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ABSTRACT

The present study was conducted at Khanasri d@@ig, 2013 and 2014 and aimed to determine theteaffe
rangeland rehabilitation on feed cost, rangelamd petivity, and stocking rate. Three rangelandesyst were included in
this study: Fodder shrubs, native vegetation anehagccess. Year 2012 native vegetation fresh yieltl significance
differences. The fodder shrubs allowable yield w&8.4, 51.2 and 92.5 kg haor 2012, 2013 and 2014 years,
respectivelyThe interaction between treatments fodder shartasnative vegetation systems and year 2012 shbigéd
significance yield while open access with all yesihewed the lowest yield. The interaction betwaeatments fodder
shrubsand native vegetation systems and year 2012 shbaigédsignificance total dry, allowable, site yieldd stocking
rate while open access with all years showed thedb yield values. Théodder shrubsand native vegetation systems
were decreased feeding cost. The year 2012 was efif@&tive or profitable in comparison with the uks of 2013 and
2014 due to rainfall amounts. We concluded thahbiodder shrubsand native vegetation systems were increased

rangeland productivity, stocking rate and decrepshreep feeding cost.
KEYWORDS: Feeding Cost, Jordan, Native Vegetation, Rangelkamd Sheep
INTRODUCTION

In Jordan, livestock population numbers has in@édgsom 2.133 million in 1979 to 6.533 million i®23 [1].
Moreover, the sheep and goat numbers in Jordan 3vé4d.600 head in 2013 [1]. Consequently, themaled for meat is
increasing. Local feed resources such as barleyn land straw are limited, thus there is a large lgetween available
resources and livestock requirements. Jordan pesd@0%-25% of feedstuff requirements, rangelandlyme 80% of
those requirements [2]. Rangeland form about 90%hetotal land area in Jordan which is 89.342 kmd receives less
than 200 mm annual rainfall [1, 2]. It was subjécte severe degradation due to successive dronghtn@an misuse. Man
misuse is practiced through cultivation for barlggnting, early and overgrazing, shrubs cutting fisel using and

introducing heavy vehicles, especially the tratborangeland [3].
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Therefore, indigenous resources need to be proteatd developed [4]. There are several solutiongréeide
feed mainly import, green fodder cultivation, cudiion of field crops such as barley and vetch, estthbilitation of
rangeland region through protection and plantirddér shrubs using water harvesting system. Le Houmported that
rehabilitation of the degraded rangeland will bepbgtection, fodder shrubs planting and water hstimg techniques [5].
For restoration of rangeland feed resources, teahnptions are needed. One of these is re-edtaidist and use of native
and exotic fodder shrubs such as saltbushgfplex spp.). Fodder shrubs play a role in rangeland riétsdion programs
in arid and semi-arid Mediterranean zone, not @dya feed reserve but also for soil water conservat the degraded
regions [6]. They have a vital role in improvingtrexme climatic effects, gully erosion control ambyding stock feed
[7]. Atriplex halimus is the most planted native species in Syria, Jorémyypt, Saudi Arabia, Libya and Tunisia. In
addition to their drought and salinity toleranédiplex have high yield, good nutritive value [8] and palality to sheep
in non-saline soils [9]. Also, Abu-Irmaileh showditht rangeland improving by planting fodder shrulmgler water
harvesting produced much more forage than thosaraut by protection alone [10]. The present studned the role of
rangeland rehabilitation to satisfy sheep feedirequents. In Jordan the forage costs are very &ighfarmer’s income is
very low due to the little margin profit. Animaldd input prices increased dramatically in West Asid North Africa
region (WANA), those increases have a major effeclivestock producers [11]. One half or more & dheep, goats, and
cows diets are based on concentrates to be boygfarimers [12]. The price increases affect all maats, especially
small farmers and herders who are affected moreusty than others. It is believed that the nomaddranshumant
households are suffering more than farmers in hghfall areas. The nomads do not have adequatecebao change
their living style and do not have any other optiom increase their own feed production [13].Thalgroduction of feed
stuffs cover only 25% of the feed requirements;levttie other 75% of feed is covered by importingdfeThis increases
the total feed cost of livestock represents 75%heftotal cost of livestock production [14]. Thysptected rangeland
(native vegetation) and planted fodd#wrubs in comparison with open rangeland were t&leio this study. The study

objectives are to determine the effect of rangelahébilitation on feed cost, rangeland produgtj\éind stocking rate.
MATERIALS AND METHODS

The present study has been carried out at KhaRasrje Reserve which is located in Mafraq Distrind ar
about 80 km to the northern east of Amman (latit8&fe24' N, longitude 3603' E and altitude of 668 m above sea level).
The topography of this reserve characterized byn&tion of hills with slope fluctuated between 2-10¥he average
annual rainfall is 150 mm. The total area of theeree is 450 ha, about 100 ha of which were plabyefbdder shrubs A.
halimus.

