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Rangdand-hascd li\-cSWl:k prndlll:til..)!1 i:-, the main fl..)fm l)( a~ricultllral ffl'Jlh~til)n ~lCf\..'S="

much of semi-arid Tllrkmc?nistan. DL'Scrt r::lI1gdJ-nd carrying (~lI:'~lcit~ \ a:·:cs ~i~!1i!i\..'~lntl~.

prodllcti\"ity. P~fennial shrubs are the most stable rangelJnJ t~)lIJcf 'l1ur(c anJ sr~cics l)r'

ffuloxy/o;]. endenlic to Turkmenist:J.n. :J.ft:' among the 111 0"'; t yaluabk J.I1Ll ('ft1I..iucti\c fl,JJcr

:-;hrllhs. Therefore. we set f(~rth a number of n:scarch goals. the resu!t5 \..1( \\hi~h (l)uIJ

contribute to improving Halo.n'ioll range.

Protocols were de\eloped for prolonged storage of Halo.n 1011 ,eed and f,'r Li,Hlal

propagation ofjU\enile plant material b\· micropropagation. Signitieant pr,'gress was made

to\\-ard dc\"elopment of a system of propagation of Ha/oxy/oJl hy :-;()mati~ cmhr: l..)gene:-;is.

Studies were conducted l1f the phenoll1gy l1f the two target species. II. ,;pin/lum anJ f[

i,crsicul1l. and methods for their cultivatil1n and controlled use.

Six members of the faculty of the collabmating Turkmen institUli,'I1 \ !Sned the BIDR.

1110st for extended periods of time. In addition to participating in the research. e;lch .11;"

improved his/her command of the English language. gained an understanJing ,'f a'h,ther

culture and some attended various academic courses offered at the instilllte.

In addition to the training and experience of collab,)rati,'n. the buJget .lil,"\eJ rhe

Turkmen institute to establish a tissue culture facility. for e"ntinued research.

LH. Birnbaum !Israeli. '\.S. Orll1\sky (Turkmenistan & Israe: I•.\iJa F. Ramiru

IGuatemalal. Parveen ilndia!. \1. Duriko\· ITurkmenistanl. I.arisa l.ozl1v>k\ "Sfael!. OI~J

\nbi fero\a (Turkmenistan I. '\abat \ lamedo\a IT urkmenisran I. Paola Ranwn I EcuaJor 1 .mJ

\l.\". '\ikolae\· (Turkmenistan) participated in aspects of the work.



RESEARCH OBJECTIVES

Background

Desertification has incn:a~cJ in recent decades. thrl..?atcning th..: t'ulur.: ~1f .dm~l:'t .t biiLt'll

peuple. It is estinlated that bet\\"ccn SO.UOO tn 7(J.l)()Okm: of u:,c(ui ;.mJ :;t"-:~ l'lH l't

I'r,'c!ueti,m each \ car through desertitication ((jOK-DRSRS .m,l 1'''FT', 1<1'111: I.e !I,'uer"lL

]98110 ASALs of the tl)[Iner ScHiet Lnion alone c,Her appwximatei\ ,;,", miili,'n h.1.. ,1n

\\hich rangeland-based li\Oestock production is the only \iable tllrm ,,1 .lgriculture, Indeed,

the Central Asian arid belt comprises the \ast majority of the !lJrlller I,SoSoR,O, pasture land,

supporting about 65 million head 01 sheep and goats (Babae\, ]9861. F"dder pr"Juced ,'n

pastureland costs less than in any alternate system (Babae\. 1986: Babae\. ct. cll., 1986:

Sanford. 1983). but unregulated grazing has contributed signiticantl\ w rapid ,kgraJati,ln ,11

arid lands (Balent. and Stafford Smith. ]992: Harrington. el. .11.. ]98-1: Kr:- lena. iq861.

Turklnen desert range carrying capacity \"aries from year to yC3f netwcc-rl ~. ~ ~ll1J R.'::: mii Ii\JI1

sheep. depending on forage yields. Shrub pastures are the least pr,me w annual tluetmti"[b in

;"ield: grass ranges are the 1110st prone I Payne et. al.. 19S71. Range imrro\cment ma; be

accomplished by planting selected perennial shrubs. comoerting ephemCl<'id IClI1ge tc' : ear­

round grazing lands and increasing carrYlllg Capaell\ signiticantl\ Ilhbae\. \lanak,,, and

'\,ikolae\. 1986),

\Iuch work has been carried out in the deserts of Soyiet Central ,""sia t" idenlif\ promiSing

fodder plants, Black and white saxaul( Halon}o/l oplal/lIlII and II /,1'1"'."'1'11I I. bNh ,)1 \\hieh

occur in Central Asia. rank high among the species determined 10 be the n](1st \aluabie t~,d,kr

trees and shrubs. with high drought- and salinity-resistance ,"eellae\a. ct a'- ]l)8~ I. If

fJeniClfl11 usually grows on sandy ridge slopt:s and tops and can grow \10 ,] \ ariel: (q's\)ib.

ranging from sandy to heavy clays. H uphyl/um is larger [hall H. persicufl1. rangin~ frlJl11 -+­

7m. in height. as compared to II per-SiClIIII Os 3--101 height. i, n1l1re deepl\ r<,,)ted. mure salt­

tolerant and grows well in hea\'ier soils than H per-SiClIlllo Il pel"'i,wl1 is ll1l1re Jr"ught

resistant than H. aphyl/lIlII ("eehae\Oa. ]9851. Sheep and cattle feed c11l the succulent \ oung
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shoots of both species in \vint~r when th~ir nutritional \aluc is ~reatest. l-~lmds t~cJ ~'n the

shruhs year-round. The seeds are also an important sourcc of l1utriti~'n. 1"he \h'~lJ is \ er:

hard and an ~xcellent fuel. much \alued in de,ert regions.

Both Hu!oxY/OJ1 species are heterogeneous. Prior to the initiation ()f lhi~ r'rl'je.:t thc: .:~)u!J h~

propagated only from seed. Reports indicated that Ireshh han ested seed germin:nes \\eil. !'tIl

rapidl\ loses this capacit\. \\ith \iabilit\" dropping t" 10-211°" ,.fter ,'ne \eaL Thi- ;'c"e­

sc\'ere restriction on the tin1ing of sowing. irnprovcl1lcl1t. germ plasm SI~lLl~e ~lnJ

establishment in new areas. Furth~rmore, many plants of littk \alue tl'r tl'rage pr"Jueti,'n

occur among populations generated from seed. Superior inJi\'iJuals \.:annll[ be r('rr~)Ju.:.:J

from seed: hence. de\"elopment of methods of donal propagation must aec','mpan\ -~kcti,'n.

Overall and Specific Objectives

In \iew of the abo\e. the o\erall objecti\·e set forth for this program was W contribute h' the

stabilization of animal husbandry by:

selection of superior indi\"iduals of H,,/o.n/oll "[Jln//ul11 "lid H f'('"'icUI11 i:l tieid triells

in Turkmenistan and ill \'ill"O.

studying ph~nology of the species in both countries. Cllllectilll1 l)f dimati.: loLita frl1 t11 the

regions of distribution and correlation \\ith grow1h and Jewlopmenr

de\"elopment of a seed storage protocol that \\ill presene \ iabilit\ tl'r extended peri"ch.

de\·elopment of basic systems for mass propagation. including cuttings. micro-sh",'t

proliferation and rooting. and somatic embryogenesis.

SEED STOR.\GE

!i,,/o.n/oll shrubs enter the reproJuctiw period at li\"e 10 six \ cars "I' .lge. pr,'Jucing fruit

most abundantly at middle age. Ihe seed is rounded. 2-2.5 nU11. in diameter .lnJ c,)ateJ \\ith .1

thin transparent skin. It lacks endosperm. haying a spiroid emhr\,) \\ ith a pr"n"uneed

\·ello\\ish rootlet and green cotyledons. Freshly hanested seeJ, generall) ha\e g""J

germinating ability: ho\\ewr reports indicate that this rapidly declines Juring ,wrage. w as

little as 10%-10% alier one year. It has been reponed that good germinating :ibilit\ ma) be

extended by storage in a scaled \esse! with potassium chloride. For ihis reas"n. the practice



has been to sow {{afoxyfoJl in late \\intt:r or t:arl: spring' Februar: l'f .:arh \ Lifl.:h l..1::' :'>1..'1..'t1 ~b

pC1ssibk tiJllowing maturation \)fthe seed.

\\·h~n \\c undertook this program thefe had bt:L'n 111.' rL'rH'n~ l'( 'u ...·,,:.::-:- ::: " iw':::I.?I~1tl\ ...,

propagation of Haloxylon. Since rropagarion clJuld only be t'rl'm :'ceJ..mL1 in \ :e\\ l'f rh('

reported rapid loss in seed \·iability. \\e kit that the project should incluJe de\ ei,'pmeIlt ,1( ,1

prntocol for extending seed storag~ lit~. Such a procedure \H)ulli alkl\\ t~)r (,<~lHi:,hment l'(

an lIu10.n1011 gene bank as \\ell as facilitate introduction Llf the'e \aluable r~,dJer 'reele, tL'

"ther ASALs.

\Iethods and Results

Following preliminary studies on seed storage and germination conducted in 199~--L seed ,,(

both species were collected in \:ovember 199-1. H per.l/ellm seed were el,llected frllm t\\l\

shrubs on the campus of the Blaustein Institute. H apln1111m seed were (l)lIecred frLlm se\eral

shrubs located about 100 km northeast of Ashkhabad. in the Karakum desert. F,,11,1\\ ing the

results of the preliminary studies. the seed of both species were stored at -I C in the dark fnlm

as earh as possible after the time of collection until use. The seed l,f H. ra,fd"" \\ere ,l!aee,1

under these conditions within minutes of hanes!: those of H. 'Ipin IIl1m \\ ere swred elt rl' ,'m

temperature for the two-week period between collection and transport fr,'m rurkmenistan to

Israel. Once in Israel. they too were stored at -I" C in the dark.

Further gennination trials were conducted during 1997-98 with seed e'f H ,wi!,jiw" and If

raJ/cllm from the Karakul research station in Turkmenistan. The H Uf\in if"m ,~~d had been

hanested hetween 199-1-1997. Thos~ of H persicum had been hanested in 19'J~. fhe ,~eJ

of both species were stored in darkneSS at -I" C Iin a refrigerator I. Pan "f the If "fJiniiwil

seed han'ested in 1996 \\as stored in darkn~ss at rOllm temperatllr~ 1-·2~ C I. Gemlinati,'n

rates \\ere determined ~-7 days alier imbibition.

The germination rate of fresh If uplnllum seed han eSled in ICJ9- \\as less than Ill' ":

therefore it \\as not lCsted following storage. Seeds from the llther han~st dates \\~r~

germinated on 7 dates. two in June '97: two in .lui: '97 and one each in F~hual' .\pril .md



Junt: 'q~c .-\11 additional gcnnination test \\as done in Januar:-- 200: \\-ith !i ,,'!li,,::ollfn ";~cd:,

frum th~ 199-1 harwst. .\ trial with s~~d uf th~ 1996 If "pin ilulII I"t -Ih'\\ ~,i l11"iI1l~n;lI1c'c'"I'

':;U(~J g~rn1ination rates tand perhaps an inc[~asl: in the [;.it.:) h: refri~.:rJkli ~c;.:'J ...iurin; t\\\)

'cars. while seed stored at room temperatur~ 1'1St \iahilit, \l ith increa,;n~ 't,'r:]~~ ;imc'.

d~~r~asing to nil at the end of two years IFigur~ 11. In g~rminati,'n trial- \lith -~~,i <'I'll

I'l'I'siculII hanested in 1996 and of If uplnllulII hanest~d in 199-l. 1()q:' and 1<lc)h ..mJ Slt'f,',i

at -r' C. high gcrrllin;Jtion ratc.'\ \\-~re maintained for up tl) ; :cJ.r~ (Figllr~ :: 1o

Rates of seed germination \"aried among sl..'kctions of If. !NrsiclIm and h<:t\\ C'c!1 if :'Yo",-iddn

and fI. uphrllllln. Viability was prolonged in all ~ases h~ culd storag~. \\'hJi~ rluctuati,'n \\as

(lbsened in germination rates from date to date. on the whole rates remained hetw~en 8~-']5°"

atier 3 and -I years at low-temp~raturestorage in darkness. Ewn atkr S y~ars th~ g~rm;nati"n

rate of H. uphd/lIlII seed was in the order of 90°0. rhi5 is in C''I1trast to ~arlier rep,'rb b\

(>thers. which indicate that germination rate declines rapidl: atier hanc'st. ~\,'n .1t reduccd

temperature storage. The results indicate. in contrast to pre\ious in!lml1ati,,[]. that if lundleJ

prop~rly. Haloxylon seed ma\ be stored for extended pcriods and plamed;H c,'n\ cnient tim~s

in .\S.\Ls in other parts of the \lorld.

PHE"iOLOGY OF H. APHYLLDI AND H. PERSICDI

biological and ecological

lfulo.n/ol1 ophyllllll1 is the main t'orest-t'orming plant of Central .\sian deserts and cnn5ider~d

to be the most valuable species tor desert reclamation. It is a trce ,'r a largc ,hrut- ,'r tr~~.

gro\\-ing to a height of ..hn with a crown width of 2-3m. and li\-ing t!cn~ralJ: (rnn1 5u h) -(\

\~ars. If. pers/cum is a medium sized shrub. 3-5m high, \\ilh a som~\\hat shoner lifespan.

Plants ot' both species are aphyllous and highly branch~d. CharactcrizcJ b\ "id~ e,,'k'gi,al

amplitude. If. uphd/lIlII oc,urs on a range ,,1' substrales. from well-draincd sandy 1<) h~a\,

cla\ snils wilh deep ground "ater. to salinized soils \lilh ground water near to Ihe surt'a,c. It

can grow under salinity as great as 2-3"0: indeed salt. mainI, 'ltlfat~" which .It a

conc~ntration ot' 2°0 appear 10 stimulate growth of this sp~ci~s and ,ontribute, \<) ils ,Ir,'ught

and heal resistance ('\;echae\a. et al. 1978). \\'hile \(,ung slw(,ts m.l\ dic ii exp('sed 1<'

tclnperatures in the range of -5 to 7')(. adult specimens \\-ithstanJ fnJst ..mJ tem~"\er~1turL'~ l)(-
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~o to -30 C (Kasyano\- d al.. 19H~l. rhe rOt)t s\stcm l)fJI. LlP/n/fum r.:nc:rar.:~ tl'l \.kr'th~ l'lt

14-16m .. enahling efficient \\ah:r uSe and stahk nutricnI :,uprl: llnjc:- the h~lr~hc~t l'l"

conditions. H. persiclllJl is more sensitiye tu tluctuations in \\~lter. :,aiL ..lf1J ,1cr,ltil.'r1 t'( th.:

sllhstrate. Its root system is kss deep. gL'ncrally pcnctr~lting tt) a Jcr'th l'lt" '+-5'11 . ..iitht)u;;h

roots ha\"e been round as deep as ~Om.

JI. uphy/llflJ1 and If. IJcrsicli/JI gro\\ in separate specific niche~. althpugh in ::<lI1J: JL':'':r!::, l11;.'~':

may he in geographic proximity. II. Llph.l1/um shrubs gnn\ nh'l"tly in reli.:!' \.krr(,~5i()n:,. \\hlk

II. !)('rsicuJ11 exhibits a propensity for sandy ridge slopes anJ top:,. grt)\\in:; l)n :,ubk It)

shifting. wind blown sands. It is less tolerant to 10\1 temperature th:lI1 If «:';" ::11111. \I ith the

northern border or its distribution south orthat or H. £lpin/l/llll I'\ikitin. 1961>\.

H"lo.Hlo/) spectes arc distinguished tor their extended growing peri,'d. \I hi,h generclIl\

begins in February (sometimes as earl~ as mid-January I and may ,e1I1!inue thre1ugh late

'\lnember. Low air temperatures may result in a 3--1 week delay in ,,1mmen,ement e1r the

growing period. Shrubs coppice \\ell after-felling. when dormant buds ,1n remaining stumps

produce numerous new shoots. Such shoots gro\l much raster than seedlings and eI1!er the

reproducti\e period earlier.

Ulicient use or soil moisture and transpiration are important reatureS or the phy,ie,I,'g' "r !!

Lll'ln1l1l1ll" During the hottest or months at Karakul I \Ia\ through Jui\ I the ~,er~l!e Jaih

transpiration intensity or plants or dirrerent age ranges between ~ I 1>- -~II mg hr g e1( fresh

\\-eight. rcaching 950 mg 'hI' at the time of highest air temperature anJ It'l\\cst re!ati\ c

humidity. These comparati\c1~ iLm transpiration rates tluctuale less ,1\er the seas,m than

those or other native species. II Llplnlll1l11. like other shrubs bell1ngillg t,1 the Chenope1dia,eae.

is also capable or positi,"e balanced photos~ nthetic acti\it~ unJer tempe,~tures as high as ~8­

-c' C and low relatiye humidity. enabling it to continue its \ ital pr"du,li,'n ,,( bi,muss Juring

summer. \lith onl~ limited shedding or assimilative twigs.

Flo\\ering occurs in early spring_ the timing intluenccd by \leather ,onditi,'ns. The earlie;l

date of the onset or tlowering was in late February in Eastern Karakum IRepetek I; the me'st
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Jday~d flowering was in mid-April. The duration of tlnwcrins \ aric:, frl'!11 :\\ i' \\ eck.:, tt' t'ih..'

month. Fructification occurs n\"~r a peril,J of 1-2 months hc~inl1ins hct\\cc:1 mil.i-~t.'rtcmh:r

to carly October. Between tlo\ycring in spring and fructiticati\.."'Itl in autumn. J :-:Ii'\\ rr\)L'''::':-:' i't"

:;cncrati\·c sphere fornlation l)CCurs. .-\ significant increasc in :,i/c \,f th ..· frui!in~ h"'l1..1: i'~~ur:,

in October. concomitJ.nt \\·ith the onset of 1\.."'I\\cr ;.Iir templ..?raturc:,. fi,ll\l\\('~i \-'-: the rerit"'l,j \'t'

actual ti'uit tormation. \\hich lasts 1lJ-I~ daIS.

Fruit of the t\\·o H,,!o:n"/oll species look \ery much alike. and arc al,;o similar h' th.lt ,'f shrubs

belonging to the genera S"!so!,, and .k!!ellia. .\11 bear membran,llh \\ ings: the see,k

,lcpriled of cndosperm. ha\e spiroid embryos coated \\ith .iust J Ie,: thin 111m ,'r membrane.

'\n adult plant yields O,2-IOkg of fruit. ~0-200kg of fruit mal be h,1[1 ested fr,'m 11<1n­

cultilated hectare of Ha!o,n!oll forest.

uses

H "p!n"/!ulIl ranks among the most productil'e forage plants I'.'echael a. 19'8: Shamsutdin,'"

and Ibragimol'. 1983: Shamsutdino\. 1q7~). The nutritile I alue "f the fNage I aries

considerably oYer the year. ranging from 28 kcd units in spring to .+6 fccl..i units in autumn

~ll1d :3 7 in winter per 100kg of air-dry feed mass. H. pt>rsit.'un1 is 31sl1 \ cry dfl:."'Iu:;ht-rcsi5tant

and an e"cellent fodder shrub. distinguished for medium transpirati,'n intensitl. rclatil cI:

high moisture content in the shoots. and considerable cell sap concemrati,'n, Camcis feed ,'n

!-I"!O.n"/OIl the year round: sheep readily feed H,,!o,n!oll in autumn and \\ inter. D"m6ttc

li\'estock feed on shoots of the current and pre\ious year and on the lrui!s. \\ hicn ,Ire

especially palatable and nutritious. This forage contains 10- 1~o" protein IUp h' ~<)u ,) in fruit I.

2.2-2.7°0 fat. 21,2-38.6° ° ash. up to 39.3°.0 nitrogt:n-free extractive sllbstan(~5. Jnd up t\"'I

1-+.9°0 cellulose Ion a dn \\eight basis!.

cn\ironmental impact

H,,!oxy!ul1 communities are thin forest \\ithout canop: closure under \\ hich there is a unique

microclimate. Light. \\ind and temperatures are modified significantll under the can"p", AI

filtering solar radiation. the turbulent heat e"change under Ha!o.n!ol1 cr<1\\ n, is /1-12 times

lo\\er than in the inter-cro\\n space I.-\isenshtadt and Orlolsky. 197 6" The upper surtelce ,,[

9



the crO\\n of H. aphyllum detains '+0-83°0 of total radiation. whereas II. ['cc'i.:um imcr.:cpb

:'6-hI)°" t)ftotal radiation I DedkO\ and (iunin. 19791.

II djJhy/lUIH and II. pL'niclIJII intlu(,!1cL' :-lnil. gra~s: \,.'d\L'r ~lJki it~ !"rl.'l..ith:ti\ it: nIl' :'~li: ,ilh.i

Jt:col11position l)f l/uhJ.\Y/Of1 :,hOOt5 r~sults in ~oil alkalization. ~ltf('~tins the rLlnr ~rl''':I(,~

composition and productivity under the erO\\I1. "cgelation is tt)tally lacking :n the range "f

s~\"eral 111eters from the trunk. Further out. CO!1(:cntric micr()-pclts (:I)_.~ll ..:n1 .1I1J I1h'rc I 1..'It"

salt-resistant plants (.'''uuec/a /ipskyil occur. t<Jllowcd hy Londl"iu l.-''':".lJilhl.-J S..."hi,mZi\

uruhiclls. and tinally forhs (.\juu(!c.>o/niu grul1o!i;!oru. Eremnp\TI011;'U(Pii..l/ Jdnj,,_ BrumIi\

(l'dorlflJ1 etc.) de\"elop: \\-ithin O.2m from the cdgL' l)fthc hare pattern (·,;rcX phY\(Id' ..'"s :;fi..'\\'

(Lobko and Safono\a. 197.+ I.

conclusions

II "phd/lIl1l "nd H. persiclIlIl are highly productive forage plants as wcli .is an impt>rtant

sourcc of fodder. firewood and raw materials. Thcy are widcly used to c,'ntr,'! Jcscrtiticatic'tl

and in desert agroforestry in Central .\sia, They are extremely re~istJ.n: to \.,)\\ 3ir J.nJ Sl'!t

moisture content and high temperaturc. Their widc c[Own and large bit'lllass pr"Juctit'n. has

signiticant int1uence on the ligh!. temperature and wind regimcs beneath the caIWp'. lhe

abundant amount of biomass that falls to the ground affects soil properties. fhis ':t'mpk, "f

factors creates a more fa\orabk enviroIUTIent for many other plants and :mima!s.

FIELD STl'DIES

field studies Were conducted in Turkmenistan at thc f..:arakul. Celc' anJ Rcpctck resc;lrch

stations. \lost were carried out at f..:arakul. under thc SUPC[\ ision of Dr. \ It'hammct Durik,'\ .

\kthods llsed in pasture reclamation in low-rainfall region~ \\crc stuJieJ 3nJ aJ;lpteJ r~'r

implementation with H,,/u.n1ulI spccies on lakyr and sand\ soils.

