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Team Evaluation - Part II

Entity: S&T/AGR/RNR

Project Title: Tissue Culture for Food Production

Project Number: 936-4055

13. Summary:
I

About 50,000,000 hectares planted to wheat, rice and millet in LDCs are
affected by salt stress; 40,000,000 hectares by aluminum toxicity and
50,000,000 hectares by drought. More than 270,000,000 people who live in
these areas are affected by these problems which reduce crop yields markedly.
The traditional approach toward resolving such problems has been through
manipulating the environment in which crops are grown in these areas by
physical means such as irrigation and drainage and by chemical approaches
including the incorporation of gypsum to increase soil permeability and of
liming materials to reduce aluminum saturation. These practices are so costly
that they can be applied to only very limited parts of the affected areas.
This constraint, in turn, means that only few of the producers in these
stressed areas benefit from the implementation of such technology. In the
absence of these methods for ameliorating such adverse conditions, farmers
have sought crops that have a native ability to produce under these stressed
environments. Thus, sorghum, millet, barley and cassava varieties along with
pigeon peas have been crops of choice for some of the areas stressed by
drought while some varieties of sorghum, millet, barley and rice have been
grown in -;alt-stressed areas under various climatic conditions. Production of
food crops in the vast areas of soils of the tropics and sub-tropics
characterized by aluminum toxicities, in the absence of costly chemical
treatment to re(uce ;uch conditions, has been restricted to a few food crops
iuch is ca!OSavO, sorghum and cowpeas. The yields of all of these crops under
these enamel iorated condi tions of salt, drought and aluminum stress are rarely
above bare ;ubsistence levels.

However, due to hese soil itresses for the vast majority of these areas aind
their poplit ions the most viable option hat; been livestock grazing and
browsIng. But, from ill reports, the security that this has offered is
rapidly ,eterlor.lng due to )v.rgrazing and detorestation.

To late, -'f,,)rts to improve food production In these marginal soll
,ro.i. -- " ill L10 .b!hselCt, o irrigation, drainage and liming -- have necessarily
(.onc-t1:tr.it#-d upon l.aborioui, t ime-conumi tig lint" ,xpensiv e screening of the
Aermpl.onti pool to identify both ,itr, ,s-tol,:rant varieties that were more
re I lable produce.ri iiid niew ind unde rut itili ed ,:ropt; that app.,alred promising.
This work his beien sccovisfi'ii on .i limited -isale .ind siholild he c,,ntinud.
Thoi world-widc .Letilmated pr,,ent yea.rly -ost of0 such work 1i $200 million;
S400,,)0o tor ,,,icth tir'W or improved variety r.,lease1,;d to grow#2rs.L /

I/ From USDA/ SEA Current Ro.,arch Infor eation Syrtem (CRIS) data b4o,
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The advent of biotechnology in the area of tissue culture adds a whole new
dimension to the work going on to identify food crops for these stressed areas
that will be reliable, higher yielding and more nutritious sources of human
nutrition and which concomittantly have the potential for wide-scale adoption
throughout such zones at much lower costs than those presented by the
presently available alternatives principally irrigation, drainage and

liming.

The work supported by this project has been underway for three years. It
attacks the problems of the generation and identification of food crops
through plant tissue culture techniques that are tolerant to three of the
major soil stresses that presently negatively affect yields: drought,
salinity and aluminum toxicity, the latter a general characteristic of
extremely acid soils. The average yearly costs of this project have been
about $170,000.

Through efforts in this project so far, the technique for selecting plant cell
tissue; rapidly and inexpensively multiplying it; successively selecting from
it cells that multiply and that can subsequently be grown into entire plants
which can reproduce sexually through ensuing generations has been proven for
wheat, oats, rice and millet. It has also been established that wheat and
rice cells, following the same procedures with the addition of increasingly
high concentrations of salt, not only multiply into equally salt-tolerant
plants but that this characteristic persists from one generation to another.
Studies of the proper procedure to follow to select plant cells tolerant of
aluminum and drought stress have been successfully initiated. A significant
finding has been the identification of Indoleacetic acid as a stimulator of
embryogenic tissue development in the early stages of labora-ory tissue
culture. Thi ; has greatly assured success at tile critical initial stage in
plant tissue oulture. The methodology for redacing the cost and for greatly
increa!;ing th, '.ap*acity for handling t issue culture samples has also been
establil hed ;o that the techuique can b! implemented in other institutions
serving the world hbtween the tropics.

