v,

[N

D
",\~ xﬂ
D
o

A
v
W

AGEHCY FOR INTERNATICNAL DEVELOPMENT
WASHILG D4 DC 205213

DATE: f//‘////m/

MEMORANDUM

TO: A[U/PPC/CDIE/DI, room 209 SA-18
FROM : AID/BCI, Victoria Ose ¥
HSJBJERCTY : Transmittal of AIN/SCI Progress Report(s)

Attached for pormanent retention/proper dicposition s the following:

ALD/SCI Progress Report No. ﬂ &" /‘(
LAl

Attachment



¥
:

Pr-nen-s3>

Lo,
- (’

I A-rs
FINAL REPORT

Becd In sct. AUG R~ 1988



'FINAL REPORT

NEW VARIETIES OF RICE FOR SALINE AND

ACID SOIL THROUGH TISSUE CULTURE

AID/SCI PROPOSAL 2A-15

GRANT NO. 436-5542-G-55-3037-00

DECEMBER 31, 1987

U.S. INTERHATIONAL DEVELOPMENT DEPARTMENT OF BOTANY

COOPERATION ASENCY CHULALONGKORN UNIVERSITY

BANGKOK BANGKOK



TABLE OF CONTENTS

Investigators and consultants .....ceevevevoevesncnoornsos
Project staff at Chulaleongkorn University ..ieeeeereeacecs
Proposed method i iie e tveierenreeesacoecascnsnansons
PreLACE i i et ianiinecnesnsnsessasansssacssssosnsssosanasans
COOPEEALLOMN 4ttt veetuesasssasosssasaseasosesossanscsnssans
ACKNOW L edgemEnt L. et iiie i iiierennesasesasssensossnsnss
INErOduCElOn it ittt ittt iieaenenessnansnncacsnsasasnans
Importance of tissue culture in rice ......ciiiiirenceennns
Research 1deas .. iuiee it iiiientocreceoeassasosnasssosasas
Methods for production of salt and acid tolerant rice ....
The rice tissuce culture Laboratory ...eecieesceess
MethodoLlogy ittt i iiie i eiesacsctosncnnnas

I Materials and methods for in vitro culture

[I Macerials and methods for growing plant in

natural Conditlon ..ieeeeeecesseereenecsoas

Results and discussion ...iiiiiiieieieeeeeeeeeecionenennnas
I Salt selection in VIErO teeeeecseccecencense

IT  Acid selection 1 VILXO seveeecracccoscennn

III Salt selection in natural condition ,......

IV  Acid selection in natural condition ,......

SWMNALY et neeiasaucenoonnssosssassasassnsossscasancssns
VS I tOLS tttetenenuenesnotossoaoesoanosorenssonasanasennae

R I eNCES it ittt etrenerotroarassesonersasaseanssnnannss

Page

13

14

35
47
47
51
54
69
70
72

80



INVESTIGATORS AND CONSULTANTS

Principal Invescigator Name

Address

Investigator Name

Address

Cooperating Investigators Yame

Address

Name

Address

Project consultants Name

Address

: Montakan Vajrabhaya, M.Sc.

Associate Professor
Department of Botany
Paculty of Scilence
Chulalongkorn University

Bangkok 10500, Thailand

: Thavormn Vajrabhaya, Ph.D.

Professor

same ag above

: Murray W, Nabors, Ph.D.

Professor
Department of Botany
Colorade State University

Fort Collins, U.S.A.

: Shouichi Yoshida, Ph.n.

(deceased)

Plant physiologist
International Rice Research
Institute

Los Banos, Philippines

Preeda Boon-Long Ph.D.
Assistant Professor

Same as principal investigator



Name : Aruni chantarasnit, Ph.D.

Address

Name

Address

Assistant Professor

5am2 as above

Chulaluk Komoltri, M,Sc.
Statistician

Clinical Epidemiclogy Unit
Mahidol University

Bangkok, Thailand



PROJECT STAFF AT CHULALONGKORN UNIVERSITY

PROJECT STAFF:

Pourgpet Poonsapaya B.Sc.

Laboratory and Rescarch
Operation Manager.

Chana Opaskornkul B,Sc,
Ourasa Tunvachkul B,Sc.

¥ritsana Jiamsamai B,.Sc.

GRADUATE STUDENTS:

Supaporn Tang B.Sc,
Siriporn Jatapadma B.Sc.
Xitti Photipatama B.Sc.
Arunfa Tantipunjaporn B.Sc.

Porntip Lohvanichai B.Se.

Tipyawa Tanapaisan
Siriluck Iamtham

TECHNICAL SUFPORTING STAFF

Suriya Singnin

Surapong Vatekul

Piangjai Pongpaew

Vasana  Snit

Yupares Lim

Supaporn Nuppakhundelockrat
Feungfa Sawarngsilpa

Lumdoun Do-on



PROPOSED METHODS

FOR

PRODUCTION OF SALINE AND ACID TOLERANT RICE

MATURE EMBRYO
or
OTHER PLANT PARTS

CALLUS INDUCTICN

CALLUS MULTIPLICATION

//\

SALINE SELECTION ACID SELECTION

\/

PLANT REGENERATION

GREENHOUSE TESTING FOR
SALINE AND ACID TOLERANCE

FIELD' TESTING




PREFACE

This research project had been supported by the AID/SCI

Grant No. 236-5542~

$5-3037-00 from June, 1283 ro June, 1986,

A total of s1x progre

reports have boen submitted to 1.5,

nternational

rvelopment ooperatlion Aqgency in Bangkok at six
months interval.,  The summary of rhe work, results, problems and
recommendation will be tound tn o this final report. It Ls our
Intention to oresent the development of methodology in somatic
rice tlssue cultiore noour laporatory and elsewhere for anyone

who wants to continge the work along this line. The methodology

used in somatic tissue culture for ynedd

1 rice 13 5till in the
infant Ltagpewoaparing to techragues ased on other crops. This

still he

5 onuch room ror inpravoment,  Scoreening of the toleraat
individuals reqgenerates Drom callus was Jdone under natural condi-
tions in the honse with Sumple methods, however several problems

had arisen Jduring riwe Sreatment which are wortnh ncted.

Even the srant was terminated in June 19686, the research
still continues up to the present time in screening of the tolerant
individual. This wmav wake another year or two before handing the
selecred lines to rthe Department of Agriculture and the Department
of Land Davelopment ror field testing, The results obtained in
the preliminary works indicates increase in salt tolerance in
the descendance of the first and second generations of the treated

tndivicuals.



COOPERATION

The cooperation between our unit cell and other unit at
other institutions for exchange of material, personel and technical
know how or technical assistance 15 very important in working with
rice tisgsue culture, In the rapid srogress ia the improvement of
plant throujh cissue culture, one cannorn rely solely on gathering
information through published journals or short communication, a
direct contact must Le made to prevent repetizion of the work and
nelp 2ach other through transferring of technology in the changing

world,

The cooperation between TCCP at Colorado State University

T
o
Ly

has been established since L1983 wnen vroject was flrst started.,
Since then the principal 1nvestirators of both project have been
visiting »"_u other laboratories reqularly approximately one a

year for discussron on the problems and plan for the future.

Besides this, the exchange ot personels, materials and numerous

correspondence have bheen pade,

Other cooperation 15 being done with the IRRI in the
Philippines, several visits of the personel from both institution
have been made. IERRI also agrees to train some of our ataff for

various aspects of rice technologies,

Cooperatinn between government bodies specializing in
Jifferent aspe:ts of rice reseach has also been done. Our materials
used in raesecarch are obtained from Rice Division, Department of

Agriculture. An informal agrcement was made with Dr. Somsri Arunin



the leader of the Soil Salinity Research Section at Land Development

Department to field test our modified plants in different localities.,

[t 15 hoped thavr all activities that we have been doing
would greatly help us to work arficiently 1n this project and the
mew varieties or rice and technoloqgres for obtaining

rinal outcomes

them) would Le our contribution to the people who need them,
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The purpose of this project is to accelerate the development
of rice varieties which can be grown under advirse conditions (salt
and acid soil) through ticsue culture. This will certainly relp
sirall farmers in the marginal land to increarc yield substantially

without ircreasing cost,

IMPORTANCE OF TISSUE CULTURE IN RICE

Tissue culture of plant began over 50 years ago but its
application to agriculture was first realized only during the last
two decades, For rice, the bistory is even shorter due to diffi-
culties in both callus culture and regeneration (Rush ot al., 1982),
Most advancement in rice tissue calture have been made in Japan,
China and India. Howcver, in 1977 [RRI began a comprehensive
program for irmprovem:nt through tissue culture. These include
tissue culture of both from anther and from somatic isolates,
screening and collection of germplasm amenable to tissue culture,
studies on the improvement of rice tissuc culture methods, studies

of variation occurr:ng during tissue culture.
4

Many problems restrict their use in rice improvement
program. These are the poor production of callus and not 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 hut these have yot ro he verified.
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Photo.