The Karrykul Field Station is situated at the southern tip of f..:arakum. 'Illkm northwcst "I

.\shkhabad. in an extremely dry southern dcsert sub-wne charactcrilcJ ~y J \ cr\ \"lrm

summcr and mild "inter..""nnual air temperature avcragcs 15.6' C. \ el[\ ing Ir"lll II.J C :n

January I dropping to -~8" C I to 3 U{ C in July and reaching highs t,f.+R C. During the s['ring.
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~llr temperature rIses rapidly and precipitation incrcasC's. ThL' hi..1 1 an\,.i Jry ~umn1cr ~~~l~\"'n

h~gin~ at the end of .·\pril. .-\nnual precipitation amounts tl..) 1.+Xlllll1. r:"h':,t \"'f it 1..'I.2..:urnn:;

Juring the autunlI1-\\·intcr pt:ril)J and only .+0 <) from June tt' _\u~u~:. I"hc :'I..,i[ Jnc~

considerably during the sumnlC'r and in the tirst half l)1' autumn. 111l1i~turL' r'::'i.?n ..~" Jc\,.:linln:; [I..'

n-2111111. High air tenlperatures and low humidity contribute w ~enL'ratil..'n 1..'1' Jr:- h\)t \\ lI1J:,.

Tp\\-ard Il1id-Septen1ber rains begin. marking the onset of an aUIU1nn :-:'C'J.SI..'I1. "::1~lLl..:tc~iI;:J l":

L'l)lh.iitions t~l\-{)ring relk'\\-cd plant gn)\\1h.

rhc ~oils of sand ridge slopes rccciyc much kss moisture than I..iuni.? \ .lik; '. In h:bruary­

\larch. the l1yerage Illoisture rescn·c. Illcasured oyer a ti\e-:-L'Jr peril)\,.i in rh..' .'l'il \"'f Juni.?

\alle\ sands. was equal to 3:mm in a 100 cm la\er: \\bilc tbc nwisturc rescn c l'n tbc s!c're,

of a sand ridge measured 19-21 cm.

The station is on a sligbtly sloping clayey plain. cO\ered in places b\ c"\ian sands. rhe elrea

under observation extcnds 80km li·om north to soutb. and 30km from cast I,' \\ cst. ..\ uniyuc

kature of the station arca is thc ridgc-taky r complex of Ccntral Karakum: " c,'mbinati,'n "f

10-1 ~m long and 10-:5m high sand ridgcs. strctching Irom nlmh to south. and "f deprcssil'ns

bct\\·cen the ridges. The depressions are occupicd b\ taky rs. takyr-likc riain, 11-"01..md

hillock sands drifted on the takyrs (68°0). \arying from O.'-2m in thickness. Sand ridges

co\cr ~% of the area. The texture of the soils is sandy. mostlY linc- and medium-grain s.md

fractions. Physical clay accounts for qO'o-12°-o. silt particles for ,+0 0 _6 0 o. lh\.' ('\,ntt:m \,.'!' ::,alb

anJ nutrients in sandy soils is negligible: humus. O.2°o-0Ao 0: totll nitrl':;c:n. (i.lll-IU\:: rnl.-'1bik

phosphorous. 5-10 mg-kg oftbc soil.

Both takyr and takyr-like soils occur side by side \\ith ancicnt Tedicn delta dCr'lSlb. Thc

thickness of a takyr protile is :O-:~cm. \lost tahrs are structurcd by bcdded day sand bcel' \

loam deposits. Salinity of takyrs is bigb. The crust is usuall\ somc\\hJt Jlblinized. emd

Ii'om 10-15cm downward the borizons contain considerahle Jml,unts of casily s,'lurk salts..\

1m-thick layer is typicall\· composed l,f 1°,,_3° 0 dr; rcsidue. -t" ,,- -,," carbl'natcs. I"" gy r"um.

and 0.' bumus.
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El1\ironm~ntallndic~s ofth~ KJIT\Kul St"ti'lIl
Ek\ation abow sea kwl. m
Precipitation. mill

winter-spring
summer-autumn

'..;umber of rainy days
.\ \erage alUllIal t~mperature. cC C

.\ \erage July temperature.. 'C

.-\ \erage January temperature. cC C
Frostkss period. days
..\ \erage annual wind \clocity. m s
Depth of soil wetting in wimer-spring. em
Depth of water table. m
Salinit) of groundwater. g I

1-1~

1~.~

-111--1 :'

1'6
.~ 1.6
IJ..J

~2()-::()

~.q

611-111/1

Three common plant associations occur in the area. each aSSl)eiated \\ ith " particular ,et ,'f

,oil conditions:

n!1 deeper sands: ('ulligoJ111m ruhens - .\tal/so/eo criocurpa - ( ·L,rt.'X phy\lI,it'.\

on thin sand drifts. Sal.'io/a arhuscu/u - Artemisia kemnu!iL'u - ('arcx I'hy\t1til."

on takyr-like soils: S'ulso/a gemmascens - ..lrlemisia kemrudica - (Jdl11U1uJW"!!tlJnOc.."urTu,

-t!tleets otremo\"al (~( ([hove-ground hiomass on shrllh proL!ucri\"il.\ An inlp\..rtJnt param.:t.:r

in selection of perennial shrubs for ti.1dder plantations is eapaeit\ t" regenerate CIlia he.l\ \

grazing. Experiments \\ere conducted to simulate hea\y grazing by clHung branches .1Ihi

abl1\'l~-ground parts of 2. 3 and 12 year-old shrubs or H penlCllll1 and Ii "nini!uIII at the

Karr\Kul and set\ tield stations. Shrubs were pruned baCK tu 80em abow the ",Ii surface.

Shrubs less than three years old were hea\'ily damaged b\ grazing and on" rcco\ ered ,Iightl\

II \'ear-old H persiclIlII shrubs. prior to pruning. had an awrage h~ight <'t- 2~Ucm. including

~5CI11 long annual shoots. The crown diameter was 160clll. :\c\\ :-;ho()ts be~an to .:;row Jllrin~

the spring n~getation period following pruning. and hy July the ::>hruh~ \\ere Jen5cl: c()\erI.'J

\\ith approximately -180 annual green shoots: 1.' times more than on non-pruned shrub,;. rhe

ne" shoots had attained a length of 50 em. resulting in a \\ ide and I"" regenerated shrub.

with a height of 120cm and a crown diameter of 9Uem. fruit "as l1<'t pn'duced until the

second year after pruning. The pre-pruning biomass of H pcr.II1'1l/" "eighd 11.-1k,: B\ the

end of the gro\ving season following pruning regenerated gro\qh in the rct:Ii.'t1 ~1~CC55ibk t~)r
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brow,ing (UP to I~Ocml weighed 2kg. Thus. a ~-fold incrcasc in slnub rrc'ducti\lt\ \\as

affected by pruning or simulated grazing. In the third: C3.f rlbt-rrunin:; !h;,: Lr~l\\n in~r(,~b\.?J

in diameter to 130cm. The l1uI11bcr l)1' l-ycar-l)IJ hr~lI1chcs incrca~cJ h' ~511 \\ith ~l kn:;th ~)r"

"cm. \\hile control plants had onl\ ~~O -1l)cm Inng shol,ts .. \\ClilClble (l'rage re'!cfled .;kg

\\hile that of the control plant \\as nnly 1).-1kg. hmr \e:us after I'rumng shred's h.l.i .1 .knse

crO\Q1 of 650 l-year-oIJ shoots. 55cm in length. and bor~ fruit. l'he l~'lJJ.:r : idJ. t~lur :- ('J[~

after pruning. \\"as 5kg. -+kg. of which was acccssibk to :-,hccp. ('\.(('cJing b\ i ~ rIm;,.':' rh •.:

accessible biomass of control plants I Table II.

In parallel trials \\'ith H "pln"!l/llil shrub height averaged 2611cm pri,'r Ie' pruning. the Cl",'\\n

Lliamcter was ~JOcrn. and annual shoots \\-ere :;Ocm long. Shrubs \\cn: cut b~h':k. ~b \\ ith H

Jl£:niclIl1l. to a height of 80cm. By July pru!1l.:'d shruhs Wefe Lln-erl.?J \\itl~ T1\?\\ ~lh)~)b . .\t thl.?

end of the growing season 1:\lJ\'ember) the ncw gn)\qh. -100 sho"ts per shrub. had reJ,hed .lI1

merage length of ~Ocm.. almost twice the pre-pruning length. re,ulting in .l shrub height "f

130cm and crown diameter was 1~Ocm. The total forage potential "f the sllfub increClsed

considerably. reaching 6.Skg. During the following .3 years a large Jcn:;e I2rl)\\ n !~,mlcJ l)n

e.'\perimental shrubs. rhe bi,'mass accessible to sheep (from groun.i ley el tel 12n CI11I

increased fron1 1kg h) 5kg. The number of one-year-old ShOClts (f,)ra~L' IlUS~ l incr'::J:--Cli !t'

1100. while there were only ~~IJ branches on the control shrub. The t"ul green t~'rage

potential increased considerably. to 9kg air-dried material. while ,)11 the ,,'mr,'! ,'nl\ -1.<k,: ,)(

fodder was available. Available green biolnass (Up to 1~U em abo\-e grounJ i !rl'm pnm..:J .:.lnJ

control plants was 6.~ kg and 1 kg. respecti\ely ITable 2).

H,I!().n"!ol1 growing under natural conditions looscs pan of the annuClI shl'ob..\ clHlSiJerabk

part of the ~-:ear-old branches also die off in : ears \\ ith little preclpitati"n. It has been

established that H,,!o.n"!ol1 has dormant buds hut these dl) n"t becl'l11e acti\ e if Ihe tree is .ir:

and ne\\ shoots do not appear when the main stem becomes "Id.

Our results demonstrate for both H (/phdllllil and H. Ih'i"\icUI7l that atier \er: streHl': pruning.

equivalent to heavy grazing. new branches begin to grow fro111 the~c Jl'nl1~H1t buds l'n matur.:

shrubs. This rejuwnation efkct results. not only in the producti"n "fne\\ \eget.lti\e bi"l11cbs.
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but also in increased prnducti,ity. furthennore. the data ~llgge:'b that t1h~r;: ~hru~~ rna: bo::

["'llant.:d per unit area \,"hen graz('d (if \\-ater is not limiting l. a~ J l..·(~n~;,?'-lu ...'n('c ,.f t11;'? :,tlull ...';

C!"ln\-n diamete!" Cll11Sed b: grazmg.

seedling preparation and field trials

After removal of the wings of the seed coat. seeds of Ii I.'phyiillnl anJ II. ..'.1'")·';,..-:on. \\ere

placed into a solution of 70° () alcohol and 3° 0 hydrogen pcr(),\idc- tt~r 5- - min .lr1J \\~l~hej \~n

a stirrer fo!" .3 hours. with changes of water ('\-ery 30 minutes. The; \\ere thC:l ~erminJ.teJ in

soil in ) liter polyethylene sacs in <.1 greenhouse at the Bbustcin Institute in i~li\"i-Fd"'ruJ.r:

jl)l)7 . .+-~ seeds \\ere s<)\\n per sac at a depth of I-I.~ cm lll1 a qlhstratc "f ,andy ,,'ii mi~ed

\,"ith some clay in the center of the sac. Sacs were irrigated dail; ffl1m the tim.: l~r' ~ln\ in~

until the seedlings broken through the soil. after which they \\ere irrigated l'n ,1 \\ eekh hasi,.

The lirst shoots of both species appeared 3-~ days after sowing. and many had arreared hy

~-8. Side shoots appeared 30-'+0 days ariel' sowing.

Three months later. the seedlings \\ere planted in hea\'y loess q)il in the ticld. e'l1 J = :-: =m

grid. in 30 cm diameter ~ 7() em deep holes. The plot \\as irrigated ~ da\ s rri,'r ll' planting..it

the time planting and twice more in suhsequent weeks..\11 trees ,uni\ ed and pre'du(~d ne\\

shoots. The H. "pln1/1I111 were more \'igorous that the If. pcnicIIIII I Tabic 3 I. These

dilferences in performance were as anticipated. since H. "p/n1/lilll occurs naturally l'n hea\\

soils. while H. persicliln performs best on sandy soils.

influence of irrigation regimes on growth and denlopment

In a second t1eld trial. 6.+ H "1'17y//lilll seedlings. germinated in the greenhouse. WeI'" pianted

out at the beginning April I CJ9CJ. as abo\e. in an experimental ticld mea,uri~~ 1" :-: == m ...\

pre-planting irrigation of =~ I plant was gi\en. as \\ell as one X 1 piJnt rl',t-plantin~

irrigation. One row of seedlings was drip irrigated with I = I \\ater per hush e\ery = \\eeks. a

second row - once a month. a third row - once in 2 months. Tllr~e f()\\~ \\ ere rl\)t irrig.areJ.

Seedling height at the time of planting ranged from II to I Xcm. \\ ith an 'l\erage ,'f 1.+ (tn.
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.. \ll ~.:ed.lings sun"i\-ed. regardless L)f the irrigation regim~" ""\tll..'f \.lf1e : car ~c~jlin.':!~ that ...ii ...i

not r~cciye additional irrigation \\en; shortest ( 13 em) whik tho:-'L' irri~~ncij t\\ i~;.' rl..'f I1h)nth

\yen: highest (55 em). Seedlings irrigated l1I1Ce per mcmth \.'[ l'JKL' in t\\\.) :lh,nths Jiffcr~d

link. growing to an interm~diat~ height 1.\7 ~ml. Lal:m~nkt1 ~t al. II'lqX, ,i!~liL1ri\ f"lIn,i. in

sludies ~arried out at the :\ebidag resear~h station in Turkm~nistan. lhal irngati,'n {'riL'r I,'

so\\ing and an initial irrigation after planting <,I' s~edlings is sufticienl t~'r ~st.lbli,hm~nL .InLi

that subsequent irrigation did not intluence gro\\1h and de\~I,'pm~nt"f!l .1/';7.\ .'l,,,,!.

Results of three years of tield e"perimentation at the Jacob Blaust~in Institut~ haL e re\ e.lk,i

that:

non-irrigated trees are almost half the height of irrigated tr~~s: greatest height \\ as Jttained

by irrigation t\\ice a month 181 cm I:

trees irrigated once a month or once in two months anain the sam~ height three \ e.lrs after

planting (58 cm). We thus conclud~ that application of so lit~rs "f \\ at~r annuall\ 112 I

per irrigation once in two months) r~sults in th~ sam~ anwunt of gro\\1h .IS ,j- lit<i?rs

gi\·en in 7 monthly irrigations per year:

trees under stress ( \yithout irrigation 1begin \"t~getati\"t: Sf()\\1h 1:-15- Jays ~J.rlicr than

irrigated trees:

lh~ Weight of 1000 Seeds from non-irrigated trees IS 1.6 times higher that "f em qual

number of seeds from irrigated trees.

..\ t"w of the H aplnllul/I trees tlowered and produced seeds in the third \ ear alter planting.

flowering occurred in mid-\!arch. Seeds ~ollected in 2000 in an ~"perim~ntai lie,,! .It th~

Blaustein Institute from thre~-year old trees had \·ery low \·iabilit\: I_5 0
".

Seeds \\ere also planted out in trials at the :\ebitdag .\grotiJre5tr: .\l11eJiL'rati,'n St,lti,'n anJ

the Repetek Desert Sand Station of the DR!. At the DRI Se~d5 \\ithou! \\ing, \\ere heJ,! in

1).5 0
0 K\!nO for 30 min. and then were \\ashed in running wat~r and dried. S"ib 111

containers were watered 2-3 days before sowing. in order til moisten the :,ubStr3k anJ 11.-)

remo\·e dissolved salts. Se~dlings. prepared in a nursery. \\ere planted ,'ut ati~r t\\O \ ears L'n

sands in the Karr:·kul tield station in Februar: ..-\t the time of pianting the\ \\ere 2U-2~":Il1

high with roots 30-.\Ocm long. The sandy substrate was prepared b\ makin)2 25-31)(m deep



tLIITO\\S and covering their borders with a thin layer II cml ,)f cla\. SeedIin~, \\ ere I'Lmte,i ,)11

the sand\ bottom of a tlmow. 13\ autumn the seedlin~s had reached hei~ht, ,)f "'-I"en,.

On average. 1000 cleaned seeds ,)f !lU!II.\T!1I1l up/nl!ulII witiwut peuls \\e:~heJ 2."~r. 'll1,i

10UU cleaned seeds of H. pl'rsiclIJ11 weighed ~.2gr. SeeJ~ \\~rt.: :,()\\ n 1-; .:'~m ...i;:L'r: -+-~ t"~r

container. on a suhstrate of sandy soil mixed with soml.? day in th.: (C'nter l'( Ih .... Ll)ntall1cr~. In

this \\ay. abollt 360 plants of j-f. (/17I1yIl1l111 or II /hT\idt!ll Ll'uld l'lc rr-:rareJ rer m~.

Containers were irrigated daily from the titHe of sl)\\ing until the :-i('('Jlin~:, brl~k(' thrl.u.:;h th-.:­

soil. after which they \\ere irrigated on a weekly basis. The tirst slw,)ts ,)f b,)th spec'i,',

appeared 3-5 days atier S(ming. and many had appeared by day, 5-S. Side ,hl',)t5 jppe.lrs'd

33--+0 days atter sowing. If seeds were sown II1 mid-January the s('('Jlin~s \\l'f(' [('ad, f,)[

plaming out 65-70 days later.

afforestation techniques

Various techniques have been applied for afforestation of Central .-\sia pastures veith 1,)\\

producti\·ity . .In some instances \\ide or narrow shelter-belts have been pbmed. in ,)thers

massive land reclamation was undertaken in un.kr hJ create llJng-lcrm \\ inll.?r rastufl.?

Hu/o:n·!o)) pasture-protection belts have contributed to pmducti\ ity thr,)u~h tile \ ields ,,(

Hu!o.n!o)) itself. as well as by altering the microclimate. prlJIl1l'ting e'T~nsi,)n ,,( ephemers

and of summer saltworts within the belts and contributing to inereasin~ \ ieid, c'( l<'dder c)n

adjacent native ranges. On the whok. the cropping capacity of such pa.:;tur.:::, b ; .:--: tlm.:~

greater than that ofunprotecled and unameliorated fodder areas I '\echae\ 3 et 31.. i <1851.

-u/tiwes{(J(ion in piedmonT deserts :\ system of pasture-prolecting pbntatil)I1S LL)mpIJSeJ (If

principal 1longitudinal ) and auxiliary I transverse I belts ha\ e been implemented \\ ith

Hu!o.n!o)). The principal belts playa leading role in protecting desert pasture (r,)m \\ inti.

while the auxiliary belts serve to di\ ide them into grazing areas. The It)n~itudinal beits. \\ hidl

may be up to 25m wide. are laid down perpendicular to the pre\ailing \\inds ,'n sandy [,'am

and \veakly loamy gray-brown soils. In locations where h\ drological e"nJiticJIls 1the \"Her

table at a depth of 5-35ml arc fa\orable. the belt-to-belt interval is 250-31111m On rnedium­

ioam\ and salinized iight-textured soils the interval is 201i-25I)m: on \\eJ~h :tnJ medium
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~aliniz~d c1a\ soils as \\dl as un area~ with deep ground\\JtLT j[ i~ 1f!(i-l~(lm 1\."('\,.'h~l(,\~L

Shamsutdino\ and IbragimO\. I9X" I.

Pll)ughing is don~ tel a L!.:pth l)1' at I('a~t 2f)cm" in drJL'r tl) rrl)nll)lL' JC,..:ul1lld.lth';l .mJ r\.,~(',ltil)n

of soil moisture. good aenltil)1l and Jyailability l)f nutrients. The b('~t time r~)r r\ll)Ll~hl!1::; i~

autumn-winter. after the soil has been moistened by rainfall. S,)\\ ing nu' t"lk'\\ h::\\~~n

mid-December and mid-Februar", IShamsutdinO\·. 19751.

l.he optimal stand density for flu/o.n!oll is 500-1000 trees ha. This rate h,), ,'1'\'\ en b..:st (,'r

pasture protection as well as for encouraging den~lopment of ephem('r~ ~Hhj .lnnual ::'J.lt\\l)f('.

pro\iding for highest fodder producti\·ity. Young plants grnw \ el'\ si,,\\ h. re'lching a height

of only 10- I5cm. by the end of frrst season of \egetati\e gnl\\lh. Since the ute "f seedling

suryiyal to the end of first growing season is in the order l,f :,O-h()O o. l,ur \.?-'rcrienc~ ha~

shown that seeding should be at the rate of I0-12kg ha.

-u!!ore.l/(/rioll in /(/kl.,. soil. Takyr lands in the arid zones ,)f the w,)rIJ .lre c,'ncentrat~,1

largel, on allu\ial. prolll\ ial. delu\ial deposits and lands ,)f ancicm irrigati,'n. The\ ,Ire

usually characterized by l1at relief. high salt content. \ery 1,,\\ \\ arer permeability ,mJ the

presence of algae and lichens, The presence of higher plants is \ef\ limitcJ as.l c,'nsequcnce

of the df\'ness of these soils due to their low permeability,

Technology for culti\'ating plants on takyr soils. by "han6ting" runoff water. \\as de\d,,~J

at the "ebitdag station. following traditional practices of the I,'cal populati,'n 'Ldy menk,' e'

al.. 1983), A system of large furrows is cut perpendicular [(\ a main sl,)pe. Jirecting sunClce

runoff to the plants and creating moisture resen"es in the Sl)il. The shapL' l'( th.: crl':'~-5':cti,-,n

and contiguration of the furrows. the spacing betwet:n tllrrow:, ;:Inti pr()yisil)n (.. f a wat.:rsheJ

area for each. and the morphology of the \wtical protile ,)f the lak\T ",il .lre critic,11 t"

successful implementation of the system. Trenches with a triangular cross-sccti,)n I an internal

angle 95-110") and with double-breasted summits created b\ trenchers pr,'\ cd t,) be the m,'st

successful. Some time after estahlishment of the initial trenches. an .lJJiti,'n.Ji tum,\\ ,'f qu,ll

size is cut near each of them. further enhancing the clpacity r~)r accul11uLHin~ \\~lt.:r in th..:

17



By the end of the fourth year nf culti\-ation in twin furrows tJn taJ.\\ r ~l,ib . .:-- j.S t hJ rJ\\

\\tH.h.l and up to 1.~ t ha of rabtahk ~recn mass are prnJuceJ h: II LJ.,niZ\ ,:"it!1:.

SALI'iITY EFFECTS

Experiments \lere conducted at the Blaustein Institute to determine the inrluenee e'r

substrate salinity on growth and de\elopmwt of H "pin 11111/1 , - da\ s after germinaue'l1.

ieedlings were planted in a greenhouse in ..J. 12 liter hydroponic n?ss':J:, ('i.)ntainin~

Hoagland's solution: I~ plants of per \essel. .,\n additional I~ seedlings \lere f'LlI1ted in

soil in plastic pots, to sen'e as a control treatment. .-\t the end "I' e'ne \lcch. the medium

\I'as replaced in each hydroponics \essel. Onc treatment recei\ed standard I!,'ag!and's

solution: the other three \lere tilled \lith Hoagland's plus 1°", ~o" and .j" ".1(1. ['he

solutions were changed,) additional times at \leekly intenals,

Plants died atier 5 days in medium containing .)°0 "al'l. The ,'ther treatments \lere

elaluated at the end of ,)0 days, The awrage height of the eontml plants at the end <,f .)11

Jays was 8.9 ern (ranging. from 5.3 to 12.-+ en1): plants in lOr, \"aCl Sl)]util'n h~l,j ~ln ,j\".:r~:::e

height of 13,6 cm (9,5 w 19.3 eml and those in ~oo "a(,1 had an a\erage height <,1 1/1,5 em

(6,0. to 1.).0 cm), Plants grown in Hoagland's solution without added "aC! \lerc nh're

hi"hl\ branched and slidl1h taller than those in the soil control. Those in i and 2°" "aC[...... . ...... .

