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PREFACE 

This research project had been supported by the AID/SCI 

Grant No. 936-5542-*-SS-3037-)O from June, 1983 to June, 1986. 

A total tI'-i:x proqr: r-ort-3 have been ';uboitted to !1.;. 

tnterna il , []evlopllt elooporatioii Agency in hangkok at jix 

monthf; . ' )1t:i 'h(1 peult:i, and'h, l;(!'. , )rk, eroblems 

ecom ledit ion I' i I iuni. t i'L; inal rep rt. It: LS our 

intention r ,:ro;ont thi- 1ev. Ieptn*mnt of n !tjooIloqy in somatic 

rice tii'( cul tu , L1 our LItorAtori and elsewhere for anyone 

who want:; to (.0o: Il0::eo the work lon ih line. The methodology 

used in iora tic U1;ajle coUltur- for o3ic, r ce is still illthe 

infant S.i'.,o;ar]i nq to tjechni :5 'l:;ei on other crops. This 

,till hal :mich room Cor :o, .;c reeorog of tho toleralt 

individuaL; r:eorratret roin .a i Ia was done under natural condi

tions in the ho lve with mtpil methwdu , howev,:r several problems 

had aris;en lur :r; 'I:roaent n which are worth nrcted. 

io ;rant ea 0l June the, -orited 1986, research 

stilL continue:; up 'o 'h0- preuieot tLm. in .screenirq of the; tolerant 

indiv idua 1 . :h ansy ake onothor year or two before handing the 

slelected ine'; '1o ':; Department of Agriculture and the Department 

of Land Develo[pment mor ie id te;tlnq. The results obtained in 

the preliminary ,tork7 indicates increase in salt tolerance in 

the descendance of the first and second generations of the treated 

Lndivicuals. 



COOPERATION
 

The cooperation between our unit cell and other unit at 

other institutions for exchange of material, personel and technical 

know how or technical assl tvu l iintrymportant in workinq with 

rice tissue culture n tie. rapid " r),;re:, in the improvement of 

plant th rou,;h t[:;: culture, one ciinnor:e 1.' ;o lel'' on gathering 

information t rnuh ob lishel JouinaIs or :hoit: .oinmunication, a 

direct contict mu;t I, riade to prev,2nt repet Ition of7 the work and 

help each otner th ough trains ferring of techinoloqy in thie changing 

world. 

The cooperatlon between TCCP at Colorado State University 

has been estabdlished since 1983 when this prclect was first started. 

Since then the principal Lnvesti atorr of both project have seen 

visiting other laboratori! ; regularly approximately one a 

year for dincus; ,on an Iie and Irobalerrifor Uhenlan future. 

les ( his, thuo-;charl',0 "L pe2rsonel:;, mraterials and numerous 

corresnonden(eso", 0':;,Ia'ca e.
 

Otour -ooperaticn is3 being done with the IRRI in the 

Philippines, ;everal visitsI of the personel from both institution 

have been made. rRIl also agrees to train some of our ataff for 

various apects or rice technologies. 

':ooperation :o,2tween government bodies specializing in 

,ifferent aspe ;ts of rice reseach has also been done. Our materials 

used in res;earch ire obtained from Rice Division, Department of 

Agriculture. An informal agreement was made with Dr. Somsri Aranin 



the leader of the Soil Salinity .e:sarch Section at Land Development 

Department to field tes t our i iified plants in different localities. 

It iS hoped that Al Ict1VLt en that w. have been doing 

would greatly help us to work ,"ficieutl in thi:; projct and the 

r inal outcome. 'new ,rit:n of rice nmd t, 0i1 oloyjies for obtaining 

thMn) wDmahi Le our con tir bit!. on to tie pol)1e wtno need them. 
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The purpose of this proje ct is to accelerate the development 

of rice varieties which can be grown under adv,.rse conditions (salt 

and acid soil) through tissue culture. This will certainly help 

srall farmers in the marginal land to increare yield substantially 

without increasing cost. 

IMPORTANCE OF TISSUE CULTURE IN RICE
 

Tissue culture of plant began over 50 years ago but its 

application to aqticulture was first realized only during the last 

two decades. For rice, the history is even shorter due to diffi

culties in both callus culture and regeneration (Rush et al., 1982). 

Most advancem-nt in ric tisnue culture have been made in Japan, 

China and Tndia. However, in 1917 IRRI began a comprehensive 

program for improvemcrt through tissue culture. These include
 

tissue culture of both from anther and from somatic isolates, 

screening and collection of jermplosm amenable to tissue culture, 

studies on the improvement of rice tis;u culture methods, studies 

of variation occurr 0' during tissue culture. 

Many problem; re;trict tjeir use in rice improvement 

program. These are t-he peor ;,roduction of callus and cot sufficient 

regeneration in many varieties. The more advanced methods such as 

regeneration of plant from protoplast or transfering of foreign 

nucleic acid to an established variety have been claimed by some 

workers bt; the;e have yt/ o e "ri led. 
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Photo. I Preparation Room 

with a number o! 

for plant tissue 

is, almost self sufficient, equipped 

.ta--lard equipment and facilities 

culture. 

Photo. 2 Nine trans fer chainber.; are inntalled 

room. Three 0? these are of laminar 

six being simple home-made type made 

in a tranfer 

f to,; type and 

of plexiglass. 

Photo. 3 Two culture rooms cumlrs)r , mainly of! ton culture 

stacks, three abinet; arI two shbakers . Maximum 

shelf area is HO;square rmeters divided into 60% 

dark atea which can -ccommodate18,000 bottles 

and 40 liqht areai for 12,00') bottleL . These areas 

have hben uf;.,-i ,.twen 5! to near its maximum 

capacity most of th, time since 1985. Each week, 

two thousand bottle; are replaced by the new 

culture bottles. 
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seeds were made on certain lots of seeds which proved to e high 

contamination, but that was not easy to spot the lesser affected 

ones. .ehewr possible, t2ie seeds harvesud in the dry se ason 

wre obtalned, tb-,eie proved to hav lower funigal conLamination. 

The seeds were stored in a rerigiratr it 3 - C until used. 

The seeds,; ot later p, rto from th01- plants grown in 

t. e house were hand jacai and air drie d for one month before 

storing in re ri ,yrator to OWcrcuTt dormiecc . It was found that 

te seeds of Pc2 3 res:,one wu~l to ice following treatments in 

;e rainin, ,a:,n. AQ:r:' Lc:n: "p ( ,irvted they were put 

ia the heated tachcr 't ii - 40 e. to dry t e seeds"1':'Av icioI' 

quicakl', A,%i t:,y w re put in a ;aper ,,nvelop leaving in the 

room for two waeks. The eeds g rerinated quickly after sowing 

(Progcress Report I to ,) . 

B. Method for callus induction 

1. Surface sterilization
 

In callus culture from mature embryos most of 

the seeds are havested long tim, before use. The handling of 

seeds during harvesting and storage is very importtant to avoid 

contamination. Sinc:e we are riot able to cori:rol the method o 

handling we have b, to find effective wayn" al ternti tut of 

cleaninq tien iurface of te ';edis. Bangkok is situated in the 

low land tropic th, tempo rature and humidity are high all year 

round, whichtfc :oiditiona fa,.'or t'h growth of mi cror-janisms. 

Some microor"ianisms are seed biorne such ao:17thium are commonly 

found but some attach or ly to the ouiter .strfaceo. The latter can 

be kiled by proner rrethods f surface sterilization. 



Photo. 4 Seeds of eight varieties were used in the experiments, 

these are auxng the recorme.ided varieties of the Rice 

Division, !Lepartent of Agr culture. Most of the 

seeds ware the ma turn. q;eeds obtained directly from 

the Rice Division, Lu so,7e were from our own plants 

collected at milky or !;oft dnugh stages. 

Photo. 5 Steps of growth and development in laboratory: Starting 

from dehulled mature seeds, germination of embryo, 

callus initiation and growth, greenspot (rudimentary 

shoot apex) formation, shoot growth, and plantlet 

formation. 





The problems occurred at IPIU are quite serious. The 

workers there treat thn duhelled eeds wtith I .01, mercuric chloride 

for (0 -- 15 minutes, then the'y' are rinsed with sterili" ed dis tilled
 

water 
 three times. Thi ; method if, s;!-d to he very effective for
 

disinfection. Howe ver, :*.rc:uric oride is a very toxic sub

stance which can ,aasily damaige ery '.'os 
 and it certainly is hazzard 

to the t,'2eihcian, i f not handle prc4erIy Therefore we decided. 


to leave thin fr the last resourc when it is really necessary.
 

In Eolving the pr(blem ol contamination by surface steri

lization, we have tried different treatments during the course of 

experimen t.. A im)di F ed method used in Profe.ssor Nabors laboratory 

at the CoToradco Stated Iniveroity was ddor ted. The moification 

is made 1'',,, ilnj a hKterrie, t to water prior to the chemical 

treatients and each :;,ep t]e-r treatment is extended. The 

a 'lar&;e rntamination, using this -thod, is 8 to 10% which is 

considered to be satis facto-/ . These are the steps of the treat

merit at room temperature (27 - 30 C) . 

i. Soak about 250 s'2t.ulIed seeds in 100 ml. tap water 

with 6 drops of Twen 2n. Kha& continuously for 3 minutes and 

then wash in runing tdi' watr. 

2. Soak the wa:h 1 q;.eds in 90, ethan<ir for I minuto 

3. Transfer the seeds to 20'.. Clorox solution for 20 minutes 

4. Transfer the :seds to 15! Clorox solution for 20 minutes 

5. Transfer the ;,.d:; to 1'. Cloox solution for 20 minutes 

6. Wash the ees with sterilze1 i distilled water 3 times 

7. Keep the surface sterilized seeds in sterilized Petri 

dish until use. 



2. Callus 	induction
 

Callus induction of rice embryo is simple, the best two 

media for eiqht varietieos studied have been derived from a series 

of experimeats. Thu sclajted midia induce the compact callus to 

,orm and trote good qru.4th. Such callus cormposesS;t i 11 fairly 

mnainly 'A :: c1i. Ai ich isa called esrbryoc;enic callus, 

it: has igcjfrAucicn of initiating shoot apex than that of non

embry/ogeric callus composed of loose tubular cells. 