Photo.
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Preparation Room s, almost self sufficient, equipped

with a number o!f stanldard equipment and facilities

for plant tissue culture.

Nine transfer chambers are installed in a tranfer
room. Three ot these are of laminar ¢ low type and

six being simple Lome-made type made of plexiglass.

Two culture rooms cemprise mainly of ten culture
stacks, three cabinots and twe shakers,  Maximoum
shelf area 1s H) square meters divided into 60%
dark area which can accommodate 18,000 hottles

and 0% light area for 12,009 npottles. These areas
have been used betweon 75% to near its maximum
capacity most of the time since 1985, Each week,
two thousand bottles are replaced by the new

cul ture hbottles,
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seeds were made on certain lots of seazds which proved éo we high
contamination, but that was not easy to spot the lesser affected
ones, whenever possible, the seeds harvested in the dry season
were obtained, these provied to have lower fungal contamination,

. O .
The seeds were stored in o refrigqerator at 3 - o C until used.

The seeds of later generations {rom the plants grown in
t:ie house were hand picked and ailr dried for one month before
storing in refrigerator to overcome dormancy. It was found that
the seeds of D21 rosponded well to the tellowing treatments in
she rainine ccason,  Artor Uhee eedn wers parvested they were put
in the heated chamber ot 38 - 40 7 Cor five dave to dry the seeds
quickly, then ey were put in a paper envelop leaving in the

room [or twn weeks, The seeds germinated guickly after sewing

(Progress Report 1 to 6),

B, Method for callus induction

1, Surface sterilization

In callus culture from mature embryos most of
the secds are havested long time before use. The handling of
sceds during harvesting and storage is very important te avoid
contamination, Since we are not able to control the method of
handling we have no alterneative but to find of fective way of
cleaning the surface of the <seeds., Bangrok 15 situated in the
lew land tropic the temperature and humidity are high all year
round, which these conditions favor the growth of microrjganisms,
Some microoraanicimg are seed borne such ac Pythium are commonly
found but some attach orly to the odater surface. The latter can

e killed by proper methods of surface sterilization.
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Photo.

Photo,

4

5

Seeds of eight varieties werc used in the ¢xperiments,
these are among the recommeaded varicties of the Rice
Division, lepartment of agriculture. Most of the
seeds were the mature seeds obtained directly from
the Rice Division, but some were from our own plants

cellected at milky or soft dough stages,

Steps of growth and development in laboratory: Starting
f{rom dehulled mature seeds, germination of embryo,
callus initiation and growth, greenspot (rudimentary
shoot apex) formation, shoot growth, and plantlet

formation,
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The problems occurred at IRRI are quite serious. The
workers there treat the dehulled seeds with 1,04 mercuric chloride
for (0 - 15 minutes, then they are rinsed with sterilized distilled
water three times,  This method is said to be very effcctive for
disinfection., However, mercuric chidoride is a very toxic sub-
stance which can casily damage embryos and it certainly is hazzard
to the technicians 1f not handle prowerly. Therefore we decided

to leave this for the last resource when it is really necessary.

In solving the preblem of contamination by surface steri-
lization, we have tried different treatments during the course of
experiment. A modificed method used in Professor Nabors' laboratory
at the Colorado Stated University was adopted. The modification
i5 made by adding a detergent to water prior to th2 chemical
treatiments and cach soep the  treatment is extended. The
awerage contamination, using this method, is 8 to 10% which is

considered to Le satisfactory, These are the steps of the treat-

ment at room temperature (27 - 30 C),

1. Soak about 250 detalled sceds in 100 ml. tap water
with 6 drops of Twoen 20, Shake continuously for 3 minutes and

then wash in running tap water,

2, Soak the washe t secds in 90% cthanol for 1 minute

3. Transfer the seeds to 20% Clorox solution for 20 minutes
4. Transfer the c:eds to 1599 Clorox solution for 20 minutes
5. Transfer the seeds to 19+ Clovox solution for 20 minutes
6. Wash the zends with sterilized distilled water 3 times
7. Keep the surface sterilized secds in sterilized Petri

dish until use,



2, Callus induction
Callus induction of rice embryo is simple, the best two
media tor eight varieties studied have been derived from a serics
of experiments. The sclected media induce the comrpact callus to
form and still promote fairly good growth. Suen callus composzs
mainly of isodiametric celis which is called embryogenic callus,
it has i.igh frequency of initiating sheot apex than that of non-

embryogenic callus composed of loose tubular cells.

Table 1 Pasic components of culture media for callus induction

(Marashige and Skoog, 1962)

Constituent Concentration (mg/1)

A. Macronutrients

NH4NO3 1,650
KN03 1,900
CaC12.21120 440
MGSo, . ‘71(20 ‘ 370
Klizf‘()4 170

B, Micronutrients

Hayﬁer 37.25
PC304.7H20 27.85
MnsSo, o0 22,3
4 2
Zniso, 44,0 8.6
4 2
h]l‘;()3 6.2
BT 0,83
Nazmood.ZHzo 0.25
Cuse,.5H_0O 0.025
q 2
CoCl.,.0H O 0.025

2 2
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Table 1 (zont.)

Constituent Concentration

(mg/1)

C. Vitaming

thiamine HCL 0.4
D. Others
5UCrose 30,000
agar 8,000
myo-inositol 100
Table 2 Standardized callus induction media
Constituents Variety
A,  Medium
basic components RD8
from Table 1 FD23
KDML
2, 4-D 1 mg/1- LeT
NMS
“inctin 0.3 mg/l NSET

B. Medium II

basic components

from Table 1 RD8
RD25
2, 4-D 2 my/1 KTH

coconut water 100 ml/1

2¢



variations ©f the media were tried by adding tryptophan,
coconut water at varying concentrations, or increasing the amount

of 2, 4-D (Tables 1 to &, keport i; Table 1, PFeport 2) . (nly the

compositions qgiven above produced consistent results,

Four surtace sterilized seedn were gencrally put, in a
culture bottle. The culture bottles were kept in the dark for
four weeks at 21 to 27 OC. A callus 1s visible in three days and
it is cut off and transferred to a fresh medium at the age of one
week. In most cases, calll at the age of one months were trans-
ferred to the reqgencration media., Over ninety percent of the
embryos produced large and healthy calli at the stage but unfor-
tunately only few of them have oceon through complete process of

regeneration,  This has led to plannina several experiments on

regencration,

lmmature embryos in the late milk to soft dough stages were
feund to respond to callus induction better than the mature ones
(Table 3 and 4, Report 2; Experiment 1, Table 4, Report 1V). Even
the immature enbryo of some varictics produces larger callus but
the practical use of immature embryo for large scal2 callus produc-
tion is questionable, First, irnconsistency of callus growth has
not been studied in detail; second, it involves qrowing own plants
aspecially the photorensitive varietics that necd paotoperiodic
treatments or collect mature aseeds onoe o vear; and thired, reecnera-
tion of plants from an immature embryo ic not better than the one
from mature embryo cven 1t is larger and healthicr. On rhe other

hand, mature cwbryos can casily be obtained all the time from the



. o, . : ; :
seeds storing at 3 to 5 C in a refrigerator, Thic saves time

and efforts in acquiring materials prier to culture.

C. Method for plant regencration

Plant regeneration from callus has been a major problem
in tissue culure of Irdoca Pre riven, Ao reperted eorlier i the
progress reports 3, 4 and 5 that the successful regeneration
depended not only the techniques alone but the interaction between
the materials and techniques.  The response of Japonica type to
the technizues used oy many workers in the United States and Japan
have not been successfully applisd to the Indica type. Due to
scarcity ot the literatures on regeneration from Indica callus,
much of the time has neen spent during the pass three years to

find basic coaus of failure. The result obtained nave been

cncouraqing but we feel that there are still much room for impro-

vement,

There are many different media used by tissue culturists
around the world at present., Most of the recommendations are
fror workers thiat have worked out he motheds for

a nprcitie group of plants and can be applied to other plants

for different purtoses (White, 1954; Murashige and Groog, 1962) .,
Some derived o formula Trom o series of tests in s oth monocoty-—

Ledonous and dicotyledonous tinsues {(Schenk and Hildebrandt, 1972).

