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ABSTRACT

In the Central Plateau, covering a large portion of

Iran, cold winters, hot summers, low precipitation, low

atmospheric humidity and high evaporation combine to make a

difficult environment for plant growth. Transplanting shrub

species has been shown to be one possible way to revegetate

these rangelands.

The studies reported in this thesis were conducted

in the Central Plateau of Iran with objectives to determine

the best methods and season for growing and transplanting

three saltbush species, determine a correlation between

height of transplants and per cent survival, determine

palatability of Atriplex canescens compared to Artemisia 

herba-alba and Kochia prostrata, determine total production

per hectare of transplanted areas, and determine cost of

shrub transplanting in large scale operations.

Fourwing saltbush (Atriplex canescens) was the most

adapted of the three saltbushes tested for growth in

nurseries in plastic bags and transplanted in the Central

Plateau of Iran. Transplanting in October and November when

transplants were about 20 to 30 am high was the most

promising practice. Although the cost of transplanting when

compared with other revegetation practices is high, the

chances of success are also high, and production per hectare

ix
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can be increased at least threefold within a 4-year period.

The palatability of Atriplex canescens is intermediate

between Kochia prostrata and Artemisia herba-alba.



INTRODUCTION

Saltbushes (Atriplex spp.) are important winter

range forage species for livestock and wildlife. Through

the years they have been seeded numerous times by ranchers

and public agencies; some succeeded but most have failed.

Establishment of shrubby species by direct seeding is full

of uncertainties, especially in arid and semi-arid zones of

Iran. During the rainy season, when soil moisture is more

likely to be adequate, temperatures often are either too

high or too low and when temperatures are near optimum soil

moisture is often deficient. Researchers at the Inter-

mountain Forest and Range Experimental Station indicate

that transplanting of saltbushes is more satisfactory than

reseeding in harsh environments (Plummer, Monsen, and

Christensen, 1966; Aldon, 1972).

Studies of native stands in the United States

indicate that fourwing saltbush (Atriplex canescens) grows

under a wide range of environmental conditions, withstands

drought, heat, cold and provides palatable, nutritious

forage the year round. More than 40 years ago the importance

of fourwing saltbush was recognized, but artificial estab-

lishment of stands were frequently unsuccessful. The main

problem in reseeding of this species is slow germination.

Therefore, to improve chances of success, much should be

1
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learned about factors that influence germination

(Springfield, 1972).

The virtues of saltbushes for reseeding rangelands

have been known for a long time. Recently, fourwing

saltbush has been used in watershed restoration work on

alluvial flood plains on the Rio Puerco drainage in New

Mexico. It is also being planted behind flood detention

structures by the Bureau of Land Management to trap sediment

above a dam's main pool, thereby prolonging the useful life

of the structure. Establishment of plant cover behind these

structures will also enhance wildlife values (V1clon, 1972).

Since reseeding of the Central Plateau of Iran is

almost impossible due to mainly unfavorable climatic and

edaphic factors, shrub transplanting is the only promising

practice for revegetation. Introduced Atriplex canescens,

Atriplex lentiformis, and Atriplex halimus have been

successfully established on these areas by transplanting.

The study reported in this thesis was conducted to obtain

some information about time of raising nursery stock of

Atriplex for transplanting, effect of plastic bag trans-

planting on Per cent survival compared with bare root

transplanting, relationship of transplant height with per

cent survival, palatability determination, productivity,

and cost analysis,



LITERATURE REVIEW

Saltbushes produce numerous light-winged seed which

are disseminated by winds. Their seeds seem to require some

accumulated plant litter for protection from dissemination

by wind and for germination and establishment. Otherwise,

seed will be blown over barren areas and lodge in bush

clumps where there are already enough seedlings or plants.

Barren areas dry too quickly for seedlings to become

established (Cassady, 1937). The primary rule to remember

is that saltbushes are plants of deserts. Their seeds grow

easily if the soil is warm and moist (Kennedy, 1900).