\lere more branched than the 0 \;a(,1 treatment: the 1°0 "aCI \las highl\ bral1Ched and

significantly taller than all other treatments (Figure 31, The root system "f rhe I')" "a(,1

treatment \las longer than that of any of the other treatments, \lhiie at 2°" "3('1 fl'<)[

del'elopment was inhibited,
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In preliminary trials in \'irro. If- uphy/lll.l11 scedling;.; wcrc l,b"'.:nCli t~1 sermin..lk rlh'r('

\'igo["ous and grow mor.: rapidly on salin.: (200m\1 \:aCII culture Illedium than ~'n Ih'I1-:<din('

Il1cuiul11. Preliminary studies also suggesteu that heat stahile prptcin:, Jl.'cumubtc in :'L'('\.Hin~~

gro\\lng on the saline medium but /lllt in non-saline medium I D. PeiJh. I'. Birnb:wT11. Y.

l!eimer. .\. '\ajedat and '\. Orll)\'sk\ J. Reports in the literature cl'rreLlle ,uc!: prc'teilb \\ith

stress tolerance.

CLO:\AL PROPAGAno:\
Due tL) their heterogeneity. unly a small percentage l)f f-Ju/oxyiun :-;hrub:, aIT]l'n:; r\'rlllati('n~

generated fronl seed are superior forage producers, In order to aJy;:mce pasture !mrr~)\ ement

in Turkmenistan with selected cultiyars and to facilitate introducti,)n "f sekc(i,'ns l'l

{{alo.nloll species to other .-\S.-\Ls. a method of \'egctati\c pmpagatilH1 is need cd.

CLTTI.VGS

Yegetatiye propagation of Halox\)ol/ by cuttings has been attempted. \\ith link succe,s.

There has been progress in yegetatiye propagation and micropropagati\)n ('( ~,thL'r nlember~ ~)f

the family Chel/opodiaceac. \\hich includes other important I,)dder speCie, le.g ... 1{r;p:',·x ,1I1J

Kochia I and edible plants (beel. chard and spinach I 1·\tanaSSl)\. 1986: Detrez. el. al.. 1991):

Dole\ and Saunders. 1989).

\Iethods and Results

Shoots were cut from three and four month old H uphdillm seedlin~s "r,'wing in ,1

greenhouse and from two-ycar-old shrubs growing on the Sede-BoLJer C1I11['US "f BIDR

during the months of \lay-July. These were diyided into b- ~ em lon~ pieces and kcpt in

\\ater. The basal ends were dipped in an aqueous solution of IOC!Oppm IB.\ l'r treated \\ith II.

:'00. 1000. or 2000ppm 1.-\.-\ for 5 min. 60 min. b hr. 12 hr. 2-1 hr tJr -18 hr. fhe c,lI1trols we,c

treated \\ith water onl:. Cuttings \\ere then inserted intt) plastic ptlts c,lnuinin~ lal pe.\!

moss. (b I sand and clay. I: I l'r Ic I sand. The\ were kept in " greenh""he anJ I' Jtered l'l1

alternate days. Cuttings in sand were also held in the laborawr:. (In ereJ \\ith beakers tl'

maintain moisture and watered on alternate days. Ten shoots were used in each treatment.
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CUllings wilted and started to die') days alier haYing heen tran,krred h' i"'ts. [he ut'\,er

pl1rtil1ns l1f cuttings treated with L·\.\ remained green and appeared health\. hE sign, _'I

l1l:crnsis appeared at the baSeS on the 9th Jay and by day 1~ the (uttin~~ \\ LTC ,"-k~lJ. ~\)n(' ~,(

the treatI11ents ind.uc~d rOf..)ting. The total failure is likely Ju~ tl' r'l1\)!" \".'\)1111\'1 \)T' ,-'11\ 1[11 n:n;:!1ul

l.'unditions. and not necessarily total recalcitrance l'1' the tissur..?". Shl.',)(S ,'f ~l i ..'LlleJ :'T'L',.:: ...':'. //

\(tt'il'Orl7icllm. \\'ere rooted without any phytohormone treatment 1Kaui et .d .. ll)l)': 1. rhis

\\(Hi\. should. he pursued under wdl-l:ontrolkJ en\-ironmental ":\'Ihiilil'n~ i hllmlJl!~.

temperature and light intensityl.

TISSCE enTCRE

l"issue culture has become an important technique 10 reproduce crops thell arc Ji fti.:ult I,'

propag3.te by seed andor by conyentional yegetati\"c means. In n'fro t~Lhni\.lll':~ \'Itlcr ~;:\~rai

ad\umages oyer con\entional practices of as~xual propagation. Onl, a ,mall ,1l11l'Ul1l "t" ti",ue

is needed in order to regenerate millions l1f plants: man, species that ,He r~sist,lnt t"

propagation by con\entional methods ma, he propagated ill ,-if,-,,: and ill \"11m swcb ~an be

quid"ly proliferated regardless of season. III ,-if,-" techniques facilitate rapid multipli.:ali,'n "t"

\aluable genotypes, production of disease-free plants. germplasm Cl'lbCf\ atil,n ~nd ce",

international exchange (Go\i! and Gupta. 1')CJ7\.

\ Iicropropagation pro\ides a praclical method for cloning fl,rest trees r~,r at"I~'restatl,'n.

Significant progress has been nlude in Inicropropagation of th~ top ~ tn:~ ~pe.::i;,:~. Eu.::alyptlb.

Acacia. Rubberwood, Radiata Pine and Teak (Gorst and Teasdak. I ')IN I. \\·e believe it elis,'

offers a practical solution for clonal propagation of selected f"dder shruhs 10r rangeland

improvement.

\'c~t:tati\-L' propagation l,f woody plants by tissue cultur~ may h~ ;l.::(:\'mpii~hcj by \Jl

enhanced axillary bud proliferation, (bl production l,f ad\entitil'us hUGS and I':l ,,'mati.:

embryogenesis (\Iurashige. ICJ74: Yasil & YasiL 1980'- Shoots are prl'duceJ b\ the t~'flner

two approaches and then are rooted. Sl)matic cmbr: ogenesis laddressed in the next se.:tll'n I

leads to fonnation of an asexual embr:o. \Iieropropagation \ia ,h,'ot mu!tirii.:ali,'n i, wda\
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the ktler-deycioped procedure. Somatic embryogenesis. although gener,"" nh,re difticult :"

..:k~\eltJp than a shoot multiplit.:ation system. s~t:ms to hold great!.?s! 1'l"l'll11isc !~'r 1he rl..'n:;-ll.?rIn

III ic rop ropagation

\kmhers of the Chenopodiaceac that ha\(' heen propagateJ thr~'llgh :,Ih'~'t r':·\)!if('r~lti,)n :'r,):11

shoot tip and axillary bud cultures includc Bel" \"Illg",.i, [HlbSC\ and Ilc";1Cr. ! ')-8 I.. it,·::,:,,\"

,'Ulle,cells I \\'ochok and Sluis. 1980: \lei et al. 19<)7). (';','Il"I'"dillil; ,17,. '1",1 I Burn,'ur"­

Radosc\ich and Paupardin. 19851 and spinach ICulatic. l(F~1. rhe pr"cc" in\,'''e, stage, ,,(

cstablishn1ent of culture, shl10t mliltiplic~1tion. rOlHing 3nd h:.lrJening l)t't'. The Lbt t\h' ,u~cs

~lrc s0l11etillleS combined and son1ctimcs carried out l'X '-U"/l. rhc rest JprrL'~h:h ,mJ

conditions for each stage must be determined for each species ['\ehra ,1l1J K,mha. 1')'l.) I.

howe\er. the same panerns and principles generall\ apply [Dc F,'''arJ. Iq-.). Th,'rpc. I 'N.),

BRP mediumproyed to be the best of se\'eral media tested (N micr"pr"pag:lli"n "I'

('hcllol'"dium quinou. [Burnout~Radose\'ichand Paupardin. 19851. The medium c'( liuS5e\

[Hussey and Hepher. 1978a) has been used to propagate lJeru 1"1/lguI"I' I.ilbnuier anJ ~kc)C1g

medium ( i965) has been used llH .·liriplex UII1C.\Cl'11.\ I\\'oehok anJ Slui,. 1'iSi lb I.

Prelin1inary efforts to initiate tissul.: cultures from shoots of If. persicul1? \\.:rc un:,u~c~~:,(ul.

Efforts. therefore. were tocused on micropropagation from seedlings germil13teJ :n urn. "ilh

the intention of later implementing methods and media de\e1oped ll)r seeJling, ,1n explant, ,,(

adult shrubs.

\ I ethods and Results

Experiments were conducted to establish cultures of H uplnllulII anJ t" i:1\ ,;,;tigate the etf",I'

of media. phytohormones. and incubation conditions on \arious explant s,luree, !,,\, basal

media were tested. \lurashige and Skoog macro- and micronutrients 1\ IS. \ lura,hige anJ

Skoog. 1962) at full- and half-strength. supplemented with I mg I thi"mine. I tng 1

p:ridoxyine. Img I Ca-pantothenate. Img I nicotinic acid. IJ.iJlmg I biotin. 2mg: ghc:ine' ,m,l

IOOmg I myo-inositol l\lS-\itamins) and BRP medium [which include, I llmg i ,hi'1l11[:1e

Hel. Img I pyrridoxyine HCI. Img I nicotinic acid . .Jmg I gl:cine anJ 11111mg I -11:I)-[n"s[",1
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IBurnout~Radosc\ich and Paupardin. Il)X~ J I. ,\11 mcdia containcd .;'" ,ucr,',c Jth! \\ cre

::;clled \\"jth .2.-.tgl phyragd l Sigma), C: h)kinins and auxins wer...' ~h.kl('i..j 111 ..11\ ilill~lil~ ,lthi [:1

combination in the \"ariolls ('xpcriln~nts. ThL' pH ll( the lllL'diUI11 \\ ~l~ .ILi.iu~k'l..i :\.' -:-.~ :'...'!l'r,-'

autoda\ ing except in trials to dderrnine pH effects. Ten ml .diqu,':, ,'I' mdi:lm \\ ere

dispensed into 2~x100 mm borosilicate test tubes \\'ith plastic caputs Jnd Jut,'eLl\d.n 121 l'

tor 18 min. Cultures were incubated under a 16 hI' photoperiod I :'1I~nwl m': ,. c""j '.,hile

!luorcscent light) at ~-+ ± ~:: C. except in trials to Jetcrminc d'fcets (,f ilillmin~nl\'n,

r':\:plants \\-ere deri\"ed from seedlings germinated in l'i'ro. fl"llll1 .~--+ l1h):l1h l'lj,..1 ~rL';:nth)U~'-'­

gn1\\n seedlings Icollected in the months of \1.1, and ,Iunel and ti'om .1 l\\,'-\e.lr-,,1-1 ,11mb

growing in the tleldlcolleeted in \larch-\laYI, The explants were arpr,'\imatel, lem in

length. eomposed of the cotyledonar, node and adjacent stem tissue or J\iIlar\ ,h""t sceti,'ns

\\'ith one or t\\'O nodes.

The seedlings \\ere produced trom seed of H uplnHlI1Il from the !\.JrJkui tid,i. l'ril'r tl'

,iisinfcstation. the short \\ ings of the seed coat were remowd, Seelb \\de agitated t~'r 5mi:\

in tap \\'ater containing a few drops of liquid detergent. rinsed t~'r 2min in running up \\Jter.

again stirred for 5n1in in distilled water containing Tween 20 and rins~J tl\l:' times in ~tl?ril\?

distilled water. Seeds were disinfested \\ith I.~goo "aOCI 130° 0 eommereial bleaeh I t~'r 11'.

~() or 25 min or in 0,05°'0 (w vi HgCI: tor I. 1.5. or 2 min. and then \\ashed \\ith sterile

distilled water six titnes in aseptic conditions. After sterilization. seeJs were int.)cul3tcL1 \)nh)

hormone-free full-strength \IS medium,

Stem sections trom greenhouse-grown seedlings and from a shrub gn1\\ing in the tieid \\ ere

agitated tor 1I) min in tap \\ater containing a few drops of liquid detergent. The: \\ere the"

rinsed in running tap water. stirred in sterile distilled WJter e'Hllaining 11,1'0 beniate t~'r l'

min ,md rinsed six times in sterile distilled water. The material \\as then jisinfested \\ith

1.5 go 0 "aOCI tor 15. 20 and 30 min or \\ith IUJ5° ° (\\ \ I HgCl: for ~. -l and 5min. ,'I' 11,1 <',

llgCI: tor 3.5. -l and 5 min. and then washed \\ith sterile distilled \\ater si\ til116 In J,eplJe

conditions.



Ohsen·~ltions \\ere made weekh and each experiment was terminated after ~II d,,, s Datet

\\-ere recorded of cxp!ants producing 511(10t5. l1uI11ber ,Jt' :-,Ihhl!:' per e\plant. ~hiJ\.'! len:;rh.

!1uI11bcr of shoots rooteo and root length. The results are "":\rrL':,:,cd ~b 11l(,~1Il =:'t~lIh.br~! ('rfl.'!".

\kan \alues \\Cl"e calculated trom ten replicates per treatmen!. "tatistie' Were eelkuLnd

using Statistix Version 2.0. The data were analyZed using analy sis of \ "riance I.\'\()\·.\ I. In

each column means followed by the same superscripts arc not signitlcanth ,iit'ferent. \kans

were compared by LSD at the 5° 0 rejection le\el.

Disinfestation

-'-l!t'd dish?feslotio!1 ~o contamination appeared in the cultur('~ when :'L'cJ:, \\('r..: treated with

1.58°0 '\aOCI for 25 min or \\ith 0.05°0 HgCI:Il)r 1.5 and 2 min. 21)"., e,'ntamitUti,)n \\eb

obsen'ed when seeds \\ere treated with 1.58°0 '\aOCI for 10 min and 5"" c,)ntamiruti,)n was

obsen'ed when seeds were treated with 1.58° ° '\aOCI Il)[ 20 min e)[ \\ ith 1I.1I5°.} HgCI: tl'r

min ITable -+).

Q6°" of the seeds inoculated onto hormone-free \IS medium genninated within -2 h,'urs. The

seedlings \vere of nannal appearance. indicating that none nf the Jisinfeslatil'lb treatrnent:,

caused damage to the embryo. Treatment with 1.58°0 '\aOCI for 25 min ,'r with 11.0':- ,) HgCl:

for 1.5-2 min are considered generally appropriate for seed of Halo.nloll. ltUsmlh:h as IlgCI:

is highly toxic. the use of'\aOCI is recommended whene\er possible.

-uxil/WT sho(){ disilliesfufioll: Explants Irom the greenhouse and tield remained gr~en when

treated with 1.58% '\aOCI for 15 or 20 min. with 0.0'°0 HgCI: Il)r ~-5 min ,'r with 11 \'),

HgCI: for 3.5--+ min. but browned when treated with 1.58° ° '\aOCI Il1f ~(I min ,'r with I!. i'),

I-lgCI: for 5 min. 80-100°0 of the ~xplants from th~ greenh,)use and l:eld bec.Ul1e

contaminated within one week of being plac~d in culture when an\ ,)1 these disinfestat;,'n

protocols was applied (Table 51.

'\either of the compounds. at the concentrations and duratil'ns ,)1' exp,)sure tested. was

ctfecti\'e in disinfestation of axillary shoots trom plants grow ing ;n a greenh')lb~ ,'r th~ t:eIJ.

The research was continued. therefore. with explants Icot\ledona[\ nOcles and axilla" sh",)!>1



from seedlings germinated in \'in'o, Clones were prClJuceJ ([I)m these in cariic-f :,t3~CS ('f th~

\\ork. \lultiplic3tioll \vas rhr0ugh micro-shoot proliferation. Cultur('~ (c.l:,cLi It' rr()Liu(:('

dongating shoots as time passed, 3nd, instead produced shc,rt multirk :,lh\(\t:'. ~11l"lrt :,th't)!-:

ditTerentiated from callus cultures deri\ed from the ahene.

Shoot and bud induction on cot)'ledonary nodes and axillary shoots

Explants. approximately 1.0 cm in length. composc:d of cotyledona" n",les .1I1,j ad.iacent stem

tissue and l-.c node axillary shoot sections ti-om ·Hl-da\-e)ld /11 "ilm seedlings \\ ere useJ in eili

elf the following trials. unless stated otherwise. These were cultured "n full- "r half-:'trength

\ IS medium or on BRP medium supplemented with 0. O.~. I.o. .c.~. ~ II ,'r III mg I B.-\ ..lk'nc:

,lr in the presence of 0.1 mg I 1."..'1..

The analysis of \ariance of experimental data showed signiticant effects "f gre'\\1h regulate)rs

on \arious stages of shoot proliferation.

-Si700{ induction Oil cotyledonary !1odt!s: There was no shoot initiati(,n frl.-I n1 (otykJ('IllJr:

nodes in full-strength \1S medium lacking 1.-\.\ and B.". and in half-strength \IS c,)ntaining

0.1 mg I IAA hut lacking B.".. Shoot de\elopment did begin from Cl't\led,)na" n,'JeS in elll

other treatments in the three basal media ITables 6. 7. 8 and Fig. -1a I. ari:'ing ahc'\ e the

cotyledons at the cotyledona" node. Shoots that de\eloped on full-strength \IS - \itamins

\vith any of the phytohorn10ne regin1es appeared to be greener and heJlthier in appearance

than any which deYeloped on halt~strength \IS and BRP media.

The greatest number of shoots from cotyledona,,' nodes occurred "n full-strength \IS - 2.'

mg I BA. - - O.lmg I IA.\ 1-1.0 1: 0.33 [SE] and -1.6 ± 1J.~6ISEI re,pecti\el\ IFig -1 and Tahle

61. Fewer were initiated on halt~strength \IS: the greatest numher I ~.3 =1).21> [SEJ I. as ah,"e.

in the presence of 2.~mg I B.". without 1.-\.-\ ITable 71. On BRP medium an a\ erage ofiust i.1

shoots was generated. the greatest number occurring in hormone-free media I Table 81. She)"t

and bud length were greatest in half-strength \IS media 1Table ~ I. In all ph\ IOhornwne­

containing \1S media. a hard compact callus de\'eloped at the base e)f the c:xplant. Cai:Lb



de\dopment was greatest in \IS with 5.1l and IIl.llmg I 13.\. and W,I> ,i~nili(anth ~re,ltcr :n

mcdia containing L-\.--\. Callus dcyclopmcl1t was Jist3nl from th~ rl'int \.)( ~h1X\t lIh.luLli\\I1.

-.','!lOO! ;nc!llcfio}1 on axil/wT _'!zOO!S: Th~ greatest l1ulllbcr l1( :-;Ih)l)t~ :;C'n-:r~l[.:...i (:-I.'m ~L,dl.!r:

shoots was on full-suength \IS supplemented with 1.1l mg I B.\ \\ ith ,'r \\ itlh'UI I i I m;; i I. \.\

1:::.:::- -0.-+ I [SE] and :::.0 - - 0.36 respecti\e!\. Fig. -+b and Tabk 91. In iuif-,tren~th \1:'. lhe

greakst l1uI11ber of shoots was again in the presence \'1' 1 mg I B.-\ \\itht'lH 1.-\.-\ (1 -- -1).21

[SF I. but there was no shoot production on hormone-free media I Table 1111. In ;;eneral. I<:\\er

shoots \\ere produced from a:-;illar\ shoots on BRP medium than ,)jJ either full- ,'r IUll'­

stren~th \IS (Tables 9. 10 and Ill. In all phytohormone-Cl111Iainin;; \IS media..1 lurd

compact callus de\'e!oped at the base of the e:-;pbnt. Callus de\e[,)pment \\as ~reatest in \IS

\\ith 5 and 10mg I SA. and was signilieantly greater in media c,'nuinin~ 1.\.\ C'lilu,

de\'e!opment was distant Irom the point of shoot induction.

-S!Ioot and hlldjiJ/"mGtion on .\fS medium - B.·j - - f.LI. Shoot indueti"n \\as t~'und. ar.,\ e.

to be most etIicient on cotyledonar) nodes cultured on full-strengtb \IS medium \\ith :::.'m~ [

13.-\ and on a:-;illary shoots on I.llmg I S ..\ \\ith or without ll.lmg 11.-\.\. C"t\[d,'na!", lh'dcs

and a:-;illa!",' shoots were. therefore. cultured on full-strength \IS medium supplemented \\ilh

:::.5mgl SA for cotyledonary nodes and 1mg I SA for a:-;illar\ shoo IS aklne 'lr in lhe I'resence

of 0.00 I. 0.01 or 0.1 mg IIAA

Little effect of low I.-\A concentrations 10.00 I. 0.0 I and 0.1 mg II \\ as t~,und ,'n shoc't ,md bud

("rmalion in the presence of SA I:::.5mg It. although callus de\elopment ,)jJ r.'th (,1t\ [ed"na!",

nodes and a:-;illary shoots \\as greater in media containing 1.-\ ..\ ITables I::: Jnd 13 i. rhc

results. comparable to those in the preyious e:-;periment. Jen1l1nSlrate thaI e:-;,'gen,'ll> 1.'\.\ \\ ""

not necessar) lor shoot induction (rOI11 cotyledona!",' nodes and a:-;illa!", ShC1l1b.

-."'!100( and hull inducrion on u(/\'UUilious shool.\ gf!!1t!ru!L'a' 1'1 n",ro: In C'tt~1rts tl) inJucc

further l11ultiplication. shoots produced ill "ifro from cotyleJona!"' n"de, ,'n full-,trength \IS

- :::.5mgl SA and ti'om seedling-deri\ed a:-;illary shoots on full-strength \IS \\ith Img I S.\.

were subcultured on full- or hall~slrength \IS and BRP media containin~ II. II.' ,'r :::.'mg I



8.-\ .. \t tht: end l)f four \\~t:ks l)f cultun:. tht: gn:att:st numbt:r \)f ~hl'l)l~ \\~i:' r'fl'JU~-:J r'rl'!l1

hoth tyP~S of-=:-;plant on half-str~ngth \IS c'Hllaining ().'l11g I 13.\ IFig 'l' .u"i F:g I'l'\. l!!!

=0.':;7 shl10ts dc\"eloped per culture Jcri\-:d ti·om cotykJl)nary :,Ih)()h \\ ith .hjL~:til'tUj lcl1Srh

of 0.61 ± 0.01 ~111 per ~:-;planl. while 5.6 ::: IJ.IJ-l shoots d-=\d,'pc,1 r~r .l\illar\ ,he','t c:-;rt.l!\l.

attaining additional I~ngth "f O.-l6 ::: O.O-l CI11 per ~:-;planl. Sh,'ol> l11ulti!'lic,! L1nd.?r the,c

conditions ti'om cotyledonary nodes de\-dOped in a compact r(I~C'nC' 1(,rm II· I::;. ~,,-':_ ! Ii:;h~f

,:t'l1ccntratic'ns ,)f B.-\ reduced the l11ultirlicati,m rate.

rhen: \\-as no t11ultiplic~tion or elongation from cotyledonary nl'llc cxplJl1b \'11 hl)n1h'nc-(t·..:..:

full- or halt~str-=ngth \!S (Fig. 5a and bl. Relmiyel) few shoots ,le\ el"red fr,'111 ,l\ilb" ,Ill"'[

-=:-;plants on hormon-=-fr-=-= half-strength \!5 12.0 ± 0.25 [SF1. Fig. 6hl and [h~r.? \\,1' ell'

l11ultiplication or elongation on hormone-fr-=-= full-str~ngth \!S I Fig. ha I.