A total area of 200 ha was included in the presamdy. One hundred hectare of the area was pldytdddder
shrubs while; the area of native vegetation was B80Atriplex shrubswere planted on 2008 using water harvesting
techniques named contour ridges (CR). The averpgeirgg between CR was 8 m while between shrubs Bhm.plant
density was 417 shrubs per hectare. Data werededdor 3 years 2011/2012, 2012/2013 and 2013/20i&4d of bothA.
halimus shrubs and native vegetation were measured on2@4ag, 2013 and 2014.

Treatments

Three rangeland systems were included in this stadgyely; (1) fodder shrubs (including yield of béthhalimus

shrubs and native vegetation cover), (2) nativeetatgn, and (3).open access (site adjoining tondkda Station and
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subjected to overgrazing).
Fodder Shrubs (FS)

A. halimus shrubs yield was measured using Refer&idt Method [15]. Recording size of sample shrulas
detected according to a selected branch of A. helishrubs. Fifty shrubs were randomly selectedimvigach treatment
and the following measurements were taken: foddeubs fresh yield (FSFY) shrub growth weight of abda@round,
fodder shrubs browse yield (FSBY) shrub leavestaigks less than 5 mm thin weight and fodder shiddysyield (FSDY)
FSBY weight after drying at 7Z for 72 h. Fodder shrubs allowable yield (FSAYswalculated as a 60 % of FSDY.

Native Vegetation (NV)

It was measured using clipping method (it is thestnmommon direct method to estimate native vegstati
biomass production [16]). Six transects of 50 mglavere selected randomly for open and protecteatnivents, each
transect contained 5 quadrates of 0.5 f total of 15 quadrates were clipped for eachattrent and the following
measurements were taken: native vegetation fredtl ¢iNVFY) annual vegetation growth weight of ab@reund, native
vegetation dry yield (NVDY) weight after drying &2°C for 72 h. Native vegetation allowable yield (NVAYas
calculated as a 60 % of NVDY.

Total Yield

It was calculated by sum fodder shrubs and natagetation fresh, dry and allowable yield for hantbalculated
for site (Yield (kg/ha) * Area (ha)).
Animal Feed

The number of sheep was 484, 410 and 464 headOfbt/2012, 2012/2013 and 2013/2014 growing seasons,
respectivelyThe average daily intake at Khanasri was 0.670daekh and 0.086 kg wheat bran per head. Whilewsisa
available all the time and its consumption estimdig 30% of barley consumption (about 0.201 kg Hetay). The local

prices of barley, wheat bran and straw were 210,ak@ 180 JD toh respectively. The currency unit was 1 US$ = 0.708
Jordanian Dinar (JD) during the present study jgerio

Stocking Rate

It is defined as the number of grazing sheep duartain period. In this study it was calculatedresnumber of
sheep and grazing period in addition to complenmgnteed (includes barley, bran and straw) dependentearly
rangeland yield. The grazing period was 180 dayesteon May and ended on August. The complemetiéay from the
rangeland area was 1.200, 1.314 and 1.253 kg'desd based on 2 kg dry matter head requirement perfday
2011/2012, 2012/2013 and 2013/2014 growing seasespectively. The stocking rate has been calculatddg the

following equation:
SR = STAY + SN + FRD + 180
Where:

STAY: Site total allowable yield for 100 ha.
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SN: sheep no.
FRD: feed requirements per head per day (2 kg pmaitter basis).
180: grazing period.
Grazing Cost (GC)
It was calculated based on the site allowable dlgdydependent on the following equation:
GC = STAY * BBSAC
Where:
STAY: Site total allowable yield for 100 ha.
BBSAC: Barley, bran and straw average cost.
Experimental Design and Statistical Analysis

The experiment was analyzed using Randomized Caengllock Design (RCBD) with three replicates. Years
were added as independent variable so data welyzadaising split block in RCBD arrangement. Yeaese in the main
plots and the rangeland systems were in the sub-gAogeneral linear model (GLM) procedure was usednalyzing the
data [17]. The independent variables included i thodel were years and rangeland systems, whiledéipendent
variables were FSFY, FSBY, FSDY, FSADY, NVFY, NVDMVAY, TAY, SR and GC.