Fourwing saltbush has a reputation for low germina-

tion. Optimum temperature required for germination is

between 49 to 63 F. Germination is highest when moisture

approximates field capacity (Nord, Hartless, and Nettleton,

1971; Sankary and Barbour, 1972). The low germination

appears to be largely due to inhibiting effect of the

utricle which encases the seed (Rixon, 1971). A major

handicap to good establishment from fall planting in Utah

has been the general tendency of seed to germinate at

various periods in the winter and early spring (Plummer

et al., 1966).

To establish saltbushes by direct seeding on

creosote and mesquite sites or on saline-alkaline soils,

3



4

advanced techniques of seeding and probably moisture

conservation practices are required (Cable, 1972). The

success of direct seeding of saltbushes depends on climatic

and edaphic factors, germination, time of planting, depth

of planting, growing condition, and seedbed preparation.

On alluvial sites where the soil moisture levels are

at least 14% by weight or are at tensions between 1/3 and 2

atmospheres, at least 80% survival of saltbush can be

obtained (Aldon, 1972). Saltbushes thrive on a minimum of

moisture, but respond readily with a more favorable supply

(Griffiths, 1910). Several of the saltbushes grow readily

in soil so alkaline as to be useless for practically all

cultivated and most of the other wild species. They grow

satisfactorily in neutral to slightly acid soil (Kennedy,

1900; Bidwell and Wooton, 1925; Nord et al., 1971). They

thrive on sandy-loam and clay loam soils of the southwestern

U. S. (Cassady, 1937).

Saltbushes are adapted by nature for growth in arid

and semi-arid regions where annual rainfall is low but where

individual storms may be torrential, and when there are

periods of months and perhaps years when no rain falls.

They are adapted to situations where better forage plants

and grasses will not grow. They are almost as adaptable as

man himself (Smith, 1896; Cassady, 1937; Plummer et al.,

1966). The minimum temperature requirement for Australian
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saltbush (Atriplex semibacata) is 10 F and annual precipita-

tion of about 9 inches (McKee, 1919).

Millions of acres of arid and semi-arid western

states of the U. S. are covered by saltbush plants upon

which millions of meat animals graze each year. Many of

them are reasonably good forage plants wherever they grow

(Bidwell and Wooton, 1925). The ability of saltbushes to

put out new growth in dry years when annual plants fail,

makes these plants a "sitting duck" for intensive year round

grazing practices (Sankary and Barbour, 1972). The value of

the saltbushes will be better appreciated when it is

remembered that in the selection of foods, the chief

nutrients to be considered are protein compounds or

nitrogenous ingredients (Kennedy, 1900).

Because of high salt content, saltbushes are not as

palatable as most ordinary forage, but are eaten readily by

sheep, goats, cattle, and horses when other feed is scarce

(Collins, 1901). Desert saltbush (Atriplex polycarpa) has

high forage value during the cool season of the year

(Chatterton et al., 1971). Leafy twigs of saltbushes have

a nutritive value comparable with alfalfa (Cassady, 1937).

Saltbushes will not take the place of grasses for continuous

pasturage, but when they are mixed with native grasses of a

range they act as bitter tonic to increase the appetite and

improve the general condition of the grazing animals (Smith,

1896). Superior palatability, productivity, and
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adaptability are three qualities that make fourwing saltbush

a favorable plant for game animals (Plummer et al., 1966).

In years when conditions are favorable, a large

number of Atriplex seedlings appear in protected places.

These seedlings can be transplanted to barren areas. The

best time to do this is after adequate rains. The seedling

may be set in the holes made with sharpened sticks or

dibbles at intervals ranging from 4 to 12 feet. The root of

Atriplex seedling may be several feet long, but 10 to 12

inches is sufficient for transplanting. The roots should

not be exposed to the dry air for more than an instant. Wet

sacks may be used in which to gather and keep seedlings

until they are transplanted. Soil should be packed around

the roots after the seedling is in place. These precautions

are necessary for successful transplanting. Medium-sized

seedlings of 8 to 12 inches high are preferred to either

smaller or larger plants. If larger seedlings are used, the

stems should be trimmed in order to reduce the leaf surface

and hence loss of water through transpiration (Cassady,

1937).