In 13RP l11-=dia with or without hormones. relatiwly k\\ shoots l11ultirli~d ,'n c:th.?r .?:-;rl,ll1t

type (Fig. 5c and Fig. 6~1.

-dlcelS oFEA ~ - IA.~: The greatest numbers of shoots w~re induced ahl"e ,'n C<lI) kd<'Jun

nodes in full-str-=ngth \15 l11-=dium- 2.5111g I I3A and on a:-;illar\ shOl)ts in full-,trength \IS

l11~diul11 - Il11g I BA. \\ ith lH without O.lmg I 1.-\...... Her~. th~ effecl> "f 1..\ ..... - B..\ .'n

suhcultured shoots were im·estigated. Shoots produc~d from cot\kdlma" n"Je, ,mJ fr,'m

a:\illary shoots \\-ere transferred onto full-strength \lS containing U. nJIII I. !).!-f 1 ~lnJ If.l m~ !

I..... A in combination with I or 2.5mg I BA. :\0 multiplication or dongatil)n \\,1, ,'b<er\eJ ,'r:

shoots of either origin. and shuots became yellow ::::0 days attcr iIlt)culatiun.

-pH !!Iieers: H. apln1/1I111 has been reponed 10 grow h~lter in soils with a pH range "f h.u-S.l

1Rodin. 1977). In order In d~t~rmine wh~ther ill "ifro de\ eloprnem Jl1i~ht be impn" ed ell

elc\ ateJ pH. cotyledonary node and a:-;illar: shoot ~:-;rlanl> l,f 1/ ,,/';n i'lIl/1 \\ere cultur~J ,'tl

liquid full-strength \15 medium - I.lhng I B.-\. with the pH adiust~d tl' 5.s. -. S In <) hd~)r~

autl)da\·ing. :\Iso. shoots. produced from cotyledonary 11l1JC~ and Jxil!ar: ~h\..:h_'tS. \\cr-:

subcultured on half- strength \IS liquid medium containing O.5mg I 13 ..... th~ pI! "f \\hich \\as

adjusted 10 5.8. 7. 8 or 9 before autoc!a\·ing. In hoth instances. neither multiplication I1l'r
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dongJtion was ODSeryeJ at any pH tested and ~lllh)h hcc3mc \dllH\ "'It_~!' ....L1:~ .1It ...'r

inoculation.

Shoot Elongation

In efforts to promot~ shoot dongatillI1. sholl{S. prodth..'cd li'(l!11 I..'lltylcdl)!Ur: n\)jc~ JnJ axiiLlry

shoois \\ere cultur~d tllr an additiol13l tl)ur \\eeKs on IlDrm,)I1L,-fr,'e BRI'. fuli-,tren,,:h \1-; ,'r

half-strcngth \IS - - O.5mg I 8.-\. Ilalf-strcngth \IS \\ith II.'ms I B\ i1.ld !'r,lI11,'ted th~

greatest shoot elongaticl n in thc multiplication stage i Fig. :'b &: hb I.

Elongation \\"as greatest on horn10ne-frec BRP medium II.ul) =1).():;1..'1ll fllr ~ill)l)h t"fl)m

cot> ledonary nodes and 1.02 ± 0.05cm for axillary shoots I. "hile thc r:lll> "f 11111ltiplicati,'n

"-ere \-~ry low. \:0 multiplication or elongation occurrl.'d in hormlln~-rl'':c full- t"r h~llf­

,;tr~ngth \IS. Further elongation was not obsened on h:llf-m·cngth \IS "ith ".5m" 18\.

:llthough greatest shoot multiplication 17.2 ± O.-l-l[SE] with ,Ill'l)ts fwm cl'tl Id,'IUr> n,',:~s

and 7.0 ± O.-l9 with axillary shoots) occurr~d on this medium I Fig. -I.

-dlccl\ iii GA,: Gibberellic acid has been reported to inducc shoot e!,'ngati"n in nun>

'p~cles 1WochoK and Sillis. 1980. \980b). .\ range of (;.\, c,'nc~ntLlti,'ns "as t,:sted :n

df,)rts to induce shoot elongation in cultur~s of H. ul'ln1/lim. Slwllt clusters .rnd ;ndil idu,1i

,hol)ts produced from cotyledonary nodes and axillar> shoots. multiplied ,111 half-strength \1-;

- O.5mg I BA and from hormone-free half-strength \lS. were I..'ulturcd on BRP with d. t'l,I)(ll.

0.01 or O.lmgl GA, for four weeKS and on BRP with 0.01 mg I G.-\. I"r ,1n<:. t\ll' ,n ,hr,',:

\\<:cKs. ,\t the end of the respective tr;al period. shoots were transferred to hl'rn1<'!1c-:'r<:e BRP

m~dium for an additional period. Shoots did not elongate on anI ,)f the treatment> and bcca'11':

\e1hm 30 days after inoculation.

-c'llce/.1 iii J.~A. Since e1ongati'1ll had been obsen~d in [()l,ting trials. \\hen axili.lr> sh,l,'[5 ,,:.

in ,·ilro seedlings \\ere cultured on BRP medium containing 1.-\ ..\. sbe,,'t, l'r"duced (r,'m

cotyledonary nodes and axillary shoots were cultured on 8RI' mcdium containing II. 11.5. t.

2.5.5. 10 or 20mg 11.-\.\. );0 multiplication or elongation "as oh5ene,l and . .15 abc" e. 5h",'t'

bccame yellow 30 days after inoculation.
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Shuot elongation is Ill)t always a n~ce:-;sar: :-;tag~ uf ~l micfllrrllragatillJ1 r'!"l)h)L'l)1. hut :'lIh':~

~h(h)ts ('If H. uphylluJ11 generated in ,'irro t~J1J to he shnrt. inJuetil'n l)f L..'\tc::~il'l~ \\.1:' trh)u~ht

~lL~irabk, '\l)ne l)fthc efforts w rromote ell)l1g~ltil)11 succeeded.

Rooting

.-\xillary shoots from 5-6 em long i11 \'i{ro-rais~J se~dlings. 1-2 em k)l1:; \\ ith 1-2 11l)JC~. \\er-:

Llsed for rooting. exc~pt whc:re stated l)therwisc. Rooting c'\perin1cnrs \\C;C .:~~rricJ ,,)ut in

light and in darknc:ss (co\·crcd \\ith aluminum foillon media eonrainin:; \.'l)l11bin.1ti~'rb ~)f .::.-+­

o and 8.-\.

-!w!t-Irrel1grh .\IS medium - :c. -J-D - B.·I" .-\xillary shoots were lirs! culrurd ,)n hair'-"tren~!h

\IS containing 0 or 2.0mg 12'-+-0 - Img 1 B."'. and 5mg 12.-1-D - 2.5mg I B.-\ :,'r -.1-1.21

and 28 days. At the end of the culture period they were transr'erred 10 h,)m1<'l1e-lree haif­

strength \IS medium. Shoots started yellowing alier 20 days in 11l)rmone-c,1 ntaining mdia in

all of the conditions tested. '\0 root formatilln was obsened. Callus Je\e!c1 pmelH was greater

in media containing 5mg I 2'-+-0 - 2.5 mg I B..\ in the light fllr 28 jJ:~ thJn in the LLIrk.

\ Illre cal Ius was pmdueed when shllots were transferred to hormllne- r'ree ll1cJi urn ,lt1J ,h,',,[,

turneJ yellow after 15 days in hormone-free medium in all treatments tested.

-BRI' medium - :C.-I-D: Axillary shoots were also cultured on BRI' Cl'ntJinin~ Ii. n.'. 1.2.'. '

or 10 mg 12.-1-0 for 10 or 15 days. 50% ofth~ shoots remain~J green anJ prl)Ju~eJ \e"

small amounts of callus at the base. They were then transferred to hormone-free BRI' ...\t"ter

30 days the shoots kept in the dark turned yellow. while the shoots k~rt in li;h! pr,)Juc~J

morc callus. 30°.0 rooting. was obscrn~d in hormone-free medium fl)lk1\\ing inJuctll)n in

10mg I 2.-1-0 for 15 days and 100
0 rooting in 5mg I 2.-1-0 I()r l' Ja\s in li;h1 .\n .1\ erCl~e 1'1

t\\O roots per shoot were produceJ. Roots reached a lenl;th I)II).'cm. "ere \ e" brittle "nJ

broke off easily.

-!w!t-srrel1grh .\IS or BRI' lIIediu - 1.~.,J. .\.·U or lB.-I: ..\xilia" ,h",,1S pr,)du~ed r"rc'nl iI1 \·w,,­

raised seedlings and shoots produced hom the cot\ ledonar\ 11I',ieS anJ ClxilLtr\ ,1;",11' \\ere

28



cultured "n half-strength \IS and BRI' -11.u.5. I. 2.5.5.11/. i' ,lr 21img 11.\\. '\\\ ,lr IB.\

Shouts kept in darkness turned ydlow and died after I~ llJ: ~ \\ ithi.1Ul ~\\cllil1:; l'f fi.)i.1ttn::.

Rooting occurred only on BRP medium. During 7. 1U. 15 \)r 2u lfa: ~ prcirh:ubatii.\11 in ~l 1(1 hr

light 8 hr darkness regime in BRP medium containing 1J.5-20mg I 1.-\ ..\. '\\dling regan ,n the

ha~c:) uf shoots. Shoot tips in BRP medium containing 1:\.\ fl1f I~ ..lnJ =Il ~J: ~ 1"'(':;.ln 11.' turn

:('11 ..)\\" after 15 days in hormone-free BRP mcdiun1. Shoot ah~ci~5il'tl \\.1:' i.'i"':'('t·\~j in hI:;!:

conccntrations t 15 3nd 20mg I) of 1:\:-\. Rooting generally ()ccurreJ \'!1 Ih1rnh1lh:-r'rcc BRP

medium. \\ithin 15 da\ s alter culturing. Onl\' at the lowest 1.\ ..\ c"IKentLlli,ln h:>[eJ 1I15mg 1

1,.1. ..\ I did rooting occur without subtransfer. ..\ maximum 01 '0° 0 ro,'ting \\a, "bsen eJ in

hormone-tree medium 10liLming induction in 5 or 10mg 11 ..\ ..\ tl\[ III da\5 ,lr in II.' emd 5mg I

1.-\.-',. tt)r 15 days (Table 1-1). -10% rooting was obser\'ed in hormone-tree medium tl'lI,'\\ing

induction in 2.5mg I 1.-\..\ lor 10 days. 30° 0 rooting was obsened in l1l'rn1l\ne-free meJium

('"lIo\\ing induction in 20mg I IA."" for 7 da\s or in 1. 2.5 or Iflmg I 1.-\.\ tllr I' ,ia\" \ Tabk

PI. In general 2-3 roots tl)flnc:d per shoot. They were wr\ brittle and bwke e't't'e",i1: I F!~.

-1c: I. :\0 rooting or callus formation was c,bs~nc:d in half-strength \1<; .m,: BRP mc:di.l

conwining :\AA or IBA or halt~strength \15 containing 1..\.\. Shoot tip, kept ire helil-strength

\15 and BRP medium containing :\."".-\ or IBA or halt~strength \15 wntaining L\.\ te'r 15 ,lr

20 days bc:gan to turn yellow after 15 days. Shoots kc:pt tl'r -; c1r : Ii J:J\ s in h,'rnwnc:­

containing media hegan to turn yello\\ 15 days after transfer to hornwne-!'rc:e h"lt~strength

\15 or BRP medium.

'lihell/Iured ShoolS from cOlyledonar.\" nodes und axillar.\ ,hof}f;,: \\~rc "':-UltUfcJ 1)11 luit'­

strenl!th \15 and BRP media containinl! O. 0.5. I. 2.5. 5. ](\. I' elf 21Jml! I 1..\.-\. '\.-\.\ ,)r IB.\- - -
for 7. 10. 15 or 20 days. and then \\'ere transkrred to the rc:specti\ e l1l\rI1h)ne-tree mediulll.

Shoots kept in darkness turned yellow and died after I' da" \\ithout "'dling e'r r""ting.

Rooting occurred only on BRP medium. Shoots kept in Iwrn1l\nc:-cuntaining media hegan t"

turn yellow 7 days after transfer to hormone-free hall-strc:ngth \IS ,lr BRP medium..-\

ma,imull1 of 30°'0 rooting was obscrYcd l)!1 suhcultured :,hl){)t~ In the rrC.>:L'n..:-C l)( BRP - ~
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mg I L--\..-\ aft~r IS days. The rOl)(~ wer~ \-~r;.- SOl;]11 (0.: \..'1111 and ~lbfk'rm.lI i I'::; -.+t'l. ,\,) f,),'t

t'lH"mation was observed on media containing :\.\.\ or IB.\.

-fJRP IJ1cdiulJ1l'ollfuining I.LJ - .YuU: Due t,) the haloph,tic nature lltt!~> 'Pecic'. :\elL'! \\.\'

te:-it~d in root-induction medium. A.xillary ~hlll'ts \\-ere cultureJ l'l1 BRP ":"T1t.unin:; ~ m:; !

I.\A ~ 1°" \'aCl tllr 7.10. I:' 01'.::'0 da\s and thentranstl:rn:d 1,) BRI' h,'fllh'f1e-'rcc mC-1!lll:l

[~RP - ~ mgl I,--\.:\ \\ithout '\aCI \\a~ lIsed a:-; a control. S\\-clling \\a~ ,'[",-enel..l i:: :,11",','ts h,,::"lt

in light as \\ell as in darkness alkr \0 da\s in \.-\ ..\-containing medium..\ :l1~,:mll!~~ "f ,:,1"

rooting was obsened in hormone-tree BRI' medium following induction in' mg l \.\.\-:\.ll·l

for 7 days . .::'0°'0 for 10 da\s and 10°0 for 15 and .::'0 days. In general .::'-.~ 1"','1> t~'rmd !'er

shoot. The roots \\'cre \'ery small (0,3 em) and wc:ak. \:0 r'hHin); \\as (,bsef\cJ in the Sh()l)b

kept in dark. Shoot tips began to turn yello\\ atier 15 da\s in 11l1I1110ne-tree medium.

lB ..\ and \'A.-\ did not indUCe moting. \\hile a low concentratilln of 1..\ ..\ l(I.5mg I, inducd

10°1) rooting. 50°0 rooting was obser\'cd in hormone-free medium t~)lll)\\ing a ;ll_j~l:

induction period in 5 or 10mg lIA..\ ora 15-da, induction period in II.' and 5mg l\.\.-\ ~ll',.

rooting was obsened in hormone-free mediul11 following inductilln in ji1mg I .::'.-\-D t~'r '5

da\s or \0% in 'mgl.::'..l-D for 15 days in light. The cllmbination'lf a peri,)d ,'r' inJuctil'f1 "f

rooting in the presence of an auxin. followed b\ root de\d'lpl11ent in :lll'in-free medium h.l'

b~en applied to other species. For example. rooting was induced \\ hen ,h,),'t, ,,;, E:"'.".' .."!!i'

r;runL!i,\ :\ E, urophy//u were culti\ated on medium c{)nt3inil1~ 113:\ fl.)r ~-1 ~ ...L1:~ ~lnj then

transferred to the same hormone-free medium (Barruew-Cid et .11 .. I Y'I'i i. \\hik

('heno!'odillln quino" rooted at low frequency on media supplemented \\ ith 1.-\.-\. :\ .\.\ ,'r

IB.-\. the percentage of root formation was high in medium \\ithout gr,)\\th re,:ulawr>

IBurnouf-Radose\'ich and Paupardin. 1985),

C'lones generated in n'trn sho\\\:d a wide rangc l)f characteristics. Rates \)1' ~lll)nt rrl)iit~r:ltil.)[l.

callus deyelopment and regeneration. for example. appt:ar h' hZl\e a );el1eti( ba:,i:,. \ ar; in~

an10ng clones and theretore may be selected tl)r, This might ie;,tJ tl) a h)l,j r~'r ~decti,)n "t'

characteristics which might lind expression ill \'im as well.



somatic embr~'ogenesis

Sumatic ~Inbryog~ncsis is ;l pathway l)f Jitfcrentiation that r~::;ulb ;n :hi..' :·\'rr~1.lti~ln \'t'

nq;anized ernbryo-like :-;trudun:s. l"ndc[ appropri:uc culture cl'th.liti\\:l~. !h:~(' \'r;~iI1i/;.'j

'trLl~lUrL':) pass through gld1 ular. he:.lrt-. ;}nL! tnrpedn-sharc'J ~ta~L':'. \\ ith :11\)r;'!h)k\~: :'lIn:Lll"

to that uf their zygotic counterparts (\Iichkr and Lineberger. jl)X-l. 1..1.:\ -::1'r'1I1; Ir:h' \1, 111.'ii..'

plant~. Species of many genera will undergo the stages l)f cmbr: i.)gC!1l':,I:, U;'1 :\' th(' (,,-'fpC..:!'"

stage. but no! all ha\'e been induced to de\dop further intl) pLu11k!:' I ~uft~ld .md \\',men.

19911,

Somatic enlbryogenesis can be induced from callus. cdl suspensions anJ rrll!l'pLbb \'l"

lliI'cctly ti'on1 cells of organized structures such as a stem or zygtltic eIllbr: (1, E:-.:pbnteJ ti~~u;.?~

are thought to eontain eells that ha\e the capacity for embry ogenic deY ei"['ll1ent: i're­

ell1bnogenic determined cdls (PEDCs) and cells \\hich require re-,ktefll1inati,'n thwugh a

period in culture. induced embryogenic determined cells i1EDCs} 1\lerkle et ,11 .. 1991h,

Somatic cells that are themsel\'es embryonic. or not far remmed Irom the emb[\'\lnie state. are

generally more easily induced to undergo somatie embryogenesis than differentiateJ

\egetari\e cells, Komamine and his associates \\ere able III establish a high frc'lUenC\ cmJ

~ynchronous somatic embryogenic system in carrot by sckcting small. fllunJ and l.2yk'rLlSm­

rich cells. and treating with auxin. zeatin. mannitol and high 0- 1,\,'muLl .llhl K,'mamine.

19851

Factors such as light regime. concentration of components of the medium, plant grl)\\ th

regulators and pH allo\\ competent cells to demonstrate their imrinsic capacit\ t('r ,'rpnized

dey elopment: toward somatic embryogenesis, (Har[\' and Thorpe. I9Q.j I, \uxin. [huall\ a

high concentration of 2'-+-D. induces somatic emhryogenesis h: cffectil1b r3rid ~ell Ji\-isill l1.

Its removal pern1its globular-stage somatic embryos to continue to JcYell'r. rhl' latter 5ta:;e:,

of embryogenesis 3rc usually hormone-autonomous (i.e. rrl)duce ~ufficient hl.-""rn1l""nc:,

endogenously I (Sung et al.. 1'179. StatTord and \\'arren. 1991 I.
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The present stud, describes the eftects "I' culture media. gnm th regulat"" and e!1\ iH'nmcnu!

conditill!1S nn induction and difkrcntiatilHll)f(:mhrYl)g~niL callLl~ ,,'If If ~;:l'?\"f{lr:.

\lethods and Results

E:\perimcnts \\ere carried out with seeds of H 1/1,11.1'111111I haneslc'd in lurKl11emst:Jn in Iqq­

and I'19S and stored at -I 'C in the dark. The seds were prepared and ,iisinr"c'ld ;n '\"nCI. .lS

described preyiously. The embryos were then c'trackJ ;]nJ genninateJ \..)n t11.: :,urr'J(i.' t)f.1

!11cdiuI11 containing \lS salts l\lurashige & SkOllg. 196~) \\ith _~",) ~lh.·I\':'(' ~lnj li.':..1')

Ph; tl1gcl 1"\1 (Signl<.l Chemical Cl).) in borosilicate (25 x 1nU mllll test tuhes: 1..'1);: ~mbr: 1..' ref

test tube. The pH of the medium \\as adjusted to 5.S - ','1 prior to aUlOcLl\ ing .n 12! T t','r

20 minutes, Growth regulat"rs. \\hen used. were added bet;'re pH :ldi ustll1ent, I' nk>s

otherwise indicated. the culture conditions were 2-1 ::: 2'C under a ](, S l1l'ur light darK

photoperiod \\'ith cool white tluorescent lights 150 flmol m': " I. Germimti,'n and gr,'\\ th

,'ccurred on this medium for three weeks. during which hypoc,'t\ Is "I' in \',r"o-gc:-nllrJatcd

,eedlings attained lengths of 20--IOmm, Details of each experiment ,ue presented \\ ith results

\lorphological obseryations l)f all expt:rilllents were made weekl: ~1lhi ..L1L1 \,n ( ..dIu:,

induction. proliferation and difkrentiation were recorded. The trial on effec[> ,,1' c,'m~ituti,'rb

of au:\ins and cytokinins on callus induction and proliferation \\as designed ,15 ;l r"acwriai

arranged in completely randomized blocks and the data were analyzed b\ anal\ sis ,'I' \ ,1riance,

Specific mean comparisons among treatments were analyzed using the LSD test.

Cal/us induction and proliferation

-from ~1'{!(){ic embr1'o,\" Z\!'!otic enlQrn.1S were excised and inlH.:ulated I)ntl) 1!)ml IJr' \ IS r~l:<ll
" ,-" " . ~ .

medium supplemented \\ith I. 2. -I. 8 or 16mg 12.-1-0 in combinatil'l1 \\ith u.5. 1. 2. -I,'r

Smgl SA. respectively ..-\ gro\\1h regulator-free treatment \\as established JS a (('ntrol. [;lch

excised embryo was considered to he a replicate: ten replic~tes \\ere C'~t3bli:,heJ rer tre;Jtment.

Cultures were maintained tor -I weeks ;It standard en\'ironl11enta! c,'nditi"11s,



C~dlLls dc\clopcd in all rcpliLat~s l)fth~ t\\l) tr(';jtm~ntS \\ith the jln\e~t ":,\I~..:~:1tr~lti,)n:, \)( '=.-t­

D ~lI1J B:-\.: l11on: in the treatment with the higher cor1l'cntratidlb. ThL' \..'~ijli \\cr;: !iSht ~rcl'n in

cl1lrH' Qnd appeared <In the ,;urface as transparent. f()und cell, \\ hen "'."n;J:d un,ier :he

I..li:,:,ccting microscope. \\·ith combinations l)f the two phytol1l1rll1l 1lh> at hi:;hc:- ..:,'fl":C1Hratll'!1:-:

less callus was induced and in fcwer llf the rt:plicatcs t Tahle 1:-1 \/.' ..:adll~ :~)rm('l..i in th.:

hOrJnonc-(rec tl\~3tmcnt. 31though some s\\·elling of tissut: IJccurr-:J.

