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EXECLTIVE SUMMARY

Rangeland-based livestock production is the main form ot agricultural production across
much of semi-arid Turkmenistan.  Desert rangeland carrving capacity varies significantly
from vear to vear and season to scason, sometimes taking a high toil on tflocks and
productivity. Perennial shrubs are the most stable rangeland fodder source and species of
Haloxylon, endemic to Turkmenistan. are among the most valuable and productive todder
shrubs.  Theretore. we set torth a number of research goals. the results ot which could
contribute to improving Haloxyion range.

Protocols were developed for prolonged storage of Haloxyvion seed and tor clonal
propagation of juvenile plant material by micropropagation. Significant progress was made
toward development of a svstem of propagation of Hufoxvion by somatic embr ogenesis.
Studies were conducted of the phenology of the two target species. H. unindium and H
persiciom, and methods for their cultivation and controlled use.

Six members of the faculty of the collaborating Turkmen institution visited the BIDR,
most for extended periods of time. In addition to participating in the research, each also
improved his‘her command of the Enghsh language. gammed an understanding of another
culture and some attended vartous academic courses otfered at the institute.

[n addition to the training and experience ot collaboration, the budger allowed the
Turkmen institute to establish a tissue culture tacility. for continued research.

L.H. Birnbaum {lIsracly. N.S. Orlovsky (Turkmenistan & Israeh, Aida E. Ramires
iGuatemala). Parveen {India). M. Durikov ( Turkmenistany. Larisa Lozovsky ilsraeh. Olea
Antsiferova (Turkmenistan). Nabat Mamedova « Turkmenisian). Paola Ramon 1Ecuadors and

MUV Nikolaev (Turkmenistan) participated in aspects of the work.
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RESEARCH OBJECTIVES

Background

Desertitication has increased in recent decades. threatening the tuture of aimost a2 biilion
people. [t s estimated that between 30,000 to 70.000km= ot usefui fund gcoes out of
production each vear through desertitication (GOK-DRSRS and UNEP. 1vao: [ e Houerou.
19811 ASALs of the former Soviet Union alone cover approximateiy 300 miilion ha. on
which rangeland-based livestock production is the only viable torm ot agriculture. Indeed.
the Central Asian artd belt comprises the vast majority of the former 1N N.R.S pastureiand.
supporting about 63 million head ot sheep and goats (Babaev. 19861, Fodder produced on
pastureland costs less than in any alternate system {Babaev. 1986: Babaev. ot al.. 1986:
Santord. 1983). but unregulated grazing has contributed signiticantly 1o rapid degradation ot

arid lands (Balent. and Staftord Smith. 1992: Harrington. et. al.. 1984 Knvlova, [986s.

Turkmen desert range carrving capacity varies from vear to vear between 3.5 and 8.2 miilion
sheep. depending on torage vields. Shrub pastures are the least prone to unnual tluctuations in
vield: grass ranges are the most prone (Pavne et al.. 19871, Range improvement may he
accomplished by planting selected perennial shrubs, converting ephemereid range to vear-
round grazing lands and increasing carrving capacity signiticantdy (Babaev, Manakov and

Nikolaev. 1986).

Much work has been carried out in the deserts of Soviet Central Asia o idenufs promising
fodder plants. Black and white saxaul { Haloxvion aphvilum and H persiciony, both of which
occur in Central Asia. rank high among the species determined 10 be the most valuabie fodder
trees and shrubs, with high drought- and salinitv-resistance «Nechaeva. ot al. 1983y /7
persicum usually grows on sandy ridge slopes and tops and can grow on a variety of soils,
ranging from sandy to heavy clavs. H uphvilum is larger than H. persicum. ranging trom 4-
7n1. in hetght. as compared to f{. persicum’s 3-4m height. is more deeply rooted. more salt-
tolerant and grows well 1n heavier soils than H. persicum.  H. persicum ix more drought

resistant than H. aphvilum (Nechaeva. 1983). Sheep and cattle feed on the succulent voung



shoots of both species iy winter when their nutritional value is greatest. Camels feed on the
shrubs vear-round. The seeds are also an umportant source of nutrition. [he woeod s ven

hard and an excellent fuel. much valued in desert regions.

Both Haloxvion species are heterogeneous. Prior to the imitiation ot this project they could be
propagated only from seed. Reports indicated that treshlyv harvested seed cerminates welll but
rapidly loses this capacity. with viability dropping to 10-20°% atter one vear,  This poses
severe restriction on the tming of sowing. improvement. germplasm storage and
establishment in new areas. Furthermore. many plants of tittle value tor forage production
occur among populations generated from seed. Supertor individuals cannot be reproduced

from seed: hence. development of methods ot clonal propagation must accompany selection,

Overall and Specific Objectives
In view of the above. the overall objective set torth for this program was o contribute to the
stabilization of animal husbandry by:
- selection of superior individuals ot Haloxvion uphyvilum and H. persicum i field mials
in Turkmenistan and in vitro.
- studving phenology of the species in both countries. collection of chimatic Jdata rrom the
regions of distribution and correlation with growth and Jdevetopment.
- development of a seed storage protocol that will preserve viability for extended periods.
- development of basic svstems for mass propagation. inciuding cuttings. micro-shoot

proliferation and rooting. and somatic embryogenesis.

SEED STORAGE

Haloxvion shrubs enter the reproductive pertod at five to six yedars of age. producing frutt
mosi abundantly at middle age. The seed is rounded. 2-2.5 mm. in diameter and coated with a
thin transparent skin. It lacks endosperm. having a spiroid embryo with a pronounced
vellowish rootlet and green cotviedons. Freshly harvested seeds generally have good
verminating abilitv: however reports indicate that this rapidly declines dunng storage. w as
tittle as 10%-20% after one vear. It has been reported that good germinating abilits may be

extended by storage in a sealed vessel with potassium chloride. For this reason. the practice



has been 1o sow fHufoxyion in late winter or early spring (Februarn or carly Muarcho, a3 soon as

possible tollowing maturation of the seed.

When we undertook this program there had been no reports of success inosvegenative
propagation ot Haloxvion. Since propagation could only be trom seed. and in view ot the
reported rapid loss in seed viability. we telt that the project should include deveiopment ot
protocol for extending seed storage lite. Such a procedure would allow tor establishment of
an fuloxvion gene bank as well as tacilitate introduction of these valuable todder species to

other ASALs.

Methods and Resuits

Following preliminary studies on seed storage and germination conducted in 1993-4, seed of
both species were collected in November 1994, H. persicum seed were collected from two
shrubs on the campus of the Blaustein Institute. H. aphviium seed were collected trom several
shrubs located about 100 km northeast of Ashkhabad. in the Karakum desert. Following the
results of the preliminary studies. the seed ot both species were stored at 47 Cin the dark trom
as early as possible after the tme of collection untif use. The seed ot H. persicum were placed
under these conditions within minutes of harvest: those of H. up/nllum were stored at room
temperature for the two-week period between collection and transport from Turkmenistan

Israel. Once in Israel. they too were stored at 4 C in the dark.

Further germination trials were conducted during 1997-98 with seed of H apmviium and H.
persicum trom the Karakul research station in Turkmenistan. The A apimviium seed had been
harvested between 1994-1997. Those of A persicim had been harvested in 1993, The seed
ot both species were stored in darkness at 47 € (in a refrigeratory.  Part of the 1. apfiviium
seed harvested in 1996 was stored in darkness at room temperature (-25 (. Germination

rates were determined 3-7 days atter imbibition.

The germination rate ot tresh H apvllium seed harvesied 1n 1997 was less than 1094
theretore 1t was not tested following storage. Seeds trom the other harvest dates were

cerminated on 7 dates. two in June '97: two in July 97 and one each in February. April and



June '98. An additional germination test was done in January 2002 with £/ oo D seeds
from the 1994 harvest. A trial with seed of the 1996 H apindiion 1ot showed maintenance ot
cood germination rates (and perhaps an increase in the rate) by refrgerated seed Jduring mao
vears, while seed stored at room temperature lost viabilitv with increasing storage fime.
decreasing to nil at the end of two vears (Figure 1. In germination nals with seed ot #/
persicun harvested in 1996 and ot . aphvilum harvested in 1994, 199 and 1996, and stored

at 47 CL lugh germination rates were maintamned for up w 7 vears (Figure 2o,

Rates ot seed germinaton varied among selections ot . persicum and between /. pervicum
and . aphvlium, Viability was prolonged in all cases by cold storage. Whle fluctuation was
observed in germination rates from date to date. on the whole rates remained between 83-939,
atter 3 and 4 vears at low-temperature storage in darkness. Even after 8 vears the gcerminauon
rate of H aphvilum seed was in the order ot 90%. This is in contrast 1o earlier reports by
others. which indicate that germination rate declines rapidly after harvest. even at reduced
temperature storage. The results indicate. in contrast to previous intormation. that it handled
properlyv. Haloxvlon seed mayv be stored tor extended periods and planted at convenient times

i ASALs in other parts of the world.

PHENOLOGY OF H. APHYLLUM AND H. PERSICUM

biological and ecelogical

Hedoxyion uphyvllom is the main torest-forming plant of Central Asian deserts and considered
10 be the most valuable species tor desert reclamation. It 15 a wee or a large shrub or ree.
growing to a height ot 4m with a crown width of 2-3m. and hving generaliy from Sth o 70
vears. M. persicum s @ medium sized shrub. 3-3m high. with a somewhat shorter litespan.
Plants ot both species are aphvllous and highly branched. Characterized by wide ecological
amplitude. H. aphyvilum occurs on a range of substrates. from well-drained sandy 1o heavs
ciay soils with deep ground water. to salinized soils with ground water near 1o the surtace. It
can grow under salinity as great as 2-3% indeed salt. mainiy sulfates, which at a
concentration of 2% appear to stimulate growth of this species and contribute to its drought
and heat resistance (Nechaeva. et al, 1978y, While voung shoots may die 1f exposed w

temperatures in the range of -3 to 7 'C. adult specimens withstand frost and temperatures ot -



20 to 30 CKasvanov ctal.. 1982). The root system of /1 upinfium penetrates o depths ot
14-16m.. enabling eftictent water use and stable nutrient supphy under the harshest of
conditions. H. persicum 1s more sensitive to tluctuations in water. <ait. and aeration of the
substrate.  Its root system Is less deep. generally penetrating w a depth of 3-3m. clthough

roots have been tound as deep as 20m.

{1 apiviiunr and H persicam erow in separate specitic niches. although in sandy deserts these
may be in geographic proximity. £7 apfvilum shrubs grow mostly in relief depressions, while
[{ persicum exhibits a propensity tor sandy ridge slopes and tops. growing on stable w©
shifung. wind blown sands. [t 1s less tolerant to low temperature than /1 apinum, with the

northern border of its distribution south of that of H. apinlium (Nikitin, 19661,

Haloxylon species are distinguished tor their extended growing period. which generally
begins in February (sometimes as early as mid-January) and may continue through iate
November. Low air temperatures may resuit in a 3-4 week delay in commencement of the
growing period. Shrubs coppice well atter-felling. when dormant buds on remaining stumps
produce numerous new shoots. Such shoots grow much faster than seedlings and enter the

reproductive period earlier.

I-fticient use of soil moisture and transpiration are important features of the phyvsiology ot #/
cpfviium. During the hottest of months at Karakul «Mav through Juiv) the average dails
transpiration intensity of plants ot difterent age ranges between 316-"20 mg hr ¢ of tresh
weight, reaching 950 myg hr at the time of highest air temperature and lowest relative
humidity. These comparatively low transpiration rates tluctuare less over the season than
those ot other native species. /1 uphvilum. like other shrubs belonging w the Chenopodiaceae.
15 also capable of positive balanced photosynthetic activity under temperatures as high as 38-
427 C and fow relative hunudity. enabling it to continue its vital production of hiomass during

summer. with only limited shedding of assimilative twigs,

Flowering occurs in early spring. the timing intluenced by weather conditons. The earliest

date of the onset of flowering was in late February in Eastern Karakum (Repeteks: the moest

oo



delaved Howering was in muid-April. The duration ot flowering varies from wo weeks to one
month. Fractitication occurs over a period of 1-2 months beginning between mid-September
to carhy October. Between tlowering in spring and fructitication in autumn. a <fow process of
cenerative sphere formation oceurs, A significant increase in size of the ruiting body occurs
i October. concomitant with the onset ot lower air temperatures. toilowed ™y the period of

actual fruit tormauon. which lasts 10-12 davs.

Fruit of the two Haloxvion species look very much alike. and are also similar to that of shrubs
belonging to the genera Salsolu and Aelleniu. All bear membranous wings: the seeds.
deprived of endosperm. have spiroid embryos coated with just 4 very thin il or membrane.
An adult plant vields 0.2-10kg ot fruit. 30-200kg of truit may be harvested trom non-

cuitivated hectare ot Huloxvion torest.

uses
. aphyilum ranks among the most productive forage plants (Nechaeva. 1958 shamsutdiney
and [bragimov. [983: Shamsutdinov. 1975). The nutriive value of the forage varies
considerably over the vear. ranging trom 28 feed units in spring to 46 feed units in autumn
and 37 i winter per 100ke of arr-dry feed mass. A persicum 1s also very drought-resistant
and an excellent fodder shrub, distinguished tor medium transpiration intensity . relatively
high moisture content in the shoots. and considerable cell sap concentration. Cameis tfeed on
Haloxylon the vear round: sheep readily feed Haloxvion in autumn and winter. Domestic
livestock feed on shoots of the current and previous vear and on the fruits. which are
especially palatable and nutritious. This forage contains 10-12% protein cup o 20%, in fruity,

2.2-2.7% tar. 21.2-38.6% ash. up to 39.3% nitrogen-tree extractive substances. and up to

14.9% cellulose (on a drnv weight basis).

environmental impact

Hualoxyvion communities are thin forest without canopy closure under which there 15 3 unigue
microclimate. Light. wind and temperatures are modified significantly under the canopy . By
filtering solar radiation. the turbulent heat exchange under Haloxyvion cromns i3 6412 times

lower than in the inter-crown space t Aisenshtadt and Orlovsky. 1976). The upper surtace ot



the crown of H. aphyllum detains 40-83%0 of total radiation. whereas H. persicum intercepts

36-60% of total radiavon (Dedkov and Gumin. 19679y,

Hooapivtlum and H. persicum influence soil. grassy cover and its productinin. The @bl and
decomposttion ot [Huloxvion shoots results in soil alkalization. atfectng the plant species
composition and productivity under the crown. Vegetation is totally lacking in the range ot
several meters from the trunk. Further out, concentric micro-belts (20-3th omand morer of
salt-resistant plants (Swaeda lipskyiy occur, tollowed by Lowndesiu erivmna Scanmin
arahicus. and finally torbs (Maaecolnia granoliflora. Eremopyriom Auwonapartis. Bromus
rectorun etc.) develop: within 0.2m from the edge of the bare pattern Curex pinsodey grows

(Lobko and Satonova. 1974).

conclusions

Ho aphvllum and H. persicum are highly productive forage plants as weli as an important
source of fodder. firewood and raw materials. They are widely used to control desertification
and i desert agrotorestry in Central Asia. They are extremely resistant to low air and soil
moisture content and high temperature. Their wide crown and large biomass production. has
signiticant intfluence on the light. temperature and wind regimes beneath the canopy. The
abundant amount of biomass that falls to the ground attects soil properties. This complex ot

tactors creates a more favorable environment tor many other plants and animals.