Satisfactory results have been obtained from

transplanting shrubs on alluvial sites of the Rocky Mountain

area (Plummer et al., 1966; Nord et al., 1971; Cable, 1972).

Some Atriplex species, especially Atriplex lentiformls, can

readily be propogated by cuttings (Griffiths, 1910; Ellern,

1972).



Because saltbushes are suitable to growth in harsh

environments, are palatable and yearlong forage, effective

for erosion control, and have been shown to be adapted for

transplanting, selected saltbush species were chosen for

transplanting studies in Iran.

7



DESCRIPTION OF STUDY AREAS

Location 

The study areas were located in the Central Province

of Iran (Fig. 1). The five sites were the Zarand-Saveh

Range about 60 km west of Tehran; Yazdan Range located 100 km

south of Tehran; Karizak range 25 km south of Tehran;

Romand Experimental Station 80 km east of Tehran, and

Nowdehak Range about 65 km south of Kazvin and 205 km west

of Tehran via Hamadan road.

Elevation differs approximately 940 m between the

highest and lowest site. Site names and elevations are:

Yazdan Range, 1020 m; Karizak Range, 1050 m; Zarand-Saveh

Range, 1320 m; Nowdehak Range, 1300 m, and Homand Experi-

mental Range 1960 m.

Climate 

In the Stepic Zone of Iran which includes the study

areas, the climate is semi-arid, temperate, and continental.

Because most of the precipitation occurs in winter, the

climate is called Mediterranean. Winters are cold, summers

are hot, atmospheric humidity is low, and evaporation is

high. These factors combine to make a difficult environment

for plant growth. These growing conditions prevent

establishment of seedlings and young plants and thus

8
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Fig. 1. Map of North Central Iran showing study areas.
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complicate the task of rehabilitating depleted rangelands

by either natural recovery or artificial means.

Details of the local climate in the Stepic Zone vary

widely because of the differences in elevation, latitude,

and local relief. Site names and average annual precipita-

tion are: Yazdan Range, 170 mm; Karizak Range, 200 mm;

Zarand-Saveh Range 205 mm; Nowdehak Range, 225 mm, and

Homand Experimental Range 325 mm. Much of the precipitation

falls in light showers that are not effective for plant

growth or conversely in high intensity storms that are lost

by run-off from the poorly vegetated slopes. High winds of

several days duration are common. Temperature changes are

frequently sudden. In the winter and spring, a series of

warm days that induce germination and growth may be followed

by freezing temperatures that kill the seedlings. The

spring growing period is short. When moisture is available,

temperatures are too low for plant development, and when

temperatures rise, the soil dries rapidly. This makes it

difficult for seedlings to become established and is the

main factor limiting the growth of annuals.

Soils 

In general, soils are calcareous and gypsiferus very

fine sandy clay loam to clay loam. They are extremely low

in organic matter and have poor structure, Most of the

desert soils in need of revegetation are fine textured and
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emergence of the seedlings is hampered. Soils with high

calcium carbonate and low organic matter content are

prevalent on the study areas. Vesicular soils develop a

heavy surface crust underlain with a 3-to-5-cm layer of

vesicles or granules that dry rapidly. Textural and chemical

analyses of a soil from Yazdan Range is a typical soil of

the Stepic Zone and is reported in Table 1.

Vegetation 

In arid sections of the Stepic Zone of Iran,

wherever human influence is minimal, natural pastures are

essentially composed of strongly rooted perennial grasses

and woody or shrublike species which dominate the vegetation,

determine the microclimate, and play an important role in

the formation of the soils. Among these bunch grasses and

shrubs, other plants develop--in particular, the perennial

and annual legumes--but mostly a large number of species of

other families, perennial or annual herbaceous or woody

plants of good or indifferent fodder quality. They may be

palatable or even somewhat toxic. These unpalatable species

are, nevertheless, a part of the biological complex of the

natural rangeland, and there is no reason to destroy them

insofar as they do not tend to eliminate the good species.