_ti"rJ/ll .\('celling I.!Xp/UnlS lIntll'r lighr und dark l.'(Jndirio/l., Ina:'ll1u..:h ~l:' thl' rr ...·\ :,)U-;

e"periment \\as carried <Jut under a 16 8-hour lightdarJ,; ph,'!t' pai,'d. ',hl' e':'er;:nent \\<.1­

conducted in order to determine the effects of light and darJ,; ,1n callu, ;ndueti,).1. 8-l llnHl1

l<Jng hypocotyl segments and cotyledons were placed on the surface r'f half ,trength '.I~ ,'f'

BRP media containing 300 sucrose and 0.2,+00 phytagel and suppJcmente,j \\ ith 2mg ; 2A·[) ­

Img I B...... in test tubes 125" 100 mmJ. For the light treatment. i1luminJti"!1 .lJ1J ph"lt'peri",1

\\ere as described for germination. For the dark condition treatment. test tuhe, \\(';-i.? ":l)\..:rcI..1

\\ith aluminum foil and J,;ept in the growth room under the same teml'erawre as the light

tre;:ltfnent. Each explant (hypocotyl segn1l.~nt or cotyledon) wa::- cnn:,iJereJ Il) be a r('riic~ltc:

there were fifteen replicates per trealment.

Callus formed in all replicQtes of all treatments. in both basal media and under li~ht .is \\ell .is

darJ,; conditions (Table 161. '.Iore was produced in BRP than in '.IS medium: the greate,t

amount on hypocotyl segments in BRP medium under illumination (Table i (, I. I he surface ,It

the callus \\as obsen'ed under the dissecting microscope to be co\ered \\ ilh r,)und. tr:lI1sparent

cells ...... tter.+ weeJ,;s of culture. calli obtained trom induction treatments \\ ere tr.ll1st'erre,j ,'nt"

the same medium and cultured in the same em ironment for an additional f,1ur \\eeb. \\'hen

transferred to '.IS medium without gro\\1h regulators. this callus shl1\\ed link increcbe ;n

\olume and atter 2 weeJ,;s of culture nearly 50°0 of it had turned bn1\\11. On the ,'ther lund.

callus transferred to 11llrmone·free BRP medium proliferated and ga\ e n-e t,l transparent

spherical cells and to some elongated cells.

-.frolJl seedling exp/u!1{S o\'(!r dift~"t:nr rim/.! inrl'JTal.\· On the nasi:, pf tllC rc:,ul!:, \)( the rril)r

experiments. it was decided to dctcrmine the effects l)f time dI1 inJuctil)11 ,)1' ":~liiu:; (rlim



s~cdlings and the rrolit~ration r~sponsc aftl2r induction. II: pl'Ll't:!:..:. anl..i I.'~l{: icJ~'tb l'!" :';:

";/ro-gernlinated seedlings wcn: excised and placed Oil the surt~lc(, pf BRP n;cl11LI:11 \.:~'nL1inm~

.30 (J sucrose and 0.2-+° 0 phytagd and suppkmentl2d \\ ith 2mg I 2"+-I) _. :111; : B.\. L,h.:h

('.'.:plant (hypocotyl segment or cotyledon) \\.1S considered h) be a rq"'liL~lte: t;::1 j;.:'f'lil..',lh> \\('[\.'

e,;tablished per treatment. Light and dark conditions IIcre c'.aluatcd .1' ,k,cribd in the

r'rC\ilHIS experinlent. Callus development was evaluated arkr:-. lit. l~. =>1 ,mJ:!l J~l\:' ~'f'

induction atter \\'hich the l..'J.lli and ;;untcnJing explant tisslIl.? \\ere trat1st'c-:Tc",: :~, ]:~)n11l't1e-!·r(';.:'

BRP medium for an additional fllur lIeeks. Oe\elllpment \\as e\ aluate,j .ltier t:1e ini:ioli "h.1Se

l,f culture on honnone-containing medium and .1ftcr the SCCl)IH..i grl)\\1h rha:'e ~""n !:~)rt11l)nc-f:\:c

medium.

Callus dc\'('\opment \\-as induced in at least some of the replicates l,f JJI ;1"C~ltmcnts l'( :hl:'

c"rerimenr. In those cultures exposed to the hornl0nal treatmcnt t~)r a ~ih)rt('r rcril'J l'( tIme

15 and 10 days) callus dewloped in only some of the replicates and in ,'nl\ sm31i .itlh'Unts

(treatments I. 2. 6. 7. II. 12. 16 and 17. Table 17L:\0 c311us pwliferati,'n \\Cb ,'bser\eJ \\hen

these calli were subcultured to BRP gf()\\1h-regulator-free medium t~)r -+ \\eeks, T.lblc \-,. [n

treatments cultured on hormone-containing Inedium for longer rt:riod~ I] 5. 2(1 ~lnJ :1) J~l: s:

111l)rC c311us was produced: the greatest 3mount in those tn:.1tments W[1Cf:: th.: c\:['!.::lIlt \\ ,1:'

hypocotyl tissue cultured in the presence of phytohormones for 20 tl1 ~(l Ja~:,. irrC:,pcctl\ C \'(

the light dark regime. In these treatments. callus pwliferation \\as "bsen ed atier subculture I,'

BRP gro\\1h-regulator-tree medium for -+ weeks Iphase II I. but less rebti\ e ''''h'unt "f coll Il!'

\\as produced in comparison to phase I (Table 17L

-EtlUCI.'i o(comhinafio}1s o(_"' ../-D und BA or A-in on h.\poco{yl., The re:,ult~ l .... htJined in thc

t,m11er experiments led LIS to establish this experiment. the purp,'se "f \\ hich \\ as t" Jetermine

the best combination of 2.-+-0 and B..... or I\.in t,)r callus inducti,)!) .mJ pmiit"cutl,'n

Ihpi)Cot\1 segments were placed on the surfacc of BRP medium in I" , "i' nU11 disp"S.lblc

pol\styrene petri dishes 1\liniplast Ein-Shemer. [sraelj. The medium \\Cb su,'plcmenteci \\ith

O. I. 0.5. I. 2 or 5mg I 2.-+- 0 - O. i or Img I B..... or I\.in. ~ to -+ h\ P()C()t~ I segments \\ ere pbcd

in each petri dish. Each explant \\'as considered to be a replicate. (, petri Jishe' \\ere rrepard

per treatment.



Callu~ induction \v~1S l)h~t.;T\'.:d during -+ \\ccks of L'ulturc in .Jil 1f('~ltm('nt~. 1":;c src~lt('~t

J111l)Ul1t l)t'L'allus \vas gcl1crakd in the presence pf Img I 2.--l-D --- II_1m:;· B.-\ itr,-'~ltm,-'n: .',

IClbk 181. Th~ treatm~nts (ontainin~ ':;m~ I ':;.-1-D - 0.1 and !m~ I ll.\ ,:re.:!":'·"·' ~ .le:,: .,.

al:-;l) prnduccd signitic;.-mt al11iJUnts l,f callus..-\t the end p( thl,.' ~-\\L'ck r'l,.'r:~, ...i. ;':~h.::1 ~c: ,.1r' "':,llii

\\'as subcultured to the S<lt11e medium and same culture cl..,nJitil)ns. ~1:' :r1;,,:': tl~lJ ....k\ ...~i\'r\;\.i

under. This pattern ot' callus prolif~ration continued j"lkm in" trcll1s(~r. th" hi~:l.,st in(;''''ts"

(,( callus corresponded to treatm~nt 3. follo\\~d 11\ th~ treatment c('J1\ainin~ !m~ I 2.';-D ­

11.1m" I Kin (tr~atment 131. Treatments -1 and 9. initialh produL'~d a ~r~.H .1nh'LU][ ,'(ce!lllh.

but \\'h~n subcultured to the samc medium and treatments less callus \\,~~ i"'I\,,JUC.:J t T.lrl-.'

1Rl. Round transparent cells \\·ere obser\'ed under the dissecting micrl..'sL~)r(' :n ~lil lrt:~Hmcnb.

Elongated cells were frequently ohseryed in treatmcl1t~. as \\ell ,1:' in treJtmcnts \\ith 2m:; I

':;.-1-D - O. lmg·l BA. ':;m" I ':;.-1-0 - lm~ I B.\. Img I ':;.-1-0 - 11.lm~ 1 Kin. ':;mg : 2.-+-0 ­

i).lmgl Kin and 2mg I ':;.-l- D - 1mg I Kin (treatments -1. 9. 13. 1'; and 19. r,-"pecti\ el: \.

-LlfLets of comhil1u{io!ls "fuuxins LInd c.\·fokil1il1S. This ~xperimcnt \\.1:' j;::-:i~ncj h.' tc-,t [:1':

ct'f~cts of :-ic\·eral other auxin~ (ot11bincd \\-ith cytokinins on callus inJuc:it'Il ~ll1 ....i rrl..lli!·;.:r~lti~'n

~ll1d to compare their effects to thos~ of 2'-+-0. Earlier e'pcrimcllt~ inJicltL'J tiut 1111:; l ~.4-[)

tl..));-:tl1e1' \\-ith 0.\ mg I B.-\ was the optimum combinatil'!l fur LaJlu~ inJuctlL'tl J:h..i

proliferation. Seeds \\"erc sllrt~'1Ce sterilized and gernlinated as in preyil)u:, ;:xperil1lenb. T\\l' tl..'

three 8-10mm long segments were excised franl each seedling and placeJ l'l1 the SUrt~lLC l)t"

BRP medium containing 3°0 sucrOSe and o.~~oo phytagel in JispQsabk Pl.);: "t:fi.?Ik' r',,-'tri

dishes I"vliniplast Ein-Shemer. Israeli. \1edia w~re supplemented with 11.1. 1 <'I' 'mg 1':;.-1-0.

:\ ..\.".1.'\.-\ or IBA alone (lr in combination with 1).1mg I B.\ ,11' Kin.-\ ~rl'''th-r.,,,ulcH,'r-t'r~c­

tr~'ltment was established as a C(lOtml.. The pH ,,1' the media \\ CIS .ldilbtd h' ,q

I·~mperature. illumination and photoperiod \\~r~ as described t,'r prillI' c.,p~rim~nts. rhc

e,plants from each hypocotyl were pl3ced together in one p~tri dish and incubated [~'r t;'ur

\\Ceks. Each explant \\as considered to be a replicate: l\\~h e repli(at~s \\ere .,stablish~d per

treatl11ent. The callus obtained fn.1m each induction treatment \\as trans.ferr~J l)I1\:e \..)nh) thc

same m~dium and cultured in the same en\ironment j,)r an a,lditi,'nal f"ur \\ed,s.



Prill1~HY canus was obs('[\\?J i)11 the ClIt sllrt~1I.:t.:s in all trcatmL'l1b \,r h; r\'(l,t: 1 :,('~nl~nb J.rt,-~r

- da; s of cultur~. In ~.-+-D-(l1ntaining trl.?~ltm('nb. explanb split at mili-k:;:;til ~lt1j (',dlU:-: ,d:-:l'

lk\dupcJ frOtl1 subepidermal tisslIt::-i ('nh) thL' surClCC: l,fth,,: (',~"'Ltnt. rh,-' ,-'~;;)i :h.H ,.1..,\,-'ri.,~"\,-, ...i

\\hen ::'.-+-0 w~s present \\as light green. while \\ith l>ther .""ins ,'-:.\.\. lB.\. cud I.\.\t.

alon,,: or cOll1bined with B.-\ or Kin. calli \\er~ white tn bnn\ni.'h. sl)!11i.?!imc::-. \\iti1 rc:JJi::-:h

SPlltS and were more compact. The calli produced in the presencc "f and transr""'rTeJ h' '.;"\.\.

IB.\ "r IA..\ turned compktd\ I1m\\ n and died foll"wing sul'culture.

I.hc callus that formed on the media containing 2.-+-1) and 13 ..\ \\a.S friabie. ~ter~I'mlcrl)SCI"'IC

\)bscn-ation showed localized proliferation nf cdl 3ggrcgatc~ Cl)111rl,scJ \'t' l\'unJ. tr:.ln~lu(('nt

c'dls on the surf~ce of the callus. Calli and the localized grl'ups of gll"s\ c,,11 .lggregat"s I'll

their upper surfaces treated with 2A-0 - B:\ in\·ariably gayc ri~L' tn 111('rC .:::Il'~::':. tunslu(('nt.

glnbular and slightl) elongated protuberances than did those treated \\ ith 2.-+-D - Kin. Callus

produced on 2.-+-D - B.-\ medium. lollowing subculture w l1l'rn1l'ne-(re" HRP m~dium.

prolikrated two morphologically distinct cell types. spherical and dl'ngClt~d. bl'th 1'( w:licl1

il1l:reased in size and number (Fig. 9:1). Elongated cells ~e(,IneJ tl) be JeUd1eJ frl'I11 ch,-'

mother tissue (Fig. 9bl.

2'-+-D induced the greakst callus proliferation response at each conc"ntr"ti"11 t~,teJ ane! in

('ach combination. with or without a cytokinin. The treatn1ents 111l'st etYc(;ti\(' in cailus

prolikratlon contained 0.1 or 1 mg I 2'-+-D combined with Il.I ms I 13.\ ,'I' 1 mg I :'-+-D

,,-ithout cytokinin. ..-\ \-ery hit!h ;luxin-cytokinin interaction \\as t~'LlnJ in trCJ.tnlcr:t:, in \\ hil2h

2.-+-D was combined with 13.\. There was a signiticant difference herween th" tr~.ltmem \\ irh

Img I 2'-+-0 - O. Img I 13..\ and l'ther treatments tested I Fig. II) I.

In the control treatnlcnt. gro\\1h-regulator-free. tissue: s\\e11in~ was l"'hsL'r\('j rut I1l"' (;::tllus \\~b

formed. [n addition. calli produced on :'mg I 2'-+-D medium "I<,ne I'r cl'mhn"d \\ ith I). mg I

13 ..\ produced ad\'entitious wots atter passage to hormone-free BRP medium.



Differentiation of embryogenic call1ls

fhe effects of cytokinins. :-\.8:\. G.-\~ casein. maltl)se. Slh:rl):'C. ~lL1i\ ,1lC\.: ~n.lr(:\',.L. il~hr

intensity and low temperature un diffL'rcntiatit)I1 'Jf Cmhr~d)gcllil..· Lallll:- \\C:"C ..;w,Ji.:,J in rhi.'

!l)II()\\ing trials:

-f~f('L"!.' of '.;rrnrrh n':l..!u!u/on· Cytokinins and abscisic ;lcid (:\13.\) 11,1\ (' :"'('e!"~ [Crl'rt..:-J :1..', , . ,

enhance the formation of cmhryogenic callus l K.rcugcr ct :.11.. }l)l)h: KU1,hre:,hu ~lt1J C\.'utt~.

199 7 : L~nzner et al.. ]995: Ogita et al.. 1999: Saunders ~t al.. 1<)99: "ehuller el Jl. l'lS<li. In

()rder to determine the effects of cytokinins and A8A <)n differentiati"n ,)f embr\ ,)genle

eallus. segments of calli generated in the earlier trial ,)f the dfee" ,)f iilum:nat:,)n and

darkness. 2-5 mm in diameter. were transferred to \IS and BRP media e,'ntaining ] ,'r 2 mg I

each of 13 ..\. Kin and ABA in petri dishes. Six s~gments per petri dish and h pel~i dishes per

treatment were established. Culture conditions and pH were as in pre\ i,)us eXpeflrnenls .

..\Ithough. callus increase was obser,ed in all treatments in \\hich 13 ..\ and Kin \\ere present. It

\\as greater on BRP than on \IS...\s indicated pre\iously. calli uscd in this experiment came

from hormone-free BRP medium in which elongated cells \wre present. IIl\\\<"er. after

treatment \\-ith B.-\ or Kin. obsen-ations under a dissecting miCrOSC(lrc- -.:th1 \\ c-J that .:dl:, ('In

the ,urlnce of the callus \\ere small. round and transparent. Arier.j \\eeks. :1<' iIKre'l,e in "]c'
~Imount of callus or morphological changes were noted and the callus turneJ e<1mpktei\

b[()\\n in cultures on both basal media containing ..\8";"

--L·useil1. malTose cmd sucrose, - - gro\\'[!l regulu[ors: Callus proliferatit'l1 \\J.:' t,htaincJ in th..:

pre\ious experiment in all treatments in which 13 ..\ and Kin \\ere added. but differentiati,'"

\\as not obser\ed. There are reports that combinations of c\ wkinins \\ ilh dift"':rcnt

carbohydrates and casein enhance dilkrcntiation of calli ICabass()n et 'II.. 199': C.mlh,t,> ct

,II .. ILJ99: Choi et al.. ]998: Ignacimuthu ~t al.. 19991. Inductie1n e,f embr\ ,)~enic t:ssuc .u~,i

embryo dewlopment by G..\, and ..\8.-\ has also been reponed I.\tree et "I.. 19l)S: (jurta and

fimmis. 1998: Ogita et al.. ]999: Saunders and Tsai. ]9991. Thercfe.re. the eft"':ct, "f Kin.

13 ..\. G..\, and ABA on differentiation of ~mbryogenic tissue In 13RP medium \\ere e\ "Iuated.



C~lli hom the trial on th~ ~n~~ts of time on indu~tion l1f callus trl1m "'~dlin,,, \\er~ ",,,J t;'r

this L"\pcrin1ent. F~ch gro\\-th n:gulator. Kin. B.\ (i.·\: anJ :\R:\. \\as t~~!~J.tt ..:~'nc.:ntLlti\~n:,

Ill' tLl. ().~. 0.5. J. 2 or.5 mg I. Cas~ill. at 50 Pf :'00 111:; J \\as tt::'lcL1:n ~,)l11r;n~ltil'n \\It\1

'lh':I\'''';(' or maltosc. \\ith and without gnnnh r('gulator~. \bltllSC \\~b l':SlL'J i:: m.... ,ji~l in \\[;;":;1

,';ULTl':-iC \\-as not included. Phytagel \\as used at the standard (\IJ1Lcntr ..ltil'!1 1\:' If.':-+' :':'\

scg11lt.:nts of callus ranging in size Ii-om 2 to :' 111m \\'ere pl ..H..·r...·J (Ill 11k' ~urr~h.:\.: ,-"r" il1cJiUr::1. ':.'

11c'tri dishes per treatment \\ere .:stahlisheJ. :\s controL a hnrm\)!1c- ..:a~('in- .mJ l11~dtl.-ls.:-fr.:('

tr~atm~nt was established. Culture conditions and pH wer~ maintai'1eJ .IS in rri,'r

L'---.:perlI11ents. Calli treated with casein w~re suhcultured again in the :,amc mt?~1il1m ~lI:l..i

c~pl'sed to the same treatments tor a period of -+ weeks.

C:lllus proliferation W:lS obsened in all media in which S.". and Kin \\ere c,'n'bin~J with

cas~in. maltose or sucros~. AblllI[ -+0 0
0 of the calli in thes~ treatments turned rr,'\\ nish .It th~

end of the -+ week culture period. '\0 callus increase \\as obs~n ed in th~ pr~s~nc~ "t" .·\B.\

and CiA, at any concentration and in combination with sucrose or malws~ .lnJ casein. l.llli

turned brownish after ~ \\eeks of culture. I mg I Kin combin~d \\ith ,·Jscin .It :111\

\.'lH1Ccntratiol1. and tre~ltment with clsein with()ut growth n:~ulatnrs. sh\'\\e~i :l1l.lrrh\."d\'~i(,tl

...:hanscs of tissue under the dissecting microscope: elong;lkd cc'lb ga\c ;;,(' h" ...:~ jilh.iri"':~lt

~tructures \\'ith a glassy appearance.

Treatment with 500mg I casein produc~d a \cry small increas~ in cailus. rhe c:lilus \\.IS

\\·hitish. and, under the microscope. showed sectors on the upper sur:'ac~ \\ ith rQtmd .I:d

~longated cdls that had an opaque. rather than transparent. appearanc~..".t the "e"inning ,11'

culture these structures on the upper surface wen~ IJ1' glossy app~aranc(': Jlter cl~ein tr('~ltm('nt

the\ turned whitish. .-\fter ~-~ weeks of cultur~. apprn:\imatd~ -~o.-, 1.'( :h~ c~dli ~t;)ncJ :1.)

turn br()\\-nish and alier -+ \\~eks culture 100°0 appeared hro\\nish.

\Ialtose without growth regulators produced a \\hitish callus that under th~ micr,'sc,'pe

showed, on its upper surface. round and elongated whik cells. rranspr~:1t cells \\~r~ als.'

llbsened..".11 calli turned hrownish after ~ weeks of cultur~.



--t'(f.\"L'iJl - UCrz'nlfcL! c!lur('(w! Th~ results l)htained in prL~\illlh ...·\:perinh.:·l1t:'..1.' \\ell .t:' ..Ll:.l

J'L'l't)rtL'd lHl differentiation and minimization l)f browning l)f L'alli I ,\r~r:;'·:1L·-B\.'n,,):,i ('t .1:"

jl)9lJ: l3lanc et al.. 19lJ9: Cahasson ct al.. 1995: (jleddic ct Cll.. Iq~=: Ilr;'l,",'l;'~:ll ", .: ..

1qt)~: \'crhagen and \\'ann. 19X1)) led us to test \'arioLJs kyt:b ()f L:..l:'L'in hyJrL'!: '.ltc I ~I). : III I,

~~O and 500n1g I) in combination \vith I g I ilctiY:..ltt:J charcl)al in !l1t:Ji.i \\ ilhl)ut .:;rl)\\:h

regulators. Calli from the trial on the effects combinations llf =..l-O clI1J 13.\ ,'r Kin ,'n callu,

indllcti()n and prolitt:r~tion from hypocntyls \Vcrt: used. Thc mt:diulll. Ll)l1uinin:; ..~o :,u.:n"':'~.

\\a::i tested in senli-solid J.S wt.?ll as liquid form, Semisolid 1l1L'Jium \\~b i-:llt: ..i \\;th ll.:-l',

I'h\ t:lgcl and distrihuted in 1'01\ st, rene petri dishes I \Iiniplast Eil1--;hem-:r. lo'r.t-:! J. ";\

"c:;mcnts of callus. 2-:5 I11Ill in diameter. were placed on tht: :,urbcc ll:" mcJil:m. ~i'\ rL':n

dishes per treatment were established. Liquid medium was distrihlted in ='11 ml Er1enme\~r

t1asks 1Kimax. L'SA I. 12 tlasks per treatment I, Approximateh ] cm' "f c'lilus \\,1, rla(ed tn

100 ml of liquid medium. Flasks \\ere placed on an orhital shaker at I'll RP\1. rhe ,ame

culture conditions as tor previous e,xpcriments were maintained. Calli treated \\ ith 51Hlm~ I

Lascin - charcoal. \\-ere ~ubcultureJ 3gain in the same medium and gro\\T: t~)r...l \\;:ck~,

The increase in amount of callus \\as wr, "nail at all casein concemrati,)n" c.tll"s r.lllg~j

l'rlllll \\"hitish on its upper surface in 250. 500mg-l casein to \'~r: light b;l'\\:~ i:~ ~n. till) m::; i

casein. Round and e1on~ated white cells were obserwd under the micro,cl're. With "lnIll~ I

casein and in the presence of activated charcoal. some small areas with a fe\\ ~re"n J,)ts \\ ere

ll]"ened, At the end of three \\eeks of eulture. calli turned hro\\nish tl1 treCltll1~nts \\it!1<'ut

charcoal \\hile those treatments in which charcoal was present turned li~ht t-rl1\\n .ltter.\

\\ eeks of culture.