Table 1 	 }Pazi c comi oants of culture media for callus induction 

(Marah igyand Skooq, 1962) 

Consti tuellt 	 Cocentration (mg/i) 

A. Macrornutrient; 

NH 4NO 3 	 1,650
 

K110 3 	 1,900
 

CaCl 2"21)o 440
 

MgSO• 711 0 370
 

yjl2P4 170
 

13. Micronutrients 

Naci. /I'A 37.25 

FeSO4 •712 27.85
 

M 'SO
4 .120 22.3 

Zr .'04 420 8.6 

1 31) 3 6.2 

}P1 0.83 

Na MoO .211 	 0.22,4 2 0.25
 
CuSO 4 .5N20 0.025
 

CoCI .6N 	 0.02520 
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Table I (cont.) 

Constitue nt 	 Concentration (my/l) 

C. 	 Vi tarninsL
 

thiamin .iC1 0.4
 

D. Others 

sucrcose 30,000
 

agar 8,000
 

myo-i nosi tol 100
 

Table 2 ftiandardized callus induction media 

Co ri.; t I t IenP t:; 	 Varie ty 

A. 	 Midi um 

baic cor onts RD8n e 

from Table 1 P.D23 

KDML 

2, 4-D 1 mg/i LPT 

NMS 

kinetin 0.3 mg/l NSPT 

B. Medium 11 

basic components 

from Table 1 	 RD8
 

RD25 

2, 4-D 2 mg/l KTHI 

coconut 	water 100 ml/l 
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Variations rf tie media were tried by aduixng tzy-ptopnlan, 

coconut water ac varyin- crncentons, or increair.g the amount 

of 2, 4-D (Tables 1 to a, Peport 1; Table i, P.o-port 2). Only the 

compositions given above prduced onsisten;t reesults. 

Four surtace sterilized seud; we:uqcenerally put, in a
 

culture bottle. The culture bottles were kept in the dark for
 
o 

four weeks at 21 to 27 C. A callus is visible in three days and 

it is cut off and transferred to a fresh medium at tie age of one 

week. In most cases, calli at the aqe of one months were trans

ferred to the regeneration media. Over ninety percent of tie 

embryos produc(ed iarge and healthy calli at the stage but unfor

tunately only few cf tir; have cor through complete process of 

regeneration. Ths has led to plannin several experiments on 

regeneration. 

Imnature embryos in the late milk to soft dough stages were 

found to resnpod to callus induction better than the mature ones 

(Table i and 4, Report 2; Expariment 1, Table 4, Report IV) . Evn 

the immature eC: ryo of sorre varieties produces larger callus but 

the prrctical use -f irmiature er-/o for large scal callus produc-

Lio is questi nable. First, ircons isten cy of callus growth has 

not beer., stie d Inr; htoil; t involves growing plantsioesonI, own 

rs;pecially the' teiensiti,,e varieties that need .,lotojeriodic 

c a ,:-;treatment!; or ,llost mature loeds Ia,.s nd thi rd, reocnera

tion of plants from an ismature erm)rye is not better than the one 

from mature etch yn eve!n it is larger and healthier. (.n the other 

haid, m.hUre eroi-yes san easily be obtained all the time from the 
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seeds storing at 3 t(, 5 0C in a refrigerator. This saves time 

and 	 efforts in acquiring materials pricr to culture. 

C. 	 Method for plant regeneration 

Plant regeneration i rom callus has been a major problem 

in tissue CULue of ...................... A*:trtod errier it, the
 

progress reports 3, 4 and S that the successful iegeneration 

depended not ally the to in ue a alone but tiet interaction between 

tie 	 materialS ,-,rid te::hn oue1t. TIh respornse of Jalpor.ica tpe to 

th:ii 	 ot7Icri ;'iau a;e': 5y mdcny werlo,? in the Un td States and Japan 

have not been ap1 iod LCessful.1to th e Indica type. [ue to 

scarcity of the Iitoratures on roene ration froil Indica callus, 

much of the time ha neen .;Iw'nt curing the pa::!; throe '.,ears to
 

find ba:;ic sf "he re2sult obtaied :-ave bon
co;:esfailur-. 

encourag.incg hut we feel that there are still much room for impro

ve,,me nt. 

There are many different media used by tissue culturists 

around the world at present. Most of the recommendations are 

from 	 workers that have ,.,,,i ow nh,..,id' for 

a 	 ;,,C:: i jiroup of plant:; and can ih ap'plied to other plants 

for 	d6 fferent PriIoh:; 191i54; ad g ..(;j'.i, Mura:;hjqe awo 1962) 

Some dor veK a r rns]a fr, m i ";riie.: of t-ests in ;ol-h monocoty-

Ledonous ,nd ,ai , 1'i noo,! ti ';cilrr ( i:.!t!k and Hi !d1,.randt, l')72) 

Beside.; the, inor.a;,: r'on5,therf orqarnic comounds 

and the co<irdcnsit'- f th,. r t'rac, srocis. rlndors a s;ystematicn.aoir 

testin'; of the '.f oct.:; c: too cn.; cund o t'i,]y d]fficullit. 

Therefor,, we ha , solo cteo only some coiations for experiments 

on plant regenration from callus of Indica rices. 
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Photo. 6 Greensrot formatlon and shoot differentiation in vitro: 

,-ost Of the Cdll., deve lped jretnspot in one or two 

weeks in .-te'l,,erar ion medum nt nutor.ly fe, of these 

devel+i)o'i :ito 00tTO . 'hLrt' Iicent of IPT call us 

produced ';hoot:. lut only 4.21 was obtained in RD23. 

Photo. 7 Very tew sicots ,^"re able to develop in the .election 

media containing 0.8, 1 or 21. NaCI. These selected 

plants were grown to maturity and their seedlings 

were screened for salt tolerance. 

Photo. 8 Plants reqeneratrd from callus at 

in sand culture. 

anthesis were grown 
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Due to some disgreu:ri ,:t among thy r1sult-s reported by 

several workers and ours, which may he ci thor 0' vvyation in 

responses of rice v,'arivet.ie:or physi:;cal o<nvi-ronirxii t in the culture 

rooms besides th.W anj5('ii tioe of Ili. Tnt'idis iotk.;s the p)roD cm 

even mtorti*wmex. 'Thin ishae the obtainedrt r.ort- on results 

from the -;Xr nto wrilIh uowIp,' vor' well with the results of 

other worer: ad or revious re:nlts. After vi !iting to other 

laoratories in o0tu:. cauntrf:os, %we havc foUnd that te resuits 

of regeneration of the indica rices arm not any better than ours. 

.n have sloent much affords on eh fundamental works on 

reqcneration of plant from sortic callus to eqjtaL]iq h the method 

for better reg,.nerati, n. 'These works were not oily to obtain a 

work.lj method for oiii own ue but foir the benrilit of all who wish 

to work on requne rat sri of the iridic a rices . A tota] of 14 

experimenti; were orfunrned inorhe r to oetain morn ;lants regenerated 

from a callus. So far we can induce only five to thirty percent 

of the Lotl cal.li to regenerate. There is still rooms for iq4rove

ment. 

r-Istatemcrire tf-;lno-v , the critical prohlernr wIi oh we 

are facin during the ;iae t priod but. these are only a fraction of 

the tot al work. All ac-co:y lshr-onte i a so ries ofnincudinq 

preli.minary tests; IcaOL 0) l l Pref:;t-i iti the.'written form only 

positive resul t or neiative results with special value arc 

summarized in the:;e reprts. 
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1. Reference medium for plant regeneration: 

All media fot re;ec, rct on used _n tchisc report are 

based on white's macro-elmn tci with !(,me modifications C.q. the 

dete':ion of sodiu;, :;u1 ,iO or wi'ilt1lori of i,,vniuTO h.u fate. In 

addition, microl : (includiwn art, accordirngmn tc iron) utred to 

Murashige and .%cc(:1 J]. 2) . (:sonutwater is t-he only undefined 

organic 	 additive tht;_ giv, ,; on;i15ent result for regeneration in 

many experi mernts don,. reviotsly 

0f culture'atl i t'! s (c': 'one n (i the merdium for regeneration 

Corls t i tuen " 	 Concentration (mg/i) 

i .Incronutri if t.;
 

MtgSO 4 7110 720
 

Ca (O 3 1 " "1)0 300
 

K1 O 3 
 80 

KC1 65 

Nall PO 4 If-)( 16.5
2 4 

(Nil I S 200
42 

P.. Micronutrient-n 

sare s' Table I 

C. 	 Vitamins 

Thiamine. IlCl 0 or 0.4 

D. Others 

TAA 	 1 

Y.i ne tin 3 

a qa r 8,000 

coconut water 100 mI/i 



27 

2. Reference physical conditions. 

a. Culture vessel:- Serew-cAi bottle of 7 cm. high
 

and 4.2 cm. wide containiny 12 - 11 ml. of medium.
 

b. Light source:- 'Wo Philip; fluoresce t; tubes,
 

TL 40 W/33, 23 - 30 cm. above callun.
 

c. Light regime:- 16/8 hrs. light/dark. 

d. Temperatur2:- 21 - 27 C 

3. Formulation of the reference mec'ium. 

The above reference ieclium and physical conditions 

give consistent results on plant regeneration from callus. Other 

media may ha(! it, culturing callus of some varietiesive idvaint-iri; 

but they would have tu he on.en for their consistency. It is 

intere tng to note that ;ore cianqe; in concentration of some 

comonetnt; hive much fI-fect or, rcneneration hut on the other hand 

the amount () some other compm: i:ontu do not seoem to have any 

apparent effect on regeneration over a wide range. 

However, our key to nuccen; of the reference medium 

relies mainly on the su['l ]ementing 1.0! coconut water in the 

absent of sucrose. 