FIELD STUDIES

Field studies were conducted in Turkmenistan at the Karakul. Cele” and Repetek research
stations, Most were carried out at Karakul. under the supervision of Dr. Mehammet Durikos .
\Methods used in pasture reclamation in low-raintall regions were stedied and adapied tor

implementation with Haloxyvion species on takyr and sandy soils.

The Karrvkui Field Station i1s situated at the southern tip ot Karakum. 9km northwest of
Ashkhabad. in an extremely drv southern desert sub-zone characterized by a2 very warm
summer and mild winter. Annual air temperature averages 13,67 C. vanving trom 0.4 O 4

JTanuary tdropping to -28" C) 10 31.6"C 1n July and reaching highs ot 48 C. During the spring.

10



alr temperature rises rapidly and precipitation increases. The hot and dry summer scason
hegins at the end of April. Apnual precipitation amounts to 148mni miost of it oceurring
during the autumn-winter period and only 4% from June 1 August fhe sotl dries
considerably during the summer and in the first half of avtumn. moisture reserves declining ©
O-2mm. High air temperatures and low humidity contribute to generation ot dry ot swands.
Toward mid-September rains begin. marking the enset ot an autumn season. characterized

conditions tavoring renewed plant growth,

[he soils of sand ridge slopes receive much less moisture than dune valiey< n February-
March. the average moisture reserve, measured over a five-vear periad in the soil of dune
valley sands. was equal to 32mm in a 100 em laver: while the moisture reserve on the slopes

of a sand ridge measured 19-21em.

The station is on a slightly sloping clayey plain. covered in places by colian sands. The area
under abservation extends 80km from north to south. and 30km from cast to west. A unigue
teature ot the station area 1s the ndge-takyr complex of Central Karakum: a combination ot
10-13m long and 10-23m high sand ridges. stretching tfrom north 1o south. and of depressions
between the ridges. The depressions are occupied by takyrs. takyvr-like plains (17703 and
hillock sands drifted on the takvrs (68%). varving from 0.53-2m in thickness. Sand ridges
cover 3% of the area. The texture of the seils is sandyv. mostly fine- and medium-grain sand
tractions. Physical clay accounts tor 9%0-12%. silt particles for 4%0-6%0. The content of sajts
and nutrients in sandy soils is negligible: humus. 0.2%-0.4% 0 total nitrogen. G.oi-0.02: mobile

phosphorous. 3-10 mg-kg ot the sotl.

Both takyvr and takyr-like soils occur side by side with ancient Tedjen delta deposits. The
thickness of a takyr profile is 20-23cm. Most takvrs are structured by bedded ¢iay s and heavs
loam deposits. Salinity of takyrs is high. The crust 15 usually somewhat alkabinized. and
trom 10-15cm downward the horizons contain considerable amounts of casily soluble <alts. A
Im-thick laver is typically composed of 1%6-3% drv residue. 474-7%0 carbonates. 174 gy psum.

and 0.3 humus.



Environmental Indices of the Karmvku! Station

Elevation above sea level. m Yu
Precipitation. mm 148
winter-spring 123
Summer-attumn 23
Number of rainy days 40)-43
Average annual temperature, ¢ 13.6
Average July temperature. " C S0
Average January temperature. " C .4

Dl-2A0

Frostless period. days 220

Average annual wind velocity. m s Y
Depth of soil wetting in winter-spring. cm 6100
Depth ot water table. m 2025
Salinity of groundwater. g 1 14-50

Three common plant associations occur in the area. each assoctated with a particular set ot
soil conditions:

on deeper sands:  Calligonum rubens - Mawsolea eriocarpa - Carex pinsoues

on thin sand drifts: Salsola arbuscula - Artemisia kemrudica - Carex pinsodes

on takyvr-like soils: Safsolu gemmascens - Artemisia kemrudica - Gamaniins camocarpis

-ettects of removal of ubove-ground hiomass on shrub productivity:  An important parameter
in selection ot perennial shrubs tor fodder plantations is capacity to regenerate after heavy
erazing. Experiments were conducted to simulate heavy grazing by cutung branches and
above-ground parts of 2. 3 and 12 vear-old shrubs of /. persicum and f{ upavifum av the

Karrvkul and Selv tield stations. Shrubs were pruned back to 80cm above the soni surtace.

Shrubs less than three vears old were heavily damaged by grazing and only recovered slightly.
Ivear-old H. persicum shrubs. prior to pruning. had an average height of 230cm. including
33¢m long annual shoots. The crown diameter was 160cm. New shoots began to grow during
the spring vegetation period following pruning. and by July the shrubs were densely covered
with approximately 480 annual green shoots: 1.3 times more than on non-pruned shrubs. The
new shoots had attained a length ot 30 ¢m. resulting in a wide and tow regenerated shrub.
with a height of 120cm and a crown diameter ot 90cm.  Fruit was not produced unui the
second vear after pruning. The pre-pruning biomass of H. persicum weighed ndke. By the

end of the growing season tollowing pruning regenerated growth in the region accessible for

=
=
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browsing (up to 120em) weighed Zkg. Thus. a S-told increase in shrub productivite was
affected by pruning or simulated grazing. In the third year post-pruninyg the crown increased
in diameter 1o 130cm. The number of [-vear-old branches increased to 336 with o length of
33em. while control plants had enly 330 dem long shoots. Available rorage reuched iy
whife that ot the control plant was onlty 0.4Kg. Four vears after pruning shrubs had a dense
crown of 630 [-vear-old shoots. 33¢m in length. and bore truit. The todder vield, rour vears

after pruning. was Skg. 4kyg. of which was accessible to sheep. exceeding by 153 nimes the

accessible biomass of control plants ( Table 1.

[n parallel tals with H. uphyilum shrub height averaged 260cm prior o pruning. the crown
diamcter was 230cm. and annual shoots were 30cm long. Shrubs were cut back, as with #
persicum. to a height ot 80cm. By July pruned shrubs were covered with new shoots, At the
end ot the growing season (November) the new growth, 400 shoots per shrub, had reached an
average length of 50cm.. almost twice the pre-pruning length. resulting in a shrub height of
130¢m and crown diameter was 120cm.  The total forage potential of the shrub increased
considerablyv. reaching 6.3ke. During the following 3 vears a large dense crown formed on
experimental shrubs.  The biomass accessible to sheep (tfrom ground ievel o 120 cmy
increased from lkg to Skg, The number ot one-vear-old shoots ttorage massy increased w
F100. while there were only 330 branches on the control shrub. The total green forage
potential increased considerably. to 9kg air-dried material. while on the control only 4.5kyg ot
fodder was available. Available green biomass (up to 120 ¢m above ground trom pruned and

control plants was 6.3 kg and 1 kg. respectively (Table 2.

Haloxyvion growing under natural conditions looses part ot the annual shoots. A considerabie
part of the 2-vear-old branches also die oft in yvears with hutle precipitation. [t has been
established that Huloxylon has dormant buds but these do not become active if the tree s dn

and new shoots do not appear when the main stem becomes old.

Our results demonstrate tor both H aphvilim and H. persicum that atter veny strong pruning.
equivalent to heavy grazing. new branches begin to grow trom these dormant buds on mature

shrubs. This rejuvenation eftect results. not only in the production of new vegetative hiomass.



but also in increased productivity. Furthermore. the data suggests that more shrubs may be

planted per unit area when grazed ¢if water is not imiting). as a consegquence of the smaller

crown diameter caused by grazing.

seedling preparation and field trials

After removal of the wings of the seed coat. seeds of /1 apimviium and 71 pervicum, were
placed into a solution of 70”6 alcohol and 3%, hyvdrogen peroxide tor 3-7 min and washed on
a stirrer for 3 hours. with changes of water every 30 minutes. They were then cerminated in
soil in 3 liter polyvethyvlene sacs in a greenhouse at the Blausiein Institute in mid-Februan
1997, 4-5 seeds were sown per sac at a depth of 1-1.5 em on a substrate of sandyv <oil mixed
with some clay in the center of the sac. Sacs were irrigated daily from the time of sowing
until the seedlings broken through the soil. atter which they were irricated on a weeklv basis.
The first shoots of both species appeared 3-5 davs after sowing. and many had appedred by

3-8. Stde shoots appeared 30-40 davs after sowing.

Three months fater. the seedlings were planted in heavy loess soil inthe ticld. ona 2 X 2m
arid. in 30 em diameter X 70 cm deep holes. The plot was trrigated 3 day s prior o planting. at
the time planting and twice more 1n subsequent weeks. All trees survived and produced new
shoots. The H. aphvilum were more vigorous that the /. persicum (Table 3. These
differences in performance were as anticipated. since H. apfviium occurs naturally on heass

soils, while H. persicum pertormis best on sandy soils.

influence of irrigation regimes on growth and development

[n a second tield trial. 64 H upiyilum seedlings. germinated in the greenhouse. were pianted
out at the beginning April 1999, as above. in an experimental ticld measuning 10 X 22 mo A
pre-planting irrigation of 25 | plant was given. as well as one 8 | plant post-planting
irrigation. One row of seedlings was drp trrigated with 12 | water per bush every 2 weeks. a
second row - once a month. a third row - once 1n 2 months. Three rows were not irrigated.

Seedling height at the time of planting ranged trom 1 to 18 ¢m. with an average of 14 cm.



All seedlings survived. regardless of the irrigation regime. After one year seedlings that Jid
not receive additional irrigation were shortest (13 ¢m) while those irrigated tvice per month
were highest (33 cm). Seedlings irrigated once per month or once in two months dittered
little. growing to an intermediate height (47 cm. Lalvmenko et al. 1 19980 similariy tound. in
studies carried out at the Nebidag research station in Turkmenistan. that irrigation prior w
sowing and an initial irrigation atter planting of seedlings 1s sutticient tor establishment. and

that subsequent irrigation did not influence growth and devetopment of J{ oo unn

Resuits of three years of tield experimentation at the Jacob Blaustein [nsutute have revealed
that:
non-irrigated trees are almost half the height of irrigated trees: greatest height was attained
bv irrigation twice a month (81 cm:
trees irrigated once a month or once in two months attamn the same herght three vears atter
planting (38 cm}. We thus conclude that application ot 50 liters ot water annually 1121
per irrigation once 1n two months) results in the same amount of growth as 97 liters
given in 7 monthly irrigations per vear:
trees under stress ¢ without irrigation ) begin vegetative growth 12-13 davs earlier than
irrigated trees:
the weight of 1000 seeds from non-irrigated trees is 1.6 times higher that o1 an egual
number ot seeds from irrigated trees.
A few ot the H uphvilum trees tlowered and produced seeds in the third »ear atter planiing.
Flowering occurred in mid-March. Seeds collected in 2000 in an experimental fieid at the
Blaustein Institute from three-vear old trees had very low viabilitv: 1-3°..
Seeds were also planted out in trials at the Nebitdag Agrotorestnn Amelioration Station and
the Repetek Desert Sand Station ot the DRI At the DRI Seeds without wings were held in
0.3% KMnO tor 30 min. and then were washed in running water and Jdried. Soils in
containers were watered 2-3 davs before sowing. in order to moisten the substrate and to
remove dissolved salts. Seedlings. prepared in a nursery. were planted out after two vears on
sands in the Karrvkul tield station in February. At the time of planting they were 2t-23em

high with roots 30-40cm long. The sandy substrate was prepared by making 23-30em deep



furrows and covering their borders with a thin laver (lemy of clay. Seedlings were planted on
the sandy bottom of a turrow. By autumn the seedlings had reached heights of Zo-63em.

Meroand

On average. 1000 cleaned sceds of Hwdoxyion aphviium without petals weighed
1000 cleaned seeds of H. persicum weighed 3.2gr, Seeds were somn -1 5em deepr 4-3 per
container. on a substrate ot sandy soil mixed with some clay in the center of the containers. in
this way. about 360 plants of . uphvlium or H persicum could be prepared per m-.
Containers were irrigated daily trom the time of sowing unul the scedlings broke through the
soil, after which they were irrigated on a weekly basis.  The first sheots ot both species
appeared 3-3 davs after sowing. and many had appeared by dayvs 3-8, Nide shoots appeared

33-40 davs atter sowing. If seeds were sown in mid-January the scedlings were ready tor

planting out 63-70 davs later.

afforestation techniques

Various techniques have been applied for atforestation ot Central Asia pastures with fow
productivity. In some instances wide or narrow shelter-belts have been planted. in others
massive land reclamation was undertaken in order to create long-term winter pasture.
fHuloxvlon pasture-protection belts have contributed to productvity through the vields of
Hualoxvion nselt, as well as by altering the microclimate. promotng expansion ot ephemers
and of summer saltworts within the belts and contributing to increasing vieids of rtodder on

)

adjacent native ranges. On the whole. the cropping capacity ot such pastures s 1.3-7 times

greater than that of unprotected and unameliorated todder areas (Nechaeva et al.. 1983

-daftorestation in picdmont deserts: A\ system of pasture-protecting plantations composed ot
principal (longitudinal) and auxiliary (transversey beits have been implemented with
Hualoxvion. The principal belts play a leading role in protecting desert pasture from wind.
while the auxiliary belts serve o divide them into grazing areas. The longiudinal belts. which
may be up to 23m wide. are laid down perpendicular to the prevailing winds on sandy foam
and weaklv loamy grav-brown soils. In locations where hvdrological conditions {the water

table at a depth ot 5-33m) are tavorable. the belt-to-belt interval 15 230-30thm. On medium-

loamy and salinized light-textured soils the interval is 200-230m: on weakls and medium
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salinized clay soils as well as on areas with deep groundwater. it is T Som o Nechaerd,

Shamsutdinov and fbragimov. [985).