Se~ments of calli disintegrated readily after the\ \\ere pl3ced in liquid meJium. Slbl'en':e,i

indi\idual cells and tiny clumps were obsef\ed in all treatments, ..\, in ",liJ medium. calli

\\ ithout acti\'ated charcoall1Xidized and turned hrown faster than tho'e \\ ith charCl'al. In cite

absence of charcoal calli looked hrownish after I week llf culture. \\hiic th",e \\ith charc"cd

remained light green for ~ -3 weeks,
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--/U\1 fL'l1l/7I.:ruture -- lUll' light intensity: From r~sulh ,1huined in I're\i~\u:, ..·:\r' ..'rim..'l1t:, ,Uh.i

literalur~ re\ie\\-ed. it was decided to test the intluenccs llf light intc!l:,it: .:!hl 1,\\\ :...>mrcr,1tur~

dll emhryogenic callus dit'ferentiatit1n. EmhrYl)genesi~ i~ \cr: ~ ..·l:~;t:\,-> ~~\ 1isht .In,-!

temperature. Light is kno\\n !l) affect Sl1mati( cl1lhryogclh:~i~ thrl,u:;h It:' .:;.:-.:..:: ,\11 [f1Jll"::~,l!1

~tl1d dn son1C morphologic;:d l..:'harackristics of dift~rentiated Snm~ltiL .:ml~r: ,':' f .\n:lnUS~lI1 ~lt1J

13IH)j\\ani.1989). C"ld tre'ltme!1t 1-1 CI ha,; cl)I1lributed tl) mail'l" .l,l\.lnce, in the

!')l)-I. Calli masses produced "n BRP medium ,;upplemented \\ith 11.1-'1)111': I :.-l-D. \\.\.

1.\.-\ Ill" IB.\ - - O.lmg I B.·\ l)r [(in \\ere transferred t" BRI' medium \\ itlh1 ut "",'\"h

regulators. .\tter -I weeks another subculture was made l)lltl) fre,h mediul11 ,'I' :ile '.ll11e

composition and cultures \\ere grown tor an additional -I \\eek,;. The calli !'r"JuceJ \\ere thcn

transkrred to BRP medium containing 500mg I casein -- I g I acti'3tcJ ,,:h~U;,:,'~li :lnJ Kcrt J(

-J.:C during three weeks under low light inknsity 17 ,UIll01 111-: S- ll'r in :"ul jJ.rkn~ss. _\lSI1,

:-ium-: calli \\"ere kept und~r illUlnination and temperature rt:gimes as tl)J" pr;:\ :\.'us ~:\P-Cfl!l1::nt~.

Si:-; p~tri dishes per treatment "ere established.

Incubation of calli tor three Weeks at -I C C in BRP medium ,;uppkmcntcJ \\ ith d'e:n. unJer

..:itht:r low light intt:nsity or total darkness. resulted in a general ch:.lI1t;e in arr'e:.lran~-:. l-nJ~r

the dissecting microscope. areas l)f the callus on or ncar th~ surtJ.c,: JPr'.:arc ...l t~1 rC,,-'I'm..:

lJrganized into white regions and round structures with deep gr~en center:, Were ,'P:,ef\ cd i I: I:;.

l) C). Calli kept under standard culture conditions. illuminatitHl (~Il pnk\! rn·: :'.- I .lnJ

temperature (2-1± 2'C) produced a whitish callus that. as in the ~:-;peril11ent ll' J~termin~ t:le

effects of casein plus acti'Jted charcoal. started to becomc bnmnish after 0 \\ceK,; ,,( cuiture_

l'lt..?in~ plac..:d under the standard ll~ht intensity and temperature llS.:J f,lr \.ther c:\r;:rimem:,.
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Discussion

SOll1atic embryog~ncsis has b~~n ~lCCl)mplish~d \\ith lllall: piant :';T'l~LjC" il:..:luJin~ !Jl[;':

,'ulgaris (Kulshreshtha and C,1lltlS, 1997: Saunders and r,ai, 1999" .\lh'lh.:r 'I'':':'' ,'i

Chcnopodiaceae, IStatrmd and \\'arr,n. 1991: Perez.l.. 1998: Th,'rp". 1,)9-1" III ,,'me ;ree:"

somatic embryogenesis lH:currcd din:ctI: from the zY~l)tiL cmhr; I). in \\rn(';'~ \ ,.1 .1l1

intermediary callus phase I Thorpe. 199·+i. The use of multiple h"rn1l'n,d ,e-lU':lle.:' ".:,

rCf!nned to be ncccssar; for inductil)11 of :-\l.)matic Cl1lhryl'sc!1csi, in -;Ll~.l:· ("'('('! ..:.lllu:, .1Ihl

sllspension cui lures tSaunders and Tsai. 19(9). Productil)!1 and pJ.nial ~('rl11111jti\\n ~\( s\)!1util..:

embryos from leat~disc-deri\'ed callus of a fodder beet culti\ ar. ,'n the "ther lund. "'I'
accomplished in hormone-free medium IOoley and Saunders. 198<) I, In Beta \ ui"aris.

clHykdons from nlature zygotic enlbryos were a good source of m~lteria! f('f rhe inJuLriL)n lIt'

direct somatic embryogenesis IKulshreshtha and Coutts. 1<)9-1.

:\uxin and nitrogen play crucial rolc:s in Inanipulating elllbr: ..)gene~is. I1h)Jubting th.: :i\\ it(;h

bet\\'een callus prolit-':ration and embryogenesis in cdl cul1ur", Illaiperin anJ \\e1herdl.

196-1. as cited in Sung et al.. 19791. In the presence of an e~ogenl1lbl\ surrlieJ .ll1~in. llsuall\

=.-1-0. callus growth is maintained. \\'hile \\hen au~in is remo\ ed fr,'m the medium.

.:mbryogenic masses (or embryogenic clumps. proembr:-os or rroembr:pni(; tissuel J.:\e!l'r

intI) embryos (Thorpe. 199-1. ,-\mbazhagan and Ganapathi. 1999: Atree e1 ai.. Iq,j I: f'.im e1 .d,.

1999: Saunders and Tsai. 1999: Tautorus et al.. 1991 : Trick and Finer. Il)<)q: \'enKJtach,tLl!11

Ll ell .. 19(9). In general. a combinaIion of auxin with a lower le\d I.'r- "',': {('kinin h~lS been

\\idely used for initiation of embryogenic callus..-'\n acti\e callus prolireratil'l1 re,pl'llSe "'1:'
obsened in Erl'llgilllllloelidll111 on a medium \\ith ='-+-0 c'llnbined \\ith B,\P. \\ herea, "hen

='-+-0 \\as used alone little callus formed Ilgnacimuthu et al.. 19981. ,-\ similar rcsl','nse \\a:i

C\)und in .-kSClllus Giunra \\·illd. since embryogenic callus W35 f(\nneJ t'I1 meJia ..:ont;linin~

~.-+-D and Kin .. \\"hik :.-+-0 a!L)ne was not sufficient for inJuction \.)( ";:11rr:. ('Scm..: t;ssu..:

ITrick and Finer. 19991.

Our results demonstrated the ctTecti\eness PI' certain au~in-c\ t,.kinir, c,1mbinath1l1' in ihe

induction and proliferation of eallus in cultures of ffu/o,n/oll (/[linllulII, The treatment nh' S1

effecti\'e in callus induction and proliferation contained Img I =.-1-0 .1Ild ",1 m" I li ..\,
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slhp~nsor-like cells. dc\c1oped atkr transfer ofthc calli that had be~:1lnjucc,j "" :.-:-1) . Il,\

IllcdiUIll ttl auxin-free flRP medium. The combinatilln ,If :.-+-1) .md Il\. :in;, ..:i':'cars t" eL\ "

.... nlnnccd embryogenic pntential,.)fcallu:-> (Fig.9).

In .'<O!UIlUIll me/ollgeno the cytGkinins kine-tin. B.-\P. 2iP and Icalin illhibikli C;11["\;: l'~~nc:,i:s l!~

kaf explant cultures. although they stimulated callu,; pr"lit~rati"n ,(ibi,iic c: .11. :"S:"

Inhibition of embryogenesis b: cytokinins was also obscrycJ in e;;grLlIlt. ;"\.:tuni~l. \.-igclLL

Citrus. Daucus. Panax and Perilla. Cytokinins ha\e. howe\er. b~en implicilteJ .1S .1 neceSS.lf'

fach)!' for somatic embryogenesis in some species I Gleddie et al.. IeJS: l. Kill .mJ Il\ ,;;,i 11<'[

promote differentiation in !f. upin/ilim callus treated with the concentrati"Ib lbccl in ,'m

experiment Callus proliferation was obsen'ed but not nwrpholl1gical chrlI1ge, iciiJing ["

cmbryogenic callus formation,

T\\o distinct types of somatic embryogenesis haw been recognized. direct emb" ,'genesis. in

\\hich a single cell commences meristematic grO\\1h and all the descendants "I' thi,; cell t~'rm

grlHtp "I' cell,; in a pre\iousl\ formed meristcmatic duster I Staft~lrd alld \\.llTcn. ''''111, It

appears that somatic embryogenesis in H. aphyllum is indirect. since initial ~;,?i1 a~~rc;;at~:'

ga\c rise to elongated cells from which small dumps were t~lfI11ed, rhis pattern rcsemblcJ

thm described by Ogiw et al. (1999). where embryogenic cell mas>cs. PE\1s i pr,'­

cmb"ogenic masses). were composed of small distincti\'e clusters of smail. Jense. C) t,'plasm­

rich cells and elongated suspensor-like cells, These cell clusters ,ho\wJ great capcit\ t;'f

hllth proliferation and differentiation into somatic emb",lS. Iherefore. iI' ,111" can selecti\ c:\
i:-;nlatc and culture such dusters from embryogenic tissues. it ~hnuld be ~(':,:,ihk h) (,[L(i ...b:c

Jl1lnphologicaL physiological. and molccul3r changes in plant ceIL-:. lc.l..i;ns h' Cn1rf\\'

l~ml1ation rOgiw et aL 10991.

Regarding nitrogen as a media component. it was reported in .-1 hil's .';;"0 th:n t"rtlm ('0 j cdi

lines initiated. 36 h3\e been propagated on proliferation medium \\ith ,'rgrmic nitrclgen

tcaseln hydrolysatc) for more than two years, Half of these ccll line, s!:c'\\cJ increaseJ



::nlhryugcnic potential. as indicated hy the formation of ~Iobular ~tl1br: l~:' l~n th~ ;-,rl~iir'er;}til'n

~llL'dilim. .-\Jdition of 500mg I of casein hydrolysate (('1-1 1c:.lrricd cmbr: l' JC\ e!l1;'I11c!1t Il' lh~

"Inhular stagc. IllOOl11g I of CII pro\ed to he significantl\ better than 51111 m" L inJicatin"

tllat de\-doping s0l11atic emhr:'os in later stages are highly JcpcnJcnt Upl'I1 an ("\t~rn~1t sUPr'i~

l)f ()["ganic nitrogen (Hristoforoglu et al.. 19(5). There arc reports t~lr l'the; :'r"ccic:, ~lS \\elL

:'llcll as EuculyplliS dunni. l)f somatic embryo de\-elopment hcing accllmrlisheJ ~lr':cr

embryogenic calli \\-ere subcultured in auxin-frce media enriched \\ ith 1g 1(-1 { (lcrmi:;Ih'ni ('t

al.. IC)C)()1. In oil palm and PiJ1I1.'I' nigra. cmbryl)gcnic de\'elopmcnt \\J~ ~lL+i,-'\~J :~,lIl'\\ in~ the

tran::-;fcr 1.,1' cdI clusters onto plant growth rcgulator-fn:c medium ~llr'I"'lctl1cnh:J \\ :th _~~ \::; :

,UC1\lSC and O.Sg I ell I .\berknc-Bertossi et al.. 1999: Radoic\ic et .Ii.. 1'1'1'1I.rilcse tin,Jin,,'

support our results. in which casein hydrolysate played an imp('rtant rl'k in rr("If11l1 tin:;

l11orphological changes in embryogenic callus in a medium lacking ~r'l\qh rc"ulawr,.

I,ight intensity and temperature effects on somatic ~mbryogenesisha\ c beer: JL:n1I.'I1str;ltcJ in

,-tudic:; \\ith se\-eral plant spL:cies. In Podophyllum hexlldrum. emhr~ I.)genc:,i~ \\~b ~ ...'mrletel:

:,upprcsscd if the temperature \\-as raised abo\'e ':7- C or tht: Lldtur('~ wer;,? trJn~{('rreJ [l"l !i:;ht.

~lI1d rcsum~d when cultures were returned to Jarknt.?ss (:\rumugan anJ BJll'i\\ani. 1l):\l) I. C~,Lj

treatment I-f' C I has contributed to major ad\·anccs in the Iwnnalizati,)n "f s"J1].Itie cmbry"

dc\dopment and gennination in asparagus (Kunitake et al.. IlJlJ-1. Embn t' !~,rmali,'n in

tissue cultures of DL\().'lIIu pleiwlI/'" is highly sensitiye to light. Calli kcpt :n li"ht t~)r .I

l110nth turned brown and lost thc potential to ditfercntialc cmh" Po' I .\rumu~.In anJ Bh"i,uni.

llJRlJ I. \Yhen calli masses wcrc transferred to BRP medium containin~ cascin unJ~r cither

Iln\ light intensity (7 J..-ll1101 m -2 5': 1or total darkness. at ..f: C. thc: unJt:T\\ ent .1 Sl?ncfJI ..:h-.1n~e

ill appearance..-\reas of callus on or near the surface seemed 10 becc,me ~)rS~H1izej ;ntl' \\ h:!~

rc~ions: and round structures with grcen meristcm-likc centers \\erc l)Dsef\cJ. L:"ht :ntcnsit\

(lid 11lH seem to hu\"e an ad\"erse effect on callus induction in II. uT'hyilum: the gre~ltest anllnHlt

')[-\..'~lllllS \\as achie\ed ul1i.kr illumination 1:'0 pmol 111,2 S' I and rr\l\\nin~ \\~b Ill'! l)0Scnc ...i ~lt

CalliI' 1)1' II "li/nl/lliJ1 slto\\cd t\\O mnrpl1l1logicall\ ,Iistinct cell '\ re,: ,!'heric.lI .mel

"I,'n~ated. both of \\hiclt \\ere capable Ill' proliferation. Similar cllln~.ltcel ce!I,. rC;'llned ;n

.p



.... mhryo:;cnic cultures of l1ther species. were characterized as su~pen:'~lr:, ~1r sU~ren~llr-1ik ....·

,trllctllres. \\hich otten \\ere IOlbely ~tlachcd to the mother tissue.

Embryogenic cultures ha\e been characterized by the presence llf \\ hitish. 'l'l11p:1Cl :lnd

l.lr:;anized embryogenic sectors (Termignoni et 31.. 1096L or compact al1J \\ hi te ~n1brY,,-)~;:!1i~

l'(ldies 1Yan Le et al.. 19(7). \\-hich \'"ere scored as somatic emhr: l):-;. Kim .;.'t J1. I i \)l)~)1

J;'?~l.2ribc \\-hite. friable calli with nodular structures that ga\·e rise t(1 :'\1Illati ...: ~mhr:,,-':, \\"h~n

transferred to ~n appropriate medium. \\-hite. friable c~llus de\cll'!'e,j gree:l :neristen1.1ti,

L':I1l~rs. \\·hich later became somatic embryos (Gleddie ct al.. 1qR~ I. rhc:,e fe~tl:re:, l''.2l.2urrc ...i

in cultures of H upln-lllll1l induced by the series of tre~tments described in this sttd\: cell

clusters. proliferated in ~uxin-free medium and. following cold treatment. ditferenti~tej int"

\\hite bodieS with deep green meristematic centers. On the basis ,)f the similarit: these

culture bear 10 embryogenic calli reported in the literature. \\e bclie\e this tissue h,'lds the

potential to produce somatic embryos. The results of the present study establish the basi, (,'r

l'unhcr I\.:search toward de\e1opment of a system of somatic embryogencsi:, ~)( II. ll!'/;.\ :/U!.t!.



Figure I. Germination rates of H. uphy//ulI1 seed hanested in 1996 and sh'rd in darkne>s ell

·r'C (Series 1)or at room temperature 1:26 " C. Series :2 I.

~Sertes~

--0- Ser!€s2

Seeds were gemlinated on 7 dates 1trials 1- -l: I\ June ..l., 1997. 21 Jlln~ j-t ]99-. 3 I Jul: :8. ~N-. ~ I Jut: '='.:5. 'I.),r

'I Februar, 8. 1998. 6) April 8. 1998 and7) June 9. 1998.

Figure:2. Germination rates of fJ. "phd/ulI1 and If. p~niculI1 seed hanes!eJ in 1'N.+' ',):' em,j

.96. and stored at -t" C.
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Figur~ 3. Haloxylon aphyllull1 s~~dlings grown for -+0 days in Hoagland', ,,'illti,'l' . '-.le!.

Control = soil: Hoaglands solution treatments. added '\aCl" 0°0.1°" .:1111.1 ='J"

Figures of. H. aphyllull1 propagation in l"ifTO

~.-
a. top let!

b. top right:

c. center left:
d. center right:
e. bonom let!:

f. bottom right:

shoot induc:il>n on J cot~ I~donar: node on full-streng!1 \1';';' ":~'!':J.)j: .., .:;

mg. I BA.
shoot induction on an axillar: shool on full-streng!h \1S (llr.winin:; ;i-'
mg I BA.
sham multiplication on half-strength \15 containmg c}:, m:; : 13.\
shoot elongation on hormone-free BRP medium.
rooting of axillar;. shoots deri\ed from :n ,-ir,.,} seedling on h'r:~~~11::."-:·:e;;

BRP medium.
rooting of a subcultured shoot on homlOne-free BRP mediui1'



Fig. 5. Effects of B.-\ on shoot proliferation from (01: h:Jonar:, rh~\.k ... \~f H.
uphd/lim
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Fig. 6. Effects of B:\ tHl shoot proliferatiun on a\illar: shoots \'1' 1/ .i.."'i1 .ni/1:
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Fig.~, Effects of 8...\. and 'iUbclllture media 1.1n ::dh)I.'t ;.:lnn~~rhl:: .::'J :,;.:\\ ~h"1..1[

proliferation from CL1t) lcdonar: nodes of // ,wh"!,un:

!

I
11 !."

.
:
;t

z

HJ[~,-'r;:-r';,;:;: :'uii- Hcrm,)n;:·r"~;:;: b:f· H:,::-,C':-,;;·:·,e-; BRP
5!r~n~~n \IS ~;~;;:1~'th \IS r:-,tJ:J,T

~Iedia

",dues represcnt mc311::: S(, Culumn:, \\ith Jitlcrcnl kttcr" Jrc ::-i~nili(;:n:l:- -iIi;"":,..'

LSDh:St.

Fit?:, 8. EtTects of SA and medium on shoot elongation and ne\\ silt"ll...'! 7~'r.~1Jt:\.'n fr\":~1

axillar:- shoots of H '11'/'.1 'IlulII 0

"altle::; rcpre:,CrH mon ::: SE L'.llurr.l1:' \\ Ilh Jil'fcr;:nl kHt';:' ;tn: 'Igiii;-:..:::.r,:,> ...il:':''':~;::·,:

(),U5 u:,ini;! LSD IC~t.



Fig. 9 Ell1b~ ogenic callus in H. dpily/fum.
A. Spherical cells. B. Suspensor-like cells. c. Green merisi-:-maik ,,:;?~,:;,;:-:'

B



rig. 10. Effects of growth regulators on callus prolit~r3tion frolll H _'.'"'::.
c\plants following S \\ed:s of culture in BRP mcdiulll.
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Tahle 1. Regeneration of H. persicum after intense pruning (simulated hw\\,;ng!

Parameter Experimental plants Con(rol plants

;. car

O. bt:for~ O. cnd L1( , -l IJ, cnJ

"I nruning !!rowrh !!ro\~ th

!--{eight. ern :30 120 1"5 200 :30 ~.;: I j :51 I-

Ll;;.'nglh of one-year- 3:- 50 .:;.:; ".;: ., ":1-1 ~5old shoots. em ..

\ulllber of one-year- -l00 -l80 550 650 ~61) :: ~ j-j .~61-)

old shoots

Crown diameter. ern 160 90 130 1:'0 250 ~.:;.:; :5(1_.
Forage mass up to O.-l 2.0 3.0 -l.0 0.:' ["J ..: ,) ._:
1'""'0 em. kg

Forage mass above 16 0.0 0.5 10 18 - -..
120 ern. kg -

iToral forage mass. kg 2.0 2 3.5 < -- -- , _.

dbj IIhi ., RTa e _. el!eneralIon at "pm' um alter IIltense prunml! ISInlU ate rC\\\SIIll.! I

Parameter Experimental plants Control plants

year:

O. before O. end
3 .. O. end ,

~
prulllng gro\\lh grl'\\ th

Height. em 260 130 165 1-5 260 :65 260

Length of one-year- 30 50 65 60 35 .,
old shoots. em
'\umber of one-year- :::13 ..00 1100 : 1011 360 ~.;; .;; ~~(-l

old shoots

Crown diameter. em 230 120 150 I-a 230 ., :30

Forage mass up to 1.0 5.0 6.0 6.5 1.0 • 1 _()
120 em. kQ .-

Forage mass above , - I < 2.0 -, 3.5
1:0 em. kg

~. --- .. -

Total forage mass. kg , - 6.5 8 9.0 ' , - , ..: .:;- .
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rable 3. Fidd pertormance lll' !!,,/oxl'!oll "phd/11m and If. !'c'I',iclllll ';cdling' j<lI1teJ ,n tl1,'

I3laustein Institute.

observation
dale

13.5 97
15.7 97
17.897
179.97
3598
10 8.98

Table -t. Seed disinfestation

hi.
H. aphvllum
1 5 - 2 4

31 - 7 3
3 1 - 9 4
31-101
31-118
33-130

. em.
H. pers/cum
22 - 3 5

32 - 4 9
32 - 4 9
32 - 4 9
35 - 5 2
37 - 5 4

Disinfectant Time. min. Cllntaminatilln. 'J
'.'

1.58°0 10 20° I) rungal
:\aOCI ~O 5° 0 fungai

0, non.:

0.05% 1\\\) 1.0 5° 0 fungai
HgCI, 1.5 none

~.O rhIne

Table 5. Disinfestation of ax illan' shoots of three and four month olJ ,edlin~, ~r,1\\ In~ In ,I
gl'lXnhOllSe and of a tw o-year-old plant growing in the field -

Disinfectant Time Imin. Contillninati0I110 ,)1

I' 100° f) fungal ;lnJ. h.1LtL'fiaI
contanlinatilH1

1.58% ~aOCI (30% 20 1000
0 fungal and badt:nai

Commercial bleach) contaIl1inati0I1

30 Shoots browned. 80° 0 bacteriai cllntJ.min'llil
, IUOo

0 fungal
contamination

0.05% HgCI, -t 11)1)0 0] fun~al anJ bacterial
i

contaIl1inatit)n
I .; lOOG I) fungal an.:! bact.:rial

contanlinati('l!1

-' .) 1(HIO CJ fungal and hactcriai
c0I1tamination

0.1 % HgCI, I -t
i

]I)[)O f) fungal and haclcriai
! contaI11inJ.ti('lI1

I
.; Shoots browned. 80° 0 bacterial (;t)ntaI11inatit
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T,\ble h. Eifects of BA +. - 1.-\.-\ un shuut inductiun trom cl)t\·led,)!O.1!T nl,je~ "i .'!.
l1plllllllll11 cultured un full-strength \IS medium

\l}. l1fbuds iJnd stllllHS
pa ~:\planr

I\lean =SEI

P~rcr:nt3gr: L'1'
~:\p]ants pwducin:;

buds and ShOl)[:;' 1\1:.'.:'[1 =~E

o.n

n.o
1.1 n
1. 1 ,11

f).1)

\i. I

01
0.\
0.1
0.1
0, I

0.0
0.:::
10

:'.0

\0.0
0.0

0.5
1.0
2.5

5.0
\00

0.00'
cO :': 000'
'.0 ~ 0.00'

~_.3 =O.30~

0.3 ::!: 0.15'·c

·-LO ± 0.33"'

o.~ + O. l.r

I)

I f)1 )

JOn
iUi)
11)(/

,I)

\00
100
-10

I) "1 =,j,i.lfl

1).'1'1 =II 1)('

""\kan values followed by the same superscript are not signiticantl~ different at p' 11.l1~ chin; L.:SD ::.'<.