Following are stammries of the results obtained from 

the experiments leading to the refezence medium. It is hoped that 

thene will be useful data for any one who wishes to do further 

experiment on plant roeneration. 
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a. Inorganic nutrition 

1. Low and high salt formu]ae: 

A modified white's macronutrients have 

been used as a standard fr'diusr regeneration throughoutfor plant 


the work.
 

it gives oonsistent resultin and i' usel 

as a reference medium in many experiments . .%odiumn. .ulfate is 

replaced by anniM '; : ,ito in the original formula, this tends 

to induce ny)re reg'nenration. Other variations: have been tried to 

obtain xore inf: ormation on inorganic n-,tri f:ion hut. none. of these 

produc much letter no, ult than our a tandard m'diL ,.. 'ire modern 

iigh !;, t rrmur'illa', li',: Miurahigo and Skooj (1'.62) and Schenk 

aid ildrbrandtd'.rualll (172), 1 ;wrt. orer re:;ult ; in several 

experiments (Renprt II, Exp. 2, Exp. 3; Reort III, Exp. 2; Report 

V, Exp. 4, Fxp. 5; Report 71, Table ]l, 15) 

2. Nlitrogen level:
 

Amroniwn nitrogen at 3.2 mM induces more 

regeneration than other media with lower or higher levels. 

(Report V, Exp. 5; Peport Vi, Tale:; 11, 15, Ii rs. . 7). On 

the contrary, a wide range of nit.rat nitrogen (3.3 to 34.2 mM) 

g ave similar re;ul t; Ropert If , lxp. 4; Report V, Ezxp. 4, Exp. 5; 

Report VI, Tables 1l, 15). 

3. Phosphorus, potassium, calcium and 

magnesium l(vl: 

(Ither elements, (phosphorus, potassium, 

calcium, and magnesium) -14d not give conristent .-esul ts over a 



wide range of concentrations in our experiments. As long as there 

were sufficient supply oi these elements even at a bare minimum 

level and theme elements did not reach toxicity levl at highest 

concentrations tented. The refurv tht. wide range of tient elements 

in the .,-iites formula in oeat-inatiao of cecoliut warer are suffl

it for growth and develui: munti , :7, Lie::, gr)enspot formation 

and 	shrot formation. (heport Ii, Ulxp.9, 4; Report V, xp. 4; 

Report V 

4. 	Microelement level: 

Microelements used in the work were based 

on the formula of Mura;hiqujnd :.cei (6)2) . When the .mount. of 

iron was reduced to half or ihcru:a; : .;t J)T,d four tene.spoorer 

regeneration resulted. PWd.cti.n of etier microolments in half 

was 	 alno done and the ru.o t. of regeneration did not change. 

h .	 howth regulators 

A fairly high level of kirietin is used n 

addition to coconut water in the: re!qen(eration medium. In several 

pl1ant species, only the. rosleotn of I0 to I5% autcla vd coconut 

water in the culture media give sufficient amount of cytokinin 

for plant reloneration. However, the resul t .xperiments 

led u; to cone ledn that addiitj r, ,f 3 11n. kir.n 0.1 ppm. 

BAP 	gave I;] l,,ttr iem tian other concentrations.i-hth rjene rat: 

,AA was :;ole:.ted it I ppm. for the rofe rence mediun. A low.r 

conceantratio:; of HAA (0.1 ppri.) a !;o gave fairly good results 

in some "xperim onts (Report 11, Exp. 1; :ameort III, Exp. 1 and 4; 

Report IV, Exp. 3). 
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c. Organic additives.
 

1. Vi tamins 

Thiamine have been considered to be 

essential for nearly all P ant tiu.ue cultures, whereas nicotinic 

acid and pyridoxine ma' timulat" growth (Gabory et al., 1976). 

In our expeitimelit;; eI1'" t hi.a rii W,; effect; V,:in increasing 

regeneration in the presence; of coconut water (Report V, Exp. 6, 

Tables 11, 12). 

2. Complex organic supplements. 

Only 101 coconut water used as supplement
 

was found to be beneficial for plant regeneration. Coconut water
 

is rich in organic compoandm; Qp;ut.eially cytokinins which plays 

roles in boh stimulation of uc.ar division and retarding the 

breakdown of chlorophyll;, nucl.ic acids and proteins (Salisbury 

and Ro:;:;, l',,) . :h he coconut water was i:ied, other addi

tive.s liko vitamirn; (ex(:,upt thiamine) , ammino acids, sugars were 

not effective. In addition, a coubination of coconut water and 

s;ucrope oave worse res tu tha te , sucrose alone. This may be 

due to toxic substance;; forming during autoclaving at the tempera

ture 120 AC (Puhan and M'lartin, 1970) . Increasing the amount of 

coconut water to 20 Ard 401; to provide more cytokinins wan not 

possible because it indues early death of the callus. (Report II, 

Exp. 2, Table 6; Report Ill, Exp. 2, Tahle 9; Report V, Table 9) 

(a.ein hydrolysate, tryptophan and yeast 

extract tend to induce deleterious effects when combined with 

coconut water (Report II, Exp. 1, Table I to 8), hut tryhtophan 
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acted like cytokinis in the absent of cocnut water (Report II,
 

Exp. 1, Table 5).
 

d. Carbohydrates.
 

All, media require the presence of a sugar as 

a carbon and energy source. Sucru"y is usually added in concen

trations of 2 to 4.5t I th< experiments on adding coconut water 

in a med;um it was rouind that coconut water .nduced regeneration 

beat in ;l,:e . mians supply of differentthe e! suscr l'This that 

for-na of agars inC coconut water i. enough for tie growth and 

differentiation in the early stages of differentiation. The 

reaction of ucrr".rnd coconut water may gie rise to toxic 

substances (a. .-- ), is worth studymntino'! "Kr1 it to the 

carbohydrate nutition ti This study shed somein WW . may light 

on the differentiation and s useb uent development. (Report II,
 

Exp. 2, Table ,; -epurt 111, xp, 2, Tables 9 and 30, Figs., 1 to 

3; Report III, Exp. 2, Table 11 to 17, Fig. 4 and 5). 

Adding Myo-inositol at the concentration of
 

100 to 1,000 mg/i gave slight improvement in regeneration inspite 

of its high content in coconut water (Report III, Uxp. 2, Tables 

I and 10, Figs. 1 to 3; Report "Up.I, 6, Tab] IM and 12). 

Other form:; of sug ar:; were tried at different 

concentrations in place of sucrose, the results obtained were not 

consistent. However, a high .sucrosemedium is required for normal 

development of shoot ancd ront after elongation of the shoot is 

observed. At thisC; stage coconut water is left out and only a 

high salt inorganic formula with 6% sucrose is sufficient for the 

p1 antlet. 
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D. Method for selection of salt or acid tolerant individuals.
 

Preliminary studies were divided into two parts, one 

was made in vitro during call]us growth and the othor was made in 

natural conditicn when the pl]ants rodu.ced tour to five loaves. 

Treatr1ent sir in; row, h wouli da-iasx the ;erci Live cells, only the 

tolerant ornw wol.1d contLinu to grow anrd differentiate into shoot 

and finally tn. whole plant:: . Ti ; inm,..od ;e2lects cell lines that 

tolerate higsh concentratiotn of haCl but it gives very low regene

ration. Althouqh sa!l taleranit call lines have been selected 

in vitro, but it is n q u.r"' tuLat ts ]ance selected in culture 

will ie exvr: scsi at the wholea plant level. The plants obtained 

by this; method iust Ihe valuated further for salt tolerance and 

genetic stahility. 

on the other hand, the treatment of plants at four to
 

fiveeaf stages was also done in natural condition. This method
 

had an advantage that the selection is done directly at the whole 

plant level whic( in so:e cases eny the change in root functions
 

can limit tans:,rt, tLs a: malt At inner tissues. In such 

treatmet, i f any favoraldI mutat:i,,r; ;he] d occur either in the 

cell line:; o in reoot function the plant will tolerate high salinity. 

uch-;treatmen- iwa!; us'!d in tr,itinq eedl 1ngs derived] from plant 

regenerated in vitro. 

het.-lection of salt tolerant elant. 

After two weeks in the callus induction medium 

(Table 1), only the healthy call i were cut off from other tissue 

which they were originated from and were transfered onto media 
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Methods for Production of Salt or Acid Tolerant Lines
 

Stage nf Seiection 

be veIopvent Method A tMethod B Method C 

Mature entlryo 

Callu, 

in :.5-2.o~Ha.Cl 
Shout vitro 
Differeitiation 

PIantler 

Anthe.is . 

Mature seed 

Four to five 
leaf ,;eedling 

in 
natural 
condition 

_ _" 
0.5 NaCl and EC 9-10 mMhos/cm 

1 Mo. 

Anthesis 

Mature seed 
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similar to the previous one except the presence of 1.5% or 2.0% 

NaCI in them. These culture vessels were then kept in the light 

for four weeks. 

These treatetd call were Jien trau;ferred to a 

modified Whiite' medium Tahle 3) for reieineration. Tie culture 

VU'.- ,,nI at thin z tiqc vre mc.,ed to the seiulwae winich the physical 

cond ition; w.r" decorihed in conjun 'tion with ahle 3). The 

regenerate'd p lat.: from ouch i Osev'Jre treat ment are moo:t likely 

to coi,,' fy o;z the tolerant cell lines: res;ulting from somatic 

mu Lation occurrinq during callus jrowth and differentiation. 

2. Selection of acid tolerant plant. 

Acid :;election is rot a!::; mple as one think, acid 

soils conLtairn severat] toxic materia s;ouch c%olut-woo and iron 

compxoundh; and at the came t. ice they coiLdtan low levelI of pho.;ophorus 

and calcium Which both aro e;sential for ptlant growth. Adding 

acid to culture meidluitu nutrient :;o Ut t on dos not simulate the 

actual condition:; in natLr.. ;':uttinq :0 1 xtlact in culture media 

increases the uikrumn , 1(, ! j.,int that we cannot. cuntiol. the 

,'xpe-iment. i,' ;tW I ol tll Ih,' i Ii of C:ulture media Without 

chanqin the 'p li Ing' lr pi-t'y of i" Wok us; a lot of time and 

mateia stlo t;,-r ii,; i ,:XieiIsot .0. Hfwver!-, afLot come experi

ment.s '0 Weer able ti, co, with thL: y:1.0)i o;:Of; i ph1i in the 

media and could rnm. eaintti to frrv th treated calli. 