Ploughing is done to a Jepth of at least 20cm. in order 1o promote accumuiation and retention
of soil moisture. good aeration and availability of nuirients. Fhe best time ror ploughing is
autumn-winter. after the soil has been moistened by rainfall. Sowing mav follow petween

mid-December and mid-Februan (Shamsutdinov. 1973,

The optimal stand densitv for Haloxyion 1s S00-1000 trees ha. This rate has proven best for
pasture protection as well as tor encouraging development of ephemers and annual saltworts.,
providing tor highest fodder productivity. Young plants grow veny siowly. reaching o height
of only 10-13cm. by the end of first season of vegetative growth. Since the rate of seedling
survival to the end of first growing season is in the order of 30-611%a. our experience has

shown that seeding should be at the rate of 10-12kg ha.

~attorestation in takyr soil. Takyr lands in the arid zones of the world are concentrated
largely on alluvial, proluvial. deluvial deposits and lands of ancient irrigation. They ure
usuaily characterized by tlat relief. high salt content. very tow water permeability and the
presence of algae and lichens. The presence of higher plants is very limited as a consequence

ot the dryness of these soils due to thetr iow permeability.

Technology for cultivating plants on takyr soils. by “harvesting” runoft water. was developed
at the Nebitdag station. tollowing traditional practices ot the local population «f aiy menko <t
al.. 19831 A svstem of large furrows is cut perpendicular to a main slope, direcuny surtace
runott 1o the plants and creating moisture reserves in the soil. The shape ot the cross-section
and configuration of the turrows. the spacing between furrows and provision ot a watershed
area for each. and the morphology of the verucal protile of the takyr soif are critical w
successful implementation of the system. Trenches with a iriangular cross-section tan internai
angle 93-110") and with double-breasted summiis created by trenchers proved to be the most
successtul. Some time after establishment of the inittal trenches. an additional furrow of egqual

size 1s cut near each of them. turther enhancing the capacity for accumulating water in the



soil. The mnterval between furrows i1s 13-13m. Seeds are sovwn on the border of the turrow so
that they are not submerged. "Granulated seeds™ are sown on moving sands « “barkhan
These are prepared by sturing the seeds ina 101 clay-sand slurny. betore spreading on the

sandv surface.

By the end of the fourth vear of cuitivation in twin furrows on takyr soiis, 1 3-1.8 t ha. rawn

wood and up to 1.2 ¢ ha ot palatable green mass are produced by A1 arin o,

SALINITY EFFECTS

Experiments were conducted at the Blaustein Institute to determine the intfivence of
substrate salinity on growth and development of . up/ivilm. = davs atter germination.
seedlings were planted in a greenhouse in 4 12 liter hydroponic vesseis containing
Hoagland's solution: 12 plants of per vessel. An additonal 12 seedlings were planted in
soil in plastic pots. to serve as a control treatment. At the end of one week. the medium
was replaced in each hyvdroponics vessel. One treatment received standard Hoagland's
sofution: the other three were tilled with Hoagland's plus 196, 2% and 4% NaCi. The

solutions were changed 4 additional times at weekly intervals.

Plants died after 5 davs in medium containing 4%¢ NaCl. The other weatments were
cvaluated at the end of 40 days. The average height of the control plants at the end of 40
davs was 8.9 cm (ranging from 3.3 to [2.4 cm): plants in 1%« NaCl solution kad an averuge
heteht of 13.6 cm (9.5 10 19.3 emiy and those in 2% NaCl had an average height of 10,3 cm
(6.0. to 14.0 cm). Plants grown in Hoagland's solution without added Na(l were more
highly branched and slightly taller than those in the soil control. Those in T and 2%, Na(l
were more branched than the 0 NaCl treatment: the 1°s NaCl was highly branched and
signiticantly taller than all other treatments (Frgure 31, The root system of the 1?4 NaCl
treatment was longer than that of any of the other treatments. whiie at 2%: NaCl root

development was inhibited.



In preliminary trials in virro, f1 uphvlium seedlings were observed o cerminate more
vigorous and grow more rapidly on saline (200mM NaCh culture medium than on non-saline
medium. Preliminary studies also suggested that heat stabife proteins accumulate in seedlings
growing on the saline medium but not in non-saline medium «D. Pelah. £ Birnbaum. Y.

Heimer, AL Najedat and N. Orlovsky). Reports in the hiterature correlate such proteins with

stress 1olerance.

CLONAL PROPAGATION

Due to their heterogeneity. only 4 small percentage of Huioxyvion shrubs among populations
venerated from seed are superior torage producers. In order 10 advance pasture improvement
i Turkmenistan with selected cultivars and to facilitate introduction of selecttons of

ffuloxyvion species to other ASALs, a method of vegetative propagation is needed.

CUTTINGS

Vegetative propagation of Haloxyion by cuttings has been attempted. with little success.
There has been progress in vegetative propagation and micropropagation of other members of
the family Chenopodiaceae. which includes other important todder species ce.z.. Hriniex and
Kochiay and edible plants (beet. chard and spinach)  Atanassov, 1986: Detrez, et al.. 198y;

Dolev and Saunders. 1989).

Methods and Results

Shoots were cut trom three and four month oid A apiviiim seedlings growing m 2
sreenhouse and tfrom two-vear-old shrubs growing on the Sede-Boger Campus of BIDR
during the months of May-July. These were divided into 6-7 c¢m long pieces and kept in
water. The basal ends were dipped in an aqueous sofution of 1000ppm IBA or treated with 0
300, 1000, or 2000ppm [AA tor 3 min. 60 min. 6 hr. 12 hr. 24 hror 48 hr. The controls were
ireated with water onlv. Cuttings were then inserted into plastic pots containing 1ay peat
moss. ¢b) sand and clav. 1:1 or (¢1sand. They were Kept in a greenhouse and watered on

alternate davs. Cuttings in sand were also held in the taboratory. covered with beakers to

maintain moisture and watered on alternate davs. Ten shoots were used in each treatment.
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Cuttings wilted and started to die 9 davs atter having been transterred o pots. The upper
portions of cuttings treated with IAA remained green and appeared healthy. bur signs of
necrosis appeared at the bases on the 9th dav and by dav 12 the cutiings were dead. None ot
the treatments induced rooting. The total failure is likely due to poor control o emy ironmental
conditions. and not necessarily total recalettrance of the tssue. Shoots ot a related species, #7
saflicornicum. were rooted without any phyvtohormone wearment +Kaui et ab. 1992y This
work should be pursued under well-controlled environmental condinions chumidiny,

temperature and light intensity).

TISSUE CULTURE

Tissue culture has become an important technique to reproduce crops that dre ditticult o
propagate by seed and or by conventional vegetative means. [ virro techniques otter several
advantages over conventional practices of asexual propagation. Only a small amount of tissue
is nceded in order to regenerate millions of plants: manyv species that are resistant
propagation by conventional methods may be propagated in virro: and i virro stocks can be
quickly proliterated regardless of season. /n virro techniques faciitate rapid muluplication ot
valuable genotvpes. production of disease-free plants, germplasm conservation and cass

international exchange (Govil and Gupta. 1997y,

Micropropagation provides a practical method for cloning forest trees for attorestation.
Signiticant progress has been made in micropropagation of the top 3 tree species. Eucalvpuus.
Acacia. Rubberwood. Radiata Pine and Teak (Gorst and Teasdaie. 1999, We believe it also
offers a practical solution tor clonal propagation ot selected todder shrubs tor rangeland

improvement.

Vegetative propagation of woody plants by tissue culture may be accompiished by
enhanced axillary bud proliferation. (b) production of advenutious buds and (o) somatic
embryogenests { Murashige. 1974: Vasil & Vasil, 19801, Shoots are preduced by the tormer
two approaches and then are rooted. Somatic embryogenesis (addressed in the next section)

leads to formation ot an asexual embrvo, Micropropagation via shoot multipiication s today
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the better-developed procedure. Somatic embryogenesis. although generally more ditticult wo

Jdevelop than a shoot multiplication svstem. seems to hold ereatest promise for the ione-terns.
h s I L

micropropagation

Members ot the Chenopodiaceae that have been propagated through shoot profiseration srom
shoot tip and axillary bud cultures include Betw virlgaris (Hussey and Hepher, 1978, frmn/ox
canescens (Wochok and Sluis. 19800 Met et al. 1997, Chenopodivun: wiinoe (Burnout-
Radosevich and Paupardin. 1985) and spinach (Culatic. 1973, The process involves stages of
cstablishment of cuiture. shoot multiplication. rooung and hardening ott, The fast two stages
are sometimes combined and sometimes carried out ex virro. The best approach and
conditions tor each stage must be determined for each species (Nehra and Kartha, 1994,

however. the same patterns and principles generally apply (De Fossard. 1974, Thorpe, 1994

BRP medium proved to be the best of several media tested tor micropropagation ot
Chenopodium guinoa. t Burnout-Radosevich and Paupardin. 1985 The medium of Husses
(Husseyv and Hepher. 1978a) has been used to propagate Bera videaris. Linsmaier and Skooy

medium (1963 has been used tor Arriplex canescens tWaochok and Sluis, 1980k,

Preliminary etforts to initiate tissue cultures from shoots ot f1 persicum were unsuccesstul.
[ ftorts. theretore. were focused on micropropagation from seedlings germinated ;2 viro. with
the intention of later implementing methods and media developed tor seedlings on explants or

adult shrubs.

Methods and Results

Experiments were conducted to establish cultures of A aplyvilum and o investigate the ettecns
ot media. phyvtohormones. and incubation conditions on various explant sources  Two basal
media were tested. Murashige and Skoog macro- and micronutrients (MS, Murashize and
Skoog. 1962) at full- and halt-strength. supplemented with Img | thiamine. img'!
pyridoxvine. Ilmg | Ca-pantothenate. 1mg | nicotinic actd. 8.01mg | biotin. myg | glvcine and

100mg | myo-inositol (MS—vitamins) and BRP medium which includes Trimyg | thiamine

HCL Img 't pyridoxvine HCL Tmg 1 nicotinic acid. 4mg | giveine and 10omyg | myo-inosiool
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| Burnouf-Radosevich and Paupardin. 1985]) All media contained 370 sucrose and were
celled with 2.4 1 phytagel +Sigma). Cytokinins and auxins were added individuaihy and in
combination in the various experiments. The pH ot the medium was adiusted 10 3.8 herore
autoclaving except in trials to determine pH etfects. Ten ml aliquoiz of medium were
dispensed into 23x 100 mm borosilicate test tubes with plastic caputs and autochaved at 12170

for 18 min. Culres were incubated under a 16 hr photoperiod 130umol m™ 57 cool whitke

fluorescent lighty at 24 = 27 Clexcept in trials to determine eftects of illumination,

Explants were derived trom seedlings germinated /» virro. trom 3-4 month old greenhouse-
crown seedlings (collected in the months of May and Juney and trom o two-vear-old shrub
crowing in the field (collected in March-May). The explants were approximatels lem in
length, composed of the cotyledonary node and adjacent stem tissue or axillary sheot sections

with one or two nodes.

The seedlings were produced from seed of H. aphyvlium trom the Karakul rield. Prior o
disinfestation. the short wings of the seed coat were removed. Sceds were agitated for Fmin
in tap water containing a tew drops of liquid detergent. ninsed for 2min in running tap water.
again stirred for 3min in distilled water containing Tween 20 and rinsed five times in senie
disuitled water. Seeds were disintested with 1.538% NaOCH (30°% commercial bicachy tor 10
20 or 25 min or in 0.03% ¢wv) HegClafor 1. 1.3 or 2 min. and then washed with sterile
Jistilled water six times in aseptic conditions. Atfter sterilization. seeds were inoculated onto

liormone-tree tull-strength MS medium.

Stem sections from greenhouse-grown seedlings and from a shrub growing in the tiefd were
agitated for 10 min in tap water containing a few drops of liquid detergent. They were then
rinsed i running tap water. stirred in sterile distilled water containing .12+ benlate tor {3
min and rinsed six times in sterile distilled water. The material was then disintested with
1.38%0 NaOC] for 15, 20 and 30 min or with (1030 ¢w vy HeCl-tor 304 and 3min. or 0,17,
HeCls tor 3.5 4 and 3 min. and then washed with sterile disulled water ix times 1o aseptic

conditions.
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Observations were made weekly and each experiment was terminated atter 30 davs  Darta
were recorded of explants producing shoots. number ot shoots per explant. shoot fengti.
number of shoots rooted and root length. The results are expressed as mean = standard error,
Mean values were caleulated tfrom ten replicates per treatment.  Statistics were caleulated
using Statistix Verston 2.0, The data were analyzed using analvsis of varianee (ANOV AL in
each column means tollowed by the same superscripts are not significantls Jditterent. Means

were compared by LSD at the 3% rejection level.

Disinfestation

-veed disinfestation No contamination appeared in the cultures when seeds were treated with
1.538%5 NaOC! tor 23 min or with 0.03% HgCl-tor .3 and 2 min. 20°» contamination was
observed when seeds were treated with 1.38%0 NaOC] for 1) min and 7. contamination was
observed when seeds were treated with 1.38% NaOCI tor 20 min or with 0.03%3 HeCl- tor |

min { Table 4).

06°, of the seeds inoculated onto hormone-tree MS medium germinated within 72 hours. The
seedlings were of normal appearance. indicating that none of the disintestations treatments
caused damage to the embrvo. Treatment with 1.38% NaOC! for 25 min or with 0037, He('l-
for 1.5-2 min are considered generally appropriate for seed of Huloxvion. Inasmuch as HuCl

is highly toxic. the use ot NaOC] is recommended whenever possible.

-axillary shoor disintestation:  Explants from the greenhouse and tield remained green when
treated with 1.38% NaOC! for 13 or 20 min. with 0.03% HgCl: for 3-3 min or with 0, 1%,
HgCl- for 3.5-4 min. but browned when treated with 1.38% NaOCT for 30 min or with €17
HaCls for 3 min. 80-100% of the explants from the greenhouse and tfield became
contaminated within one week ot being placed in culture when any of these disintestation

protecols was applied (Table 3).