Tabk 7. Effects ofBA ~ - L-\A on shoot induction from cot\kdonar: nl)J~, "ff! ,;·"i.\;!!""

cultured on halt~strength \IS medium

Gro\\th re!:!ulators 1m2 \)

1.-\.-\ s.-\
'\'0. of buds and shoots

per explant
1\1ean:': SEI

Percentage of
~xplants producing

buds and sl1l)l)[s

le~~lh 1;'::;11!

I \lean =:-:'1'

0.0 0.0 0.9:!: 0.31" 50 I).;U - "'.!31·

0.0 1.0 1,6TO.16~~~ iDO 1) ..... '1-'·1;':

0.0 10.0 l.-l- .... 0.16'~~ j(jfJ CJ.::-'-l.'"' ....

0.1 1.0 \.-. .... O.2-t~~ 80 fI 1: (II)



Table 8. Effects of BA - - L\."" on shoo! induL'tion IrDIn Cl)ty kdonal' nl'Je' "f !! ,/!,In .. '"''

cultured on BRP medium

'll. llf Dud" and shoots
r~r explant

(\lean =SEI

Pacentage \)1
~xpbl1!s rroducin~

hud~ Jnd S!ll1\){S

Soh\', ';
ir:n ~!h ; ..::~~ ,

I \k"l;i =~L·

O.ll
11.0

0.0
O.iJ
O.D
01
(l[

III
O[
I), 1

() ..

00
a.s
10, ,;

5.0

100
0.0
0.5
10

5.0
10.0

1.6 =0.:::':'
11 + 0.31'"
0.8 + O.e~·'

1.1 -O."'.Y~';

1.0 + O.~5'c':

I.J ..;... O.~6!:'

1.4 + 0.33-''''

\.0 ...... 0.25'['';

1.1 =0.e3'"

90
60
60
~O

80
·0

80
90

"0
so

n.::s _ (J.UJ

(). 11) I 1.1 f( I

O. I 1 I)' (I;

0. I 1 lJ.tl :

I

X\kJIlS followed b! the sJme superscript are not signitic::l1ltly different Jt p' 0,0:'­
ll~il1g LSD lest.

Table 9. Effects of B,-\ ~ - IA,"" on shoot induction from axillar, ,he',)!5 ,)f :11 \'iil'"

Seedlings of H aphyllum cultured on full-strenl!th \IS medium
lJl"lh\th re~ula[ors 1m£. 11 '\l), of buds Jnd shoots Percentage of Sh0l'!

1:\.-\ BA pa explant ex plants producing len:;:h (..::;: I

(\tean ( SE) buds and shoots l \tean I SE)
0.0 0.0 1.5=OJ4~~; QO (I.IOIII.el();

n.o 0.5 1A =O.26~c':J 80 0.\ 0 =1}IJel j

n.o \.0 2.0 ± 0.36'~ 90 0.1 b =I)(l:

00 2.5 lA:::. O.30~lh:~ co
00 5.0 0.9 =031 .,,, 60
0.0 10.0 0.8 ± 0.24 0_(, 60

0.1 00 0:~013' :0
0.1 0.:' 0.6 ...... 0,22~~: 50
0.1 1.0 :.2 .... 0.41' 90
I). I , < I.e - o:~ 'c", 80
l). I 5.0 0.9 .... 0.:- ,":e' 6U
II. [ 10.0 0.4 ...... 0.22 " ~O

0.\(1 =(I. (II)

n.lo =(1.00':::

il.l q - I)(l:

'"'\leans followed by the same superscript are nor significantly different:H r () ()5 U:o,I:l:; L~D tc~t.
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I"abk 10. Effects of B.-\ - - 0 1.-\.-\. on shoot induction from axillary ,IWl)t, ,'f :', ,·w·
seedlings of H. aphyllum cultured on half-strength \IS medium

(JrQ\qh rC2.ulators (m2. n
IA." SA

\1). of buds and ShO(lts

per explant
l\kan::SEI

Pcrc~nragt:of
cxplanrs proJucin~

huds and Sh()OTS

kn~~h I ,;:~; I

I \fc3.'; - ~E,

0.0

0.0
(},U

n.U
n.n

(l, I
0.1
0.1
0.1
0.1
0.1

0.0
0.:'
1.0
:.5
5.0
10.0
0.0
0.5
1.0
2.5
5.0
10.0

0.0 - 0.00'

O' '" 0.26'"
1._" + OJOP

00 - 0.00'
O.b'" 022'"

I. C :: 0.15'

o.~ + 0.22':"

o
GO
100
50
80

o
50
80
100

(). 1n - l),I.III

(I.] (I - ! If ~I

0.1(1- 11.lill

'"'leans followed by the same superscript are not significantly different at p 11.05
ll-;ing LSD test.

Table II. Effects 01'8.-\ - - Ie\.-\ on shoot induction from axillar, shoots "f:ll \ itrl' ,eeJling,
of H. aphyllum cultured on BRP medium

GrO\Hh re!:!.ulators (m£!.ll \0. of buds and Percentage of

IA." SA shoots explants producing
per explant buds and shoots

1\Iean ... SE,

0.0 0.0 00 ± 0.00' 0

0.0 05 0.4 ::: O_:2J~ 30
!l.0 1.0 0.5 + O.26'~ 30
11.0 2.5 O.~ ::: 0.30JD

~o

00 5.0 I 1 .... 0."';.1 70

00 10.0 OC=,: 0.30" ~o

O. I 0.0 0.6::: 0.26" ~o

11. I 0.5 0.5 ~ O.22·~ ~o

0.1 1.0 1.0'" 0.29' 60
0.1 2.5 10::: 0.25' -0

O. I 5.0 0.' + O.26.l~ 50
II, 1 10.0 0.8 - 029' :;0

ShLX)t

length (cn~!

l\leJn =SoLI

11.1 -; - 1),(12

0.1:; - (l.U:

0.)- - (1.0:

*\1eans tollo\\ed b: the SJJ1le "upcrscript Jre nol signiticJntl: different at r uJJ5
u"ing LSD lest.
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I

I

' ..;;

~ll(i{l: :C:1;!:~ i .::::' ,

1\kJr1 =S-L,

90

90
100

00 C\plants producing
buds and shoots

i.9-0.'-·

1.~+0.33

1.8 =0.3<

'\L). l)f buds and shoots
per explant (\tean =SEI

1.0
1.0

1.0
10

B.'.
o

() I

1·\.'.

00 I

0.00 I
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(Jro\\ th re!!ulators I rng II

(Jr()\\ III rc~ulJtor') (m!;! II '\l~ Llf buds J.nJ Sfliwts ".) ~:\pbllts rroJuc1l1 'Ii",': -
1'.'\ SA ra c:\pianr l \kan =SE bud:, and :-:.illWb i\k.lrl= 't·: '

I) .... .:; ;.) c o.r· Ion , - : It

IJ.OO I , < -:;.6 ::: (l.~ .... 1(ill
"

,. , ..
11.01 .... .:; ..

, -= (J.3~ j q(l
"

,
'iiL

0.1
, < .).0 = 0.21 l)n (i S - ."

rable 1:, Efkcts of 13:-\ - - IAA on shoot inJuetilH1 frl1111 \:l1t: lcdl)nar; I1lil..L.> ,if II '::'ill .. ;ll';
cultured on full-strength \IS medium

fable 13. Effects of BA .. - L\.\ on shoot induction trom 3;;illal' ,h",)!:' ,)f 'i' ,;i"" 'c",Lin,:'
of H "pltrlllllll cultured on full-strength \IS medium

"\kJJlS tolli..mcd b: the same 'iuperscript in e;:H:h column Jro.: not significant):_ J:fft,.'~C:l: .:: :'

lest.

Table 1,) Rooting of a;;illary shoots from ill \';Im seedlings ,)f!l "pin jilin> t;,ll,n\ in,: "rc­
incubation in IA.-\.-(ontaining BRP medium and cllltllr~ \)11 hornllln-:-frc(' BRP
medium for 30 days

Pre-incubation in hormonai Illedium
'7dm 5 10 da\ 5 J:' d;]\ <;

1\.\ Shools Roo! Shoots Root Sho\.l!'; R(lllt

iJllg I, rooted lengthlcl1l ) rooted lenglhl crn I root~J :Cn::;thl em!
(00) i m':Jn =.,,1: I I <l 0 I 1m'::l1, =,,1 (" ,) ) .--;.:.::~ -=,j-

0

O.~ ~n 1).4 (I.Ofl

1.0 .;0 l):,-qOq
, < ,)0 0.5=0.09 ~(f il.:' _(I,i)9

5.0 .:'0 l.2-o.m :'0 !I.~ 11.'YI

10.0 ~O 10 O.O-l ~(J " 'i "ill

1:'.0
.... (). () 30 1l5-iJ.15



lablc 15. Callus induction from Z\gl)tic ~mbryos of H </l'lnllu/II.

~.-l-D BA 0 0 Explants Rdati\~

Img I) \\i th callus callus fomlation
100 0.50 100 -
~.oo 100 100 --
4.00 ~.OO 60 -
8.00 4.00 50 -

16.00 8.00 ~O -
() 0 0 -

"'Relative amount of callus· - = 5 mm:; ~ = no callus formation

Table 16. Callus induction from seedling ~xplants und~r light and dark condit:,,"lS in \I~

and BRP m~dia.

Illumination Explant \·I~dium 0 0 Explants Relatiw
with callus callus formation •

light hypocotyl \IS 100 -
light cotyledon \IS 100 -

dark hypocotyl \IS 100 -

dark cotyl~don \IS 100 -
light hypocotyl BRP 100 ---
light cotyledon BRP 100 --
dark hypocotyl BRP 100 --
dark cotyledon BRP 100 --

Growth ree.ulators: ~A-D - BA (~.OO-1.00 m!!.li in each treatment
*Relative ;mount of callus: - 0:: ~ mm : -
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TClblc 17. Callus induction and proliferation from seedling C\pblH' wirh Jnc1 \\irlh'u:
illumination during t\\O culture c~cks.

rrl:'J[lllcnt Ilium ination bplan! Duration °0 E\pbnh Re]Jtj\(' lJiius c'.!il'...b ilh:r"J.5c

l1f phase I with callus fl1 nllJ!l('rl in Juri,,; rh.1:-;;.' fI

of culture pi1JSe :" ~., r' ..: ~J ~ [ '.J r:..' ..

I H~ pocar)1 5 da~ s 60
, - H~ rH1CO[Y I 10 do\ S 80-
; - Hy P0l:O[Y I 15 OJ: S 100

~ HypOCOI:;' I ~O days 101) ...

, - Hy pocor: I 30 day 5 lOll .-.-. - .

I) - C01: ledon :5 days -0

- - Cotyledon 10 do, s 90

8 - (0" Jedon 15 days 100 ....

9 - (ot, Jedon 20 days 100 · . ·

10 - Cotyledon 30 days 100 .-- - · .

I I · H, pocor, I 5 day s -0 -
I: · Hypocotyl 10 da, s 90 - -

13 · H, poco" I 15 day 5 100 -- · .

1-1 · Hy pOCOly \ 20 day s 100 .-

IS · Hypocotyl 30 days 100 -_...

16 · (0" ledon :5 day 5 60

1- Cal) Jedon 10 da\ s 80 ·
-

18 · Cory ledon 15 Jay s 100 · .

19 · (ot,ledon 20 days 100 .-_.

"'(j · C \.){Y [edon 30 days 100 .. .

"'Rclati\e amount ofcaJ1us: - =:5 mm:: _:::: no callus fOmlJtion
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Tabk 18. Callus induction and prolift:ration from hypoc')t\ I, \\ ith c,'mbinati,',> ,'r" :.-'.J)
and BA or Kin during t\\l) cultur~ cycks

100
100
100
100
100
100
100
100

110 - 0.1
2.0 - 0.1
5.0 - 0.1
0.1 - 10
05 - 10
10 - 10
2.0 • 10
5.0 - 1.0

13
1-1
1:;
16
l-

IS
19
:0

rrcatment Phytohormone 0 0 Explants Relati\ e callus l'allu,
combination \\ ith callus ttlnnatio!l'" Ilh.:reas!.?X

2A-D-BA Irn~ II

; 01 - 0.1 100 - -

- 0.5 - 0.1 100 -- · ..
10 - 0.1 100 ---- · .. ~.

-1 2.0 - 0.1 100 ._- .-
, 5.0 - 0.1 100 - .-

6 01 - 10 100 - -
- 0.5 - 10 100 -

S 10 - 10 100 - - -
q 20 - 10 100 --- .-

10 5.0 - 1.0 100 - ·

~.~-D-Kin (mg n

III 0.1 - 0.1 100 . ·
12 I 05-01 100 - .-

"Relative amount of callus - -;0 5 mill -;.::::; no callus formarion
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"IPACT RELEYA'.;cE .~"D TECH"OLOGY TR~"SFER

I i\~:,tl)ck producti()11 on rangeland is an important and \\ilk·:,rrc~h.l (\)n~f'\\)n('n: II;' :h.' Llr~~!

...'(\Hl(\ll1Y \)fTurktncnistan. \\"lll-k 1)!1 ickntitil'atil)I1 l1fthc be:'1 f('Ilkkr :,hrul""::, .lI1 ...1 ...i('\('i\l~"'Im('nt

(It' appropriate techniques t\Jr tht.:ir cultiyatil)11 has heen und('J"\\a: 11\ ('I" 1:1;..' ,--'I'ur:,..:' \It" !1:~m:

Y(,~lrs at seycral experiment stations associated \\ith thl..? [)('~('n R(,:'(,~ll"~i1 In-.:titllle ,It"

[-urkn1enistan and by its research staff. That work \\as integrakd \\ ith th:-: r(,::'\..·~lr~h !'[t'lt:ram_

\kmr,ers of the ORI-T participated in all aspects of the research in their I,,'me ,·,'untr- as \\cll

~lS at the Blaustein Institute and the lines l)f cOIllmunication hetween the :::~\)llr::, r,-~main "'ren.

['he inforIl1ation on wakr han"esting. seedling preparation. planting .1nJ ~uiti\~1ti\1t1.

de\eloped at the ORI-T. is already being implememed in Turkmenistan. rhc metth"j

de\·e!oped for seed storage at 10\\ temperature can be implememed at the DRI-T. 1<) estar,lish.l

seed repository of H"loxr!oll. to meet its o\\n and local needs a, \\ell l15 h' shelre :,eed \\ ith

"ther institutions and countries. Specitic equipment and supplies fc'r \\or~ing in tis:,ue culture

ha\e been purchased for the DRI-T. The techniques l)f micropr,'pag:lli"t, hl1\e been !.lug!]! :,'

members of the ORI-T staff. they haye had significant hands-L,n e,pericncc. rhey h'l\e :'le

abilit\ to implement the protocol de\eloped fclr micropropagatil)n ,)f 1/ "pin ii"m and t,) \\,'rk

in tissue culture on other crops that might be of \aIue to their Cl1Ul1tr\. \\e arc prepared :,'

share progress (application of the procedures to adult plant materialt \\ ith them in :he t"lnure.

as \\e. at the BIOR. progress.

The program has had direct impact on si, memr,ers of the ORI-T facult\. 1'1')( '.;. Ot!,)\ :,k\.

Pr"r .\.Ci. Babaey. Dr. \1. '.;ikolae\. Dr. \I"ukhamet Dourik,,,. Dr. Olga .\nt:,ifem\.l cud \1,.

~abat \lamedo\a. who spent \ariOllS periods of time at the BIDR dllrj:1~ the (,'Uf:,e \11' thi:,

program. Orlo\Sky. \\ho \\as deputy director of the DRI-T and the ,enl0r Turkmcll

il1\estigator in this program. came to the BIDR m lqq~. In Iqq- k rccei'ed .1 'pecllli

appointment to the facult\ or the Blaustein Institute. Thr"ughout that peri,'d and since. he kb

\\orked on aspects of this research program. Bar,aey. director "f DRI-T during the (,'ur:,e ,'f.

this program (subsequentl' retired) \isited the BIDR. Ben-(iuriL'I1 I nt\er';t\ .m..; \.lri,'U:'
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\..)1h(,1" ~1l"gani7ations and ins1itlltinn~ in Israel. si\in~ him a better un ...ieI":,un ...iins \.'[' :hl:'

l.'~)llntn-. its agricultural production c3pacity and apprnachc:, l() :,,~)h in.:; ;"'Irt){"'iem:, :hr,)u;;h

r,.;sc~lrch and dcyclopm~nt. '\iknlac\. Dl)llrik~)\-. :\ntsifcl"t)\;1 ~lI1Li \ LllT: ......l,)\ J ;,',l..:h .-;r"'l'llt

~.'\lcl1(.kd periods at the BIDR. participating in the n:st:arch as \\\,:1] a:' .lltc:;Jin; ,,:,\ur:'l':'. In

addition to the research experience. their St3Y~ here (ontrihwcd .-;i:;niticJntl:- ~('\ eJ,L't1'.-; k\l>[ \)t"

spoken and \\Titten English and understanding of modern approachc:, ll' rcsc,lr..:h.

PROJECT ACTlVlTlES/OLTPLTS

Training und ('isils o(Senior Scienlisls

Dr. \1. \iikolae\ of DRI-T spent 22 months at the Blaustein IJbtitute. fr\)111 I-d'rtLlf\ 1<''1'

through \ioYember 1996. working on clonal propagation.

Prof \i. Or10\·51-:\ joined the research group at the Blaustein IJbtitute in \i,'\"mber l<N'.

\\orking on seed storage. tidd studies and greenhouse trials of tht: eft~clS (1y' :::';11 iniry.

I.. flirnbaum and 'i. Orlo\sh \isited Turkmenistan in \lJrch 1'1'1('. \i,n ember 1\)\)1>.

\i(1\ember 199R and \ lay 2()()(). Each trip included time at The De,en R~"",reh Ilb{'Ln~

in .. \scgabat as \\ell as ticld trips to Se!\. Repdec and Karakul. research ,t.1:i"I1> ">'~rJte<i

In the institute. During the second \isit appropriate rO,Hlb at DRI-T "ere ,dentirid !<'

hOllse the tissue culture I3boratory and its layout planned.

I'rof. ....... G. Babaey. Director of the Deser! Research Institute pf Turkmen;qan \ i<ited the

Blaustein Institute in \lay 1996.

Dr. Ol~a ..\ntsitero\a and \15. \iahat \Iamedo\·a of DRI-T \\ere b"th at the Bbu>teln Irbti","~

for 20 months. from September 1996 to April 19<n. \\\)rking pn ti»ue cuiture .brect> <'[

the project and learning methodology.

Dr. \Ioukhamet Douriko\ \isited the Blaustein InstilUtc in I·~brual"\. I \)<)\).
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rllhiil'Llliol1S und Pn.'sl!/llUfiuI1S £If lJ1fl!"}]ufionu/ (·ul1grL'.'.I.L'-'

Birnbaum. E.B. 1996. Pasturdand lkgradation and R~\~gctati,'n. In\ itccl -;p".lk"r.

'ational ClH1krence l1n Cl1mbating D~:-lenitic3tion. :\5chahat. Turkmc;;i:'Lll;.

OriLn:sky ~.S, and Birnbaum. E. 199l). Geographical Jistrihutil1n anti ;:(,\i(\:::i':~ll ..:,\nJiti,\!1:'

of [-fuhny/oll speci~s growing. p,.o/J/I!!1tS otde'\('r! dL'rl'i()pnlL'l1f. ~: : 6_': ') 1 Ru~:,i~lI1f.

Ork)\sky '\.S. and Birnbaum E. Drainag~ and D~s~nitiC:llion in the .\ui ":., B.1Sin. In:

DI.1bt\)"ol'sky G .. Ku:'t Ci.l>:d5L Desenitic.ltion .1nJ Sl\jj DL~~radatj,\n. \h\:,I0.\\\\. l L)L)l}.

~ I9-~~1 (English and Russian I

Orlo\sky '\.S. and Birnbaum E. The rok of Hu/o.n1ol1 speci~s 1"r ~,'mr-'l1ins

d~sertitication in C~ntral ..\sia. 1n: ..\bstracts of 1nrcrnati"nal C,)nf:r:n:: "n F,'r:st

Ecosystem. August 15-~ I. ~OOO. Chengdu. Sichuan. P.R. China. ~/IIiII:~6

Orlo\sk\' '\.S. and Birnbaum E. Ecological rok l,f Hu/o.n/ull specics in Jcs~rt :~"S\ st:ms

P/U!1l BiolT.lrems lunder r~\iewl

Orlo\'Sky '\.S. and Birnbaum E. Drainage and ceosystem degradation. (dl;rl'oj

Deserriliculioll Iunder re\iew I

Pan'een and E.H. Birnbaum. ~OOI. /11 \'Ilro propagation ,)f nilo.n!o!) d:,i,.\j!um ! \Iink\\.!

lliin..-\cta Hort 560. ISIIS:461-464

Posrcr presented at th~ F,)unh International S\mp"sium "n In \'itr,' Culture anJ

Horticultural Breeding. Tampere. Finland. ~-7 July. ~1i1)11.

PJl'\~en. ::0011 Clonal Propagation of Hu/o.n/o/)up/n1/1II/) I \ link". I Iliin: Th:,is submittd

in partial fultillm~nt ufthe requiremems for the degree ,)f \Iaster "f -;C;enL~ t'\ \Is

Ramirez..-\.E. and E.H. Birnhaum. ~OOl. Induction and Lharact~riz,1t;,'n ,'f c.lllu:, In

/-lu/o.n/o/) aphd/lim I\Iink\\'.) lIjin...\eta Hurt 560:465-468.

Poster presented at the Fourth International Symposium ,)n In "ilr,' Culture ,Il1J

HOl1icultural Breeding. Tampere. Finland. ~-7 .Iul\. ~OOO.

Ralnirez. :-\.ida Eleonora. ~ooo. Induction of SUJ1lJ.tic EmhrYl1':;':I1I::-l:' in ff .. li·uX'.:rP:

iI/'/1l'il1l1l1: Thesis submitted in partial lultillment "f the rcquircment, I~'r :h~ Jesrec ,'t

\Iaster of Science.



