolg willb 

ifraren e nernping with m
alread olivae asor ecoogy gsacinga
 

beadoped n hei darmesfdad grellyf. Hognzedcaas ufilt
 

h farmerspecifn oargized
baeeadptnt d caefll cnampaign built
 

.
 

'
 

-




On-farm testing of fourwing saltbush will be given prior'ity by 
expanding the area under saltbush plantation on marginal as well as 
salt affected areas owned by the farmers. The specific aspects of 
fourwing saltbush to be studied in future include:
 

1. Survival, growth and productivity of fourwing saltbush
 

under various plantation regimes like intercropping, planting
 
around ridges and bunds and as forage reserves on gravelly
 
fans.
 

2. Pruning studies on fourwing saltbush to estimate fuelwood
 
as well as regrowth potential.
 

3. Grazing management studies by sheep and goats for optimum
 
utilization and sustained forage productivity of fourwing
 
saltbush.
 

4. Farmer perception and adoption studies for evaluation of
 
fourwing saltbush technology.
 

5. The main activity will be the expansion of the area planted 
with fourwing saltbush on marginal land owned by farmers and 
the establishment of saltbush forage reserves in collaboration 

,with 	 provincial, departments as well as NGO's. Both these 
activities will be supported by the funds which are available 
under the Productivity Enhancement Program (PEP) of PARC. 

- 4,4 
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