Neither of the compounds. at the concentrations and durations of exposure tested. was
etfective in disintestation of axillary shoots from plants growing in a greenhouse or the tield.

The research was continued. therefore. with explants tcotviedonary nodex and axilliun shootss

[|]
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from seedlings germinated in vitro. Clones were produced trom these in carlier stages of the
work. Muluplication was through micro-shoot proliteration.  Cultures ceased to produce
¢longating shoots as time passed. and. mstead produced short muluple shoots. Short shoots

Jditferentated trom callus cultures derived from the above,

Shoot and bud induction on cotyledonary nodes and axillary shoots

Lxplants. approximately 1.0 em in length. composed of cotvledonary nodes and adiacent stem
tissue and 1-2 node axillary shoot sections trom 40-dav-old i1 virro seediings were used in all
ot the tollowing trials. unless stated otherwise. These were cultured on tull- or half-strength
MS medium or on BRP medium supplemented with 0. 0.5, 1.0, 2.5 S 0or [t me [ BAL alone

or in the presence ot 0.1 mg [ [AA.

The analvsis of variance of experimental data showed signiticant eftects of growth regulators

on various stages of shoot proliferation.

-Shoot induction on cotviedonary nodes: There was no shoot initiation tfrom cotviedonary
nodes in full-strength MS medium facking [AA and BA and in halt-strength MN containing
0.1 mg | IAA but lacking BA. Shoot development did begin from cotviedonan nodes o all
other treatments in the three basal media (Tables 6. 7. 8 and Fig. da». arising above the
cotvledons at the cotyvledonary node. Shoots that developed on tull-strength MS ~ vitamins
with any of the phytohormone regimes appeared to be greener and healthier in appearance
than anv which developed on half-strength MS and BRP media.

£

The greatest number of shoots from cotvledonary nodes occurred on tuil-sirength MS -
mg | BA. =~ -0.lmg 1 IAA (4.0 = 0.33 [SE] and 4.6 £ 0.36 [SE| respectivels +Fig. 4 and Table
6). Fewer were initiated on halt-strength MS: the greatest number (3.3 = 0.26 [SE]). as above,
in the presence of 2.3mg | BA without [AA (Table 7). On BRP medium an average of just 1.1
shoots was generated. the greatest number eccurring in hormone-free media s Table ). Shoot
and bud length were greatest in halt-strength MS media (Table 7v. In ail phyvtohormone-

containing MS media. a hard compact callus developed at the base of the explant. Callus



development was greatest in MS with 3.6hand 10.0mg I BAL and was significantly greater in

media containing FAA. Callus development was distant from the point of shoot induction.

-Shoot induction on axillary shoots: The greatest number ot shoots generated from anition
shoots was on fuli-swength MS supplemented with 1.0 mg | BA with or without o 1 myg | IAA
(2.2--0.41 [SE] and 2.0 ~ - 0.36 respectively. Fig. 4b and Table V). In haif-strength M. the
createst number of shoots was agam in the presence of 1 mg I BA without TAN 1.7~ 0.2
[SE]. but there was no shoot production on hormone-tree media « Table 1 fn coneral. fewer
shoots were produced from axtllary shoots on BRP medium than on etther tull- or hait-
strength MS (Tables 90 10 and 1. In all phvtohormone-containing MS media. 4 hard
compact callus developed at the base of the explant. Callus deveiopment was greatest in MS
with 5 and 10mg | BA. and was signiticantly greater in media containing [AA. Cailus

development was distant from the point of shoot induction.

-Shoot and pud tormation on MS medium — B4 - - 144, Shoot induction was tound. above.
1o be most etficient on cotviedonary nodes cultured on tull-strength MS medium with 2. 3muy |
BA und on axillary shoots on 1.0mg I BA with or without O.1mg I TAAL Cotviedonany nodes
and axiilary shoots were. therefore. cultured on ftull-strength MS medium supplemented with
2.3mgl BA for cotvledonary nodes and Img | BA tor axillary shoots alone or in the presence

of 0.001.0.01 or O.tmg [AA.

Little effect of low [AA concentrations (0.001. 0.01 and .1mg Iy was found on shoot and bud
formation in the presence of BA {2.3mg . although callus development on bath con ledonan
nodes and axillary shoots was greater in media containing 1AA (Tables 12 and 15 The
results. comparable to those in the previous experiment. demonstrate that exogenous [AA was

not necessary for shoot induction from cotvledonary nodes and axiilan shoos,

-Shoor and bud induction on adventitious shoots generated in vitro: In etfforis w induce
further muitiplication. shoots produced in virro from cotvledonan nodes on full-strength MS
- 2.5mg:l BA and from seedling-derived axillary shoots on full-strength MS with Tme | BAL

were subcultured on full- or halt-strength MS and BRP media contaiming 0. 0.5 or 2 5my |



BA. At the end of tour weeks of culture. the greatest number of shoots was produced rom
both tvpes of explant on halt-strength MS containing O.5me 1 BA (Fig, Shand Fig o ebi 110
= 0.37 shoots developed per culture dertved trom cotyledonary shoots with addivonal length
of 0.61 = 0.01 ¢m per explant. while 3.6 = 0.04 shoots developed per axiilury shoot explant.
attaining additionat length of 0.46 = 0.04 cm per explant. Shoots multiplicd under these
conditions from cotvledonary nodes developed in a compact rosette torm Fig wcs Higher

concentrations of BA reduced the muluplication rate.

There was no multiplication or elongation trom cotyvledonary node explants on hormone-tree
tult- or half-strength MS (Fig. 3a and b). Relatively few shoots developed trom axillary shoot
explants on hormone-free half-strength MS (2.0 = 0.25 [SE]. Fig. 6b) and there was no

muitiplication or elongation on hormone-tree tuil-strength MS 1Fig. 6an.

In BRP media with or without hormones. relatively tew shoots mulupited on either explant

nvpe thig. Scand Fig. 6¢).

-effects of BA — - [44: The greatest numbers of shoots were induced above on cotvledonan
nodes in tull-strength MS medium - 2.5mg | BA and on axillary shoots in tuli-strength NS
medium ~ Tmg | BA. with or without 0.1mg | [AA. Here. the eftects of [AA - BA on
subcultured shoots were investigated. Shoots produced from cotvledonany nodes and trom
axillary shoots were transterred onto tull-strength MS containing 0. 0,001, 00t and tnimg
1AA in combination with | or 2.3mg | BA. No multipiication or elonganon was obsenved on

shoots of either origin. and shoots became vellow 20 davs atter inoculation.

-pH etfects: Ho aphyllum has been reported to grow better in soils with a pH range of 6.0-8.1
(Rodin. 1977). In order to determine whether in vitro development might be improved at
clevated pH. cotvledonary node and axillary shoot explants of 71 apind/um were cultured on
liquid rull-strength MS medium — 1.0mg | BA. with the pH adjusted to 3.8, 7. 8 or 9 betore
autoclaving.  Also. shoots. produced trom cotvledonary nodes and axillary shoots, were
subcultured on haltf- strength MS liquid medium containing 0.3myg | BA the pH or which was

adjusted to 5.8. 7. 8 or 9 betore autoclaving. In both instances. neither multiplication nor
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clongation was ohserved at amy pH tested and shoots became seilow Zu-3o davs atier

moculauon.

Shoot Elongation

in cttorts to promote shoot elongation. shoots produced trom cotvledonars nodes and axitlan
shoots were cuitured tor an additional tour weeks on hormone-tree BRP. tuli-strensia MS or
halt-strength MS — - 0. 3me | BA. Halt-strength MS with 0 3mg | BA had promoted the

createst shoot elongation in the multiplication stage ¢Fig. 3b & 6ba.

Elongation was greatest on hormone-tree BRP medium (1.09 = 0.03¢m for shoots from
cotvledonary nodes and 1.02 £ 0.03em tor axillary shoots). while the rates of multiplication
were very low.  No multiplication or elongation occurred i hormone-tree full- or halt-
strength MS. Further elongation was not observed on halt-strength MS with o 53mg | BAL
although greatest shoot multiplication (7.2 £ 0.44 {SE] with shoots tfrom cotvledonan nodes

and 7.0 £ 0.49 with axillary shoots) occurred on this medium (Fig. =

-etteets of GA:o Gibberellic acid has been reported to induce shoot elongation in many
species (Wochok and Sluis. 19800 1980b). A range of GA:concentrations was wested in
eftorts to induce shoot elongation in cultures of A aphnvilvm. Shoot clusters and imdividuai
shoots produced from cotvledonary nodes and axillary shoots. multiphed on hait-strength Ms
- 0.5my 1 BA and trom hormone-tree halt-strength MS. were cultured on BRP with 0. 606,
0.01 or 0.1mg’l1 GA; tor tour weeks and on BRP with 0.01 mg 1 GA: 1or one. two or three
weeks. At the end of the respective trial period. shoots were transterred 10 hormone-ree BRP
medium for an additionai period. Shoots did not elongate on any ot the ueatments and became

vellow 30 davs after inoculation.

-ettects of 144 Since elongation had been observed in rooting trials. when axitlary shoots of
in vitro seedlings were cultured on BRP medium containing TAAL shoots produced trom
cotviedonary nodes and axillary shoots were cultured on BRP medium containing o, 0.3, 1,
233,10 or 20mg: 1 LAA. No multiplication or elongation was observed and. as above. shoots

became vellow 30 days after inoculation.



Shoot elongation is not always a necessary stage ot a micropropagation protocel, but since

shoots ot B aphyiium generated in virro tend to be short induction of extension was thouyhe

Jesirable. None of the ¢tforts to promote elongation succeeded.

Rooting

Axillary shoots from 3-6 em long i virro-raised seedlings, 1-2 cm long with 1-2 nodes. were
used for rooting, except where stated otherwise. Rooting experiments were carried out in
light and in darkness (covered with aluminum toil) on media containing combinations ot 2 4-

D and BA.

Swltstrength MS medium — 2.4-D - B4 Axillary shoots were tirst cultured on halt-sxtrength
NS containing 0 or 2.0mg1 2.4-D - Img I BA and 3mg 1 2.4-D = 2 3mg | BA for 70 140 21
and 28 davs. At the end of the culture period they were transterred to hormone-tree halt-
strength MS medium. Shoots started vellowing atter 20 dayvs in hormone-containing media in
all ot the conditions tested. No root formation was observed. Callus development was greater
in media containing Smg {1 2.4-D — 2.5 mg | BA in the hght tor 28 days than in the dark.

More callus was produced when shoots were transterred to hormone-tree medium and shoots

trned vellow atter 15 dayvs in hormone-tree medium in all treaiments tested.

-BRP medium — 2. 4-D: Axillary shoots were also cultured on BRP containing , 115, 1
or 10 mg1 2.4-D for 10 or 13 days. 50% ot the shoots remained green and produced ven
small amounts of callus at the base. They were then transterred to hormone-tree BRP. Atter
30 days the shoots kept in the dark turned vellow, while the shoots kept in light produced
morc callus. 30% rooting was observed in hormone-free medium toliowing induction in
t0mg | 2.4-D for 13 days and 10% rooting in 3mg | 2.4-D tor 15 davs in lizht An average of
{

two roots per shoot were produced. Roots reached a length of 0.5em. were very brittle and

broke off easily.

Shalt-strength MS or BRP media = [44. NAd or IB4: Axillany shoots produced from i viro-

ratsed seedlings and shoots produced from the cotviedonary nodes and axilluny shoots were



cultured on half-strength MS and BRP — 0003010 2503 100 13 or 20mo FIAAN AN or IBA

1

for 7. 100 13 or 20 davs, and then transferred to the respective hormone-free nmedium,

Shoots Kept in darkness turned vetlow and died atter 15 day s without sweiling or rooting.
Rooting occurred only on BRP medium. During 7. 10, 15 or 20 dayvs preincubation in a o hr

light 8 hr darkness regime in BRP medium containing 0.3-20my | 1AAL swelling began at the
bases of shoots. Shoot tips in BRP medium containing [AA tor 13 and 20 dave beoan o wirn
vellow after 13 dayvs in hormone-tree BRP medium. Shoot abseission was opserved m high
concentrations (15 and 20mg D ot IAA. Rooting generally occurred on harmone-iree BRP
medium. within 13 davs atter culturing. Only at the lowest LAA concentration tested (0 3my |
[AA) did rooting occur without subtransfer. A maximum of 30%, rooting was observed in
hormone-tree medium following induction in 3 or 10mg 1 [AA for 10 dass orin % and Smy |
[AA tor 15 days (Table 14). 40% rooting was observed in hormone-tree medium tollowing
induction in 2.53mg'1 LAA tor 10 days. 30% rooting was observed in hormone-free medium
tollowing induction in 20mg | [AA for 7 davs orin [ 2.5 or 1omg T 1AA tor 13 davs i Tabie
14y, In general 2-3 roots formed per shoot. They were very brittle and broke off easily (Fry.
4. No rooting or callus formation was observed i half-swrength MS and BRP media
containing NAA or IBA or half-strength MS containing [AA. Shoot tips kept in halt-sirength
VS and BRP medium containing NAA or IBA or half-strength MS containing [AA for 13 or
20 davs began to turn yellow after 15 davs. Shoots kept tor 7 or 1} davs in hormone-
containing media began to turn vellow 15 days after transter to hormene-iree halt-stirenuth

MS or BRP medium.

sitheultured shoots trom cotvicdonary nodes and axillary shoois: were cujtured on halt-
strength MS and BRP media containing 0. 0.3, 1, 23 3 100 13 or 20me AL NAAN or IBA
tor 7. 10. 13 or 26 davs. and then were transferred to the respective hormone-tfree medium.
Shoots Kept in darkness turned vellow and died atter 15 dayvs without swelling or rooting.
Rooting occurred only on BRP medium. Shoots kept in hormone-containing media began w
turn vellow 7 davs after transter to hormone-tree half-strength MS or BRP medium. A

maximum ol 30% rooting was observed on subcultured shoots in the presence of BRP - 5
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mo [ 1AA atter 13 dayvs. The roots were very small (0.2 emy and abnormad o 400 No roor

formation was observed on media containing NAA or IBAL

-BRP medivm containing 140 - NaClr Due to the halophy tic nature of this species. NaCl was
tested m root-induction medium. Axillary shoots were cultured on BRP contamning 3 my |
IAA = 1% NaCl tor 7. 10, 13 or 20 davys and then transterred o BRP hormone-rree medium.
BRP = 3 mg L FAA without NaCl was used as a control. Sweblling was obsernved in shoors kept
m light as well as in darkness atter 10 davs in JAA-containing medium. A maximum ot 207
rooting was observed in hormone-tree BRP medium toliowing induction in 3 mo T IAA-Nadd
for 7 davs. 20% for 10 davs and 10% for 15 and 20 davs. In general 2-3 roots formed per

A

shoot. The roots were very small (0.3 cm) and weak., No rooting was observed in the shoots

Kept in dark. Shoot tips began to turn vellow after 13 davs in hormone-free medium.