Besides the inorganmi compronds, the re-ommended orqgani ¢ compounds

and the combination of ther are numerous.,  That renders a systematic

testing of tho ~f{fects of theun corpound extrepely difficulle.,
Therorore, wo have gelected only some combinations for experiments

on plant regeneration from callus of Indica rices.

22
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Photo. 6

Photo, 7

Photo. 8

Greenspot formation and shoot differentiation in vitro:
Most of the call:i developed greenspot in one or two

weeks in i reqenerarion medium put only tew of these
developed into shoots,  Thirty percent of  LPT callus

produced shoots fut only 4.2% was obtained in RD23.

Very few shoots were able to develop in the selection
media contarning G,8, 1 or 2% NaCl. These selected
plants were grown to maturity and their seedlings

were screened for salt tolerance.

Plants reqenerated from callus at anthesis were grown

in sand culturs,






Due to some disayrceme:nt amony the results reported by
several workers and ours, which may be ¢ither the vartation in
responses of rice varictices or physical envivonmznt in the culture
rooms hesides the composition of mrdia,  This midies the problem
even morc complaex,  Phic report is base on the results obtained
from the experviments which compars very well with the results of
ather workers amd wur previous results,  After visiting to other

laboratorics in other cauntries, we have found that the results
L

of regeneration af the indica rices are not any better than ours.

We have spent much affords con the fundamental works on
regeneration of plant from somatic callus to establish the method
for hettor reqgeneration,  These works were not only to cbtain a
working method for ove own use but for the benrfit of all who wish
to work on reqgeneration of the indica rices. A total of 14
exprriments were performed dnorder to obtain more plants regenerated
from a callus, &0 far wo can induce only five to thirty percent
of the total calll to regenerate, There is ztill rooms for improve-

menc.,

The statements above ore the critvical problems which we
are facing during the past period but these are only a fraction of
the total woris, All accomplishments including a series of

o canaot be all precented in the written form only

preliminary to
positive recultn or negative results with special value are

summarized in these repores,



1, Reference medium for plant regeneration:

All media for reqeneration used in this report are
based on white's macro-clerents with some modifications e.q. the
delerion of sodiun suliate or addition of ammonium sulfate. In
addition, microclaments (including iron) are used according to
Murashiqge and Skooq (1901) . Coconut water is the only undefined

organic additive that giwves consictent result for regeneration in

many experiments done previously,
Table 3 Banic corponents of the culture medium for regeneration
Constituent Concentration (mg/1l)
AL Macronutrients
MgS0, . 7n20 720
Ca(NOB)Q.Jﬂzo 300
P'J-IOB 80
KC1 65
l‘lallzi’o4 .1120 16.5
(NHd) 250, 200
B, Micronutrients
same as Table 1
C. Vitaming
Thiamine HC] 0 or 0.4
D, Others
TAA 1
hinetin 3
aqgar 8,000

coconut water 100 m1/1

26
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2, Reference physical conditions,

a, Culture wvessel:- Serew-cap bottle of 7 cm. high

and 4,2 cm, wide containing 12 - 1% ml, of medium,

b, Light source:- Two Philips fluorescert tubes,

TL 40 wW/33, 23 - 30 cm. abowe callus.
c. Light regime:- 16/8 hrs. light/dark.

d. Temperaturz:- 21 - 27 C

3, Formulation of the reference mecium,

The above reference meoium and physical conditions
give consistent results on plant regeneration from callus. Other
media may have some advantages in culturing callus of some varieties
but they would have to be proven for thelr consistency, It is
interesting to note that some changes in concentration of some
components have much ef fect on reqgeaeration but on the other hand
the amount o some other compononts do not sceem to have any

apparent ceffect on regeneration owver a wide range.

of the reference medium

Howoever, our key to succt
relies mainly on the supplementing 10% coconut water in the

absent of sucrose,

Following are summaries of the results obtained from
the experiments leading to the reference medium, It is hoped that
these will be useful data for any onc who wishes to do further

experiment on plant regeneration.



a. Inorganic nutrition
1. Low and hicgh salt formulae:

A modified white's macronutrients have
been used as a ctandard rediun for plant regeneration throughout
the worx.

It gives consistent results and is used
as a reference mediur in many experiments., Sodium sulfate is
replaced by ammonium s:1fate in the original formula, this tends
to induce more regenceration. Other variations have been tried to
ootain more inrormation on inorganic nutrition but none of these

-

produce much bhoetter result than our standard mediun,  The modemn
nigh salt tormalae, live Murashiqge and Skoog (1902) and Schenk
and Hildebrandt (1972), usually gave paorer resulty in several
experiments (Report TI, Exp. 2, Exp. 3; Report 111, Exp, 2; Report

V, Exp. <, Exp. %; Report VI, Table 11, 15),

'

2, MNitrogen level:
Amronium nitrogen at 3,2 mM induces more
regeneration than other media with lower or higher levels,
(Report V, Lxp. 9; Report V1, Tables 11, 15, Figs. 6. 7). On
the contrary, a wide range of nitrate nitrogen (3.3 to 34.2 mM)
gave  similar results {Report 11a, Exp. 4; Report V, Ezp. 4, Exp. 5;

Report VI, Tables 11, 15),

3. Phospharus, potassium, calcium and
magnesium level:
Cther nlements, (phosphorus, potassium,

calcium, and magnesium) “id not give consistent cesults over a

28



wide range of concentrations in our experiments. As long as there
were sufficient supply of these elements cven at a bare minimum
ievel and these elements did not reach toxicity level at highest
concantrations tested,  Therefore the wide range of thesce clements

in the White's rformula in milnation of coconut warer are suffi-

citnt for growth and development of callis, greenspot formation
and shnot formation. (keport 111, Exp. 3, 4; Report V, Exp, 4;

Report V).

4. Microelement level:

Microelements used in the work were based
on the formula of Murashivge and Skheoa (1962) ., When the amount of
iron was reduced to half or increased Yo twoe and four (jmes poorer
regeneration resulted.  Reduction of other microcleients in half

was also done and the recalt of reqgeneration did net change.,

b, Growth requlators

A fairly high level of kinetin is used in
addition to coconut water in the regencration medium, In several
pPlant species, only the presence of 10 to 15% avtoclaved coconut
water in the culture media give sufficient amount of cytokinin
for plant reqgenevation. However, the result v xperiments
led vt to conclude that addition of 3 ppm. Kinco 0.1 ppm.
BAP gave slightly better regencration than other concentrations,
[AA was selected 2t 1 ppm, for the reference medium, A low:r
concentrations of HAA (0.1 ppn.) also qgave fairly good results
in some experinents (Report 11, Exp, 1; Deport III, Exp. 1 and 4;

Report 1V, Exp. 3).

29
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c. Organic additives,

1. Vitamins
Thiamine have been considered to be
essential for ncarly all plant tissue cultures, whercas nicotinic
acid and pyridoxine may otimulave growth (Gamborg et al., 1976) .
In our experiments only thiamine was erffectiwe in increasing
regencration in the presence of coconut water (Report V, Exp. 6,

Tables 11, 12).

2. Complex organic supplements,

Only 10% coconut water used as supplement
was found to be beneficial for plant regeneration. Coconut water
is rich in organic compounds copecially eytorining which plays
roles in boch stimulation of muclear division and retarding the
breakdown of chlorophylls, nucleic acids and proteins (Salisbury
and Ross, 1969) 0 whenever the coconut water was used, other addi-
tivey like vitaming {(except thiamine), ammino acids, sugars were
not effective, In addition, a combination of coconut water and
sucroae gave worse results than the sucrose alone. This may be
duc to toxic substances {orming during autorlaving at the tempera-
ture 120 ¢ (Puhan and Martin, 1970). Increasing the amount of
coconut water to 20 and 40% to provide more cytokining was not
possible because it indures early death of the callus. (Report II,
Exp. 2, Table 6; keport III, Exp, 2, Table 9; Report V, Table 9).