When the natural rangelands have not been

impoverished by human exploitation, they possess a rich

flora as well as an abundant and varied forage resource.
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Table 1. Chemical and textural analysis of soils from
Yazdan Range which is a typical soil of the
Stepic Zone of Iran.

Soil sample

Analysisa 1 2

pH 8.8 8.7 8.9

P 2 0
5	 (ppm) 20 8 10

Ca (ppm) 34,500 34,400 30,000

Na	 (ppm) 445 385 19,500

K (ppm) 45 25 30

Soluble salts
(ECeX103 )	 .77	 0.63	 2.2

Organic matter (%)
	

0.10	 0.12	 0.12

Sand (%) 73 87 17

Silt (%) 17 9 27

Clay (%) 10 4 56

aAnalyses made by the soil laboratory of Alborz
Research Center.
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But in fact, the perennial forage grasses and legumes have

often disappeared over vast tracts of land centuries ago;

the same can be frequently said for the combustible

ligneous species. The remaining vegetation, thus, consists

of species with low forage value and those which could best

survive due to their particular life forms.

Among the types of natural range lands which have

not been too depleted are those d minated by the following

species: Aristida plumosa, Artemisia herba-alba, Pennisetum 

dichotomum, Aleuropus littoralis, Stipa barbata, Bromus 

tomentellus, Festuca ovina, Agropyrom touri, Hordeum fragile 

and Bromus persicus. These types of rangelands almost always

contain a certain proportion of spring species (herbaceous

or woody). In reality, they are generally to be found in a

relic state in narrowly confined localities.

Site names and main vegetation cover are: Yazdan

Range, Aristida plumosa, Artemisia herba-alba, Carthamus 

oxyacantha, Polygonum spp and Aeluropus repens; Karizak

Range, Aristida plumosa, Lactuca orientalis, Acartholimon 

spp, Peganum harmala, Artemisia spp and Polygonum spp;

Zarand Saveh Range, Artemisia spp, Salsola rigida, Lactuca 

orientalis, Acanthophylum spp, Bromus tomentellus, Poa 

bulbosa, Stipa barbata and Aristida plumosa; Nowdehak Range,

Poa bulbosa, Hulthemia persica, Lactuca orientalis,

Stelleria lessertiana, and Phlomis spp; and Homand Experi-

mental Range, Hulthemia persica, Acanthophyllum spp,
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Acantholimon spp, Agropyron aucheri, Poa bulbosa, and Stipa 

barbata.

Grazing Use 

Most of Iran is grazed by domestic livestock to

some extent. The exceptions are extremely steep and rocky

areas, completely barren salt flats, and sand dunes, which

do not occur in the study areas. Much of the grazed areas,

however, produce little forage, and should be considered as

very poor rangeland. Approximately 88% of the total

requirements of all of the country's livestock is provided

by natural forage (F.A.O., 1970).

The distribution of the range forage types, their

actual production compared with potential, the grazing use

they receive, and whether they are deteriorating or

improving in productivity can be described only in the

broadest terms. No surveys have been made and no quantita-

tive statistics are available. It is obvious, however, that

depletion, even extreme depletion, is widespread and that

ranges with remnants of the choice forage species are rare.

Pabot (1967) reported that at the present time, practically

all the ranges of Iran are overgrazed and because of over-

grazing, the carrying capacity of much of the ranges varies

from 50 to 100 hectares per animal unit,

In addition to extensive livestock numbers and

overgrazing, the ranges have suffered from destructive
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management practices. Most forages are grazed too early in

the spring before the forage plants have had a chance to

build up food reserves or the soil has become firm enough

to maintain its structure under the effects of trampling.

Many ranges including the study areas are grazed at the

wrong season.



METHODS AND PROCEDURES

Nursery and field transplant studies were conducted

at three locations and a field transplant study also done

at Nowdehak Range Demonstration Area. Transplant height

studies were done at Zarand-Saveh, palatability studies at

Homand Seed Multiplication Station, and productivity studies

were at Karizak.