IBA and NAA did not induce rooting. while a low concentration of 1AA +0.3my b induced
10% rooting.  30% rooting was observed in hormone-tree medium tollowing a ih-day
induction period in 3 or 10mg 1 [AA or a 15-day induction period in 0.5 and Smy [ [AA. 307,

-

rooting was observed in hormone-tree medium following induction in tomg | 2.4-D tor !
davs or 10% in Smg'l 2.4-D for 15 days in light. The combination ot 4 penod of induction ot
rooting in the presence ot an auxin. followed by root development in auxin-tree medium has
been applied to other species. For example. rooting was induced when shoots of £roain e
crandis x E.wrophvlla were cultivated on medium contaiming IBA tor 3215 davs and then
transferred to the same hormone-tree medium (Barrueto-Cid et al. 1999 Whiie
Chenopodium guinoa tooted at low trequency on media supplemented with [AA NAAN or
IBA. the percentage ot root formation was high in medium without growth reguiators

{ Burnout-Radosevich and Paupardin. 1985).

Clones generated in vitro showed a wide range of characteristics. Rates of shoot prodiferation.
callus development and regeneration. tor example. appear o have a genetic hasis, varving
among clones and theretore may be selected tor. This might lead 10 a 1oo] 1or selection of

characteristics which might find expression in vivo as well.



somatic embryogenesis

Somatic embryogenesis 15 a pathway ot differentiation that resulis in he rormation of
orvanized embryvo-like structures. Under appropriate culture conditions, these orzanized
structures pass through globular, heart-. and torpedo-shaped stages, with morphoiogy silar
to that ot their zyvgotic counterparts (Michler and Lineberger. 1987 developing into whoie
plants. Species of many genera will undergo the stages of embry ogenesis up 1o the wrpede

stage. but not all have been induced to develop turther into plantlers (Stattord and Warren,

1991,

Somatic embryogenesis can be induced trom calius. cell suspensions and protoplasts or
Jireetly trom cells of organized structures such as a stem or zygotic embn o, Explanted tissues
are thought to contain cells that have the capacity for embryogenic development: pre-
embryvogenic determined cells (PEDCs) and cells which require re-determination through a
period in culture. induced embryogenic determined cells (IEDCsy (Merkle et al.. [99ih.
Somatic cells that are themselves embryvonic. or not far removed trom the embrvonic sate. are
venerally more easily induced to undergo somatic embryogenesis than ditterentiated
vegetative cells. Komamine and his associates were able to establish a high frequency and
svnchronous somatic embryogenic syvstem in carrot by selecting small. reund and cvioplasm-
rich cells. and treating with auxin. zeatin. mannitol and high O- (Nomura and Komamine.

1983y,

Factors such as light regime. concentration of components ot the medium. plant growth
revutators and pH allow competent cells to demonstrate their intrinsic capacity for organized
Jevelopment. toward somatic embryogenesis. (Harry and Thorpe. 1994 Auxin. usually 2
gh concentration ot 2.4-D. induces somatic embryogenesis by etfectmyg rapid cell division,
Its removal permits globular-stage somatic embryos to continue to develop. The latter stages
of embryvogenesis are usually hormone-autonomous (e, produce sutficient hormones

endogenously) (Sung et al.. 1979, Stafford and Warren. 19911,
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The present study describes the ettects of culture media. growth regulators and enyironmental

conditions on induction and ditterentiation ot embryogenic calius of f£ aom
Methods and Results

Experiments were carried out with sceds ot H apdivifun harvested in Turkmenistan in 1997
and 1998 and stored at 4 “C 1 the dark. The seeds were prepared and disintested in NaOC!, as
Jdescribed previously. The embrvos were then extracted and germinated on the surtface ot 2

¥
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medium containing MS salts (Murashige & Skoog. 1962) with 3
Phytage! ™ {Sigma Chemical Co.y in borosilicate 125 x 100 mmy test tuhes: one embryo per
test tube. The pH of the medium was adjusted to 3.8 — 5.9 prior 1w autoclaving a1 121 7C for
20 minutes. Growth regulators. when used. were added betore pH adiustment. Unless
otherwise indicated. the culture conditions were 24 = 2°C under a 16 8 hour light dark
photoperiod with cool white tluorescent lights (30 umol m~ s 1. Germination and growth
occurred on this medium tor three weeks. during which hypoconnls of in virro-cernmunated

secdlings attained lengths ot 20-40mm. Details of each experiment are presented with results,

Morphological observations of all experiments were made weekly and daa on callus
induction. proliferation and difterentiation were recorded. The trial on etfects of combinations
of auxins and cvtokinins on callus induction and proliferation was designed as a factorial
arranged in completely randomized blocks and the data were analyzed by analysis of variance.

Specific mean comparisons among treatments were analvzed using the LSD st
Callus induction and proliferation

-trom sveoric embryvos: Zygotic embryos were excised and inoculated onto TOmi of MS basad
medium supplemented with 1. 2. 4. 8 or 1émg | 2.4-D in combination with 0.3, 1. 2. 4 or
Smyg 1 BA. respectively. A growth regulator-tree treatment was established a8 a control. Each
excised embryo was considered 10 be a replicate: ten replicates were establishied per treatment.

Cultures were maintained for 4 weeks at standard environmental conditions.



Cuilus developed i all replicates ot the two treatments with the lowest concentrations ot 2.4+
) and BA: more in the treatment with the higher concentrations. The caili were Hight green in
color and appeared on the surtace as wransparent. round cells when examined under the
Jissecting microscope. With combinatons ot the two phytohormones at figher concentragions
less callus was induced and in tewer of the replicates i Table 13y No cailus formed in the

hormone-tree eatment. although some swelling of tissue occurred.

stiom seedling explanis under lichr and dark conditions Inasmuch as the previous
experiment was carrted out under a 16 8-hour light dark photoperiod. this exreriment was
conducted in order 1o determine the ettects ot Light and dark on callus induction. 8-10mm
long hvpocoty] segments and cotyvledons were placed on the surface of halt strength MS or
BRP media containing 3% sucrose and 0.24%0 phytagel and supplemented with 2mg i 2.4-D -
img | BA. in test tubes {23 x 100 mm). For the light treatment. dlumination and photoperiod
were as described for germination. For the dark condition treatment. test tubes were covered
with aluminum foil and kept in the growth room under the same temperature as the light
treatment.  Each explant thvpocotyl segment or cotvledon) was considered to be a repiicate:

there were tifteen replicates per treatment.

Callus formed in all replicates of all treatments. in both basal media and under light as well as
dark conditions (Table 16). More was produced in BRP than in MS medium: the greatest
amount on hvpocoty] segments in BRP medium under dlumination (Table Tor. The surtace ot
the callus was observed under the dissecting microscope 10 be covered with round. transparent
cells. After 4 weeks of culture. calli obtained trom induction treatments were ransterred onto
the same medium and cultured in the same environment tor an additional tour weeks. When
transterred to MS medium without growth regulators. this callus showed Hude merease in
volume and after 2 weeks of culture nearly 50% of 1t had turned brown. On the other hand.
callus transterred to hormone-tfree BRP medium proliferated and gave rixe to transparent

spherical cells and to some elongated cells.

-trom seedling explanis over ditferent time intervals: On the basis of the resuits ot the prior

experiments. it was decided to determine the effects of time on induction or cailus from

frd
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seedlings and the proliferation response after induction. Hsypocotvix and cotviedons ot
virro-germinated seedlings were excised and placed on the surtace of BRP medium conuaining
3%y sucrose and 0.24%0 phyvtagel and supplemented with Zme | 24D - Tmae b BAL Each
explant thypocotyl segnient or cotyledon) was considered to be areplicater en replicates were
established per treatment. Light and dark conditions were evaluated as described in the

previous experiment. Callus development was evaluated after 5. 100 130 2o gnd 30 davs of
mducuon atter which the calli and subtending explant tissue were transterred o bormone-tree
BRP medium for an additonal four weeks. Development was evaluated atter the initial phase
of culture on hormone-containing medium and atter the second growth phase on hormoene-tree

mediun.

Callus development was induced in at least some of the replicates of all rreatments of this
experiment, In those cultures exposed to the hormonal treatment tor a shorter pericd of time
(3 and 10 davs) callus developed in only some of the replicates and in only small amounts
ttreatments 1. 2. 6. 7. 11. 12, 16 and 17, Table 17). No callus proliferation was ohsened when
these calli were subcultured to BRP growth-regulator-tree medium tor 4 weeks (Table 171 In
treatments cultured on hormone-containing medium tor longer periods 13, 20 and 30 davs)
more callus was produced: the greatest amount in those treatments where the explant was
hyvpocotyl tissue cultured in the presence of phytohormenes tor 20 to 30 das s, irrespectine of
the light-dark regime. In these treatments., callus proliteration was observed after subculwre 0
BRP growth-regulator-tree medium for 4 weeks (phase 1T but less relauve amount of cailus

was produced in comparison to phase | (Table 17).

-Erfects of combinations ot 2.4-D und 84 or Kin on hvpoconvds: The results obtained in the
tormer experiments led us to establish this experiment. the purpose of which was w Jdetermine
the best combination ot 2.4-D and BA or Kin tor callus induction and proliteration.
Hypocoty] segments were placed on the surface of BRP medium in 13 x 96 mm disposable
polvstyrene petri dishes { Mintplast Ein-Shemer. Israch. The medium was supplemented with
01,05 1. 20r3mg 1 24-D = 0.b or Img | BA or Kin. 3 10 4 hypocon | segments were placed
in cach petri dish. Each explant was considered to be a replicate. 6 petri dishes were prepared

per treatment.



Callus induction was observed during 4 weeks of culture in all treatments. The greatest
amount of callus was generated m the presence of Tmg | 24-13 = ooime 0 BA vreamment 3,
[able 18 The treatments containing Zmg | 2.3-D = b and Tmg | BA creanments 4 and o
also produced significant amounts of callus. ACUthe end of the 4-week period, cachy <er ot cali
was subcultured to the same medium and same culture conditions. ax they had Jeveioped
under. This pattern ot callus proliteration continued following transter. The hichest increase
ol callus corresponded 10 treatment 3. tollowed by the treaiment contaning imgo 1 2.4-1 -
0. 1me T Kin (oreatment 130, Treatments 4 and 9. initally produced a great amount ot calius,
but when subcultured to the same medium and treatments less callus was produced «Tubie
18). Round transparent cells were observed under the dissecting microscope 6 all ireatuments.
Flongated cetls were frequently observed in treatment 3. as well as in reatments with 2my |

24D -0 Imgl BA Zme L 24D~ Img I BA Img 1 24-D - odme T Kins Zme H 244D -

0.1meg 1 Kinand 2mgt 2.4-D -~ Img | Kin (treatments 4. 9. 13, 14 and 19, respectively o

-Eprects of combinations ot auxins and cviokinins: This experimient was designed w0 test the
ctfects of several other auxins combined with exvtokinins on callus inducton and proitteration
and 1o compare their etfects to those ot 2.4-D. Earhier experiments indicated thar tmge [ 2.2-D
together with O.lmg ! BA was the optimum combination for cailus inducton and
proliferation. Seeds were surtace sterilized and germinated as in previous experiments. Two o
three 8—10mm long segments were excised trom each seedling and placed on the surtace of
BRP medium containing 3% sucrose and 0.24% phyvtagel in disposabie polvstyrene potrd
dishes (Miniplast Ein-Shemer. tsraeh). Media were supplemented with 0.1 1 or Smyg 1 2.4-D,
NAALLAA or IBA alone or in combination with 0. Img 1 BA or Kin. A growth-reguiator-tree-
treatment was established as a control., The pH ot the media was adjusted w 59
Temperature. illumination and photoperiod were as described tor prior experiments. The
explants trom each hypocotyl were placed together in one petri dish and incubated ror tour
weeks. Each explant was considered to be a replicate: tweive replicates were established per
treatment. The callus obtained from each induction treaument was wransterred onge onto the

<ame medium and cultured in the same environment tor an additional tour weeks.

'
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Primary callus was observed on the cut surtaces in all treatments of hy pocoty I seements atter
Tdavs ot culture. [n 2.4-D-contaming treatments. explants spht at mid-lensth and calius alse
developed from subepidermal tissues anto the surface of the explant. The cuili thar deveioped
when 2.4-D was present was tight green. while with other auxins oNAAIBAL and 1A
alone or combined with BA or Kin. calli were white o browmish. sometimes with reddish
spots and were more compact. Fhe calll produced in the presence ot and ransterred 1o NAA,

IBA or IAA turned completeiy brown and died following subculture,

I'hie caltus that tormed on the media contatiing 2.4-12 and BA was triable. Ntereomicroscopic
observation showed localized proliteration of cell aggregates composed of round. trapsiucent
cells on the surtace of the callus. Calli and the localized groups of elossy cell aggreszates on
their upper surfaces treated with 2.4-D - BA invariably gave rise 1o more glossy | translucent,
slobular and slightly elongated protuberances than did those treated with 2.4-D = Kin. Calius
produced on 2.4-D - BA medium. tollowing subculture 1o hormone-tree BRP medium,
proliterated two morphologically distinet cell wpes. spherical and clongated. both of which
increased in size and number (Fig., 911 Flongated cells seemed to be detached from the

mother tissue (Fig. 9b).

2.4-D induced the greatest callus proliferation response at cach concentration tested and in
cach combination. with or without a cvtokinin. The treatments most ettective in caflux
proliferation contained 0.1 or 1 mg 1 2.4-D combined with 0.} me I BA or 1 mg | 2.4-D
without cvtokinin. A very high auxin-cyviokinin interaction was tound in treztments in which
2. 4-D was combined with BA. There was a significant difterence between the treatment with

Img t 2.4-D = 0.1lmg | BA and other treatments tested «(Fig. 100,

In the control treatment, growth-regulator-tree. tissue swelling was observed but no calius was
formed. In addition. calli produced on $mg | 2.4-D medium alone or combined with 1 mg

BA produced adventitious roots atter passage to hormone-iree BRP medium.