Casein hydrolysate, tryptophan and yeast

extract tend to induce deleterious effects when combhined with

covonut water (Report 1T, Exp. 1, Table 1 to 8), but tryhtophan
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acted like cytokinirs in the absent of cocnut water (Report II,

Exp. 1, Table 5).

d. C(arbohydrates,
hll media require the presence of a sugar as

a carbon and encrgy source. fucrooe is usually added in concen-
trations of 2 to 4.%:. In the cxperiments on adding coconut water
in a medium bt was found that coconut water .nduced regenceration
best in the abence of cucrose.  This means that supply of different
forms of sugars in coconut water 1s enough tor the growth and
differentiation in the early staqges of diffoerentiation.  The
reaction of sucrorse and coconut water may give rise to toxic
substances (os mentioned carlier), 1t 18 worth to study the
carbohydrate nutrition in detail,  This study may shed some light
on the differentiation and subseauent development. (Peport II,
Exp. 2, Table o; bkeport II1D, BExp, 2, Tables 9 and 10, Figs., 1 to

3; Report [II, Exp, !, Table 11 to 17, Pigs, 4 and 5},

Adding Myo-inositol at the concentration of
100 to 1,000 mg/1 qgove slight improvement in regeneration inspite
of its high content in coconut water (Report IIT, Exp. 2, Tables

9 and 10, Figs. 1 to 3; keport ¥V, Ezp. 6, Table 11 and 12) .

Other forms of sugars were tried at different
concentrations in place of sucrose, the results obtained were not
consistent. However, o high sucrose medium is required for normal
developnent of shoot and root after clongation of the shoot is
observed., At this stage coconut water is left out and only a
high @alt inorganic formula with 6% sucrose is sufficient for the

plantlet,



D. Method for sclection of salt or acid tolerant individuals,

Preliminary studies were divided into two parts, one
was made 1n vitro during callus growth and the other was made in
natural conditicn when the plants produced rfour to five leaves,
Treatment daring growth would damage the sencitive cells, only the
tolerant ones would continue to grow and differentiate into shoot
and finally the whole plants,  Thio method sclects cell lines that
tolerate high concentration of NaCl but it gives very low regene-
ration, Althouanh salt tolerant c¢ell lines have been selected
in vitro, but it is no guarante: that tolerance selected in culture
will ne expressed at the whole plant level .  The plants obtained

by this method must be evaluated further for salt tolerance and

qencetic ablility,

on the other hand, the treatment of plants at four to
fiveleaf stages was also done in natural condition. This method
had an advantage that the sclection is done directly at the whole
plant level which in some cases only the change in root functions
can limit tcancportatinng of salt iuto inner tissues. In such
treatment, 17 any favorable mutation should occur either in the
cell lines or in root function the plant will tolerate high salinity.
Such treatment was used in treating sceedlings derived from plant

regenerated in vitro,

I, Gulection of salt tolerant plant.
After two weeks in the callus induction medium
(Table 1), only the healthy calli were cut off from other tissue

which they were originated from and were transfered onto media
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Stage nf Seiection
Developrment Method A Method B Method C
Mature embryo
Callus

in 1.5-2.0% HaCIJ

4
Shoot vitro __a_l_tgl..__
bifferentiation
1.5-2.0% NaCt
1 Mo.

Plantlet l

_JL. v Y
Anthesis

Mature seced

Four to five
leaf seedling

Anthesis

Mature seed

in
natural
condition

0.5 HaCl and EC 9-10 mMhos/cm
1 Mo,
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similar to the previous one excopt the presence of 1.5% or 2.0%
NaCl in them. These culture vessels were then kept in the light

tor four weeks,

These treated calli were then transferred to a
modified White's medium (Table 3) for regencration. The culture
vessels at chis stage were moved to the shelves wiieh the physical
conditions wore desoribed 1o conjunction with Table 3) . The
regerncrated plants from such a severe treatment are most likely
to come from the tolerant cell lines resulting from somatic

mutation occurring during callus growth ard differentiation.

2. Selection of acid tolerant plant.

Acid selection 1s niot as simple as one think, acid
soils contain several toxic materials such as aluminue and iron
compounds and at the same time they contain low level of phosphorus
and calcium which both are escential for plant growth,  Adding
acid to culture medium or nutrient solution doos not simulate the
actual conditions in nature; putting zoil extract in culture media
increases the unknown up to o point that we cannot control the
experiment.  Only stabilizing the i of culture media without
changing the golling property of agar took us a lot of time and
materials for a services ot cxperinents. However, after some experi-
ments we were able Lo cope with the stabilization of pH o in the
media and could regenerate some plants {rom the treated calli.

The preparation of a medium with plH 4.0 is done by
making a X2 buffer stock of acetic acid and sodium acetate which

would ¢gine 20 mM in the final solution.  This stock is autoclaved



separately and then mixed with the X2 sterilized standard culture

medium befare pouring into sterile bottles, Some culture hottles

are randonrly chosen for checking the Hobefore inoculation, two
weeks and Your weeks atter snoculation.  Higher levels of acetic
actd and sodium acetate (30 and 40 M) were also tried on sone

experiments but found Lo nave more deleterious

IT. MATERIALS AND METHODS FOR GROWING PLANT IN UATURAL CONDITION,

AL Materiale for screening for streas tolerant plants.,
Hither seeds from regenerated plant or subsequant

QUNOeTrations Have teeen yose

directly for screcning or as a stock
ol the nezt generation,  Plantlets of both selected and unseclected
were qrown for seeds, due to small sample sizes which were not

suitable for direct screenineg,

B, Methods for culture,

1. Seced yermination
Rice seeds are easy to germinate, they absorb water
readily and Leqir to germinate alm. st immediately.  The sceds were
. . &)
soaked in a spall cup containing water at S0 € and were left

overnight,  Then the secds were sown on coarse river sand inoo

round plastic tray of 27 omoin diameter with 5 om of sand eovered

Wite hommn ol water above the surface, After one week to ten days
when the soedlinge had three leavesg they were then tranferred to

water or sand culture.
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2. Preparation of the regenerated plantlets for
outdcor culture,
Due to the extremely different conditions between

in vitro and outdoor which caused many plants to dic when they

were moved Lo o new environment outside, Tt was nece
harden the plants prior to trancsplantation to natural conditions
by exposing them to more intense light on the labnratory shelf,

In addition to this they were transferred to one of the high salt

formulae with 6% sucrose for encouraging food storage,

3, water and sand culture.

Water culturc was the main culture used for growing
seedlings for screenirns;, however this method was also uszed for
growing plant to maturity, 7The nutrition of the plant can be
requlated easier than when they are growing in the soil. This can
be done easily by changing nutrient solution frequently.  In the
meantime the electrical conductivity (s monitorod every few days
which the adjustment can be made by either adding water or more

nutrient to the solution when needed,

In most of the works we were using the tollowiny
methods for growing rico seedling from two-leafl stage to maturity.
They seemed to grow well bat did not st seed well if more than

.

two plant were qgrown in a 3 - 4 liter tray.

Two=leaf-stage Seedlings were planted on 25 holed
round styrofoam raft 25 mn in drameters floating in plastic trays
containing four liters of nutrient solution. Larger rafts were

also used in some expeoriments, huring the growth period, alternate
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Photo. 9

Photo, 10

A house which the roof was covered with clear plastic
sheets to prevent rain was used to Jrow rice in water
or sand culture. The side walls were coverod with

I
fish nets to prevent the bLirds from feeding on seeds.

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 cloth to insure
darkness. The cleths were covered on the frame at
5 pm and taken of at 7(am next morning every day

until seeing siqn of flowering.






Table 4 Modified WP nutrient solution (HBentley, 1959)
Potassium nltrate 0.58 gram
Ammonium sul!ate 0.10 "
Magnesium sulfiate 0.45 .
Triy le superphosphate 0.25 N
Calctiun <ultfate 0.50 "
Sodium ferric drethylenetriamine pentaacetate0,05 "
Manganesce sulfate 0,005 "
Boric acid 0.005 "
Zinc sulfate 0.0005 ™
Copprr sulfate 0.0005 "
Water 1 liter

4. Soll culture

5011 culture was made in a clay pot with the
drainage hole sealed or in a plastic bucket. Each of these has
capacity of 1% liters. A mixture of loose soil, coasc sand,
coconut peat at a ratic of Z:1:1 io satisfactory. Thio method is
yood for growing large plant to maturity. 6Generally one plant per
poc was used bul twn to cthroe plents of spaller varieties could be
accommodated,  Water level was kept at 1 to 5 em above coil to
insure that che plant Nad sufficient water for their norimal growth.
h 16-16-10 formula fartilizer was use at a rate of aprozximately
S gm per pot per week, this was aloo monitored by electrical

conductivity measurement.  The conductivity of the water above soil
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was adjusted to 1 to 2 mMho/cm at 25 C, this could alter fertili-
zing program when it was necded,

The plants grow well and set good seeds. Occasio-
nally, some plant showed chlorogis which might due to diseases in

the root system rather than mineral deficiency.