Nursery Studies 

Experience has shown that the best site for

Atriplex nurseries is a site close to the transplanting

areas and where water is available for the irrigation of

seedlings. Nurseries of Atriplex were prepared at Yazdan

Range, Karizak Range, and Zarand-Saveh Range to determine

the best time for raising the nursery stock and to compare

the per cent survival of plastic bag transplants with bare

root transplants. Seedlings were raised in plastic bags

and in beds of prepared soil with seedlings not in bags.

The best size for the plastic bags was suggested by F.A,O.

(1970) as 26 cm in circumference and 18 am deep. The same

source reported that the suitable soil mixture by volume

was 40% clay loam soil, 20% manure, and 40% sand. The bags

should contain 2 to 3 small holes at the bottom in order

to drain excess water. First the clay loam, manure, and

16
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sand were mixed, then the plastic bags were filled with the

mixture up to 3 cm below the upper edge of bags (Fig. 2).

The filled bags were placed close together in blocks of 1 m

width and 100 m length. The blocks were 50 cm apart. This

spacing in the nursery gave a rough estimate of 1000 bags

(seedlings) per block (Fig. 3).

For more certainty of germination, the seeds of

shrub species were placed into water for 24 hr, then 2 to 4

seeds were placed on the soil surface in each plastic bag.

Fine sand was screened on the top of the seeded bags to

cover the seed for about 1 cm deep (Fig. 4).

Plots of land one meter in width and 5 meters in

length were also prepared with the same mixture of soil.

Seed were broadcast and covered by fine sand in a fashion

similar to that for plastic bags. Immediately after

seeding, water was added to the plastic bags and plots.

Irrigation was continued to keep the soil of bags and plots

moist until emergence occurred. After the seeds emerged,

they were irrigated 4 times per day until seedlings reached

a height of 5 cm, then irrigation was reduced to once a day

until the seedlings reached 10 cm in height and thereafter

irrigated once a week. Weeds in the bags and plots were

controlled by labor and not more than 2 seedlings were kept

in each bag.

To determine the best time for raising nursery

plants, a study was conducted at the previously mentioned



Fig. 2. Plastic bags filled with mixture of clay, manure,
and sand to 3 am below upper edge.

18

Fig. 3. Filled plastic bags placed close together in blocks
of 1 m width and 100 m length.



Fig. 4. Upper part of photo shows 2 to 4 seeds on soil
surface and lower part shows screened sand on top
of seeds.

19
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sites. These studies began in March, 1971 and continued

until September, 1972. The procedure was to prepare 200

seedlings in the plastic bags and to seed one plot in 4

rows of 20 cm apart and with 15 seed per meter every 15 days,

starting from March until September. After 3 months of

planting, the per cent of live seedlings in plastic bags

and number of seedlings in the plots were recorded. The

that were raised at the nursery were then used to

the best time of transplanting to the field. For

only mean data are available, so no statistical

analyses are possible. The survival data were plotted for

each species for all dates of planting and locations of

nurseries,

Season of Transplant and Comparison of Bare Root 
and Plastic Bag Seedling Studies in the Field 

In 1970, the Department of Soil Conservation and

Watershed Management of Iran bought about 100 thousand 4-

month old Atriplex canescens, A. lentiformis, and A. halimus 

seedlings from Gazvim Development Organization which is

about 250 kilometers west of the Zarand-Saveh site. The

seedlings were transferred by truck to the site and trans-

planted in February. The observation was made by the range

improvement section of the Range Department of Iran that

the mortality was: Atriplex halimus--100%, Atriplex 

lentiformis--100%, and Atriplex canescens--80%.

seedlings

determine

analyses,
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In 1971 there was an order by the Government of Iran

for more extensive work on range Improvement activities.

Therefore, one million Atriplex canescens seedlings were

prepared at each of three sites (Fig. 5). The experimental

work started in March, but the large scale work started in

June.