Differentiation of embryogenic caflus
The eftects of cvtokinins. ABA. GA; casein. maltose. sucrose. activated charcoal. fight
intensity and low temperature on differentiation ot embrvovenic callus were studied in the

tollowing trials:

SErrecin ot growth regudators: Cyvtokinins and abscisic acid 1ABA) have been reported w0
cnhance the formatoen of embryogenic callus iNreuger et al. 1996; Kulshreshta and Coatts,
1997 Lenzner et al.. 1993 Ogita et al.. 1999: Saunders et al.. 1999; Schaller et ai. 1989 in
order 1o determine the effects of ¢vtokinins and ABA on ditferentaton of embrnyogenic
callus. segments ot calli generated in the earlier triai of the ettects of iiluminaton and
darkness. 2-3 mm in diameter. were transterred to MS and BRP media contaming 1 or 2 myg |
cuch of BA. Kin and ABA in petri dishes. Six segments per petrt dish and o peirt dishes per

treaument were established. Culture conditions and pH were as in previous experiments.

Although. callus increase was observed in all treatments in which BA and Kin were present. it
was greater on BRP than on MS. As indicated previously. calli used in this experiment came
trom hormone-free BRP medium in which elongated cells were preseni. Howesver. after
treatment with BA or Kin. observations under a dissecting microscope showed that cells on
the surface of the callus were small. round and transparent. After 4 weeks, no nerease in e
amount of callus or morphological changes were noted and the callus turned compieteny

brown in cuitures on both basal media containing ABA.

——casein. maltose and sucrose. — - growth regufarors: Callus proliteration was obuined in the
previous experiment in all treatments in which BA and Kin were added. but dirterentiation
was not observed. There are reports that combinations of cytokimins with ditterent
carbohvdrates and casein enhance ditferentiation of calh (Cabasson et al.. 1995 Canhoto ¢t
al.. 1999: Chot et al.. 1998: lgnacimuthu et al.. 1999y [nduction of embryogenic tssue and
embrvo development by GAzand ABA has also been reported tAtree et al.. 1998 Gupta and
Timmis. 1998: Ogita et al.. 1999 Saunders and Tsan. 19991 Theretore. the effects of Kin.

BA. GA;and ABA on difterentiation of embryogenic tissue in BRP medium were evatuated.

"
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Calli trom the trial on the ettects ot time on induction of callus trom seedlines were usad tor

this experiment. Each growth regulator. Kin, BA GA: and ABAL was tested at concentrations

ol L 0200510 2 or 3 mge L Casein. at 30 or 300 my | was tested & combination with

th

~ucrose or mattose. with and without growth regulators. Maltose was wested in media in wihieh
sucrose was not mcluded. Phyvtage!l was used at the standard concentration of (R247 0 Ny
seaments ot callus ranging in size from 2 to 3 mm were placed on the surface of mediunm. Nis
petri dishes per treatment were established. As control. o hormone- casein- and maltose-tree
treatment was established. Culture conditions and pH were mainained as in prier
experiments,  Calli treated with casein were subcultured again in the same medium ard
exposed 1o the same treatments for a period of 4 weeks.

Callus preiiferation was observed in all media in which BA and Kin were combined with
cascin. maltose or sucrose. About 40%0 of the calli in these treatments turned brownish at the
end of the 4 week culture period. No callus increase was observed in the presence o ABA
and GA: at anyv concentration and 1n combination with sucrose or maltose and casein. Calls
twrned brownish after 2 weeks ot culture. tmg 1 Kin combined with casein at am
concentration, and treatment with casein without growth reculators. showed morphoiogical
changes of tssue under the dissecting microscope: elongated cells gave rise 1o oviindrical

structures with a glassy appearance.

Treatment with 300mg-']l casemn produced a very small increase in cailus. The callus was

whitish. and. under the microscope. showed sectors on the upper surface with round and

clongated cells that had an opaque. rather than transparent. appearance. At the becinning of

culture these structures on the upper surtace were ot glossy appearance: after casein treaiment
-

they turned whitish. After 2-3 weeks of culture. approximately 73%« ot the calli started w0

turn browntish and atter 4 weeks culture 100% appeared brownish.
Maltose without growth regulators produced a whitish callus that under the microscope

showed. on its upper surface. round and elongated white cells. Transparent ceils were also

observed. All calli turned brownish after 2 weeks of cuiture.
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——casein = activaied charcoal: The results obtained 1n previous experiments, o< well as Juta
reported on differentiation and minimization ot browning ot calli « Aberfenc-Bermost ot ai.
199Y: Blane et al.. 19990 Cabasson et al.. 19935: Gileddie eval. TUSI: Hristorotogiu et oo
1993 Verhagen and Wann. 1989 led us to test various leveds of casein hvdrofvsate (3o, Do,
230 and 300mg-1y in combination with g | activated charcoal in media withour growth
revulators. Calli from the trial on the effects combinations of 2.4-D and BA or Kin on callus
o

ST sUSTOSRS,

mduction and proliteration from hypocotvls were used. The medium. containin

1t B

was tested in semi-solid as well as liquid torm. Semisolid medium was felied with v.240
Phyviagel and distributed in polvsivrene petri dishes (Miniplast Ein-Shemer, Isracls Sia
serments of callus. 2-3 mum in diameter. were placed on the surtace o medium. Six peui
Jishes per treatment were established. Liquid medium was distributed in 230 m! Erlenmerver
flasks (Kimax. USA). (2 tlasks per treatment). Approximateh 1 em’ of callus was placed in
100 mi of liquid medium. Flasks were placed on an orbital shaker a1 130 RPM. The same
culture conditions as tor previous experiments were maintained. Calli treated with 300mg |

casein — charcoal. were subcultured again in the same medium and grown tor 4 weeks.

The increase in amount of callus was very small at all casein concentrations. Catlus ranged
tfrom whitish on 1ts upper surtace in 230, 300mg 1 casein to vers Tight brown in 3G, 1o mye |
casein. Round and elongated white cells were observed under the microscope. With S00my |
casein and 1n the presence of activated charcoal. some small areas with a tew green dots were
observed. At the end of three weeks of culture. calli turned brownish i treamments without
1

charcoal while those treatments in which charcoal was present turned light brown atter 4

weeks of culture.

Scgments of calli disintegrated readily after they were placed in lquid medium. Suspended
individual cells and tiny clumps were observed in all treatments. As in solid medium., calli
without activated charcoal oxidized and turned brown taster than those with charceal. In the
absence ot charcoal calli looked brownish atter | week of culture, while those with charcoal

remained light green tor 2 =3 weeks.



—fov qemperature = low liche intensiny: From results obtained in previous expertments and
Hterawre reviewed. 1t was decided 1o test the intluences of fight intensity and fow emperature
on embryogenic callus difterenuation.  Embrvogenesis ix very sensitive o ficht and
temperature,  Light is known to atfect somatic embryogenesis through 1t eriect on induction
and on some morphologrcal characteristics of ditterentiated somate embry o 0 Aramugan and
Bhojwani, 1989).  Cold weatment ¢4 ) has contributed to major advances in the
normalization of somatic embry o development and germination i asparasus Kanitase ot abl
1997, Calii masses produced on BRP medium supplemented swith (-3 0mo § 2.4-D0 NAAL
(AN or IBA - - 0.lmg T B or Kin were transterred to BRP medium withour growth
regulators.  Atfter 4 weeks another subculture was made onto tresh medium of the same
composition and cultures were grown for an additional 4 weeks. The calli produced were then
transterred to BRP medium containing 300mg 1 casemn ~ Ty Facuvated charcoal and kepr at
4°C during three weeks under low light intensity (7 umol M s or in ol darkness. Adso,
some calll were kept under illumination and temperature regimes as for preyious experiments.
Six petri dishes per treatment were established.

Incubation of calli tor three weeks at 4° C in BRP medium supplemented with casem. under
cither low light mtensity or total darkness. resulted in a general change in appearance. 1 nder
the dissecting microscope. areas of the callus on or near the surface appeared to become
oreanized into white regions and round structures with deep green centers were obsenved i Fig.
9 ). Calli kept under standard culture conditions. illumination (30 umol m™~ s and
temperature (24% 2°C) produced a whitish callus that. as in the experiment to determine the
effects of casein plus activated charcoal. started to become brownish atter 2 weeks of culture.

Round and elongated white cells with a few green dots were observed under the microscope.

Those calli exposed to cold treatment and low light intensity turned compierely brown atter

heing placed under the standard light intensity and temperature used for other experiments.
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Discussion

Somatic embryogenesis has been accomplished with many plant species, including Bone
vileariy (Kulshreshtha and Coutts. 1997: Saunders and Tsai. 19990 another species ot
Chenopodiaceae. (Stafford and Warren, 1991: Perez 1. 1998: Thorpe. 19941 In some species
somatic embryogenesis occurred directly from the zyvgotic embryos o others via an
intermediary catlus phase (Thorpe. 19941 The use of multuple hormonai sequences was
reported 1o be necessany tor induction of somatic embryogenesis in sugar heet callus and
suspension cultures { Saunders and Tsai. 1999). Production and partial germunation of somuatic
cmbrvos trom leat-disc-derived callus ot a todder beet cultivar. on the other hand. was
accomplished in hormone-free medium (Doley and Saunders. 19891 {n Beta vuigars,
convledons from mature zygotic embrvos were a good source of material tor the induction of

Jdirect somatic embryvogenesis { Kulshreshtha and Coutts, 1997).

Auxin and nitrogen plav crucial roles in manipulating embrn ogenesis, modulating the switch
between caitus proliteration and embryogenesis in cell cultures (Halperin and Werthereli.
1964, as cited in Sung et al.. 1979). In the presence of an exogenously supplied auxin. usualiy
2.4-D. callus growth is maintained. while when auxin is removed from the medium.
embryovenic masses {or embryogenic clumps. proembryos or proembryveonic tssuer Jevelop
into embrvos ( Thorpe. 1994, Ambazhagan and Ganapathi. 1999 Atree etai. 199l Kim et al.
1999: Saunders and Tsai. 1999: Tautorus et al.. 1991: Trick and Finer. 1999 Venkatachalam
et al. 1999). In general. a combination of auxin with a lower level or cyvtokinin has been
widely used for initiation of embryogenic callus. An active callus proliferation response was
observed in Ervagium foetidun on a medium with 2.4-D combined with BAP. whereas when
2.4-D was used alone liule callus formed (Ignacimuthu et al. 1998 A similar response was
found in Adescilus Glabra Willd. since embryogenic callus was formed on media containing
2.4-D and Kin.. while 2.4-D alone was not sutficient for induction of embrrogenic tssue

( Trick and Finer. 1999y,

Our results demonstrated the eftfectiveness of certain auxin-cy tokinin combinations in the
induction and proliferation ot callus in cultures of Haloxyion apivilum. The wreatment most

effective in callus induction and proliferation contained Img ! 2.4-D and ©.1 ma i BA,
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Characteristies associated with embryogenic callus. glossy. globular structures and clongated
suspensor-like cells. developed atter transter of the calli that had been induced on 2.4 - BA
medium to auxin-tree BRP medium. The combination of 2.4-1 and BAL thus, appears o have

cnhanced embryvogenic potential ot callus (Fig.9).

In Solanum: melongena the evtokinins kinetin. BAP, 2iP and zeatin inhibited cmbn ovenesis in
teat” explant cultures. although they stimulated callus proliteration « Gieddie et ai, 19820
Inhibition ot embryogenesis by cvtokinins was also observed in eggpiant. petunia, Niveila,
Citrus. Daucus. Panax and Pertlla. Cyvtokinins have. however, been implicated as a necessan
ractor for somatic embryogenests in some species (Gleddie e al. 19821 KNin and BA did not
promote ditferentiation in ff. aphvilum callus treated with the concentrations used in our

experiment. Callus proliteration was ebserved but not merphological changes leadin

Do

ft

embryvogenic callus formation.

Two distinet types of somatic embryvogenesis have been recognized. direct embn vgenesis. in
which a single cell commences meristematic growth and all the descendanis ot this cell torm
part of the embryo and indirect embryogenesis. in which an embryvo develops trom one or 2
croup of cells in a previously formed meristematic cluster (Statford and Warren. 199 [t
appears that somatic embryvogenesis in A aphviium is indirect. since initial cell aggrecates
cave rise to elongated cells from which small clumps were formed. This pattern resembied
that described by Ogita et al. (1999). where embryvogenic cell masses, PEMs ipro-
cmbryogenic masses). were composed ot small distinctive clusters ot smail, dense. ¢y toplasm-
rich cells and elongated suspensor-like cells. These cell clusters showed ¢rear capacin tor
hoth proliferation and ditferentiation into somatic embryvos. Theretore, 17 one can sefectiveh
isolate and culture such clusters from embryogenic tissues, it should be possibie 1o elucidare
morphological. physiological. and molecular changes in plant cells leading 10 embnn

tormation (Ogita et al.. 1999),

Regarding nitrogen as a media component. 1t was reported in Ah7es wing that trom 61 cell
lines initiated. 36 have been propagated on proliferatton medium with orpanic aitroven

icasein hyvdrolvsate} tor more than two vears. Half of these cell lines showed mcreased
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embryvogenic potential. as indicated by the formation of globular embry os on the prodieration
medium. Addition of 300mg | of casein hyvdrolvsate (CH) carried embry o development to the
clobular stage. 1000mg | of CH proved to be significantly better than So0 my i indicating
that developing somatic embryos in later stages are highly dependent upon an externai supph
of organic nitrogen ( Hristoforoglu et al.. 1993). There are repoerts tor other species as well,
such as Eucalyprus dunni, of somatic embrvo development being accomplished attwer
embrvogenc callt were subcultured in auxin-tree media enriched with 1o | CH o Termiznont et
Al 19961 In otl palm and Pinus nigra. embryvogenic development was achieved tollowing the
transfer of cell clusters onto plant growth regulator-tree medium supplemented with S0
sucrose and 03¢ 1 CH cAberlenc-Bertossi et al.. 1999; Radojevic et al.. 1999 These tindings
support our results. in which casein hydrolvsate plaved an important role in promoting

morphological changes in embryogenic callus in a medium facking growth reculators.