C. Method for salt and acid selection.

The selection of the whole plant in natural condition
takes more time and space than the selection in vitro but the
selective force is acted on the whole arganism like plant growing
in nature.  Sometimes oniy a change in root function can limit
transportation of salt into inner tissues which make the plant
survive in high saline conditinn without having a change in cell
or organs in other parts.  Purthoermore, any gene mutation or
change in the function of some latent genes that arise during

tissue culture will have a chance to ewpress afwer cene recombi-

nation in the sexual phase,

1. Selection of salt tolerant individuals,

Seeds collecred from plant regencrated from callus
without treating with laCl or seed; from zalt selected plant were
used in the treatment. Water culture was found to e more
convenlent to handle and cagsy to control salinity than the sand
culture.  rPemoval of the dead piants can bee done without much
disturbilng others,  when the seedlings reached Z-lear stage they
woere transplanted to water culture trays with a modificd WP

nutrient formula {(Bentley, 1959). When most of the seedlings

41
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Photo.,

Phnto,

Photo,

11

12

13

Five-lear stage seedlings were used for acid and salt
selection in water culture. Twenty Five plants were
grown on a plastic toam raft floaring in a rfour-liter
round tray containing nputrient colation witl, irither
acid or salt at srecified concentrations for one

month,

All of the plants died in two days when grown in a

pH 4.0 burffer solution.

After three weeks over ninety percent of the plants
died ieaving some tolerant one; growing until the
end of fourth wenk, The selected ones would he
grown to maturity in sand or scil cultuve for

further evaluanion.
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attained 5-leaf stage in appoximately 7 to 10 days, nutrient
solution was drained off and a new solution with 0,5v NaCl was
replaced.  Electrical conductivity of the solution at the beginning
. ) . L .
wis around 9 to 10 mMbho/cm at 29 C and tended to rise when day
temperature was nigh dJdue Lo evaporation.  wWnenever the conducti-
vity was 10 mMho/cr or higher the leove)l of putrient was adjusted
by adding tap water and 1f the conductivity was <till lower than

10 mMho/em, a nutrieat solution with 0.%t Nal was then added.

Every week dead plants were removed and the solution was changed.

Termination of treatments was determined by the
number of plante killed.  Vhen 90% or more plants treated died
which happenned mostly during the third and the fourth week of
treatment, all plants were removed from the trays and only the
healthiest ones were sclected for planting.  In practice, 2% of
the plants treated wore caved and planted in sand or soil culture

for seed production.

Two types of plastic tray were use, one type was
a S-liter rectanqular 20 x 41 cm and another was a 3-liter round
tray with 27 cm diameter and 10 em height, A raft was made of

ot

styrofoam with 52 holes for o rectanqular tray and holes for

a round one,  The size of the rafr is determined by the size

the container, ic should float frecly on nutrient solution. Each

plant was held in the hole by a piece of synthetic sponge wrapping
around the srtem, The 2L-plant raft was sclected for nost of the

salt celection hecaure of jts smaller size which could be handled

more casily. Sand culture gave inconsistent electrical conductivity

values,



Selection of acid tolerant individuals was done
very much the same way a» did the salt tolerant plant. Acid
selection is complicated. A very low pH (4.0 or lower) soil will
directly cauee damage to root cells and other cells near vascular
pundles which results in slowing down water uptake. Moreover, at
¢ pH below normal range soile 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 phosphorus and caleium both of which are essential for normal
growth, Adaing acid alene to an inert culture medium or nutrient
solution may rnot be sefficlient to upset physiological processes
stated above bhecause the avalability of those e¢lements mentioned
above is limited, On the contrary, using extract of acid soil or
using soll culture with acid added for testing may produce similar
effect to acid soil in nature but the factors offecting the growth
of the plant well not be dizcovered immediately unless soil
analyses are readily available. In the experiments here the treat-
ments of acid condition were limited to lowering the pH in tne

defined nutrient solution.

D. Environment of plant in natural condition,
Since Bangkok is in the humid tropic, the atmospheric
controiled greenhouse can not be done ecasily. 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 51de walls were covered with coarse
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wire mesh to prevent birds but not insects, Sometimes a fish net
could ke used in place of wire mesh, Insecticides and fungicides
were used only when necesscery. Light intensity was cut down as
nuch as half by the plastic sheect when it was old., Such install-

ments described atove were satisfactory for our purpose.
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RESULTS AND DISCUSSION

In this part only the results of salt and acid selection are
reported, however the results of several 2xperimen’s leading to the
improvement of plant reqenceration are summirized under the Materials
and Methods heading,  hkven the results of sall and acid selection
shown here are not the final and complete ones, the resultant materials
indicate mucn Variations ocourred in the nereening.  Further sereening
of their offsprings in the subsequent generations are being continued
both in pots and in field to confirm the results of the previous

generations,

I. SALT SELECTION Il VITRO

Between August 1984 to Ociober 1985 (15 months) 135,132
embryovs from seven variaties were cultured in the standardized callus
induction media 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
1.0 or 2.0% NaCl in them., Calli used in different trecatments were
sclected from only 30.9% of the embryos cultured, some embryos 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 NaCl added media in the light for four
weeks, At the end of che treatment 38% of the treated calli survined.
These calli were then transferred cnte a regeneration medium, in this
pericd 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 grew 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.

Tab.e 5 Tolerant plants regenerated under salt stress
Ve o Hoe.o of plantlets arising
ariety No. of mature plants
in vitro

FDMIL 2 1
KTH 0 0
LPT 19 16
HMS -4 0 0
HSPT Not treated -
RDB 2 1
RD23 16 12
RU2S 1 1
Total 40 31

It is worth to note that once a plantlet arises in vitro it
kesps 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 mediun. It was a rare event that
more than one shool was ‘ormed on one callus, however the LPT and
RE23 produced up to four shoots per one callus. Regeneration of the
trrated cally was 0,070% while the untrested calli of KDML normally
give 8.3% regeneration, RD23 10%, and LPT ranging between 15 to 30% in

the same regeneration medium,



The following Table covers only the work during April 1985
to Octaber 1985 of salt selection in vitro just to demonstrate the

results of treatment »n seven varieties,

A total of 14,133 zalli from over 50,000 embryos of seven
varieties, namely, ®ODHL, ®TH, LPT, NMS, RD8, RD23, and RDZ5 were
used in th. ~atment.  Two-week old calli were cultured in the
regeneration medium with L.5% 'aCl for four weeks. The results ave

shown in Table 9

Table » shoot formation rrom calli ot sewven rice varieties ofter

N

treated Wwith 1.9% NaCl for four weeks

Yo, ot Callus survival Callus with Shoot
Yariety callus arter 4 weeks shoot
treated No. % No. % No. %
KDML 2639 1597 60.52 0 0 0 0
CKTH 590 396 57.39 .0 0 0 .0
LeT 3352 1633 48.72 4 0.12 17 0.51
UMS~-4 1140 540 47.37 0 6] 0 0
ADB 2050 1022 49,58 i 0.05 2 0.10
RD23 2138 951 44.48 1 0.05 4 0.19
RD2S 2124 994 46 .80 1 0.05 1 0.05

Total 14133 7133 50.47 7 0.05 24 0.17




It 15 1nteresting to note that upto fifty percent of the
calli treated still survive at the end of the fourth week. The
living calll vere transferred va the reqgencration mediun, many of
them ceased to grow any further and diced afterward, Some continued

Lo grow and font greenspots but very few produced choots,

Seven varieties, namely, KDML, ¥TH, LP7T, NMS, RD8B, RDZ23 and

RD25 were used in the treatment. A total of 14,132 calli were selected
for the treatment, f1fty percent of these survived at the end of
four week of 1.5 HaCl treatment.  Then the living calli were trans-
ferred to a regencration medium many of them stopped growing and
died as a result of treatment, Some continued to grow and form
greenspots but very few produced shoots. The LPT is still the best
for regeneration 1n medla with or without NaCl; four shoots were
produr .4 while others produced only one or none. The total number
of cally of all varieties produced shoots were 7 from the total of
14,133 call:r which was only C.05% regeneration. Normally the LPT has
rate of regencration from 15 to 30%, aftnr treated with salt only 4
out of 3250 calli had shoot: which is 150 to 300 times differences.
However a total of 17 shoots were obtained from these four calli.