Three-month-old seedlings which were raised at the

nursery adjacent to each site were transplanted in prepared

contour furrows. Transplanting of three-month-old trans-

plants were recommended by F.A.O. (1970). Transplanting

began in June and was continued until the end of December.

Every 15 days the transplants that were raised at the

nursery in the plastic bags and plots were transplanted and

marked. Planting was done by hand labor. Both bareroot

plants and plastic bag seedlings were planted in the contour

furrows. To promote root penetration from the bags, 2 to 3

cuts were made by pocket knives or shaving blades on the

sides of bags while transplanting. Date, kind, and type of

transplants were recorded on a sign which was installed close

to the plant. The distance between the contour furrows was

4 meters and the distance of the plants along the contour

was 3 meters apart. The objective of the study was to (1)

determine best time for transplanting, and C2) compare bare7-

root transplanting with plastic bag seedlings. Seedlings

were irrigated once at time of transplanting in the field.
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Fig. 5. Atriplex nursery at Zarand-Saveh station.
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Another study was conducted at Nowdehak Range

Demonstration Area in cooperation with The Research Insti-

tute of Iran to determine time of transplanting. In this

study transplanting was started on October 16, 1968, and

continued until May, 1969. Every 15 days, 100 seedlings

which were raised in the plastic bags were planted in

contour furrows and marked. For the analyses only mean data

are available and no statistical analyses are possible.

The survival data were plotted for each species of planting

and locations of planting.

Transplant Height and Survival Study 

During 1972-1973 along with large scale operations

of shrub transplanting in Zarand-Saveh, a study was con-

ducted to determine a correlation between height of

transplants and per cent survival. In this study, right

after the transplanting, 10 rows of contour furrows were

selected at random. In each row 10 transplants were

selected at random and labeled. The height was measured

and recorded. Fo- the analyses only the mean data are

available. These data were graphed as survival against

transplant height classes to show the influence of seedling

height on survival.

Palatability Studies 

To determine palatability of Atriplex -canescens, a

study was conducted at Homand Seed Multiplication Station in
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cooperation with the Research Institute of Iran in 1972. In

this study, six (6) sheep were given free access to utilize

the hay of Artemisia herba-alba, Atriplex canescens, and

Kochia prostrata which had been provided in three feeding

lots. Each feeding lot was divided into three sublots. The

hay of three species was put into the sublOts separately by

random. There were two levels of feed provided on different

days. In one level 1.13 kg of hay was put in each sublot and

in the other level 2.0 kg of hay was put in sublots for a

24 hr period. The amount of hay remaining in each sublot

after each 24 hr period was weighed and recorded separately.

This study was continued for about one year. For the

statistical analysis, the analysis of variance was made on

the mean grams used data, calculated from data for each

species, amount, and lot summed over the days the study was

conducted. The design was a randomized block with amount

on adjacent days as a split plot. The form for the analysis

of variance is given in Table 2.

Productivity Study 

To determine total production per hectare on

transplanted areas, sampling was done in the fall of 1972 at

Karizak which was planted in 1968 (Fig. 6). The procedure

was to use one square meter samples and random sampling.

Starting from a reference point going toward a predetermined

direction, every 10 in one sample was laid out and current
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Table 2. Analysis of variance form for utilization study at
Homand Seed Multiplication Station.

Source	 df	 Expected mean squares

Lots (Blocks)

Species

Error a

2

2

2	 2aa + 6 G

2	 2aa + 6Ks

L X S (4)

Amount

Species X Amount

Error

L X A (2)
L XSXA (4)

4

1

2

6

2a-a

2	 2ab + 9KA

2	 2
Gb + 3KSA

2ab

Total
	

17



Fig. 6. Karizak Range which was transplanted in 1968 and
production determined in 1972 when photo was taken.

26
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year's twig growth of Atriplex, associated native shrubs,

and also grasses and forbs were clipped and air dried. The

purpose of this measurement was to (1) determine carrying

capacity of transplanted range, and (2) compare the range

with adjacent range which was not transplanted. Statistical

confidence intervals (95%) were determined for the produc-

tion data.