[1ght intensity and temperature eftects on somatic embrvogenesis have beer demonstrated in
studies with several plant species. [n Podophyvilum hexadrum. embry ogenesis was completeiy
suppressed if the temperature was raised above 277 C or the cultures were transterred to Light
and resumed when cultures were returned to darkness 1 Arumugan and Bhoiwani, 198 Cowd
treatment (47 C) has contributed to major advances in the normahzation ot somatic embryvo
development and germination in asparagus (Kunitake et al.. 1997 Embno formation in
tissue cultures ot Dvyosma pleiantha is highly sensitive to light. Calli kept in Ligat tor

month turned brown and lost the potential to ditterentiate embryos ¢ Arumugan and Bhoiwani,

s
T

19891, When calli masses were transferred to BRP medium containing casein under etther
low tight intensity (7 umol m™ 771 or 1otal darkness. at 4° C. they underwent 4 general change
i appearance.  Arcas ol callus on or near the surface seemed to become oreanized into white
rexions: and round structures with green meristem-like centers were ohserved. Light intensin
Jdid not seem 10 have an adverse ettect on callus induction in /1 apfvilum: the greatest amount
ot catlus was achies ed under illumination (30 umol m™ 7 tand browning was not observed at
this stage,

Callus of M aplvifum showed two morphologically distinet cell tvpes:s sphencal and

clongated. both of which were capable of proliteration. Similar elongated celis. reported in



cmbryogenic cultures of other species. were characterized as suspensors or suspensor-itke

structures. which often were loosely attached to the mother tissue.

Embryvogenic cultures have been characterized by the presence ot whitsh., compact and
oreanized embryvogenic sectors (Termignoni et al.. 1996). or compact and white embryoyenic
hodies (Van Le et al.. 1997). which were scored as somatic embryos. Kim et ai ([999)
Jeseribe white. friable catli with nodular structures that gave rise to somatic embryos when

argen menstematic

in cultures of H. aphviium induced by the series of treatments described 1n this study: cell
clusters, proliferated in auxin-free medium and. following cold treatment. ditferentiated inte
white bodies with deep green meristematic centers. On the basis of the simulariny these
culture bear 1o embryogenic calli reported in the literature. we believe this tissue holds the
potential to produce somatic embryos. The results of the present study establish the basis for

further research toward development ot a svstem of somatic embryogenesis of 1 apmyium.
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Figure 1. Germination rates of H. upivilum sced harvested in 1996 and stored in darkness at
4°C (Series 1) or at room temperature (267 C. Series 2.

12002 . e e L e s e .. P . —
c :
2 100%
£ E D—D—M
= 80°% |
€
S 60% —0~ Seres?
= 40° —0— Serniesz
@
(4]
5 20%
a

0%

1 2 3 4 5 6 7
trial number

:5 [QQ'

Seeds were germinated on 7 dates (trials 1-7u Ly June 4. 1997, 2y June 14, 1997 3y duly 18, 1997 5y hiiy
3y February 8. 1998, 6) April 8. 1998 and7) June 9, 1998.

Figure 2. Germination rates ot [{. uphviiun and H. persicum seed harvested in 1994, 95 and
96, and stored at 40 C.
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Figure 3. Haloxvlon aphyIlum seedhings grown tor 40 davs in Hoagland < sojution - NaCl.

Control = soil; Hoaglands selution treatments, added NaCl (Po. 122 and 27

Figures 4. H. aphylum propagation in vitro

a. top left: shoot induction on a coty ledonary node on full-sirenein MS conta :
ma | BA,

b. top right: shoot induction on an axillan shoot on full-strength MK containing 0
mg | BA.

¢. center left: shoot multiplication on halt-sirength MS containing 0.5 mz i B

d. centerright:  shoot ¢longation on hormone-free BRP medium.

2. bottom left:  rooting of axiilany shoots dertved from 2 virre seedling on hormone-free
8RP medium.

. bottom right: rooting of a subcultured shoot on hormone-tree BRP medium.
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Fig. 5. Etfects of BA on shoot proliferation trom cotyledonary nodes ot 7.
aphllum
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Fig. 6. Effects of BA on shoot proliteration on axillan shoots of ff ray fen
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Fig. 7. Effects of BA and subculture media on shoot elongztion and new shoot
proliteration from con ledonan nodes of /{1 urinium.
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Fig. 8. Effects of BA and medium on shoot etongation and new shoot formation from
axillane shoots of A apinvlium.
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Fie. 9 Embnogenic callus in A upindlum.

A. Spherical cells. B, Suspensor-like cells. C. Green meristematic cemors,




iz, 10, Effects of growth regulators on callus proliferation from H i) o Buoecenis
explants foilowing 8 weeks of culture in BRP medium.

Callus frash weight (mg)
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Table 1. Regeneration of A. persiciom atter intense pruning (simulated browsings

Parameter

Experimentai plants

Control plants

Lear:

. betore | 0. end of N 4 1, end .

pruning growth ) uraw th -
Height. cm 230 120 173 200 230 2 i
Length of one-vear- . 50 . <z iz . .
leld shoots, cm - - - . o B T
INumber of ane-vear- 100 IR0 330 650 260 15N A0
old shoots
Crown diameter. cm 160 90 130 150 230 155 250
Forage mass up o 04 | 20 | so | w0 | s | e ¥
120 ¢cm. ke
Forage mass above . . ) -

N 1.6 0.0 0.3 1.0 1.3 2

120 cm. kg
Total forage mass. kg 20 2 3.3 3 23 z 2i

Table 2. Regeneration of H. uphvilum afier intense pruning (simulated browsing)

Parameter Experimental plants Control plants
vear:
0. betore | 0. end 3 | 0. end X .
pruning { growth ) growth ; ”
Height. cm 260 130 163 [ 260 263 264
Length of one-vear- 10 30 63 60 13 3= 2
old shoots. cm
" umber of one-year- 23| w00 | 00 | oo | sen | ass 240
old shoots
Crown diameter, cm 230 120 156 170 230 R 230
Forage mass up to - - . - \
> 1.0 5.0 6.0 6.2 L0 L3 10
120 cm. ke
Foragze mass above . - A - = - A .-
an T +. 1.3 2.0 o, -2 A a2
120 em. kg
Total forage mass. kg 37 6.3 8 9.0 33 <3 4.3




Table 3. Field performance ot Heloxylon apivilum and £ persicunm seedlings planted at the

Blaustein Institute.

observation ht. ., cm.
date H. aphyllum H. persicum
13.5.87 15-24 22-35
15.7.97 31-73 32-49
17.8.87 31-94 32-489
17.9.97 31-101 32-49
3.5.98 31-118 35-52
10.8.98 33-130 37-54
Table 4. Seed disinfestation
Disintectant Time. min. Contamination, %,
1.58% 10 20% tunygal
NaOCH 20 0% tungal
23 none
0.03% (W) i.0 3% fungal
HgCls 1.5 none
2.0 none

Disinfestation of axillary shoots of three and four month old ~eedlings growing in

Tabhle 5.
vreenhouse and ot a two-vear-old plant growing in the field
Disinfectant Time (min. Conmtamination® s
I3 1009 tungal and bacteria
contamination
1.38% NaOCl (30% 20 100°, tungal and bacteniai
Commercial bleach) contamination
30 Shoots browned. 80%0 bacterial contaminaty
3 100% funyal
contamination
1.03% HeCls 4 100°, fungal and bacteriai
contamination
3 100°, tungal and bacierial
contamination
s 16624 tungal and bacterial
conlamination
0.1% HeCl» | 4 100°, tungal and bacierial
contamination
3 Shoots browned. 80°0 bacterial contaminatia

]
e




Table 6. Effects of BA +- TAA on shoot induction trom cotvledorary nodes of 7

aphyllunr cultured on tull-strength MS medium

Growth regulators img D

No. of buds and shoots

Percentage of

TAA BA per explant expiants producing
(Mean = Sk buds and shoors

(3.0 (1.0 0.00° 0) 10 = 0
1.0 0.3 20000 100 = L
0.10) 1.0 2.0=0.00 100 T
00 23 4.6=056" P04 O =l
s 30 23050 1) LT = i
0.0 10.0 0.6 +0.227 30 00 = 0
ol 0.0 03201587 k1)) GO0 = o
0. 0.5 1.0+ 023 0 030 =000
0.1 1.0 34+030° 100 01 =90l
0.1 2.5 4.0 £0.33" {00 TREENTR
o 3.0 (.5 = .00 10 009 = 5004
0.l 10.0 0.2+015° >0 1109 = 4 O

=Mean values followed by the same superscript are not significantly differantat p - .08 using LD e

Table 7.

Effects ot BA ~ - [AA on shoot induction trom cotyvledonary nodes of /1w uon
cultured on halt-strength MS medium

Growth reaulators tme 1)

No. of buds and shoots

Percentage of

Showt

[AA BA per explant explants producing length vem:
(Mean = SE) buds and shoots Nean = n
0.0 0.0 0.9 =031 20 00z N
0.0 0.5 21=0.10 100 00 =i Gl
(.0 1.0 162016 100 1300 =1 63
0.0 2.5 33=0.26 100 033 =00l
0.0 3.0 |.3+016" G0 N.28 =t
0.0 10.0 t4=016" 166 03 =01
0.1 0.0 0.0 =0.00 {1 O = 10w
0.1 0.2 1.1 £0.23° 80 0odzon
0.1 | .0 1.2=024" 80 Oix=0n>
0. 2.3 [.§ =013 L) 013 =002
i1 5.0 21 =023 10U a0 =000
N1 10.0 28=-024 10 0 = 0 F

*Nean values followed by the same superscript are not significantis ditferent a1 p-

N

Ot ocseno LSD st



Table 8. Effects ot BA — - IAA on shoot induction from cotyviedonary nodes of /7 apinJun:
cultured on BRP medium

Growth revulators (mg 111 Noo ot buds and sheats Percentage of o

IAA BA per expiant explants producing iengthiom
(Mean = SEy buds and shoots tNean - ~b

.0 0.0 L6 =022 9() 0.28 = 04

0.0 0.3 Il +0.31 60 0.i0=nun

1.0 1.0 0.8 024" 60 O, =1

{1.0 2= 0.:-02 40 010 =000

0.8 3.0 L] =023 30 0.4 =0l

0.0 10.0 1.0 £ 025 0 DA =008

0.i 0.0 1.3 =0.26" 80 31 =0

0.1 0.5 |.4=0.22" 90) 011 =60 |

0.1 1.0 .4 +0.33° 0 051 =001 |

0.1 23 |2 =0.32% =0 e

0! 3.0 1.0 =023 () 012 =002 }

0 10.0 1.1 =023 l 80 !l =l J

*Nleans tollowed by the same supersceript are not signiticantly different atp - .02
using L5D test.

Table 9. ILftects of BA ~ - [AA on shoot induction from axillary shoots of i vigro
seedlings ot 4. aphvllum cultured on tull-strength MS medium

Growth resulators tme No. of buds and shoots Percentage of Showt

[A A BA per explant explants producing lengzh corm
{Mean ( SEy buds and shoots idean « SE»

0.0 0.0 1.5 =0.34% 90 0100 000!

0.0 0.3 1.4 =026" 80 00 = 0001

0.0 1.0 20+0367 90 016 = a0

0.0 25 1.4=030" ) 010 = 0 00

0.0 3.0 0.9=031" 60 0,10 =000

0.0 10.0 08 +024° 60 0.00 = 0 004

0.1 0.0 02013 20 .09 = 1100

0 0.5 0.6+022 20 0.0 = (Lan

i 1.0 2.2=04y 903 D9 =0

7.1 23 120247 81} O lo=oud |

0.1 50 09 D.:q“‘:i 0] ol = anGh !

0.l HO.0 N4=022" 0 a0 = 0003

*\leans followed by the same superscript are not significantly different at p- 0.05 using LSD st

A
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Eftects of BA = - 0 [AA on shoot induction trom axitlany shoots o1 i vier
seedlings of A aphy llum cultured on halt-strength MS medium

fable 10,

Growth reeutators (me 1) | No. of buds and shoots Percentage of Shoot
144 BA per explant explants praducing lengthicm
{Mean = SEy buds and shoots iMean = SE
0.0 0.0 0.0 = 0.00° ] OL00 = (1 00
0.0 0.3 1.2+0.207 G (1 =000
1.0 1.0 |7 =021 100 0= o0
300 2.5 (0.7 =026 30 O30 =
4.0 30 1.3 0307 80 010 = oo
tif 10.0 120327 N 10 =00’
i 0.0 0.0 = 0.00° 0 Q0N = 11 enit
0. 3 06x022" Nt G0z
0.1 1.0 1.1 =023" 80 028 =g
0.1 2.3 1.7 =015 100 th 1l =]
0.1 50 1L.0+025 " 010 =00t
g 10.0 04+022% 30 0100 = 6003

*Neans tollowed by the same superseript are not sigmiticantly different at p+ 0,03

using LSD rest.

Table 11. Effects ot BA — - IAA on shoot induction from axillary shoots ot i vitro seedlings

ot H. aphvilum cultured on BRP medium

Grow th reaulators (ma 1) No. of buds and Percentage of Shoot
1A BA shoots explants producing fength como
per explant buds and shoots iMean = SE
i Mean + SE)
0.0 0.0 0.0+0.00° 0 0.00 = Lo
0.0 0.5 0.4x022" 30 010 = 000
0.0 1.0 0.5 +0.267 30 010 = 9,00
0.0 2.3 0.7 =0.30% 10 018 =a a2
0.0 3.0 11=z(27 70 13 =a02
0.0 10.0 0.7+0.30" 10 0.3 =003
0.1 0.0 0.6 =0.26" 40 D42 =0n?
0.1 0.5 0.5z 022" 10 D42z 00
(.1 1.0 1.0 £0.29° 60 D17 =00z
0.1 2.5 1.0=0.25 70 915 =002
0.1 5.0 0.7 +£0.26" 30 012 =002
(] 10.0 1.8 =0.29" S0 14 =00
*Means followed by the same superscript are not significantly differentarp - 0,03

using £SD test.
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luble 12 Effects of BA - - IAA on shoot induction from coty ledonan nodes of £ iy
cultured on tuil-strength MS medium
Growih reeulators (me by | No.of buds and shoots | %o expiants produci Shoot lengti

[AA BaA per expiant ¢ Mean = Sk buds and shoors iNean
0 -5 34047 il ‘ 02
13001 2.5 6042 Lo I T
.01 2.5 I3-0.33 W 0TS =T
0.1 23 J0=021 0 (8=l

“Nleans toilowed by the same superscript in each column are not signiticanthy ditferent at 0 0% s E5D

saer
o hia

Table 13, Effects of BA - - IAA on shoot induction trom axillary shoots or s viro seedlings
of H. ap/tvilion cultured on full-strength MS medium

Growth regulators ime 1} | No. ofbuds and shoots | %o explants producing]  Shoot lengtnom:s
EAA BA ner explant (Mean = SE) buds and shoots (Mean = sE
{) 1.0 17053 90 hip = rialt
0.001 1.0 19+0.17"° 100 2z
0.01 .G i9=02"" 90 TR
0.1 1.0 1.8 =035 Qn i m el

“Neans followed by the same superscript in each column are not signiticant!y ditterentai o« 3 e

ost.