Thie pretration a with 4.0 done bytof medium p11 is 

making a X2 buff,_r ,tock o,' acetic- acid and nc)dium aceLate which 

would gine 20 mI in the final :;olutLion. 'lis s tock is autoclaved 
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';eparately and] then mixed with the X2 sturilzed standard culture 

mediurn befe ouring into .te rile bottles. . Soro(s c:ituro bottlest 

are randomly chosen for checking the pli before i noculat on, two 

weeks and four weeks a!to r n::oculatior . Hinhur levec:s of acetic 

acid and sodium acetate 30 and 45 0,) war" Ibo tried in some 

experimenLtS but found to iiave more (11 et-00. ,:1ct 

iH. MTIERrALS AND METIOD: POP OW.:IN,, PLAI.T 114 NAtTuRAL CONDITION. 

A. Materials r , croer; :or, tres to]erant 1ants 

Either ';oods fror rr(janeratod :1,nIt or subsequetit
 

qeneratton:; h.vhsv:! loon u 
 irocti' for scr,:enrg or as a stock
 

'i! the iozt ,;'u''ratli,., I antl:; Of 1bOtht 
 ;eJectocr and unselected 

were qrown for s;ae;, due to small sarrnho :ix20:: which were not 

suitable for direct screenirv;. 

F. Methods for culture. 

1. Seed qerninat iron 

Rice seeds are easy to germinate, they absorb water 

r'eadily and l,;ir to leorrinate almist immuediately. The seeds were 

soaked in a small cup containinq water at 50 0 C and were left 

overniqht. 'Than the !eed:; wo'r, so.n on coar;e ri ver s-and in , 

round p1,iStis tiri' of 27 m 1') dianet'!r with 5 cm of sand covered 

wi t, s re+qnof wat' r above t !;sortface. After one we ik to ton days 

whe.n1 the c !/H1 n,; had thre, toleaves they were thern tranferred 

water, or sand culI ture. 



2. 	Preparation of the regenerated plantlets for
 

outdoor culture.
 

Due to the extremely different conditions between 

in vitro and rut:dror which caused mhany pl ants to die when they 

were moved to new (en'.'irormenrt out;i,. It wia' necessary to 

harden the :,]ant; pi tor t" tr,1inspl lt-ition ,(,n,,turJ* cO!51itionls 

by expo;iln} themr to 1't,. liftnl,;e 1 rght on the lahodrtory shelf. 

.in *ddition to this they wen! transferred to one of' the high salt 

formula" with 6 sucros, for enrniraging food itorage. 

3. 	Wate aid S randculture. 

Water culture was the main culture used for growing 

seedlings for screenin.g, however this methmld wa: also usud for 

growing plant to miturity. The nutrinLn of th, plant can he 

regulated eN ojerthan when they an' greowing in t 50al1. is can 

he done eau, iy Qy changin; nutrient solution fru.uontly" In the 

meantime the electrical conductivityL.; smonitored every few days 

which the adjustment can he made by either adding water or more
 

nutrient to the so]ution when needed.
 

In most of the works we were using the tollowing 

methods for growia; rtce seedlin; from two-leaf ,tag(e to maturity. 

They leemed to hlrowt !w seed w ll ifI ,!id nt',t more than 

two plant were grown in a i - 4 lit,.r tra'. 

T'w,-l,'af-mt,'.e .ee1nir:; wer', p]an.ed on 25 holed 

round styrofa. raft. 2 m in diameter-; fsoiti in it plastic trays 

containinq four literq M nutri!nt solut ion. larger raft; were 

also usi;ed in some ex,,ri',,n',;. furi q the qrowth period, alternate
 



a dtio feshnutiet~ and water-was reg-ular1l' dopelE k~eepof 

tb.wtr leeeih Periodic measurement of 'conductity_ wa 

done andthe nutrint solutio Was adjustd to 2. O"to22 'iQh/Cmf 

at 25 OCb add1'ng the niitr nt 0 ~water accoing. 

plante insand in~o~y7oesedigswr 

sn solution
jE(arfilled~~~wth'heduriv urentn aled was 

was adjusteddinas water auldure. Thisfortuoa i'segood forcta 45 

(Ber~tl]ey, 1959), which al components can be mxedry sth 

'~~mixtre illno deteriorae and can jbe tored and used, as-eeded.' 

The mic~ro-elemnts are added accordin 'to Bent.Oe fn,4 t 

inur th avalailty of rico-,elene nts' Suppy'of iron is, mad(," 

b4~yadding sod1im ferric die thylene triainnepentaacetate 7givJig ppm 

ofaalbl rni working soltiion, Thissolution is qui te." 

S~.~atifactory bcause' of &tssim i cty. in, both ~o' r 

- :~i~ fomr and miixinig and Dtoraga of working*solution.Bn e 

*,tion of cacum sulfatean~triple~supe rphospha t are qui te h igh,, 

do not seem~ to~-fec nc 

solu tion- ants do no exii any* severeI nypom 

but thes a~hab1I of elene ns in e 

fdeE 

ciency o any element, excep ta', rle 

often shwcloroi due -toackofironduU fl the 

thiS an.at1Y. .be~-,oetlb" dig:l'kll io ,opud 

http:solution.Bn
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Photo. 9 A house which the roof Was covered with clear plastic 

sheets to prevent rair was us;ed to grow rice in water 

or sand culture. The side wall ,. were coveried with 

fish nets to prevert the hi rdL from feedinrg n seed 

Photo. 10 A dark frame was used to induce fLowering of the 

short-day plant in summer. Another layer of black 

clotn was used under the dark blue ':loth to insure 

darkness. The cloths were covered on tlie frame at 

5 pm and taken of at 7 am next morning every day 

until seeing siqn of flowering. 
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Table 4 Modified Wl' nutrient solution (Bentley, 1959) 

Potassium Si -dlc 0.58 gram 

Ammoni ti !;u I: a, t: 0.10 " 

Maqnq;it;m 1f arto 0.'15 

'Ir;i le !;uPir'pbate 0.25 

Calcium ;ulfate 0.50 

Sodium ferric d1 ethylenerriamine pentaacetateO.05 

Manganese sulfate 0.005 

Boric acik' 0.005 

Zinc sulfate 0.0005 

Copp'*r sulfate 0.0005 

Water 1 liter 

4. Soil culture
 

Soil culture was made in a clay pot with the 

drainage hole sealed or in a plastic bucket. Each of these has 

capacity of 15 liter;. A mixture of loose soil, coat. sand, 

coconut peat at a ratio of A:1 iK Satifactory, It imethod is 

good for growing largo plant to maturity. ;eoe raly one p1 ant per 

po. was used but U in Qref 01,vt,et :;mal]or vati,.tie.f; could be 

accom iod,date . W, 1 t, 1 lvl >l: k - d:it I to ) CM alOV !.Oil to 

insure that ihe plant: 5,, i f water for thei r growth.uffici'nt normal 

A ]6-]i-1(6 formula Irt :]l:'ztr wa. iv;,- at a rate o dproximately 

5 gm per pot per wek, th is w,,a! J],o monitortd bY -lectri.ca] 

conductivity measurement. The conductivity of the water above soil 

http:lectri.ca
http:pentaacetateO.05
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was adjusted to 1 to 2 mMho/cm at 25 °C, this could alter fertili

zing program when it war needed. 

The plants grew well and set good seeds. Occasio

nally, some plant sh(owed chloronis which might due to di seases in 

the root Sys;tem than lificiency.raither diC:eql 

C. 	 Method for !raiIt ard acid !;election. 

The uelectin of the whole plant in natural condition 

takes more time and :;pace than the srulecti on in vitro but the 

selective force i; acted on the whole orqanism like plant growing 

in nature. 5ometimes on a change in roo.it -unction can limit 

transportation of saltinto innr tissue!; which inake the plant 

:;urvive in hiqh s-;aline condit icn without havi.ng a change in cell 

or orjanr in other parts, Ft rtNKe Monr, any gene nutation or 

change in thy function of some latent genes that arise during 

Liss;ue culture will have a chlnc,', to expre s afner cune recoj i

nation in the sexual phase. 

1. Selection of salt tolerant individuals. 

Seedc co1lected .rom plant regenerated from callus 

without trea inq with Har1l or seel:; from salt selected plant were 

used ia th: troatmenLir. WaOtel Ctio vra foiin to he mfory 

conven int to hand, .anmd fi',, to coril,] Ia Iini t Jal;ie and 

cult n * . Poir .; dwad o CrIien do,,'tr out muchgn "!d th, n,II 

disturl mc; ot herr. ,.liet tMoe rrio ,_:,cihei !-le: theyy.el stage 

wore trannpiJlited w. water ciuIttrnn tn',irmy with a inodified 14I' 

nutri ent forml1a (lPeritly, 1 591. Wieinmost of the scoedlings 
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Photo. 11 Five-lear S;t.ale sedlings were used for acid and salt 

selection in wter cul .ure. Twunty fi,,e plants were 

,qrow on a .ast.c Wow r fLt 1nar' ll( i a four-liter 

round tray canta: nir; nuttiueii:-:, tioc wit.!, either 

acid or salL at crociec: foontentrtrn2f'r one( 

month. 

Photo. 12 All ot the plants died in 

)11 4.0 buffer solution. 

two days when grown in a 

Photo. 13 After three weeks over ninety percent of the plants 

died leaving rometolerant one; growing until the, 

end of fourth week. The :;elected ones would be 

grown to maturit' in 5and or scil culture for 

further eval]uanton. 
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attained 5-leaf stage in appoximately 7 to 10 days, nutrient 

solution was drained off and a new solution with 0.5 NaC1 was 

replaced. Electrical conductivity of the solution at the beginning 

wan around 9 to 1() mM0,/cm. at 20 C and t.eand,-d to ri; e when day
 

tomiperartrt. wan hr'h ,utu m 'vporatior.. conductit..rhenever the 


vity W'a3'; 1, .-1ho/c'm o) hi.h-r the leve]l f nultrient w,; adjusted
 

by addinq tap 'w;ater, and if the corulctLivit"/ wie s till lower than
 

10 rt4ho/cm, a nutri-ent sr,lutn I wth . ! LIlC wan th-,n added.
 

Every week dead mlant; were removed and the noluton was changed.
 