PROJECT PRODLCTI\lTY

rh~ rc..,;carch objecti\C's of the program \\-ere ill to dC'\dl1P i.l PfPIP(('d fl.\f :"i..' .......1 :'-tl)Ll~c. bl t~\

:)tudy the phenology l)l'thc ~pecies and!ll Jetine thL' climatic I"'i.lramt:kr~ l'(:::C r\.;~il"!> l\(th.:'lr

,..listribution. c) to select sUperillr l-fulnxyiu}l shrubs in tidJ trials Ll\I1liLh.:L:,j in lllr~mcni~ul1

and in ,oif}"o. and d) to deydop s:-skms tL"'l[ mass propagation \)1' SC!cetiI..1I1:S r;. !\\l\:ln~ Luttl!;':::~.

rnicl"opropagation and somatic C'll1hry(Jgenesis.

i.l) Seed lots with high initial r3tes uf gennination lost Yi.:1hilil: l"-Cr time \\ h.:n ~h.lrej at [1..'ll111

tcmperature in the dark. but cc)uld he swred for e~tcnded peri,)d, I Jt knst - \ e.lrs..IS

determined at thc time of this reponl in darkness at --+0 C \\ith 1it11~ I,)" "r\inbiiit\. Durin~

the research we identitied seed lOb that had hi~h rates ofg~rI11inati'1I1 sh,'nl\ .!licr har.est .ted

lots \\"jth low initial germination rates. Thes~ differences \\crc: prl)hably Juc tl~ c:n\ ir\.~nnlc:ntai

eonditions during s~ed d~wlopmentand or genetics. The callS~S of differences bct\\cen seeJ

lots were not investigated. and storage trials Wefe conducted onl: \\ith thc bctt~r ~('cJ k~t:'.

hi Information on the phenology of H. aph\llllm and H. p~rsicllm \\as ~"embkd thn'll~h ,m

in \..ic:pth re\"iew of the literature (largely Russian-Ianguagel nn th(':-;e src:cie~. ~\.~lk(li~~n \>t'~bu

in prnious years at the research stations or the DR! in Turkmenistan. anJ !rial, Jurin~ this

pro~rall1 at those research stations as wdl as at the BIDR in Israel. rhe rq','rt chaucterizes

caeh species. its preferred ecological niche. and its response to s~\ere cu!!in~ bClc~.

C I Selection of superior adult Hal"x.'I"/J shruhs \\as an inte~ral part ,'I' the tidJ tri,ll;

conducted in Turklnenistan. Seed used in the in ,·ifro studies were Jeri\eJ t'r\>il1 thc~c

:-,ck'ctions" The t\\O spc:cie:;. H" up}~dllll11 and II perSiClIl11" JifkreJ in their rc~r\.~fbC:~ :': \":"['·0:

the former showing significlIltly greater shoot extc:nsion th;.ln the latter Jurin:; the sta~e \~r

axillar: shoot extension. Difkrenc\.?s among c1t)nes \)f \.?3ch ~recic:~ \\cre !h>teJ h)l~ \\lth

respect to shoot elongation. serving as a key trait f\Jf in ,"urn sek(lil~n. Cl\.>nes tiut

demonstrated more rapid and gr~atef shoot ~xtension \\er~ select~d. a:, ~ll~h \\..:re nh'r..:

amenable to sllccessful post-rooting acclimatization.
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,J) \Ynrk \vas conducted l)!1 d~\'clopml2nt l)1' three ~ystl2nb fl)f l11a~~ .:Il)nai r'r\'p~l:;Jtil'n: rl'l)Un:;

\'1' cutting:-;. 111icropropaSi.ltil.)11 and :-;lHllatic cmbry()gl2nc~i~. .\ Ll)mpk!;".> miLrl'rrl'ra:;ar!<\11

~y"tcl11 \\as JC\-dl)pcd. using c~plants taken from ~cl2dliI1g~ gcrmini.lk\.l . < \,",',~"(i. rIle "\\.'r~ ,'t~

rUl1ting cuttings \vas abandoned l2i.lrly because of l~lilurl2" in l...'I'I1th,Jjin:; ;:;:\ i!\'!ll1h..>nui

cl.)nditions..\ppropriatc culture media. conditions and sequence l)( tr('~:mlcnt:, \\ere J('tln;:,J

tc'r generation and multiplication l)f putatiye proembr\l'nic cClllu, fr"l1l C'\pl.lI1b then

\)riginated in somatic embryos of II. ujJlz.\1/ul71. Spherical and I2ll)ns~lt;:d l:-,u:,r1211:'I)r-likci cell

typeS. associated with cmbrYl'.!;!cni...: cultures. \\ere gC!1cratcJ. in thi:- "tlh.h. ("-.:11 (Iuiter"

,Ji llcrcntiated into white bodies with deep green l11eri~kl11i.ltic cc!1t(':·~. -\(:ual :'l'm~HlC

;:mbryos were not identilicd. hut the similarity of the cdl tYre~ and tis:,u;.:' l'r~~lI1iL:.ltil'n in I'Llr

cultures to embryogenic calli l)f other species that haw been de,cribed. lead :" l,' belie\ e l;'.lt

this tissue holds the potential to produce somatic embryo,.

FLTLRE WORK

\\nrk in se\eral L'fthe areIb addressed in this program should cl1J1tinue.

Superior shrub selection in such long-li\ed species must be \ ie\\ed as a kmg-term "bjecti\c.

to be carried out with promising adult specimens as \\ell a, \\ith p,'pulati,'l" generatcd

\egetati\'ely from selections. Selection should continue in Turkmenistan and "ther Centred

.\sian republics. in Israel and the \Iiddle East and in countries where f,.,IJcr j-r,'ducti,m .'n

.\S.\L rangeland is important.

S\stel11S for rooting cllttings and for initiating tissue cultures frl)111 aJult plants fl'f

micropropagation should be deyeloped. Both \\ill be implJrtant toob t;'r cll'ning ,dedi",,,

made in tield trials. whieh will enable large-scale planting of superior material.

De\e1opment of the system ofsl'matic embryogenesis ,hould be c()mplekd. Ihis will pr,,,iJe

the lowest-cost systeml)t" c!unal propagation of these species.
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"ome aspects of the \\l'rk t1l1 Huf<lxdoll \\ill be aJJres.seJ in the\lll CDR ;'r,'"ram.

.\10 CDR-C 16-091. Establishment of I'roJucti\e Rangeland \\ ith 11:,ch- Yi~idjn,c I,.,I-i~r

.\ti·ica. \\'e hope tinancial resources \\ill be fl1lll1J to pursuc ,'ther 'ITec:' \\ itl: ,'ur lurkm~"

collaborators.

LITF:RATLRE CITED

.-\berknc-Bertossi. F. :\oirot \1. and DU\'al 1'. 1')99. B..\ enhances Ihe ,ccTminatit'n t.f "it palm

somatic embr"os deri\ed from embryogenic suspensi,)J1 cultures. I'L1I11 Cell liss. nr~.

Cllit. 56:53-57.

.\iscnshtat. B...\ .. '\.5. Orlo\Sky. 1976. Structure of heat-thermal balancc ,'I' the Jesert

hio!.!eoccnoses. -In: So\"ict-.-\ll1eri~an simposiutll on biospheric l1:.lture r-:~L~r\C'~. \h.'::-'L~1\\.

'\aub.43-61.

.\mbazhagan. Y.R. and Ganapathi .-'t. 1999. Somatic cmhr\,'genesis In e~ii sllspe:1St,'n

cultures of pigeonpea (Cajanus cajan I. Plant Cell TiS'. Org. Cult. 56: 1-<)-1 ~4

.\rumugan. '\. and Bhoj\\ani S. I ')89. Somatic embryogencsis in tissuc cultures "f

Podophyllum hexadrum. Can. J. Bot. 68:487-491.

\nree. 5.\1.. Dunstan 0.1. and Fo\\ke. r..C 1991. \\'hite Srrucc [Picea gbuca ,\!t'enc!l'

\'nssl and Black Spruce [Picea mariana (\lilli B.S.P.I. In: Bintcclllll'I"i': In .li'ricliiture

and forestry. "01. 16: Trees 1111'.1'.5. Bajaj led.i. Springer-\'crlag Berlin. 1'1'. ·1::;-44'

Barrueto-Cid LP. \lachado ..\C\IG. Car\alheira SBRC & Brasikiro .\C\! II ';'N, Plant

regeneration from seedling explants of EucalYPllls grandis x E. uroph'ILL Plant Cell Tis>.

Org. Cult. 56: 17-23.

Blanc. G .. \liehaux-Ferriere '\ .. T~isson C. Lardct 1.. and CalTlll1 \1.1'. , 'Nt). Eff"ct, "t

Plant Cell Tiss. Org. Cult 59: I03-11 2.

Burnout~Radose\ich \1 & Paupardin C. 1985. \'''getat;, e l'r,'pagati,'n "I' ChetllT,',~iul1l

. b I . I -\ I B 7" ,-", l> 'qUlllOa v Sloat lip eu ture.. mer. .. at. _I_I: _/0-_".'.



CabaSSlln. c.. Ollitrault 1' .. Cote F:\ .. \lichau,,-Ferriere '\ .. Ilamrier Il. Ilalnic R..llhl

T cisson C. ll)Q). Charact~ristic5 \)1' Citrl1~ cdl cultures Juring llnJitY(';('nti~H('J :;rL'l\qh ~'n

sucrose and somatic emhryogenesis 1.)11 galactosC'. Physiol. Plant. l) _~ :Jh4-'; -I I

C~lnhoto . .1.\1.. Lopes \1.1.. and Crul (i,S. 1999, ~l)1ll~ltlL' cmbr:~',:;c:~(,~l' _1:1...i !'unt

re~eneration in myrtk I \ l\Ttaceae I. Plant C<:II Tiss. Or)2. l"til t. :' -: I.~ -~ : .

llwi. KT.. Choi YE .. Yal1)2 DC. and Park Jc. 1998. Sl)matic eml'[\ "!,enesis in k.'re.ll1 !,inse,,!,

(Pana~ ginseng C.:\. \kycrl. In: Plant hiokChnoh)gy .1I1J In \ itrl.~ t",il.'kl~: in the:::'1

century_ Proceedings IJf the I\:th International C\Jngrc~s \)1' thl,.' [nlcrnatil'!1.d .\:'~l'\.·i~l!h)n l't"

Plant Tissue Culture and Biotedll1olo!'\. Klu\\"er .-\cadentic Publishers . .Jerusalem. Pl'. ~'L

Culatic L.. 197~. Induction of t1o\\"erin)2 of isolated Spinacia ,)[erace:l buds in <erik culture.

Bull. Del' Institut et du Jardin Botaniques de L'uniwrsite de Bel)!'r:1. :'~_:'''.

Dedkl)\. V.P .. P.O. Gunin. 1979. Some features of radiatilln heat re!'lme .'r d,?'ert pi.lnt

canopy. - Problems of Desert DewlopmenL -l: -l1--l9.

Ooley. W.P. and Saunders J.\\'. 1989. Hormone-free medium \\ill ,upp.,rr callus pr"ducti"r1

.md subsecucnt shoot rC)2eneration from \\hole plant leaf e~planh in ,,'11k su!'arbeet i Beta

\ ulgaris L.I POPUlatilll1S. Plant Cdl Rep. X:2~2-22~.

Cileddie. S .. Keller \\'. 8: Sctteriidd G. 19X2. Sumatic embf\Ll!,ene,is anJ ,'bnt ce!'cneratil'n

:'rl'm leaf e"plants and cd I suspensions of Solanum mdon!,ena I e!,!,;'i:mt!. Can. .r. B.,1.

h I :6~6-666.

(jllrst JR 8: Teasdale, 1999. Robotic micropropagation for Cl)mmercia! f,'re'lr:. In: P1.lnt

Biotechnology and In \itro Biology in the 21st Centu[\ .. \ .. \Itman et ai. ,cds.'. hill\\Cr

Academic Publishers. '\etherlands. PI'. 633-636.

Gln il S & Gupta Sc. 1997. CommercializatiLln llf plant ti"ue culture in InJia. Pi.lr1t Celi

Tissue Organ Cult. 51: 65-7.~.

[Ialperin. \\'. and \\'hethcrell 0.1'. I96-l ...\d\enti\e embf\,'n\ In tis'lle cultures ,'(rhe \',ikt

carrLlt. Daucus carota. .\m. J. Bot. ~ I :27-l-283.

Harry. I.S. and Thorpe T..-\. I 99-l. In \itro culture 'If fl)rest trees. In: Ilandh,.,k M' Plant Cell

and Tissue Culture. IX. \'asil and T ...\. Thorpe leds.l. J-.:iu\\er-\caJernic Publishers.

'\·etherlands.pp.539-56i1.



Hristororoglu. K.. Schmidt .I. and Bolhar-'\ordenkamp II. I 'l'i~. De\ ci"pmem .tnJ

:lcrmination of .-\hies alba somatic cmhn os. Plant Cell Ti". (lrg. Cult. '+II::---:S'+

Ilu:-i:-'(': (J & Hcph('r .-\. jl)7S. CIon;.}1 propa~ation of su~ar rL'cl pLlI1b ~ll1J the r'...'rmath'n \'r'

1'01) ploids hy tissue culture.. \nn. Bot. .+:: '+77-'+79.

19nacimuthu. S....\rockiasan1\ S...-\ntonysam\" \1. anJ R'l\ ichanJran P Iq'lq PLtnt

regeneration through somatic embryogenesis from mature Ie;}!' (''\plant~ lIt' Lr:n~ium

!(letidum. a condiment. Plant Cell Tiss. Org. Cult. ~6: 131-1 ~-

KaS\ano\". F.\L LA. KryukO\a and S.\1. Kuligin. 198:. H.aph\ lIum culture in pct,ture

I,rotected stands of Caspian area. - Problems of Desert De\c\"pment. ~: =--~ ~.

Kaul .. \. Kumar S 8: Shankar .-\. 199:. Vegetati\ e propagation "f 11"1",, I"n sal ic,'rnicum

I \loq) Bunge. _-\nn. of.-\rid Zone. 31(3): ::7-::::8.

Kim. S. W.. Byung \\.\1. and Liu l.R. 1999. High rrequene) plant regenerati,'n fr,'m

immature o\ule-deri\ed embryogenic cell suspension cultures of Chelid"nium maius \ Jr.

asiaticum. Plant Cell Tiss. Org. Cult. 56: I:5-1 :9.

Kreuger. \1.. Van der \lcer W.. Postma E....\bbestee R.. Raaijmakers '\. and Van H"lst e;.I.

1996. Geneticall\ stahle cell lines llr cucumber Ii.'r the large-scale rr"Juct!,'n "t" dirl"i,j

s,'matic embryos. Physio!. Plant. 97:303-~ IO.

Kulshreshtha. S. and COUllS R.!-J...\. 1997. Direct somatic emhl"' ,'genesIs anJ l'Llrlt

r~generation from mature sugarbeet (Beta vulgaris I zygotic cnty kdl'n~. Pbm GrQ\\th

Regul. :::::87-92,

Kunitake H.. \iakashima T.. \lori K. and Tanaka \1. 1997. '\ormalizati,'n "f Jsparagus

s0l11atic enlbryogenesis using a maltose-containing 111edium. J. Pbnt Ph: :sill!, I ::OA5S-"'h 1.

Lalymenko '\.K .. Shadiikl" LK. and Lalymenko LA. Pre-planting and p,"t-"iJntlng

irrigation of }{a/o.n'!ol1 species in Proh!ems oldeserr dl'l'e!0pl1lel1l. }9\)R. ::~R-6·t

Lenzner. S.. Zoglauer K, and Schieder O. 199~. Plant regeneration Irom rr"tl'l'iast5 ,,( sugar

heet IBeta \'ulgaris), Physio!. Plant. 9'+:3.+:-350.

L"bko. 0.5.. Z.I. Safono\ a. 197'+. The effect or H.aphyllum stands on the ab"orptilln "I' hases

of serozem and gre\ -hrown soils in artitical phytocoenoses. - Pr,'blems ,'I" Des'''l

De\elopmcnr. ~: '+~_'+9.

68



\ki 8. '\0 Hi. \1c\\'illial11s LE. Gould JH 8: '\e\\lon RJ. Ill()-. In \ in,' re;cner.lti,'n ,It"

I,'"u"\\ing saltbush I.-\triplex eanesccns I Purshl '\unl. J. of Range \LlIl.lgement. <I' "h

-tl~--t18.

\krklc. S...\ .. Parrot \\' ..\. and \\'illial11s E.G. 1990.. \pplicali"'b "f ,,'nl.lllc cmbi"lgcncs,s

and embryo cloning. In: Plant Tissue Culture: .\pplicalions and Limitati"lb. -';5. Bh",i\\.mi

I cd. I. E\se\ier. .-\msterdal11. Pl'. 67-10 l.

\ lichlcr. C.I I. and Lineberger R.D. 1987. Effects of light ,'n somatic el11bn., dc\ek'rment .m,!

abscicic le\'ds in carrot suspension cultureS. Plant Cell Ti". (jrg. L·ul,. II: 189-21'-.

\Iurashige T 8: Skoog F. 1962..'\ re\ised medium for rapid gr,1\\lh :1I',: b,,'aSS'I\ S \\ irh

tobacco tissue cultures. Physiol. Plant. 15: '+73-·t<J7.

\Iurashige T. 197.+. Plant propagation through tissue culture ..-\nn. Re\. Plant Ph"i,)1. ,<.

1~5-166.

'\echae\·a. '\.T. 1958. Dynamics of Karakul11 range \egetation a, atketeJ h mete,,!",'!.'gica[

cobditions..-\shkhabad. Publ. ,-\.'\. Turkm. SSR. 21.+ Pl'.

'\echae\·a. '\.T .. Z. Shamsutdino\ and G. \lukhal11l11ed(H. Ill7S. Impr,'\emcnt <'t'dcsert

ranges in Centml Asia. Ashkhabad. Ylym. 62 Pl'.

'\ehm '\S & Kartha KK. 199.+. \lorphogenesis and regeneration. Pl'. ~---'-I. In: \'asii I.K ..m.l

Thorpe T..-\.(eds.l. Handbook of Plant Cell and Ti"ue Culture. Kiu\\e!" .-\caderolic

Publishers. Dordrecht. '\etherlands.

'\ikitin. S..-\. 1966. Tree and bush plants of the L'SSR desens. \105co\\. '\auka. 2-51'1'.

'\omura. K. and Komaminc .-\.. IQS6. Somatic clnbryogencsis in C3rrlll ~cli:,. De\. (j'fl1\\ ttl

Differ. 28:511-517.

Ogita. S .. Sasamolo. H. and Kubo T. 1999. Selection and microculture "f single embn,'genic

cell clusters in Japanese conifers: Picea jczoensis. Larix LeplOlcpis and Cr: rt,1[11eri.l

iaponica. In Vitro Cell. De\. BioI. Plant 35:-t28-'+3I.

Paneen and Birnbaum F.H. 2000. In \itro propagari,1[1 .)f II. arh,lIul11 I\linb\.! Iiiin

['roccedings of the -tth International Symposium ,m "In \ Itro Culture .md H"rticuIrur,tl

i3reeding··. Tampere. Finland. 2-- JuI\. 2000 Pl'. I ~.f.

Perez. .1.N. 1998. Propagacion y tncjora genetica J~ planta:' rl1r hil)tecnok1~ia. In:'tituh~ 1.1(­

hiotecnologia de las plantas. Cuba. pp. 57-77.

69



Rodin lE. 1977. Producti\·ity of \cg~tation in arid /Ol1e (\( tl1~ a~;a I~: nthc~i~ \.,( ~\\\ i~t

Studies for the International Biological Ptrigramme. I%5-19-.1 I. Publishing :1<'llo'<:. ,,",w",!.

Leningrad. pp. .23.2.

Saunders. J.\\'. and Tsai ( ..1. ]999. Productipll of somatic ('mbr:l'~ arh.l :-:ih'\'t~ ([,'In ~u:;arh.?;.:'t

c~dlus: Effects of absicic acid. otl1('r ~rt1\\th regulators. nitr\..)~el1 :,,'urct? :'licr\..'~ ...·

cl'11centration and genotype. In \'i1ro Cell. Dey. BioI. Plant ~5:1 X-:.1.

Schuller. A. Reuther G. and Geier T. j9X9. Snmmic embryog~ne:,is fr\'t1l 'e('J~ ,'r" ..\h('~ ~Ut"'~l.

Plant Cell Tiss. Org. Cult. 17:53-58.

Shamsutdinoy. Z. 1975. Establishment of perennial ranges in the arid Nne "f Cemui .-\si.1.

T'lshkent. FA.". 176 pp.

Shamsutdino\·. Z.. 1.0. IbragimO\. 1983. The long-tenn pasture agroph\t,'ct'e,wses in the "riJ

zone otTzbekistan. Tashkent. f..\C\. 178 pp.

Stafford.. \. and Warren G. 1991. Plant Cell and Tissue Culture. Open I nl' erSIl\ Press.

London. pp. 8.1-98.

Sung. Z.R.. Smith R. and Horowitz 1. 1979. Quamitatiye studies of embl"\ "cenesis in C\,mlla!

and 5-methyltryplOphan-resistam cell lines oflyild carrot. Planta 1.1-. :3(,-:.11'.

[autorus. T.E.. Fo\\ke l..C and Dunstan. D.l. 1991. Somatic emb[\ogenesl< in c,'nifers. C.lll .

.I. 1301. 69: I 873- I 89LJ.

ferl11ignoni. R.R.. Wang PJ. and Ilu CY. 1996. Somatic embryo inJuCli,'n in FucCi!\!'!,,,

dunnii. Plant Cell Tiss Org. Cult. .15: I~9- J3~.

Thorpe TA. 199.1. \Iorphogenesis and regeneration. pp. 17-36. In: \·.bil l.K. "nJ fh,'rp..:

T ..·\.leds.l. Handbook of Plant Cell and Tissue Culture. Kluwer .-\cCiden11C Publishers.

Dordreeht. Netherlands.

Thorpe. T.A. 199-+. \!orphogenesis and regeneration. In: Handbook ,)f Plam Cen CinJ Ti"uc

Culture. IX. Vasil and T.A.. Thorpe leds.). Klllwcr .-\cademic Pllhlisher<. ,,"erhcriands.;y

J"' -~6.

Trick. H.'. and Fin~r .1..1. 19QQ. Induction of somatic .:n1br:()S(,I1;.:'~i~ .1nJ gcnc'tl(

tmnsfomlation of Ohio Buckeye I.-\esculus glabra \\·ild.l. In \'i[ro Cell. Dc\. BioI. Plant

35:57-60.

\'an Le. B.. Thaa 0.\1.:\ .. Gend: C. \idal J. and \'an T.T. J'I'I- Plam Cd! 'S>. Org. eLit.

.19::0 I -208.

70



Vasil IK & Vasil V. 1980. Clonal propagation. pp. 1'+5-1 ';. In: Persrecti\e, in Plant Cdl

and Tissue Culture. "asil I.K. led. \. Int. Re\. Cytot.. Supplement 1L\.\,:c1demic Pre;;.

'\ew York.

'·enbtacha1am. P.. Kabi-Kishor 1'.8.. Geetha. '\ .. Thanga\du. \1. and .!a\aral.m '\. Iqqe) \

rapid protocol for somatic embryogenesis from inmaturc kJt1et5 l.,f ~r\lunJnll! I \ra~hi:,

hypogea L. 1. [n Vitro Cdl. De\. BioI. Plant ~5:'+09-'+12.

'·erhagen. S..-'\. and Wann S.R. 1989. '\orway spruce somatic embryogene;i,: high-tre'1uenC\

initiation from light-cultured mature embryos. Plant Cell Tiss. Org. Cult. 16: 111.;-; II.

Wochok ZS & Sluis CJ. 1980. Gibberellic acid promotes .·\triplex slwe't multirlicatie)n cll1d

elongation. Plant Sci Let!. 17: ~6~-369.

71