Table 14, Rooting of axillary shoots trom in vitro seedlings of /1 apinifum tollowing pre-
incubation in [AA-containing BRP medium and culiure on hormone-free BRP
medium for 30 days.

Pre-incubation in hormonal medium
“davs 10 davs 15 davs udavs
fAA Shoots Root Shoaots Root Shoats Root SR
SUERY rooted lengthicm reoted lengthicm) rooted wenzthiems To0ied
(%5} :m—:—;m oSED 170} tmean =~n Y cmgan onk Tl T
0 - - - - - - - -
0.3 - - - - 0 (3.4 =006 - -
1.0 - - - 30 ) F=( 09 .
2.5 - - 40 0.53=.09 20 5= 49 0 TIE=ART
3.0 - - 30 L2009 0 I PRI - -
10.0 - - 20 F.0=0.04 20 nEz0a0 - -
[5.0 - - - - - - - -
2040 30 P A=03 - - | - -

h
'-l




Table 13, Callus induction trom zygotic embryos of H. aphvilum.

24-D BA %o Explants Relanve
{mg 1) with callus callus formation

.00 0.30 100 -

2.00 1.00 100 -

+.00 2.00 60 -

8.00 +.00 30 -

16.00  8.00 20 -

0 0 0 -
~Relative amount of catlus: ~ = 3 mm®; - = no callus formation

Table 16. Callus induction from seedling explants under light and dark conditions in MS
and BRP media.

Ilumination {Explant Medium |5 Explants Relative
with caltus callus tormation *

light hyvpocoty! [MS 106 -

light cotvledon [MS 100 -

dark hypocotvl [MS 100 -

dark cotvledon |MS 100 -

light hyvpocotyi (BRP 100 e —

light cotvledon [BRP 100 -

dark hypocotyl |BRP 100 -

dark cotviedon |BRP 100 -

Growth regulators: 2.4-D ~ BA (2.00-1.00 mg ) in each treatment
=Relative amount of callus: — =5 mm -



2 Explants
with callus

Relative calius

romation in

phase Y

Cailus inerea

Tabie 17,
illumination during two culture cyveles.
Treatment Explant Duration

of phase |

of culture
[ Hy pocotyl S davs 60
2 Hy pocots | 10 days 30
3 Hy pocors | 15 days (00
4 Hypocotn | 20 davs 106
N Hy pocotyd 30 davs 10
0 Cots ledon Sdavs "0
N Cotvleden 10 dass 90
3 Conleden 15 dayvs 100
9 Cotvledon 20 days {00
10 Cotyledon 30 days 106
I Hypacotyl Sdass 50
12 Hypocotyl 10 days 90
13 Hypocotvl 15 dass 106
[ Hy pocon i 20 days 100
13 Hyvpocoty] 30 daxs 100
6 Conviedon S davs 60
1 Conledon 10 davs 80
'8 Cot ledon 13 davs 100
i9 Cotyvledon 20 davs 100
20 Coty ledon 30 davs 100
~Relative amount of callus: ~ = ¥ mm ": - = no callus formation




Tahle 18.

Callus induction and proliteration from hypocots Is with combinations or 2
and BA or Nin during two cuiture ¢veles

60

Treatment Phytohormene %o Explants Relative callus| Callus
combination with callus formation™ merease™
24-D-BAimg b
i 0.1 -0.1 {00 - -
2 0.5-0.1 100 .- -
3 1.0-01 100 e .
4 20001 100 ——— -
N F0-001 100 - -
L6 0.1-1.0 100 - .
;- 0.5+ 1.0 100 -
h3 1.0-1.0 {00 - -
T 20-1.0 {00 - -
10 30~-1.0 100 - -
24-D-Kin {mg D
1 0.1 =01 100 - .
12 0.5-01 100 - -
13 1.0 ~ .1 100 - - ———
14 20-0.1 100
I 50-0.1 100 - -
16 0.1 -1.0 FG0 - -
[ 0:-1.0 100 - -
I8 i.0-1.0 100
19 20+-1.0 100 - -
0 30-1.0 100 - -
=Relative amount of callus - = 5 mm ": - = no calius formation

Nt
.-i
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IMPACT RELEVANCE AND TECHNOLOGY TRANSFER

Fivestoek production on rangeland is an important and widespread component o the raral
ceonomy of Turkmenistan. Work on identification ot the best Todder shrubs and deveiopment
ol appropriate techniques for their cultivation has been underway over the course of mam
vears at several experiment stations associated with the Desert Research Institute of
Turkmenistan and by its research statt. That work was integrated with this research program.
\Members of the DRI-T participated in all aspects of the research in their home countnv as well

as at the Blaustein Institute and the lines ot communication between the groups remain open.

[he information on water harvesting. seedling preparation. planung and cultivation.
developed at the DRI-T. is already being implemented in Turkmenistan.  The method
developed for seed storage at low temperature can be implemented at the DRI-T. o establish a
seed repository of Haloxylon. 1o meet its own and local needs as well as 1o share seed with
other institutions and countries. Specific equipment and supplies tor working in tissue culture
have been purchased for the DRI-T. The technigques of micropropagation have been raught o
members of the DRI-T start. they have had signiticant hands-on experience. They have the
ability to implement the protocol developed tor micropropagation of /7 gpiniem and o work
in tissue culture on other crops that might be ot vaiue to their country. We are prepared o
share progress (application of the procedures to adult plant material) with them in the ruture.

as we, at the BIDR. progress.

The program has had direct impact on six members ot the DRI-T tacuity. Prot. N. Orlovsike .
Proi A.G. Babaev, Dr. M. Nikolaev. Dr. Moukhamet Dourtkov, Dr, Olea Antsiterova and Vs
Nabat Mamedova, who spent various periods ot ume at the BIDR durng the course of this
program. Orlovsky. who was deputy director of the DRI-T and the sentor Turkmen
investigator in this program. came to the BIDR in 1995 In 1997 he received a speciad
appointment to the taculty of the Blaustein Institute. Throughout that pertod and since. he has
worked on aspects of this research program. Babaev. director of DRI-T during the course of

this program (subsequently retiredy visited the BIDR. Ben-Gurion University and various
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other organizations and institutions in sracl. giving him a better understanding ot this
country. its agricultural production capacity and approaches o solving proriems throuch
rescarch and development. Nikolaev, Dourtkov, Antsiferova and Mamedova cach spent
extended periods at the BIDR. participating i the research as well as attending courses. [n
addition to the research experience. their stavs here contributed significantly (o each™s fevel of

spoken and written English and understanding of modern approaches to research.

PROJECT ACTIVITIES/OUTPUTS

Training and Visits of Senior Scientists

an

Dr. M. Nikolaev of DRI-T spent 22 months at the Blaustein [nstitute. from February juas

through November 1996. working on clonal propagation.

Prof. N. Orlovsky joined the research group at the Blaustein [nstitute in November 1993,

working on seed storage. tield studies and greenhouse trials of the eftects of salinity.

|-, Birnhaum and N. Orlovsky visited Turkmenistan in March 1994, Novembper (996,

November 1998 and May 2000, Each tnip included time at The Desert Research Insutue
in Ascgabat as well as field trips to Sely. Repetec and Karakul. research statons operated
by the institute. During the second visit appropriate rooms at DRI-T were identified o
house the tissue cufture laboratory and its lavout planned.

Prot. A.G. Babaev. Director of the Desert Research Institute of Turkmen:stan visited the

Blaustein Institute in May 1996.

Dr. Olea Antsiferova and Ms. Nabat Mamedova of DRI-T were hoth at the Blaustein Instiiute

tor 20 months. from September 1996 to April 1997, working on tssue cuiture aspects of
the project and learning methodology.

Dr. Moukhamet Dourikoy visited the Blaustein Institute in February. 1999,




Publications and Preseniations ar International Congresses

Birnbaum. E.B. 1996, Pastureland Degradation and Revegetation.  Imvired Npeaker,
National Conterence on Combating Desertitication. Aschabar Turkmenisian.

Orlovsky N.S.and Birnbaum. E. 1999, Geographical distribution and ecoiogical conditions
ot Huloxvion species growing. Problems of desert deveiopmenr. 30 16-29 1 Russian,

Orlovsky N.S. and Birnbaum E. Drainage and Desertittcation in the Aral Seq Basin, In
Dobrovel'sky G.. Kust G redsy. Desertitication and Soil Decradation, Moscow, (99
219-221 (English and Russianm

Orlovsky N.S. and Birnbaum E. The role of Huloxyion species tor compating
desertification in Central Asia. In: Abstracts of International Conterence on Forest
Ecosvstem. August 15-21, 2000. Chengdu. Sichuan. P.R. China, 2000:26

Orlovsky N.S. and Birnbaum E. Ecological role of Haloxvion species in desert ecosystems.
Plawr Biosystems {under review)

Orlovsky N.S. and Birnbaum E. Drainage and ecosystem degradation. € onprol
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Poster presented at the Fourth International Symposium on In Vitre Culture and
Horticultural Breeding. Tampere. Finland. 2-7 July, 2000,

Parveen, 2000. Clonal Propagation of Haloxvionapivvilion (N inkw.y 1lin: Thesis submitted
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Ramirez. A.E. and E.H. Birnbaum. 2001, Induction and charactenzation ot callus in
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Horticultural Breeding, Tampere. Finland, 2-7 Julv. 2600,

Ramirez. Aida Eleonera. 2000. Induction of Somatic Embryogenesis in Huadoxy o
apinvthon: Thesis submitted in partial tulfillment ot the requirements ior the degree of

\Master ot Science.



PROJECT PRODUCTIVITY

The research objectives ot the program were ai to develop a protocol for seed storage. by to
study the phenology ot the species and to detine the climatic parameters o the regions of their
Jdistribution. ¢©) to select superior Haloxvion shrubs in tield wials conducted in Turkmenistan

and /i virro. and dy o develop syvstems tor mass propagation ot sefections by rooting cutiings,

micropropagation and somatic embryvogenesis.

) Seed {ots with high intnal rates ot germination lost viabiliny over time when stored at room
remperature in the dark. but could be stored for extended periods rar jeast 7 vears. as
determined at the time of this reporty in darkness at —4o C with little loss of viabiiin . During
the research we identitied seed lots that had high rates of germination shortly atter harvest and
lots with low initial germination rates. These ditferences were probably due to environmentai
conditions during sced development and or genetics. The causes of ditferences between sead

jots were not investigated. and storage trials were conducted only with the better seed

by Information on the phenoiogy of H. aphvlium and H. persicum was assembled through an
in depth review of the literature largely Russian-tanguage) on these species, collection ot data
in previous vears at the research stations ot the DRI in Turkmenistan, and triais during this
program at those research stations as well as at the BIDR in tsrael. The report characterizes

cach species. its preferred ecological niche. and its response to severe cutting back.

¢t Selection of superior adult Haloxyviesn shrubs was an integral part or the fieid trials
conducted in Turkmenisian.  Seed used in the i virro studies were derived rrom these
selections. The two species. H aphvlium and H. persicum. diftered in their responses o virros
the tormer showing significantly greater shoot extension than the later during the stage of
axitlary shoot extension. Ditferences among clones ot each species were noted oo with
respect to shoot elongation. serving as a kev trait tor in vure selection. Clones that

demonstrated more rapid and greater shoot extension were selected. as such were more

amenable to successtul post-rooting acclimatization.
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By Work was conducted on development of three svstems tor mass ¢lonal propacation: rooting
of cuttings. micropropagation and somatic embryogenesis. A\ complere micropropagation
svstem was developed. using explants taken from seedlings germinated 50 vio. The work on
rooting cuttings was abandoned early because of tatjures i conuroliing environmental
conditions.  Appropniate culture media. conditions and sequence of treatments were detined
for generation and multiplication of putative proembryonic cailus trom explants that
ariginated i somatic embrvos of L apinilum. Spherical and elongated suspensor-liker cell
tvpes. associated with embryvogenic cultures. were cenerated. in this studv. Cell clusters
Jirterentiated into white bodies with deep green meristematic centers. Actual somatic
embryvos were not identitied. but the simifarity of the cell tvpes and tissue orzanization in our
cultures o embryvogenic calli of other species that have been described. lead us o believe that

this tissue holds the potental to produce somatic embryos.

FUTURE WORK

‘ork in several ot the arcas addressed 111 this proeram sheuld continue.
Work [ ot the areas addressed in th i hould cont

Superior shrub selection in such long-lived species must be viewed as a long-term objectine.
10 be carried out with promising adult specimens as well as with populations generated
vegetatively from selections.  Selection should continue in Turkmenistan and other Central
Astan republics. in Israel and the Middle East and in countries where fodder production on

ASAL rangeland is important.

Svstems for rooting cuttings and for initiating tissue cuitures from adult piants for
micropropagation should be developed. Both will be important tols for cloning selections

made in field trials. which will enable large-scale planting of superior material.

Development of the system of somatic embryogenesis should be completed. This widl provide

the lowest-cost svstem of clonal propagation of these species.
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Some aspects of the work on Huloxyion will be addressed in the AID CDR program.
AID CDR-C16-091. Establishment of Productive Rangeland with Hich-Yielding Fodder
Shrubs. a collaboration now underway with scientists at the U niversin of Pretoria in South
Africa. We hope tinancial resources will be tound to pursue other aspects with cur furkmen

cotlaborators.
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