Ti'nim nation of treat-nents was determined by the 

number of plantse killed. Ilaen 9(0.or more plants treated died 

which happenned mo;tiy1, during the third and the fourth week of 

treatment, all plantsn were removed from the trays and only the 

healthie. t one; wt :i tee. for pl antlng. In practice, 2% of 

the p1ai 'reatad we r'.av 'd and planted in sand or soil culture 

for need production. 

'wo tpe, of plastic tray were use, one type was 

a 5-1iter rectanqular 2' x Q1 cm ard another was a 3-liter round 

tray with 27 ur diameter and 10 cm he ight. A raft was made of 

styrofoam with 42 ihlen for a rectangular tray and "n holes for 

a round one. The e ize of the raft is determined ny the nize 

the container, iA :;houid float freely on nutrient nolution. Each 

plant wa-; held in the hole ly a pi ece of synthetic sponge wrapping 

around the trom. The 2 0 -j'lant raft was selected for most of the 

salt Lelection heca.re of iAs smaller nize which could be handled 

more easily. Sand culture gave inconsistent electrical conductivity 

values. 
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Selection of acid tolerant individuals was done 

very much th' sime way aw cid the salt tolerant plant. Acid 

selection is complicated. A very low p0 (4.0 or lower) soil will 

directly cw.:-e damage to root cells and other cell; neai vascular 

bundles which results in s lowing down water uptake. Moreover, at 

a pH below normal range soils often release excess soluble toxic 

substances such as aluminum, iron, and copper compounds. At the
 

same time, these soils are often found to contain a very low level
 

of 	phoslihorus and calcium both of which are essential for normal
 

growth. Ading acid alene to an inert culture medium or nutrient 

solution Ma'y Lot be sufficient to upset physiological processes
 

stated above because the avaiab; lity of those elements mentioned 

above is limited. on tWe contrary, using extract of acid soil or 

using soil culture with acid added for testing may produce similar
 

effect to acin soil in nature but the factors offecting the growth 

of 	 the plant well not be di scovered immediately unless soil 

analyses are readily availab]e. In the experiments here the treat

ments of acid condition were limited to lowering the pH in tne 

defined nutrient solutioi.
 

D. 	Environment of plant in natural condition. 

Since Bangkok is in the humid tropic, the atmospheric 

controlled greenhouse can not he done easily. This due to excessive 

heat and humidity which make the adjustment costly. 

in order to cope with the problem, the plastic protec

tion was installed only on the wire roof only to prevent rain but 

not birds or insects. The side walls were covered with coarse 
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wire mesh to prevent birds but not insects. Sometimes a fish net 

could be used in place of wire mesh. Insecticides and fungicides 

were used only when nece:scery. Light intensity was cut down as 

nuch a! half by the plastic sheet when it was old. Such install

ments de ;crihed above were satisfactory for our purpose. 
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RESUL[S AND DISCUSSION
 

In this part only the results of salt and acid selection are
 

reported, however the results of several xperimen#,s leading to the
 

improvement of plant rec4eneration are summirized under the Materials
 

and Method5; tt-J1i1(;. Even the results of 
sn>. a'id acid selection 

shown here are ,rt thU final and complete ones, the resultant materials 

i licate rucr, -....... :., ro Il' tnt: - reeninq. Furtuer sereening 

of their offsprings in the subsequent generations are being continued 

both in pot:! and in field to confirm the results of the previous 

generations. 

I. SALT SELECTION4 IN VITRO 

Betweon August 1984 to Oc-'ober 1985 (15 months) 13F,132
 

embryos from seven varialties werE. cultured in the standardized callus
 

induction medi. for 
two weeks in the dark. At this stage, only the 

healthy calli were cut off from other tissues and were transferred 

onto the media similar to the previous ones except the presence of 

I or .0% f l in them. Calli used in different treatments were 

selected from only 30.9% of the embryos cultured, some embr-yos were 

inviable some were contaminated with microorganisms and some were 

too small or having undesirable characters. Therefore 41,821 selected 

calli were cultured in the NaCI added media in the light for four 

weeks. At the end of ehe tre itment 38% of the tz'eated calli survined. 

These calli were then transferred onto a regeneration medium, in this 

period almost all of the treated calli died quickly during the first 

two weeks and the rest continued to grow and produced greenspots and
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some of them grow further into shoots. A total of 32 calli produced 

shoots which most of t' .se produced roots and could be grown to 

maturity in natural condition by sand culture method. 

Tabe 5: Tolerant plants regenerated under salt stress 

of plantlets arisingVariutv 
No. of mature plants 

In vitro 

2 1
 

KTII 0 0
 

LPT 19 
 16
 

UnMS-4 0 0 

NSPT Not treated -

RD8 2 1 

RD23 16 12
 

5 1D21 1
 

Total 40 31
 

It is worth to ncte that once a plantlet arises in vitro it 

k:;-!p on growing and responds well to the water culture method. 

Most of the plants (77.5%) reach maturity like the ones regenerated 

without high sodium chloride in the mediu. . It was a rare event that 

more than one shoot. was forrned on one callts, however the !PT and 

Fd23 proauced up to four shootz per one callus. Regeneration of the 

toated calli was 0.076% while the untreuted calli of KDMVL normally 

give 8.3% regeneration, RJD23 1(A, and LPT ranging between 15 to 30% in 

the same regeneration medium. 



The following Table covers only the work during April 1985
 

to October 1985 of salt selection in vitro just to demonstrate thJe
 

results of treatment on seven varieties.
 

A total of 14,133 alli from over 50,000 embryos of seven 

varieties, namely, 'LUML, KTH, LPT, NMS, RD8, P!23, and RD25 were 

used in th. .,tment. N14o-week old calli were cultured in the
 

regeneration medium with L.51 'laCI for four weeks. The results o-'e 

shown in Table 6 

Table 6 	 ihoot formation rom clli )t oeven rice varieties ofter 

treated with 1.5t [laCl for four weeks 

No. of Callus survival Callus with Shoot 

Variety alus after 4 weeks shoot 

tre!ated No. ' No. A No. 

KDML 2639 1597 6O..=2 0 0 0 0 

KTII 690 396 57.39 .0 0 0 .0 

LUT 3352 1633 48.72 4 0.12 17 0.51
 

NIMS-4 1140 540 47.37 0 0 0 0 

RD8 2050 1022 49.58 1 0.05 2 0.10
 

P1323 2138 951 44.48 1 0.05 4 0.19 

RD25 2124 994 46.80 1 0.05 1 0.05 

Total 14133 7133 50.47 7 0.05 24 0.17
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It is interesting to note that upto fifty percent of the
 

calli treated still ;1,irvzve at tlie end of the fourth week. 'ie
 

living calii were trans+.fvrre: !C( the reolenerclt:o m dus., many of
 

them ceased 
 tojgrow any further and died aft.orw,o a. Some continued
 

to) qrow an, - u e
fCr fzCO~~~ hoe:rrue 

Seven varietlis, namely, KDI.L, LPT, tTIi,NMS, RD8, RD23 and
 

RD25 were used in the treatment. 
 A total of 14,132 calli were selected 

for the trtat:ment, fift ,,.cent of these survived at the end of 

four weuk of l. 11laCI treatment. Then the living calli were trans

ferred to a reueneratior mtedium many of them stopped growing and 

died as a resu;lt of treatment. Sorr continued to grow and form 

greenspots but very few producud shoots. The LPT is still the best 

for regerierat.on in medla with or without NaCl; four shoots were
 

prodiur .! whi lo others produced only one or none. The total number
 

of calli of all varieties produced shoots were 
 7 from the total of 

1j,33 call: which was only C.05'i regeneratiorn. Normally the LPT has 

rate of regeneration from 15 to 30%, aftr treated with salt only 4 

out of :352 shoo, which is 150 tocalli had  300 times differences. 

Hfowever a total of 17 shoots were obtained from these four calli. 

. rzi# varieties, PRDC, RD23 and RD25, produced one shoot per 2,000 calli 

while KDKL, K171 and NVIS did not produce any shout during this period. 

Thbe results of selection shows variability in calli in salt
 

tolerance in the cell 
level, which only tolerant cells were able to 

survive and grow and later differentiated into shoots at later stages. 

It is interesting t-o note that the whole process of regeneration 

cccurred after treatment, which presents us with a problem whether 

the whole plant obtained by this method would still be tolerant or
 

not. 
 This can be tested in the following generations.
 

http:regerierat.on
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II. ACID SELECTIO; IN VITRO 

Preparation c. muiia for acid selection are rather complex 

because of the intexacti on between acid and other components, 

especially the Agar, in the eleium. 1hu Li Aeri .LW.,b:sobtion of 

Jclltu: the ir,', theions by Air ,n- qrow'tih 1:1/ i: th'. hA!,t'.e of ions 

in the rued itim:. HoWver, stom .u';ceu:;i! ra;uIlSii; have ben obtained 

after a aerius of -i:i .11ents: actemptlng to stahilize the pH1during 

culture. This caused a delay in the selection for acid tolerant 

individual in vitro. 

A total /of 0 calli of eight varieties as in salt selection 

were ued for acid se,,ctin. Two-we--k old cali were cultured in 

the regeneration mcium aJSLted to pH14.0 - 0.2 by buffer acetate 

fur four Wmq the, 21 (0.371) plantletswcnks. 'ng s, calii produced 

but only 7 plants (24.140 reuiched maturity. This Ligure is only 

one hird of h oln; e t."wn: A cidar salt stress. 