Progre.;-i r,.ported in the Team Evaluation I'a highly sati.sfactory with outputs
ahead f qchtdule for all pha-ies of the retearch on the three cropl under
study: wh,,.it, ri ce and mill,,t.

rh. r.v iew team .strongi ; rucominendsi that thte pro ect be ,,xt.naed for at least

two 'ie ar-i heyond the pro,,,ent three.-y,.,ar ko1t ra c t which term Ilnate!i on August
14, 1983. Thisi would carry the projert through 1985 to compl,.t,. Itta
originol 17 planned C y.-y,,ar i Z e-ol-pro ,ect, FY 1980-19H4.

Researc h ned-i to bhe -on t I ued to .iolve t hle pro)lemra .arisling .~it titi-i.l culturO
teehnolo y L' s ,1,,,lolps' ntild t, ited tintler 1.abor~atory c: ondlitoni .and I" It
,"X dpa I .I 1c tl4) ; i , ' cir,.ii ihat uI ml nat, ( ha t w t .tre o ' it It- ,raut ult ivirn
bel s ;litl.ibl(! lr uiase In t.rtn ,r- ' t Inl aolt- tluniminum- itid drought-
itrqtiad area-i In th, LDC:)C r. ih: wI i I !ntal I ti re I nomg nt 1f tI tjaut cult ure
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techniques for serial screening of wheat, rice and millet for drought and
aluminum tolerance as well as for saline conditions. And, it will also
include reproducing whole, sexually mature plants from the stress-tolerant
cell cultures and carrying these plants through successive generations of
sexual reproduccion to verify both their viability and the persistance of the
stress-tolerant characteristics. This will require additional growth chambers
or expanded growth room facilities and an automatic tissue-culture-medium
dispensing system.

Outreach will be strengthened by reinforcing the growing linkages with
national and international agrirultural research centers which test the
stress-tolerant varieties at no cost to A.I.D. But, the project will not be
diluted to respond to the increasing demands for technical assistance and
information under the continuation of funding for research contemplated for
the two-year extension recommended by the Project Evaluation Team.

Such an expansion into biotechnology outreach and research will, as the Team
Evaluation recommends, occur in the context of the establishment of training
sessions in hands-on research and technical assistance; and, scientific
information exchange on tissue culture technology. An expansion would also
include work on legumes.

14. Evaluation Methodolo;': See Team Evaluation report, page 1.
15. External Factors: No major changes, see Team Evaluation report, pages 1
and 2.
lb. Inputs: See Team Evaluation report, page 2.
17. Outiut,: See Team Evaluation report, pages 2 and 3.
18. Purpose: See Project Design Summary Logical Framework.

19. Subal: "ee Pro'ec t Desigh Summary Logical Framework.
20 Bienef ciirie': See Project Statement, pages 4, 5 and 6.
21. Tnpla nnle d Ei ,.'ts: See Team Evaluation report, page 3.
2. Lessons L.earid: See Team Evaluation report, pages 3 and 4.
23. Special '2omments and Remark.:

Incr.i;tIng t,,m.andi for handsj-)n training, providing technical assistance
to LDCs! -ind the ,xcniang )t ;clentific information on the biotechnology of
ti-i-iu ' ulturt,, was:i r0ecommendted by the Evaluation Team as part of an enhanced
ef fort that wol d .l ) Inlud, work on logumei.

At Lac 1114 11 Ls
A. Re.p)rt .)I : rc m v.iluatlo) I ' N-;!i t t Culture Project

( lI,11) 0 ) 4 a rch 29 -3(), 1 J'
H. lcop, - ! ).Work - T,.itm Pro )e t Kt va u'tion
(C. FY 44 A:; Acl. I I t - a t. Th.t
D. Pro IC S t La ,,m,! t
V. -t:'u -, I -,nlh I Sutmnirv .,gi,.l Fr.imuwork

Drft od by 1'4.N II,\( . k,.' :, g:1, i 3: ' )7 1 g



Appendix A

Project Evaluation
US-AID Project

"A Utilization of Tissue Culture
to Increase Food Production"

Project Number: 936-4055
Contract Number: AID/DSAN-C-0273

Name of Contract at Colorado State University:
Department of Botany and Plant Pathology

Fort Collins, Colorado 80523

Date of Evaluation: March 29-30, 1982
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y. Evaluation Methodology

The purpose of the evaluation was to investigate the
project progress co mpared with the original proposal andM

that would assist the
project in achieving its original goals and objectives.

The review panel members included James R. Welsh,
Director-Montana Agricultural Experiment Station, Montana
State University, Bozeman, Montana--Team Leader, and Dr. A.
M. Kazi (Plant Breeder), CIMMYT, Mexico 6DF. The reviewtook place at Colorado State University in the Botany and
Plant Pathology Department. Discussion was held with the
project administrator, Dr. Murray Nabors and his staff. Theteam conducted an on-site visit to the laboratory
facilities.