RESULTS
Rainfall Amounts
The rainfall amounts was 154, 124 and 120 mm fdt122012, 2012/2013 and 2013/2014 growing seasons,

respectively. Figure 1 shows the monthly rainfalicaints at Mafraq governorate 2011/2012, 2012/20132913/2014
growing seasons.

Monthly Rainfall Amounts at Mafraq Governorate 2011/2012,
2012/2013 and 2013/2014 Growing Seasons

Y VNIV ONY

Rainfall (mm)
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Figure 1: Monthly Rainfall Amounts at Mafraq
Governorate 2011/2012, 2012/2013 and 2013/2014 GhogvSeasons
Native Vegetation

Fresh yield had significance differences (P = 02)dfetween years. It was recorded 2135.2, 164171484 kg
ha for 2012, 2014 and 2013, respectively. Also, Frgshd showed significantly different between tlamgeland systems

(P < 0.0001). It was recorded 2671.6, 2168.5 arl44kg h& for native vegetation, fodder shrubs and open sacce
systems, respectively.
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Interaction Effect between Years and Rangeland Sysins
Fodder Shrubs

Fodder shrubs fresh, browse, dry and allowabledysdowed high significant differences £0.01) for the
interaction between years and rangeland systengsintéraction between year 2012 and fodder shsystem showed the
highest yield. The fodder shrubs fresh yield wa§41%, 899.0 and 662.1 kg hdor 2012, 2013 and 2014 years,
respectively. The fodder shrubs browse yield wa$.47284.4 and 405.7 kg haor 2012, 2013 and 2014 years,
respectively. The fodder shrubs allowable yield w&8.4, 51.2 and 92.5 kg haor 2012, 2013 and 2014 years,
respectively.

Native Vegetation Dry, Allowable and Total Fresh Yeld

The interaction between treatments fodder shrulitsyenvegetation and year 2012 were significaniffecent (P

> 0.01) while open access with all years showedatest yield (Table 1).
Total Dry, Allowable, Site Yield and Stocking Rate

The interactions between treatments fodder shndise vegetation and year 2012 were significadifferent (P

> 0.01) while open access with all years showedawest yield (Table 2 & 3).
Grazing Cost

The interaction between treatments fodder shrubsyaar 2012 showed high significance (P > 0.01)evbpen

access with all years showed the highest grazisg(@able 3).

Table 1: The Interaction between the Rangeland Sysins and Years for Native Vegetation Dry Yield
(NVDY), Allowable Yield (NVAY) and Total Fresh Yield (TFY) at Khanasri Station

Year
2012 | 2013 | 2014
Native Vegetation Dry Yield (Kg/Ha)
Fodder shrubs 875a| 446d 504 cd
Native vegetation| 808 ab| 639 c 661 b
Open 158 e 132 e 131 e
Native Vegetation Allowable Yield (Kg/Ha)
Fodder shrubs 525a 268 d 302 cdq
Native vegetation| 485 ab| 383 bc| 397 b¢
Open 95 e 79e 78 e
Total Fresh Yield (Kg/Ha)
Fodder shrubs 3913 a| 2682b¢ 2627
Native vegetation| 3171 b| 2257 c| 2587 Db
Open 477d| 386d 392d
Means with the same letter are not significantffedént for each indicated measure.

System

(@]

[¢)
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Table 2: The Interaction between the Rangeland Sysins and Years for Total Dry Yield (TDY), Total
Allowable Yield (TAY), and Site Total Allowable Yield (STAY) at Khanasri Station

Year
2012 | 2013 | 2014
Total Dry Yield (Kg/Ha)
Fodder shrubs 1105 a 531c 658 bc
Native vegetation| 808 b 639 bc 661 bc
Open 158d 132d 131d
Total Allowable Yield (Kg/Ha)
Fodder shrubs 663 a 319c 395 bc
Native vegetation| 485Db 383 bc 397 bc
Open 95d 79 d 78d
Site Total Allowable Yield (Kg
Fodder shrubs 66302 a| 31866 ¢ 39472 hc
Native vegetation| 48450 b| 38331 b¢ 39688 bc
Open 9457 d 7895d 7835d
Means with the same letter are not significantffedént for each indicated measure.