Table 7 To,.::-i , }. i nt::'., ct 1 under acid strees (pih 4.0 + 0.2) 

No. of plantlets arising
Variety in vitro 1o. of mature plants 

Yb4.L 0 0 

KTI t 1 0 

Li>T 14 4 

NUS-4 4 1 

NSPT 1 0 

RD8 2 1
 

RD23 7 1 

RD25 0 0 

Total 29 7
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Table 8 	 Shoot fornatioll (r. .I II of seven rice varieties 

after treated with pli 4.0 bu.fer cctate for four weeks 

(,f Ca :;'1rV1' 2,IluS Shootor n; 1 With 


Variety Cal lus a ter A weekst
 

truatfed Nij. No . No. k
 

KIML 1076 73 6.78 0 0 0 0 

KII 284 117 41.20 1 0.35 1 0.35 

LPT 1840 205 11.14 14 0.76 14 0.76 

NS-4 948 49 5.17 4 0.42 4 0.42 

'SPTI 763 126 16.47 1 0.13 1 0.13 

RDH 1151 152 13.21 2 0.17 2 0.17 

RD23 584 26 4.45 7 0.20 7 0.20 

RD 2) 12-32 117 9.50 0 0 0 0 

Total 	 780 10.98 29 37 29 0. 37 

Only ten percernt :acili ,urviv,o-d at -ho- tnd nrf the fourth 

w.e.k which ,:; : !,.I'. ; i ,; ill :ilt trealrKnt. During 

t reatinut t m.;t cii turxed white or very pale yellow instead of 

Light yellow in th, normal o, in the first two weeks. After 

trim ,i n n cii]] eIto re'e-nurrtio.i midium considerablu number of 

r,.c ,:.rodi 	 ,d shoots. In:', il 2 'jerei formed l:ipot. and' late-r produced 

pite of hi qhii >r ,ity durinj th, t r2atinert more chootc were formed 

than calli il the ic. it t ratm,.,t. A ,t,l of 0.28, of the treated 

cal. ii of ai1 variet.ioIur. ift ite, shoot!; . 'Ibis figure is 5.6 times 

higher than in the salt trcatrion t. 
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The LVI, again, is the vari,,ty thdt iive; bent regereratien
 

whether they are in normal uojnadition or in salt or icid tress
 

conditions, In this case, 14 oit 
of I1 calli ,roduodshoots, 

which is .7ut, or 20 to 40 ti.:c:s less than in r, fercncu medium. 

'i gh i rM. K'111 o.alli Still ivu no reuqnrarion in both ;alt and 

clid tiuatmleat this , tlotf;t: prov,d1 rin [vr-tjo c ! to c, 11 f 1 icult 

va/rie l en. 'l RDh .n R.:4 gave no) z grirtior whil, they hare ly 

C.,Me thiouh Silt Ltramunt , onl the con I trar;, the .I- SuIPn-isnirely 

produce:u. .'wo hlio.t:; in --hi. acdh11 ratentdcl nver in S;alt: treat

ore, t- 'Ihis ruport will lnot be coltijoIe wi centiuninq aboutm. 


the toady ldI)O3, tl I t),li<itIion fi.t,: inS around 8 - I0 wi th the
 

1ith Ao, vi i_a iI e .nd it tolo rt 
 k not ,;I y Sa It ini i acid in the'e 

experiments, it also keiep on regeneratingi in ,:.my experiments done 

previously. 

The UciA nolect ion oel.t-'ted here is a priliminar1 work
 

followinq the established method 
 for ntabi. iZin to pH. One should 

be aware of acid sols inhi the nature which art: nf Seve ral types, acid 

I, oAln 
1

; 
0 1 t W I,:' c z: f . : , :*n ' , I-I 

viary g.,at ly .ccording'. to Soil formaLtiii i00I :;cibO;OIlLt ohanges 

O.tier by nature or by man. befici ,o i:yof ho;lDhrun and other 

nutrientns art-iore [)rev.'ao t whiach uN ,:;:; hy: i b-o corrct oed by adding 

phnphiitu fort iliner, but to:icity do: to oluminm, iron or other 

ioan it lw! ,P are J)O.,,in 1 _h,:ii:;a n i.,"if111t ip-ob!.ui to d al with. 

Hlowevtr, ,cil c; et.i om,-tivi sh;,ul- ,2 tbh,i first step to establish 

before tackl (n the iore "cMpl,'x treatments. 

http:ip-ob!.ui
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iI1. SALT SEItC'TICO IN ,ATUPAL CONDITION' 

Selection in natural condition has ben done by using four 

to five-leaf stac. ;eedl ings of the -une pln is or theregce rated 

seecdlinqgs O;bti"iW;: Iromn a.qr.l I:l a io~ The:i;e st-edlinly 

wteru yrown in water wlilt.:w. olinL ; "m mifix Wi' nUtrient 

solution with 0.50 1ai ,lie- . 'ahr 1ect. ri CI- conductivity of the 

was le i. - •1los,'cri._15 C. Each of theat 


t reatment 
 ,was k"t, lur one month with 1'j u,;. at ; mc lmantof the
 

OleCtriCal I :t. IV I"y. 
 1b,, d-:,l .t(; wr: rnoved every week 

:ud the- healthy p lan,; were celcted for qrowing to mtu, ity at the 

end of the Lra, nte:ut. If th nu.mber of strui vo- wa; more than two 

percent, only the bunt ones were chosen at,,] liscarded the badly
 

affected lan ts:. Thi;; no:we i. 
 was furt-n-,r -'re:ced by the loss of 

501e p ina ins which :u iF never rcccover aft-ur tian ;c iantin into an
 

orA iniry watur - :thod.
:il !tt;o , ft is hope that soe of the tolerant 

plilt.:; are the ilit or r.al :;ontir: 'ilttiatien which would express 

humcIev-s he ttar alter recoi .lnaion in th, nuXet generation. 

t ouct.Mlue ., :SOL h in Jjnoary W:5 and ";till continues 

upto the ti:,meu ,f w.itinj Ln ti; r,.'jt 0,ors only the work upto 

LCmb . :;'" ., ,, :;e-]I incn of four varieties 

were re.aoed withtn cta1.,Ii.'. Amc, q thece, .11 ,666 

were .7d).! , ;,, W, 7040 FU nAi 1 ; . :o';t of them were from 

the mother plant:; req-neratd in norm of.l enedleitirl, some 

them were fruimr the plan tsc ,e, erLeiin :dr ;odinum chloride atress, 

and so;ne were rom second qeneration of the selected indiviclual.s. 
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A. Seedlinqs of plant rtle,,rdted withoUt tress 

Following arv sorm! stUdies on the ;urvaw] of seedlings
 

of the KUML and 523duringj a UNe-anth Salt- ;,loution.
 

Table 9 	 Survival of fivv-l .f :t.:~ seecdl ings of a regenerated
 

plant (MC 1) treated with 0.5 . NtC] in nutrient solution
 

for four wekks
 

Variety :KDMIL Electricil Cnductivity : 9-10 m Mhos/cm 

Plant Survivinq
 

Treatment No. No. of PMLat I wk. 4
t h 
wk. wik. 

No. ,o . . NO. % 

Vi 3 wk. 

1 156 146 93.6 81 51.9 30 19.2 5 3.2 

2 375 336 89.6 214 57.1 117 31.2 62 16.5 

3 364 351 96.4 247 67.H 173 47.5 116 31.9 

4 400 371 92.7 235 58.7 152 38.0 83 20.7 

5 400 330 95.0 !'' 74.7 207 51.7 70 17.5 

Total 1695 10H4 93.4 1076 63.5 679 40.0 336 19.8 

TabIe 9 d mons;trtf; surviviL of the plants each week. 

fDuring the first week, rost of the plant!; did nrot show any symptom of 

salt stress on).y the weakenst onos died during this period. The 

sommon sALt injury y.Itom al,,earn in the mture ],cave5 from distal to 

proximil en. In : .ver, '.e:;, young,: r lexve ,Aisow same symptom and 

finalIy the whole plant die . A dead plant is defined as the one that 

the leAfbiades and leaf sheath havw lost green coloGr a] togleJer. 
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At the end of the second week 63.5%of the plants still 

survived, and some grow profusely. It is worth noting thiat the 

charctcer.Lst: lj; of o ,Ielainlts appeared to k! fairly n[,Lmal like the 

onIes in the con tro. 

LJbZill(,h:ht LUi rd azcd fourth weeks the weak plants with severe 

Symptom diui IeaVilr3 t-hfc oil(:.; witL little symptorc growing. At the 

end of th, I 'urto wof!k p]nto111, ( P). ku) were still living, these 

includea th,: t with hothi nildinJ sever,. symLtois. (Ally the 

healthiest pli nt:; wore ,;laved for further iLv;;t gtiorc, these were 

approxima teyl two p rcert o! tile 1,1ant tLruated. 

KM!ii; i suiecteci variety for salt tolerance which is 

t '.corlricended 6sy She t;espartment of Agriculture to be grown in several 

locationt, in th, country where! soil salinity is high I-or 28 years. 

Seedlings of plc~erlorated variability in tolerance.the lants showed 

,It 1, ho}peO that. i avorable somatic mutations should occur during 

calls grc ts ac,Li end Ioprneri tUhe, can i) . scrcean effectively by 

the above m-tlhoc . ;uch variationsay arise partiy as a result of 

variation ofoenviromrier ciuriq !:;cr(-eninqand a few may be a remot

chance arisi cg vaiticv Evert the o is no aew genefrom wriationt;. 

o s:;;rring, I.',y " ;our rc r:;oz ratioh or acti.vationi of certain genes 

will, by thamccc, lea t(, 'avoral I. haricter-ot;. .cs. litit, if there 

IS any qeC 11, ;;aI to!;, raiar ;;ouic rl;t- (Ie hOVO, it will persist 

anus o'all :rtictler rto:u:osiuat;,o. iia latr Ols. these1enerati Ill 

calses the a(vasliti c: C' ti-s ie s ulture bce conmes, tpparent. and it will 

p4ly ai hO) ( I.1ro ileItp sprOvelircit il1.11 the Iuture. 
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Figure I 	 Responses of seedlings (generation R 1) of a selected
 

regenerated plants (RO - TC 1.),representing sensitive,
 

intermediate and tolerant group&.
 

Re : Table 9 Electrical conductivity : 9-10 nM~hos/cm
 

l in g s
Variety : KDML 	 Stage of eed at the beginning of treatment N
 

Five- leaf stage
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Table 10 Survival of four-leaf stage seedlings of 21 regeneraLed
 

plants treated with 0.5% NaCI in nutrient sol!Ition for 

four weeks. 