4a¢ varieties, PUL5, RD23I and RD25, produced one shoot per 2,000 calli

while KDML, KTH and NMS did not produce any shout during this period.

The 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 %o note that the whole process of regeneration
cecurred after treatment, which presents us with a problem whether
the whole plant obtained by this method would still be teolerant or

not. This can be tested in the following generations.
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II, ACID SELECTIGN IN VITRO

Preparation of media for acid selection are rather complex
because of the intoraction between acid and other components,
ggpecially the agar, in the mediun, The Jdrtterential absorbtion of
ions by callus during the growth may choange the balanse of the ions
in the medium.  Howewver, some successiul results have been obtalned
after a series of e erlients attempting to stubilize the pH during
culture. This caused a delay in the selection for acid tolerant
individual 1n vitro,

A total of 7450 calli of eight varicties as in salt selection
were used for acid selection.  Two=wesk old calll were cultured in
the regencration medium adjusted to pl 4.0 + 0.2 by buffer acetate
for four weeks,  fmoeng these, Q29 calli (0.37%) produced plantlets
but only 7 plants (24,14%) reached maturity., This figure is only

one rthird of the ones regencrated under salt stress,

Table 7 Tolerant plants recencrated under acid strees (ph 4,0 + 0.2)

. . o, of plantlets arising
Jarirety -

in wvitro lio., of mature plants
FDML 0 0
KTH 1 0
LT 14 4
HNMG=-4 4 1
HSPT 1 0
RDY 2 1
RD23 7 1
RL25 0 0

=3
o]
Iad
o
o)
pbe,
~J
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Table 8 Shoot. formation on cally  of seven rice varicties

after treated with pli 4.0 buffer aczetate for four weeks

ll;;-. [73% Callus usurvaeval Callus with Shoot
Variety Callus atter 4 weeks shioot
treated Ha. 4 fio, . Ho. %
KOML 1076 73 .78 4] 0 0 0
KTH 284 117 41.20 1 0.35 1 0.35
LpT 1840 205 11.14 14 0.76 14 0.7
HMS-4 948 49 5.17 4 0.42 q 0.42
HSPT 765 126 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
rD2H 1232 117 9.50 0 0 0 0
Total 76880 865 L0.98 29 (.37 29 0.37

Only ten percent of calli survived at the end of the fourth
woeek which wos free times lower than thous in salt trealment, During
treatment most callil turned white or very pale yellow instead of
Light yellow in the normal ones in the first two weeks., After
transfering calll onto regeneration medium considerable number of
calll recovercd and formed qreenspots and later produced shoots.  In
splte of high murtality during the troatment more shoots were formerd
than calli in the salt treatment, A total of 0,.28% of the treated
calll of all varieties initiated shoots, This figure is 5.6 times

higher than tn the salt treatment.,
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The LPT, again, is the variety that gives best regeneration
whether they are in normal condition or in salt ar acid stress
conditions,  In this casz, 14 out of 1840 culli produced shoots,
which ts 2,764 or 20 1o 30 times less than in reference medium,

T EDML apd KM calll still gave no reqgenecration in both salt and
neid treatment during this peviod, these provea to be ditficult
varieties. e RDA and RLCS gave no regensration while they barely
Cani through salt treatment, on Lhe contrary, the LS surprisingly
produced two shoots in this acld treatment but never in salt treate
ment. This report will not be completed without mentioning about
the steady kD23, the regencration rate is around 8 -~ 10% with the
method available and it tolerate not oaly salt and acid in these
experinments, it also keep on regencrating in nany cxperinents done

previously.

The acid selection reperted here is a priliminary work
following the established method for stabilizing the pH. One should
be aware of acid sorls in the nature which are of several types, acid
i whe only o common Dactar apeaig tieore cbieer congonento of the Soil
vary greatly according to 5oil formation and subsequent changes
cither by nature or by man,  Deficiency of phosphorus and other
nutrients are wore prevalent which can pussibly be corrected by adding
phosphate fertilicser, bhut toxicity due Lo vluninum, iron or other
long at lew pHoare probably the most difficult problems to deal with,
However, aobd selectilon methond should be the first step to establish

before tackle on the more complex treatments,
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1T, SALT SELECTLON IN HATURAL COUDITION

Selection in natural condition has been done by using four
to five-leaf stage soeedlings of the regencrated plants or the
seedlings cbhtaining from subsoquent generations.,  Theoe scedlings
Were grown in water culture contatning o modifted WP autrient
solution with 0.5%% LaC) added.  The electrical conductivity of the

. . . e © . .
solution was read between 9 - 10 mhos/om, at 25 C. Etach of the

B
™

treatment was Kept for one month with Proquiont adjustment of the

lcctrical conductivity, The dead plonts were removed every week

andd the healthy plunts were selected for qrowWwing to maturity at the
end of the wreatpent. I the nunber 6f suruivors wuas more than two

prereent only the best ones were chosen ard discarded the badly

affected plants,  1his number was furtiver red

|98

by the loss of

some plants which were never recover aft

r transplanting into an
vrlinary water culture hod. Tt s hoped that some of the tolerant
plants are the ros:lt of peal sometio ratation which would cxpress

thuemselves betrer after recorbination in the next generation,

Stion becsn in January 1945 and still continues

upto the time of writing Lut s report covers only the work upto

Le:cember 1940, At

this pericd, 20,507 secdlings of four varietieos

Doolialloan o water oulvare, Amos g these, 11,666
were RE2S, 7040 LI, G740 FLML and 1706 BD2D . Most of thenm were from
the mother plants reqenerated in normal reqeneration medium, some of

them were from the plants regenerated under sodium chloride stress,

and sowe were from second gqeneration of the selected individuals.,
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A, Secedlings of plant reqencrated without stress

Following are some studies on the survival of seedlings

of the KDML and RD23 during a one-month salt selection.

Table 9 Survival of five-leaf stage seedlings of a reyenerated
plant (TC 1) treated with 0,5% KaCl in nutrient solution

for four weeks

Variety : FDML Electrical Conductivity : 9-10 m Mhos/cm

Plant Surviving (%)

st 42 . /¢

Treatment. No. Ho, of Plant 1 t W Jnd wh. jxr 12 4Ll wk.
Ho. ! o o Lo, ‘ No. %

1 156 146 93,6 81 51.9 30 19.2 5 3.2

2 375 326 89.6 214 57,1 117 31.2 62 16.5

3 364 351 96.4 247 67.4 173 47.5 116 31.9

) 400 371 92,7 235 54,7 1%2 38.0 83 20.7

5 400 - 330 95.0 20 74,7 207 5L.7 70 17.5
Total 1695 184 93,4 1070 63.% 679 40.0 336 19.8

Table 9 d monstrates survival of the plants each week.
buring the first week, wost of the plants did not show any symptom of
salt stress  only the weakest ones died during this period.  The
sommon salt injury syaptom appears in the mature leaves from distal to
proximal enld,  Tn severe cases, younger leaves show same symptom and
finally the wuole plant die. & dead plant is defined as the one that

the leatblades and lear sheath have lost green color altcgether.
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At the end of the scecond week 63,.5% of the plants still
survived, and some grew profusely. It is worth noting thot the
characteristios of Sore plants appeared to be fairly nogmal like the

ones 1n the control,

During the teilrd and fourth weeks the weak plants with severe
symptom died leaving the oncs with little symptom growing. At the
end uf the fourtn week lso plants (19,873 were still living, these
included the plants with both mild and severe symptoms. nly the
healthiest plants were saved for further investigoation, these werce

approrzimately two percent of the plant treated,

FLHL 18 a scelected variety for salt tolerance which is
recommended by the Lepartment of Agriculture to be grown in several
iocations in the country wiere soil salinity is high for 28 years.
Seedlings of the regencrated plants showed variability in tolerance.
[t i bopea that if favorable somatic mutations should occur during
callus growth and development they can be scereencd cftectively by
the above method,  Such varlatlons nay arisce partly as a result of
variation of environment during screening and o few may be a remote
chance arisineg from comatic variations. Even theie is no now gene
erourring, only some reorganization or activation of certain genes

, by chance, lead to favorab-le characteristics. But, Lf there

o

wil
1S any qgene for salt tolerance chould arise de novo, it will persist
and awalt turtner reconmblnatlion i latey gqunuerations, In these
cases the advantage of tissuc culture beeomes apparent and it will

play o major role un plant 1mprovement Lo the tuturc,
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regenerated plants (RO - TC 1), representing sensitive,
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Table 10