Cost of Transplanting 

Cost of transplanting on a per hectare basis was

determined for a large scale transplanting operation. Three

kinds of cost were involved, (1) labor cost, (2) material

cost, and (3) equipment costs. Equipment cost for contour

furrowing was estimated on a rental basis. Depreciation

costs were charged for owned equipment. The material cost

was estimated by determining total cost of material required

divided by total area. The labor cost also was determined

by estimating total labor cost divided by total area.



RESULTS AND DISCUSSION

Nursery Survival 

The average per cent survival of plastic bag

seedlings and average number per square meter of plot

seedling of Atriplex canescens (Atca), Atriplex halimus 

(Atha), and Atriplex lentiformis (Atle) recorded from

nurseries at Yazdan Range, Karizak Range and Zarand-Saveh

Range are shown in Figs. 7, 8, 9, 10, 11, and 12. Per cent

survival of plastic bag seedlings of all three of the

species follows almost the same pattern for the three sites.

Survival was at the lowest point for March planting due to

low temperature. Survival increased rapidly with planting

later than March until May and remained almost constant

until June. High mortality occurred for plantings from

June until August, probably due to high temperatures.

Survival was greater for September planting than August

planting.

During May and June, seedlings raised in plastic

bags for all three species at all three nurseries showed a

near 90% survival (Figs. 7, 8, and 9).

Plot seedlings followed the same survival pattern

by planting date as plastic bag seedlings. At Yazdan Range

and Karizak Range, number of survived seedlings per square

meter of Atriplex canescens was higher than the two other

28
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species. As with the plastic bag seedlings, the best

survival was for the May and June seeding dates and was

near 50 plants per square meter for all species at all

sites (Figs. 10, 11, and 12).

Transplant Survival in Field 

Per cent survival resulting from different planting

dates of plastic bag and plot transplants (bare root

transplants) recorded at Yazdan Range, Karizak Range, and

Zarand-Saveh Range are shown in Figs. 13, 14, 15, 16, 17,

and 18. On a transplant time basis, per cent survival of

all species at the three sites had the same pattern.

Maximum survival was shown from transplanting in October

and November, Minimum survival varied from site to site

between June, July, August, and December transplanting.

In general, survival of plastic bag and bare root Atriplex 

canescens transplants were higher than the two other species

at all three sites, Peak survival of plastic bag trans-

planting was almost 85% for Atriplex canescens and for bare

root transplants was almost 45%. Maximum survival of plastic

bag Atriplex halimus and Atriplex lentiformis transplants

was about 40% and for bare root was about 25%. Survival

success of Atriplex halimus and Atriplex lentiformis varied

only slightly through time at the three sites. An increase

in survival of plastic bag and bare root transplants begins

with August transplanting and continues to get better until
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the best survival rates were obtained from October and

November transplanting after which survival again declined.

The results of another study at Nowdehak Range show

that per cent survival increased very slightly from trans-

planting in October until March, then decreased (Fig. 19).

Low transplant survival at this area in comparison with

other sites at which Atriplex canescens shows high survival

is mainly due to miscellaneous Atriplex species being

transplanted and probably unfavorable climatic and trans-

planting technique effects.

Transplant Height and Survival 

There is a relationship between height of trans-

plants and per cent survival (Fig. 20). Per cent survival

was low, when transplants were 5 cm high. With an increase

in height, per cent survival increased until maximum sur-

vival was obtained for transplants of about 23 cm high. The

highest survival was obtained from transplants of 20 to 30

am height at time of transplanting.

Palatability 

The source of variation with corresponding degrees

of freedom, sums of squares and F values for utilization

data are shown in Table 3. This analysis shows that the

differences in utilization of species, amount, and the

interaction between species and amount are significant.
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Table 3.	 Analysis of variance for data of palatability
study at Homand Seed Multiplication Station.