Variety 
: RD23 
 Electrical Conductivity : 9-10 Inmhos/cm 

Treatment 'o of 
P2 ant Surviving 

n ds wk. wk. r 4wk.I~. Stock :Io. I'la'It No. % No. 
wk 

% No. % 140. %

2 

3 
4 

RI-TC4 

Ri-Tc6 

RI-Tc8 
R -Tc9 

46 

150 

45 
200 

41 

150 

29 
107 

89.1 

100.0 

64.4 
53.5 

33 

99 

29 
7 

71.7 

66.0 

64.4 
3.5 

23 

56 

0 
4 

50.0 

37.3 

0.0 
2.0 

13 

4 

0 
0 

28.3 

2.7 

0.0 
0.0 

5 

6 

7 

8 

9 
10 

R -10 

RI-TCll 

R -Tcl2 

R -TcI6 

RI-Tcl7 
RI-Tcl8 

100 

225 

100 

379 

375 
398 

48 

176 

86 

379 

256 
39'3 

48.0 

78.2 

86.0 

100.0 

68.3 
100.0 

3 

20 

4 

208 

45 
369 

3.0 

8.9 

4.0 

54.9 

12.0 
92.7 

1 

9 

0 

71 

8 
264 

1.0 

4.0 

0.0 

18.7 

2.1 
66.3 

0 

0 

0 

0 

0 
5 

0.0 

0.0 

0.0 

0.0 

0.0 
1.3 

1 

12 

13 
14 

R -Tc22 

RI-Tc23 

RI-Tc24 
RI-Tc25 

416 

600 

250 
225 

416 

569 

220 
222 

100.0 

94.8 

80.0 
98.7 

283 

437 

145 
188 

68.0 

72.8 

58.0 
83.6 

37 

175 

49 
69 

8.9 

29.9 

19.6 
30.7 

2 

98 

16 
32 

0.5 

16.3 

6.4 
14.2 

15 

16 
17 

RI- TC2 

R]-Te7 
RI -Tc29 

150 

75 
300 

126 

75 
282 

84.0 

100.0 
94.0 

74 

4 
125 

49.3 

5.3 
41.7 

41 

00 
2 

27.3 

0.0 
0.7 

29 

0 
2 

19.3 

0.0 
0.7 

18 

19 

20 
21 

R -Tc30 

PI -Tc3 

1 -Tc33 
R -Th34 

4C 

120 

309 
255 

39 

119 

285 
238 

97,.5 

99.2 

92.2 
93.3 

26 

24 

37 
60 

65.0 

20.0 

19.9 
23.5 

0 

0 

0 
0 

0.0 

0.0 

0.0 
0.0 

0 

0 

1 
0 

0.0 

0.0 

0.3 
0.0 

Total 475h 42t, 89.6 2220 46.7 809 17.0 202 4.2 
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Figure 2 Responses of seedlings' (generation RI) of four selected
 

regenerated plant (RO-TC4, RO-TC10, RO-TCL8 and RO-TC23),
 

representing sentitive, intermediate iidtolerant groups
 

Re Table 10 Electrical conduct.vity : 9-10 mMhos/cm.
 

treatment
Variety : RD 23 	 Stage of seedlings at the beginning of 


Five-leaif stage
 



A total of 4758 RD23 seedlings of 21 regenerates plants
 

under in vitro condition were screened. The reE-ult w- interestings
 

because the variation was ve'y high, most or the treated seedling 

died at the end of the. experiment. Se:dlings from four mother 

plants had highi survival rates over 14 percent, the highest being 

28. 3 percent. These are the plants that will be grown for second 

and third screenings. It is interesting to note that the treatment 

No. 1, which has the highest survival rate of 28.3% demonstrates its 

ability to survive under salt stress in the second and third weeks 

as well. Others seem to follow suit (Treatments 12, 14 and 15) except 

treatment No. 2 and 10 which the plant surviving rates drop sharply 

during the fourth wee: giving only 2.7 and 1.3% respectively. 

1D-23 is a new variety which has just been released by the 

Department of Agriculture in 1981. This is a very interesting 

variety for this experiment because it is a day neutral and short 

life cycle variety which can be grown up to three times a year. It 

is a short variety which can be grown all year round and it also has 

virus resistant character. If the salt tolerant character can be 

added to this variety it will be a very useful short-live variety 

for the rain fed localities. 

B. Seedlinqs of plant reqenerated under salt stress in vitro
 

Seedlings of the plants regenerated under salt stress
 

it;,vitro are of interest. Generally, LD23 callus gives regeneration
 

rates ranging from 8 to 10%. but under i to 2 , NaCI stresr the 

regeneration rate is readily reduced to 0.14.. Furthermore, most 

of the plants regenerated under such method produce no viable seeds. 
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Only three mother plants produced viable seeds which could be
 

germinated and used for screening.
 

Table II 	 Survival of four-leaf stage seedlings ot three plants 

regenerated under salt stress in vit ro when treated 

with 0.5',, NaCl in nutrient solution for four weeks. 

Variety ldj23 Electrical Conductivity : 9-lu ml.hos/cm 

*Na I = 1% NaC1 in culture rnediurr. *1a 2 ?.2 NaC1 in culture medium 

Treatment No. of 	 Plant Surviving 

4 th  Ist wk. 2 n<c wk. 3 rd wk. wk. 

No. Stock No. Plant N1o. !t, o. 11o. No. % 

1 R -Tc7 Nal 247 2,12 98.0 204 82.6 129 52.2 82 33.2 

2 P -Tc22 5la2 150 144 96.0 122 81.3 69 46.0 44 29.3 

3 P -Tcl42 Na2 250 242 96.8 176 70.4 100 40.0 36 14.4 

Total 	 647 028 97.1, 502 77.6 298 46.0 162 25.0 

The result of the screening is quite satisfactory (Table 11) 

the plant survivinq rates are 14.4, 29.3 and 33.2 respectively. The 

average survlvinr, rate of the seeulircis from etnur mother plants 

is only. 4.' whici; is only of thIe fiur, obtained from the above 

pOpuiation fljC 1, 

It ii, interstiLnc to not, taut :;urv-val after the third wee): 

was at least. ,2 vetv nc , 1 (a2uefor the F 23
' . This 

refi :c &:tne e:owtr m: o :o .:)cn,;nt of clli -:urlrn, tne salt stress. 

Unuer alt tress nditio: the. cells wnic:i are sensitive will become 

maliun-tion ant i, sd, aftcct trv tolerant cull.s. If the population 
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Figure 3 	 Responses of seedling of plants regenerated under salt
 

stress in vitro to the treatment of 0.5 % NaCl in nutrient solution.
 

Re : Table 11 Electrical conductivity : 9-10 mMhos/cm
 

Variety ; RD 	23 Stape of seedlings at the beginning of treatment :Five-leaf stage
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of tolerant yell cover large area they are likely to form shoot
 

apex and finally become shoot. Therefore any shoot arising from
 

such 	 callus un-Ier stress should be tolerant. 

The 	 method of salt stress in vitro seems to be promising in 

selection of salt tolerant plants directly, this gives positive
 

result in the first generation. Further gene recombination will
 

give 	rise to more tolerant individuals in later generations.
 

C. 	 Second generation seedlings of the individuals selected 

under natural condition 

Table 12 Survival of four-leaf stage second generation of
 

regenerated plants treated with 0.5% NaCI in nutrient 

solution for four weeks.
 

Variety : RD23 	 Electrical Conductivity : 9-10 nhos/cm
 

Treatment No. of Plant Surviving
 

1 st wk. nd k. 3 wk. 4 wk.
 

No. Stock 4o. Plant No. % No. % No. % No. % 

1 R2 -Tc la 1386 1386 100 934 67.4 564 40.7 340 24.5
 

2 R2-Tc lb 1100 877 79.7 532 48.4 249 22.6 116 10.5 

3 R2-Tc2 775 662 85.4 178 23.0 19 2.4 2 0.2 

36 	 7.2 5 1.0
4 	 R.Te3 500 420 84.0 119 23.8 


Total 3761 3345 88.9 1763 46.9 868 23.1 463 12.3
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Figure 4 Responses of 
seedlings of the second generation (R2) of
 

regenerated plants 
to the treatment of 0.57. NaCl in nutrient solution.
 

Re : Table 12 Electrical conductivity : 9-10 mMhos/cm
 

Variety : RD23 Stage of seedlings at the beginning of treatment
 

Four-leaf stage
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Second generation (R2) of seedlings collected from four
 

mother plants which had been grown in 0.5% NaCI for four weeks during 

four-lez- stage in natural conditlcTi, Tne pattern of responses was 

not differeni :torn the |I! (ciring t-hk- fir!;t two weeks. In the third 

week thet number ot ,-it vivurs wvre rather high aid none of the groups 

died complete Iy. At th(e end of thu fourth week the TCa and Tclb 

showed tolul-rixt t-Lii t cle:arly while the other two populations demon

r;trated suun.;Lti ty like thie one; in the Rl. However the percentage 

of the survivors were not better than the best of the R1 population 

(Table L3). 

Table 13 	 Survival of four-leaf stage second generation of 

regenerated plants treated with 0.5% NaCl in nutrient 

solution for 	four weeks
 

Variety : RD25 Electrical Conductivity 9-10 mMhos/cm
 

Treatment ro. of Plat Survivin _ 

1 s wk. 4 th wk.
 

No. Stock No. Plant No. % No. 

I R2-Tcl 60 60 100.0 0 0
 

2 R.2-Tc2 16 13 81.2 3 18.80 

3 R2-Tc3 75 75 100.0 0 0
 

4 R2.-Tc4 
 25 20 80.0 5 20.00
 

Total 	 176 16a 95.45 L 4.55 
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RD25 is another new hybrid released by the Department of
 

Agriculture five years ago. It is a day neutral, short stature
 

and short life cycle. Tnis variety resists several pathogens and 

insects and -,an be grown three crops a year. 

Unfortunately, thi.; variety ia; a very difficult to handle 

both ir the laboratory and in the field. Callus intiation seems to 

be normal but regeneration is extrumely difficult. A callus with 

grecrinpot!; norma 1ly ;tops; growing and dies. Alteration of culture 

media have be:t tried bit the im ptovment of regeneration is still 

riot sHtnlaetsry. !lowever, ;ome regenerates were obtained and their 

seedling,; were treated with 0.5'. aCil during the Rl and R-2. 