Survival of four-
plants treate

four weeks,

d with 0.5% NaCl in nutrient sol

ttion for

leaf stage seedlings of 21 regeneruaiod
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Variety . Rp23 Electrical Conductivity 9-10 mMhos /cm
Treatment No  of P)ant Surviving
Yk, pmd T rd we, 4™
—— z
No., Stock No.  plaat Ho, Ky No. 1 No. % No, %
B
1 Rl—Tcd 46 41 89,1 33 71,7 23 50.0 13 28.3
2 Rl-TCG 150 150 100.0 99 66.0 56 37.3 4 2.7
3 Rl-TCB i5 9 G4.4 2 64.4 0] 0.0 0] 0.0
4 RJ'TC9 200 107 53.5 7 3.5 4 2.0 0 0.0
5 Rl-lO 100 44 48.0 3 3.0 1 1.0 0 0.0
6 Rl-Tcll 225 176 78.2 20 8.9 9 4.0 0 0.0
7 Rl—Tcl2 100 86 86.0 4 4.0 0 0.0 0 0.0
8 Rl—Tcl6 379 379 100.0 208 54.9 71 18.7 0 0.0
9 Rl-Tcl7 375 256 68,3 45 12,0 8 2.1 0 0.0
10 RL—TCIB 398 398 100.0 369 92.7 264 66.3 5 1.3
11 Rl—Tc22 416 416 100.0 283 68.0 37 8.9 2 0.5
12 Rl—TCEJ 600 569 94.8 437 72.8 175 29.9 98 16.3
13 RL*TC24 250 220 80.0 145 58.0 49 19.6 16 6.4
14 Rl—TCZS 225 222 98.7 188 83.6 69 30.7 32 14.2
15 Rl—Tc?d 150 126 84.0 74 19.3 41 27.3 29 19.3
16 RJ—Tc27 75 75 100.0 4 5.3 00 0.0 o] 0.0
17 Rl-Tc29 300 282 94,0 125 11.7 2 0.7 2 0.7
18 Rl—T030 4c 39 97.5 26 65.0 o] 0.0 0 0.0
19 Rl-TC3L 120 119 99,2 24 20.0 0 0.0 o] 0.0
20 Rl—TC33 309 285 92,2 37 19.9 0 0.0 1 0.3
21 Rl—T234 255 238 93,13 60 23.5 0 0.0 0 c.0
— —————

Total 4754 A2, 89.6 2220 46.7 809 17.0 202 4.2




./‘

+0 S _--\\\\‘\\\\\\\
~

O L
X 60
>
bd
>
IS
3 50 ¢
‘q
o
3
~8 40
Q
30 ¢
20 ¢
10 }
R,-TC 18
0 1
7 10
1 2 3 4 week
Figure 2 Responses of seedlings (generation R1) of four selecled
regencrated plant (RO-TC4, RO-TC10, RO-TCL8 and RO~TC23),
representing sentitive, intermediate .nd tolerant groups
Re : Table 10 Electrical conductivity : 9-10 mMhos/cm.

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

Five-leaf stage
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A total of 4758 RD23 seedlings of 21 regenerates plants
under in vitro condition were screened. The rerulte were interestings
because the variation was ve'y high, most <r the treated seedling
died at the end of the experiment, Seecdlings from four mother
plants had high survival rates over 14 nercent, 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 suvvival 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 weck giving only 2.7 and 1.3% respectively.

RD23 is5 a new variety which has just been released by the
Department of Agriculture in 198l. 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
iz a short varievy 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 uvseful short-live variety

for the rain fed localities,

. Scedlings of plant regencrated under salt stress in vitro

Secedlings of the plants regenerated under salt stress
ir vitro are of interest. Generally, RD23 callus gives regeneration
rates ranging from & to 10% but under 1 to 2% NaCl stress the
regeneratlion rate 1s 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 L1 Survival of four-leaf stage seedlings ot three plants
regenerated under salt stress in vitro when treated

with 0,.5% NaCl in nutrient solution for four weeks.

Variety K23 Electrical Conductivity : 9-10 mrhos/cm

*Na 1 = 1% HNaCl in culturce medium *MNa 2 = 2v NaCl in culture medium

Treatment tio. of Plant Surviving
st nd rd th
1 WK, 2 wk. 3 wk., d wk.
No. Stock No. Plant Mo, % tlo. ©  Ho. % No. %

1 Rl—Tc7 Nal 247 242 98,0 204 82.6 129 52.2 82  33.2

2 Rl-TCZZ la2 150 144 95,0 122 g21.:2 69 46.0 44 25,3

3 kl—TCLGE Hal 250 242 9%6.8 176 70.4 100 40.0 36 14.4

Total 047 628 97.1 502 77.6 298 46.0 162 25.0

The result of the screening is qulte satisfactory (Table 11)
the plant surviving rates are l4,4, 29.3 and 33.2 respectively. The
averaqe surviving rate of the secdlinas from  otner mother plants
. P I . . . .
1s only 4.2% which 15 only o o= the figure obtalned from tnc above

populaticn {Tarle 5.

It 15 interestine to note that survoval after tne third week
was at least S0 wioion o oo overy nrgn value for the RDLI3. Tals
reflesns the drowtn cna uevelopment o! caelll aduring tne salt stress.
Unaer gsalt strese condition the cells wnich are scensitive will become

malfunction anu div wiolch afrcct the tolerant cells. 1{ the population
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Rl - TC 7 Na 1
R1 - TC 22 Na 2
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Figure 3

18t ond 3rd 4th week

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

Varlety

RD 23 Stage of seedlings at the beginning of treatment :Five-leaf stage
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of tolerant. cell cover large area they are likely to form shoot
apex and finally become shoot. Therefore any shoot arising from
such callus under 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 risc to more tolerant individuals in later generations,

C. Second generation scedlings of the individuals selected

under natural condition

Table 12 Survival of four-leaf stage second generation of
regenerated plants treated with 0.5% NaCl in nutrient

solution for four weeks.

Variety : RD2Z Electrical Conductivity : 9-10 mMhos/cm
Treatment No. of Plant Surviving
; nd :
1% wk, 2k 3T 4™
No. Stock No. Plant No. (3 No. 1 No. % No. %

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

r

RZ—TC 1b 1100 877 79.7 532 48.4 249 22.6 116 10.5

1~
o
)

]

3 R, -Tc2 775 662 85.4 178 23.0 19 2.4

- 500 420 B4.0C 119 23.8 36 7.2 5 1.0
4 H2—1u3

Total 2761 3345 88.9 1763 46.9 868 23,1 4€3 12.3
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Second generation (R2) of seecdlings collected from four

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

four-lecI stage in natural condition., The pattern of responses was
not dirfferent rrom the KL during the first two weeks. In the third
week the number of survivers were rataer high and nonc of the groups
died completely. At the end of the fourth week the TCla and Tclb

showed tolerant viait clearly while the other two populations demon-
strated sensitl  ty like the ones in the Rl.  However the percentage
of the survivors were not better than the best of the Rl population

(Table 13).

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 o, of Plant Surviving
st wk. 4th wk.
No. Stock tio. Plant No. ) No. %‘
1 R2~Tcl 60 60 100.0 0 0
2 R, ~Tc2 16 13 8l.2 3 18.80
3 R,-Te) 75 75 100,0 0 0
4 R, -Tc4 25 20 80.0 5 20.00

Total 176 164 95.45 . 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 zan be grown three crops a year,

Unfortunately, this varicty is a very difficult to handle
both ir the laboratory and in the field. Callus intiation seems to
be normal but regencration is extremely difficult. A callus with
greenspots normally stops growing and dies.  Alteration of culture
media have been tried bit the improvement of regeneration is still
not satisfactory. However, some reqgenerates were obtained and their

seedlings were treated with 0,5% NaCl during the Rl and R2.

g

The results of the treatment of the R2 were quite satisfactory
upto the end of the fourth weck, Iwo populations gave survivors upto
18.8 and 20.0 at the end of the experiment, but none of them survived
wheu the plants were transferred to the standard nutrient solution.