45

Source of variation df SS Mean square

Lots	 (L)	 (Blocks) 2 164,782 82,391

Species	 (S) 2 3,672,646 1,836,323 56.74

Error	 (a) 4 129,464 32,366

Amount (A) 1 631,688 631,688 29.98

Interaction (SA) 2 1,045,094 522,547 24.80

Error	 (b) 6 126,430 210,721

Total 17 5,770,104
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Kochia prostrata had the highest amount of utiliza-

tion at the 1.8 kg level and Atriplex canescens had the

highest use at the 2.0 kg level (Fig. 21). Artemisia 

herba-alba at both levels showed the lowest amount of

utilization. The mean utilization at the 2.0 kg level was

higher than at the 1.8 kg level. The mean utilization of

Kochia prostrata was the highest, and Artemisia herba-alba 

was the lowest (Fig. 21). Thus, Atriplex canescens had a

palatability intermediate between the two species to which

it was compared. Results of this study showed that with an

increase from 1.8 to the 2.0 kg level, palatability of

Atriplex canescens increased in comparison with Kochia 

prostrata and Artemisia herba-alba. Kochia prostrata is

generally rated as more palatable than either of the other

two species, and no reason can be stated for the high

utilization shown for Atriplex canescens at the 2.0 kg

amount

Productivity

The results of random sampling on transplanted and

nontransplanted Karizak Range showed that the mean produc-

tion (kg/ha) on the transplanted area was 508 kg and on the

nontransplanted area was 150 kg. Statistical confidence

intervals for the transplanted area were from 335 to 680 kg,

and for the nontransplanted area were from 125 to 176 kg.

The production per hectare of the transplanted area was not
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Fig. 21. Mean grams of forage of Artemisia herba-alba 
(Ar he), Atriplex canescens (At ca), and Kochia 
prostrata (Ko pr) used per 24 hr by 6 sheep when
provided at two amounts on adjacent days.
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only due to transplanting, but also an increase in produc-

tion of associated species due to changes in the micro-

climate. Change in microclimate can be expected in two

ways: (1) irrigation of transplants at time of the trans-

planting, and (2) wind effect decreases for understory

vegetation as height of transplants increased.

Cost 

Total cost of a 1000 hectare operation of trans-

planting is shown in Table 4. This cost includes cost of

labor, material, and equipment. The total cost for 1000

hectares was estimated at $72,736 which resulted in a cost

of $72.74/ha. It is obvious that these figures are not

fixed costs for the whole country of Iran. There are great

differences in costs from province to province, but in

general, the cost will be lower in most provinces.
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Table 4. Cost of a 1000 hectare operation of Atriplex
transplanting in Iran.

Total cost/
Item	 Amount	 Cost/unit	 1000 hectare

Plastic bags	 4500 kg	 $1/kg	 $ 4,500.00

Manure	 250 m3
$5.71/m3

1,427.50

Sand	 800 m3
$3.57/m

3
2,856.00

Contour furrowing
and diking	 1000 ha	 $2.31/ha	 2,310.00

Raising and	 1,000,000
transplanting	 seedlings	 58,500.00

Depreciation of
equipments--3
tractors, 5
watertanks, 3
disk plows, 2
trailers 3,142.86  

Total	 $72,736.36

Cost/hectare	 $72.74



CONCLUSIONS

The conclusions can be listed as follows:

1. The best timing of transplanting operations is to

raise the nursery stock in May and June and trans-

plant the seedlings in October and November. The

greatest survival will be from 20- to 30-cm height

transplants.

2. Plastic bag transplanting is more successful than

bare root transplanting.

3. Atriplex canescens when compared with Atriplex 

halimus and Atriplex lentiformis is the best adapted

shrub species to be transplanted in Central Plateau

of Iran.

4. The total production per hectare can be increased at

least 3 times (from 150 kg to 408 kg) within

maximum 4 years period by Atriplex transplanting.

5. The cost of Atriplex transplanting operation was

estimated as $72.74 per hectare on a large scale

basis. The costs are relatively high in comparison

with other range rehabilitation practices, but the

chances of success are extremely high too.

6 Atriplex canescens has intermediate palatability when

compared with Kochia prostrata and Artemisia herba-

alba.

50
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