System

Table 3: The Interaction between the Rangeland Sysins and Years for

Stocking Rate and Grazing Cost at Khanasri Station

Year
2012 | 2013 | 2014
Stocking Rate(Head/Ha/180 Day)

Fodder shrubs 062a| 0.34b 0.38 b
Native vegetation| 0.45b | 0.41b 0.38b
Open 0.09c 0.09c 0.08 ¢

Grazing Cost (Jd)*
Fodder shrubs 10277 a] 4939¢ 6118h
Native vegetation| 7510b | 5941 bg 6152 N
Open 1466 d | 1224d| 1215
* The currency unit was 1 US$ = 0.708 Jordanian Dinar (JD) during the present study period.

System

(9]

o

Means with the same letter are not significantly different for each indicated measure.
DISCUSSIONS

The study objectives were to determine the effectramgeland rehabilitation on feed costs, rangeland
productivity, and stocking rate. Our present statgws that the total yield was higher in the twotpcted areas than in
the open access. These results agree with BrownAhiMiazrooei [18] and Belsky [19] who showed thassation of
grazing can increase plant cover. Also, Abdallald @haieb [20] suggested that the benefit effectemses with
protection. The slope of the decline in averageigrpand stocking rate varies greatly from yeaydar. These differences

may be due to the differences of seasonal raimfaith affect the native vegetation cover and ferggantity and quality.

The high yield in 2012 was attributed to the higinfall during that year in comparison with tho$e2613 and
2014. While, the higher yield in 2014 than 2013 a#tsibuted to late rainfall failing in March anday (Figure 1).The
feeding cost of fodder shrulzd native vegetation was decreased by 86% and dftg 2012 year, 75% and 79%
during 2013 year and 79.1% and 79.3% during 2054, yespectively. The year 2012 was more effeativprofitable in
comparison with the results of 2013 and 2014 du#héohigher rainfall. This is shed the lights or timportance of

rangeland protection which has been shown in oawipus work [21] and in Ben salem and others w@g] [who
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indicated that fodder shrubs planting increase kimanass production. Al-Satari and others [21] shibwieat native
vegetation dry yield was increased from 213.47 &4fbr non-protected to 923.16 kg héor protected treatments. While,
Ben Salem and others [22] reported that old mathssth Atriplex nummularia Lindl.) has received increasing interest as
livestock forage and valuable revegetation spegiesnarginal saline lands, especially in arid zook#wustralia, West
Asia and North Africa regions. Oldman saltbushped to drought and water and soil salinity, angr@duces important
consumable biomass in areas where other crops cgnow [9]. Also, Al-Karablieh and Jabarin [11] shed that the
rangeland cooperatives have lower feeding costs sausdainable use of resources compared to operssacned
governmental reserves. They further mentioned ithatder to achieve sustainable rangeland resoutibesfencing and
other overhead costs of governmental reserves dmilsaved and directed towards building a newtingtnal form of
rangeland management based on the participatidgheofocal community. Stocking Rate (head per 18¢) das been
increased 705% and 516% in fodder shrabd native vegetation systems in comparison wignagystem, respectively.
Grazing cost (JD hed) has been increased 701% and 614% in fodder shrubsative vegetation systems in comparison
with open system, respectively. Those results vwarewed the importance of fodder shrubs planting endjeland
protection on rehabilitation of the degraded raagél Those results will be attributed to growth ihab woody plants
undergo secondary growth originating from secondarateral meristems and have obviously apicalidante, whereas

non-woody plants have primary growth [23].
CONCLUSIONS

In rangeland areas that subjected to deteriordt@rause of drought, cultivation for barley, shreb#ting and
uprooting and overgrazing, rehabilitation and retton were showed good remedy and increase bathings yield and
stocking rat. Authors concluded that both fodderubl and native vegetation systems were increaaadeland
productivity, stocking rate and decreasing sheegifeg cost. So, they are recommended to decreadeeding cost and

increase the profitability. It will be suggestedtthetilated study about native plants palatabdlityg livestock behavior.
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