TItt rufnults; of the treatment of the R:2 wore quite satisfactory 

upto the end o: th fourti we(ek. 'To populations gave survivors upto 

18.8 and 20.0 at the end of the experiment, but none of them survived 

wheii the plants were transferred to the standard nutrient solution. 

Th1is vriety la- to be investigated in its physiology further in 

order to cope with the regeneration and methods of treatment. 

. ;tauer; of selection in natural condition. 

'w, varitl naimely IT and PJL23, are amiable to the 

culture in vitro, this rUs;sltrt in high number of the seed stocks and 

advanced selestionr stacte;. Selcected seed stocks have been used for 

further sulection. ;or;. sto:ks that responded well in the salt 

sulectLon arll ane :iroaucea too few seeds in the early generations, 

these were: :ozrtinsej for cor.firmatiori of the previous results. Such 

screenirl. i.; being done at. present and still continued until the 

uniform results are obtained before testing in the field. 
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Table 14 Seeds collected from tolerant plants selected by 

the treatment of 0.5% NaCl in nutrient solution in 

natural condition 

Variety 

0 

No. 

RI 

of Felected 

R2 

plant 

R3 

KDML 

KTH1 

LPT 

NS-4 

NSPT 

RDB 

RD23 

RD25 

-

-

-

-

-

-

" 

-

8 

1 

76 

2 

8 

1 

125 

4 

2 

-

6 

-

-

-

13 

1 

-

-

-

-

-

3 

-

Total 225 22 3 

RH 

R1 

R2 

R3 

= 

= 

= 

= 

Seeds of tile regenerated plant in vitro with or 

with out salt stressing. These are the beginning of 

second generation. 

Seeds of the first. generation following the regenerated 

plants. 

Seeds of the R1 plants. 

Seeds of the R plants.
3 2 
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It is still too early to compare the two methods of salt
 

stress selection, one in vitro and the other in natural condition.
 

The mother plants regenerated in vitro under salt stress seemed to 

give more se :edirgs wit' hiigh salt tolerance than the unselected
 

ones but o1ny few iertih Jlas were obtained. On the contrary,
 

more mother plants 
weru ubtained after selection under natural
 

condition whI.ch gave a wide variation. However, the genetic of
 

stress tolerance is rather complex and the chances are remote to
 

have just a 
 simple gene responsible for a given characteristics.
 

Ii this 
is tie case, many useful variants with favorable recessive
 

genes occurring during callus growth would 
 be lost through stressing 

when the surrounding cells are killed. Furthermore, if the gene in 

question is a recessive one, it would not have chance to express it
 

self, or if an array of genes responsible for a specific character
 

are of multiple type2, 
this would further reduce chance of occurring
 

dlown to zero by selection in the callus stage. By allowing,regenera

tion to take its normal course (without stressing) and let the 

plants grow to maturity, this would facilitate genc. recombination 

through sexudl reproiuction. Selection of seedlings from regenerated 

plants would be the combined result of gene mutation during tissue 

culture and gene. rucoflbination which finally express in the organism 

level, this se!ems logical and has a direct application. However, 

subsequent so lec, orms are still needed to fix gene combihnation in 

case of multiple gerne. 

Since both methods have their own merits and arawbacks, we 

are working for both. 
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IV. 	 ACID SELECTION IN NATURAL CONDITION 

Unlike the method of acid selection in vitro which the acetate 

buffer at low .oncentrition is sufficient to keep the pH down 

around 4.0, but this buffer, if not used under sterile condition, it 

attracts mici-oorganism which change not only pH1but also other 

compositions of the medium. In the experiment.; on the buffer it was 

found that organic compounds are not suitable because they were 

easily affected by 010 oormism and all of the plants died quieckly 

in two days. The. :;trong inorganic acids like hydrochloric acid or 

sui;-,huric acid were not stable 4!nough in the uncontrolled environment. 

TIhere-fore the selected plants from acid treatmentc were not 

yet found. 
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SUMMARY 

This final report is a condensed results of the works
 

between June 1983 to D-Wcember 1986 which 
 most of the details appeared 

in any of the s;ix progres'; report. It is particularly stressed on 

the recommnendthd -etho]L resulting from our experiments and the
 

results o tained frrn 5alt and acid selections which some parts were
 

not reported -arlier.
 

1. Grand No. : 936-5542-G-SS-3037-00 amount of US $ 126,600. 

2. U.S. Cooperating Investigator : Professor Murray W.
 

Nabors, Colorado State University.
 

3. A method of callus induction was successfully established. 

Callus formation was found to be an average of 93.3 percent. 

4. Man, attempts were made on the improvement of plant 

regeneration, the results were not complet- .y satisfactory. The 

percest aqj( (,f :.l lu:. regcenerate ranged from less than one to 

thirty yercerit delpendnq on var. . owever this work has been 

carried out by using a fa' rly larqe number of embryos. 

Over one million emrbryos were used for experiments on 

regeneration, for salt and acid selections and for straight regenera

tion without stres2 . 

.Methodc of salt and acid selections in vitro were 

established and these were used throughout. 
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6. Methods of salt ;election in natural conditions were 

worked out and finally decided on using water culture with 0.5% NaCl,
 

added, this was monitored by checkir.g electrical conductivity. The 

range of onductivity used was adjusted to 9 - 10 m',Jhos/cm at 25 C. 

7. Thirty one salt tolerant mature .lants were obtained 

from th,. in vitro s, iction fr7om 135,132 embryos (0.02%). 

P. Seven acid toterant mature plants were obtained from 

the in vitro selection from a total of 25,502 embryos '0.03%).
 

9. A total of 249 seed stocks were obtained from salt 

:eler~lon in natural condition. Of these, 85 were from the n ther 

plants regq,:nerated in vitro, 139 from first generation, 22 from 

:econd generation and 3 from third generation. 

N0. None of the plants survived acid selection in natural 

conditon. This probably was caused by unsuitable buffer used in 

the treatment. 
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VISITORS 

Since this grant has been awarded in June 1983 several 

important guests from governmental orgar .zations and scientists 

from oversea visited our laboratory These include Deputy Prime 

Minister, Cornnori House Speaker, F,2ucation Coun:ttee of the Senate, 

Education Corjnttee oti the House of Representative, Science and 

Technology Committee of the House of Wepresentative and Minister 

of Science, Technology and Enercy. 

Our regular visitors during 1983 to 1987 were Professor 

E.J. Briskey, Director of the Office of Science and Technology US 

AID, Thailand and Professor M.W. Nabors, principal investigator 

of Tizsue Culture for Crop Project and also our collaborating 

investigator. Prof,.,ssor Nabors had visited our laboratory appro

ximately six day.- each year to discuss on the technical probj'ms 

relating to tis!;ue culture, including exchange of materials, 

personel developrment and organizing conferences. 

below is a list of scientists from different countries 

who visited our laboratory during 1983 to 1986. 
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LIST OF VISITORS DURING 1983 - 1987 

AUSTRALIA - Dr. Jen Mc COMB 

Murdoch University 

- Dr. Elizabeth S. WILLIAMS 

Melbourne University 

- Dr. Peter DART 

Australian National University 

B.ANGLADES! :- Prof. A.S. ISLAM 

Dhaka tUrLiversity 

CANADA - Dr. J.P. KUTNEY 

University of British Columbia 

COSTA PICA - Dr. MULLER 

- Dr. Pierre DUBOIS 

San Jose 

FRAN(C• - Dr. Coltte NITSCH 

CNRS 

Gif-sue-yuette 

- Dr. Rachel RUDSTROM 

UNESCO - Sc./SER. 

- Dr. Phillippe SOUCAILLE 

Laboratore de Genicbiochimgve 

- Dr. Paul RIT'ZENTIALER 

Universite Paul Sabatier 
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GUATEMALA : Dr. Carlos Rolz 

Central American Research Institute 

INDIA : Prof. H.Y. MOIIAN RAM 

Delhi University 

- Prof. G.M. REDDY 

Osmania University 

- Dr. S.R. SREE RANGASAMY 

Tamil Nadu 4gricultural University 

- Dr. VilHa DHAWAN 

TATA Energy Research Inbtitute 

INDONESIA : - Dr. E. NUERIIARDI 

Inst. Tech. Bundung. 

JAPAN : - Associate Prof. t4ichihiro HARA 

Iwate University 

- Prof. Gotaro TOMONABA 

Tokai University 

- Dr. Toyoki KOZAI 

Chiba University 

- Associate Prof. Nobumasa NITO 

Saga University 

- Dr. Kyaharu 00110 

National Institute of Agrobiological Resources. 

- Dr. Ikuo KATAOKA 

Kagawa Univesity 

- Dr. flaoki UTSUNOMIYA 

Kyoto University 
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- Associate Prof. Hiroshi KAMADA 

University of Tsukuba 

- Dr. T. HARA 

Sugar Institute 

- Prof. Hiroshi HARADA 

University of Tsukuba 

- Dr. T. IRABU 

Okinawa Agriculture Experiment Station
 

- Prof. 11. Ishikawa 

Chief Advisor of R.F.D. 

- Prof. Y. YAMADA 

Kyoto University
 

KOREA - Im Ho LEE 

- 11yung Soo NA 

- Sang Man LEE
 

- Hyung Kee LEE 

Korean Broadcasting System
 

- Changbok KIM 

MALAYSIA - Dr. S, KADZIMIN 

University of Agriculture 

- rr. David JONEs 

University,' of Malaya
 

IIETHERLAND - Prof. H .J.,. 11IJKA9T, 

Free Universit',0 
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PHILIPPINES - Dr. Aurora G. del ROSARIO 

University of Philippines at Los Banos 

- Dr. M.S. SWAMINATHAN 

Director General 

I RRI 

- '. i,;. TUYEN 

Visayas State College of Agriculture 

- Dr. S. YOSHIDA 

I RRI 

- Dr. F.J. ZAPATA 

I RRT 

POLAND - Dr. B.A. MOLSKI 

Directr., Botanical Garden. 

SINGAPORE - Prof. A.N. R;AO 

National University of Singapore 

- Dr. C.S. HEW 

National University of Singapore 

UNITED KINGDOM - Dr. T. FL)WE -S 

University of Sussex 

- Dr. M. TRIPE 

University of Sussex 

- Dr. J.M. WI SON 

University of North Wales 
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