This variety b5 to be investigated in its physiology further in

order to cope with the regeneration and methods of treatment,

D. Stages of gelection in natural condition.

WO ovarieties namely LPT and RD23, are amiable to the
culture in vitro, thils results in high number of the seed stocks and
advanced selection stages.  Selected seced stocks have been used for
further selection, Some stocks that responded well in the salt
sclection ana some produced too few sceds in the carly generations,
these woere continued for confiimation of the previous results. Such
screening 15 being done at present and still continued until the

uniform results are obtained before testing in the field,



Table 14 Seceds ccllected from tolerant plants selected by
the treatment of 0.5% NaCl in nutrient solution in

natural condition

No. of selected plant

Variety
Ro R R, Ry
KDML - 8 2 -
KTH - 1 - -
LPT - 76 6 -
NMS-4 - 2 - -
NSPT - 8 " - -
RDB - 1 - -
RD23 - 125 13 3
RD25 - 4 1 -
Total - 225 22 3
Ro = Seeds of the regenerated plant in vitro with or
with out salt stressing. These are the begiﬁning of
second generation,
Rl = Seeds of the first.gencration following the regenerated
plants.
R2 = Secds of the Rl plants.

R = Sceds of the RZ plants.



It is still too early to cowpare 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 scedlings with high salt tolerance than the unselected
ones but only few fertile plancs were obtained. On the contrary,
more mother plants were obtained after selection under natural
condition which gave a wide variation, However, the genctic of
stress tolerance is rather complex and the chances are remote to
have just a simple gene responsible for a given characteristics.

If this is the case, many uscful variants with favorable recessive
genes occurring during callus growth would be lost through stressing
when the surrounding cells are killed. Purthermore, if the gene in
question is o recessive one, it would not have chance to express it
self, or if an array of qgenes responsible for a specific character
are of multiple type, tihis would further reduce chance of occurring
down to zero by sclection 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 gene, recombination
through sexual reproduction, Selection of scedlings from regenerated
plants would be the combined result of gene mutation during tissue
culture and gene recombination which finally express in the organism
level, this seems logizal and has a direct application. However,
subsequent select ons are still needed to fix gene combination in

case of multiple gene,

Since both methods have their own merite and arawbacks, we

are working for both,
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IV. ACID SELECTION IN MNATURAL CONDI'TION

Unlike the method of acid selection in vitro which the acetate
buffer at low concentriation is sufficient to keep the pH down
around 4.0, but this buffer, if not used under sterile condition, it
attracts microorganism which change not unly pH but also othar
compositions of the medium, In the experiments on the buffer it was
found that organic compounds are not suitable because they were
easily affected by microorganism and all of the plants died quieckly
in two days. The strong lnorganic acids like hydrochloric acid or

sulpburic acid were not stable enough in the uncontrolled environment.

Therefore the scelected plants from acid treatmentc were not

yet found.



SUMMARY

This final report is a condensed results of the works
between Jure 1983 to D:cember 1986 which most of the details appeared
in any of the six progress report, It is particularly stressed on
the recommended methods resulting from our experiments and the
results obtained trom salt and acid selections which some parts were

not reported carlier,

1. Grand No. : 936-5542-G-55-3037-00 amount of US $ 126,600,

2. U.3. 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. Manv attempts were made on the improvement of plant
regencration, the results were not completey satisfactory. The
pereentage ol callus thao regencrate ranged from less than one to
thirty percent depending on var:: .05, However this work has been

carried out by using a fairly large number of cmbryos.,

Over one million embryos were used for experiments on
regeneration, for salt and acid selections and for straight regenera-

tion without stres:,

Y. Methods of salt and acid selections in vitro were

established and these were used throughout,

10



6. Methods of salt selection in natural conditions were
worked out and finally cecided on using water culture with 0.5% Na(l,
added, this was monitored by checkirg electrical conductivity. The

o
range of conductivity used was adjusted to 9 - 10 mMhos/cm at 25 C,

7. Thirty one salt tolerant mature »lants were obtained

from the ir vitro 4 cction from 135,132 embryos (0.02%) .

8, Seven acid toterant mature plants were obtained from

the ip vitro selecrion from a total of 25,502 embryos (0.03%) ,

9. A total of 249 seed stocks were obtained from salt
relectlon in natural condition. Of these, 85 were from the mother
vlants regenerated in vitro, 139 from first generation, 22 from

second generation and 3 from third generation.

1G, HNone 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 quests from governmental orgar .zations and scientists
from oversea visited our laboratory. Thesc include Deputy Prime
Minister, Common House Speaker, F2ucation Comm:ttee of the Senate,
Education Committee of the House of kepresentative, Science and
Techrology Committee of the House of Representative and Minister

of Science, Technology and Enercy.

Our reqular visitors during 1983 tn 1987 were Professor
E.J. Briskey, Director of the Gffice of Science and Technology US
AID, Thailand and Professor M.W. Nabors, principal investigator
of Tizssue Culture for Crop Project and also our collaborating
investigator. Profussor Mabors nad visited our laboratory appro-
ximately six days each year to discuss on the technical problems
relating to tissue culture, including exchange of materiais,

personel development and organizing conferences.

Below i5 a list of scientists from different countries

who visited our laboratory during 1983 to 198¢.
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AUSTRALIA

BANGLADESH

CANADA

COSTA PICA

FRANCE

13

LIST OF VISITGRS DURING 1983 - 1987

Dr. Jen Mc COMB

Murdoch University

Dr. Elizabeth S, WILLIAMS
Melbourne University

Dr. Peter DART

Australian Hational University

Prof. A.S., ISLAM

Dhaka University

Dr. J.P. KUTNEY

tUniversity of British Columopia

Dr, MULLER

Dr. Pierre DUBQIS

San Jose

Dr. Coltte NITSCH
CNRS

Gif-sue~-yuctte

Dr. Rachel RUDSTROM

UNESCO - Sc./SER.

Dr. Phillippe SOUCAILLE
Laboratore de Genicbiochimgve
Dr. Paul RITZENTHALER

Universite Paul Sabatier



GUATEMALA

INDIA

INDONESIA

JAPAN

Dr, Carlos Rolz

Central American Research Institute

Prof. H.Y. MOHAN RAM

Delhi University

Prof, G.M. REDDY

Osmania University

Dr. S$.R. SREE RANGASAMY

Tamil Nadu Agricultural University
Dr. Viksia DHAWAN

TATA Energy Research Institute

Dr., E. NUERHARDI

Inst., Tech. Bundung.

Associate Prof, tichihiro HARA
Iwate University

Prof., Gotaro TOMONABA

Tokai University

Dr. Toycki KOZAI

Chiba University

Associate Prof. Nobumasa NITO
Saqga University

pr., Kyoharu ONNHO

National Institute of Agrobiological Resources.
Dr. Ikuo FATAOKA

Kagawa Univesity

Dr. taoki UTSUNOMIYA

Kyoto University
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KOREA

MALAYSIA

NETHERLAND
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Associate Prof, Hiroshi XAMADA
University of Tsukuba

Dr. T. HARA

Sugar Institute

Prof. Hiroshi HARADA
University of Tsukuba

Dr. T. IRABU

Okinawa Agriculture Experimeznt Station
Prof. H. Ishikawa

Chief Advisor of R.F.D.

Prof. Y, YAMADA

Kyoto University

Im Ho LEE

Hyung Soo NA

Sang Man LEE

Hyung Kee LEE

Korean Broadcasting System

Changbok KIM

Dr. S, KADZIMIN
University of Agriculture
Cr. Cavid JONES

University of Malaya

Prof. H.J.J. NIJKAMP

Free University



PHILIPPINES

POLAND

SINGAPORE

UNITED KINGDOM
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Dr, Aurora G. del ROSARIO

University of Philippines at Los Banos
Dr. M.S., SWAMINATHRAN

Director General

IRRI

Lr, . TUYEN

Visayas State College of Agriculture
Dr. S. YOSHIDA

IRRI

Dr. F.J. ZAPATA

IRRI

Dr. B.A. MOLSKI

Directr ., Botanical Garden,

Prof, n.H. RO
National University of Singapore
Dr. C.5. HEW

Mational University of Singapore

Dr., T. FLOWERS
University of Sussex
Dr. M. TRILE
University of Sussex
Dr. J.M, WILSON

University of North Wwales



Dr. Sanga SUP-SRI

Permanent Secretary,

Ministry of Science, Technology and Energy
Students from Faculty of Engineering
Students from Faculty of Economics
Students from King Mongkut Institute of
Technology

Students from Faculty of ayriculcure
Education Committee of the Senate
Education Committee of the louse of
Representative

Science and Technology Committee of the House

of Representative
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