In attendance to provide AID information was Dr. T. S.Gill, Senior Program Manager, Office of Agriculture, Bureaufor Science and Technology, US-AID, Washington. Discussions
were also held with Botany and Plant Pathology Department
Head Dr. Gary McIntyre and Colorado State University Ex-
periment Station Director Dr. John Patrick Jordan.

II. External Matters

Relationship With International Centers--At the presenttime, the project has established linkages with the Internk-
tional Centers or' an informal basis. liwzIr a -meads that these linkages be reinforced and formalized toclearly identify the responsibilities and activities asso-
ciated with various aspects of the project. It appears thatthe International Centers can assist in testing the genetic
materials resulting from this project and supply an informa-
tion feedback mechanism to aid in the development of the
scientific information aspects of the work.

Lnfoarmatin and TechnicalAzsistance Training Requests--She project is receiving an increasing number of requests
for information and technical assistence. This is the re-sult of the recently published newsletter and interaction by
the project director in the international arena. As theserequests continue to .ncrease, additional pressure will beapplied for the utilization of personnel time and resources.
The t eview team recognizes the ultimate value of extending
this information to the interr.ational :ommunity. However,
the team is also concerned that thr pro ject as originally
written and funded not be diluted or redirected to respond
t:o these demands in the current framework of resources
allocated to the project.

1



The productivity and popularity of this project has
resulted in additional participation in meetings, conferen-
ces and the development of communication mechanisms such as
newsletters and publications. The review committee views
this as a positive aspect of the project which should be
continued.

III. Project Input

rQejctnMage.Mn..Lt--It is the review team's opinion
that tha project leader is doing an appropriate job of
resource management. The project is making maximum use of
space available but is, to some extent, limited by equipment
and other facilities which will be mentioned in a subsequent
section of the report.

The project leader has utilized the resources of an
outside consultant to assist in improving management effi-
cieny. The project encompasses a wide range of diversified
personnel including permanent employees, part-time student
help, post doctoral fellows, graduate students, and interna-
tional visiting scientists. The diversity of personnel is
entirely appropriate to this project. They appear to be
contributing adequaLely to the original project objectives.
They also bring in excellent innovations to the research
effort. The growth of the project has resulted in the
taxing of the facilities and personnel to the maximum. The
.*rw-em amzg'gests that some reinforcement be provided in
icument preparation and communications.

University Administration Policies--The project appears
to receive a good level of support from the University
administration. It will be continually evaluated in priori-
ty listings with other projects in the University and the
Experiment Station. The project has generated a high level
of publicity and has provided visability for the University
in this subject matter area. The project lends itself to
the traditional role of contribution in the international
area by Colorado State University.

IY_ ___P - e c t Outpu-t

The project has been in operation approximately 1.5
years. It is the review team's impression that the choice
of crops selected for the research was appropriate to inter-
national concerns. Tte project ts, ahead of schedule for all
hases of the research for all crops. The project has

achieved appropriate levels of output for the regeneration
of all crops, for the screening procedures, and for special
studies which have addressed unique issues in this research.
For example, regeneration has been accomplished for somi

A



varielties of wheat, oats, rice, and millet, millet i~s of
particular importance since earlier opinions indi cated that
this could not be achieved easily. Regeneration now Ia aIppe Iars
to be routine for these species. The. screen~ing techraiqu es
for salt tol'eranice in wheat and rice have been , caple t d.Procedures are now being-initiated to address alminw. tox-______ city.__nd__Aro uht totlerance._,__An xle__ro cIepe

n~ad~r-0 oal ' pr bletm

ci studiesi include the identif icati0i: v O ii dbl,-e at I- c
acid (IAA) as a valuable input for embryogenic tissue
development has contributed significantly to thea suces- of
the project. The inclusion' of engineering expertiae Ihas
resulted in the improvement of efficiency in uech~nic'al
apparatus utilization in m mdhA preparation and other mactran-
ical aspects of the project. A pproximately 100,000 vials5 of
tissue culture samples are handled by this laboratory
annually. The fact that the project is ahead of schedule in
some areas has resulted in additional problem areas which
will be addressed in our recommendations.

V. RecommondAtiongS and Commnt.s

1. Based on the review information and pro *ect
achievements to date, the review committeeA;49;W'"V4WEt~sio-n of the prof~ft J4&k 't
#1m06tw years beyond the pripiee..n*
lftmb. The project appears to be mestig or *x-
ceeding its original time table and information
output. The project objectives as originally d*-
scribed are technologically achievable and should-
have significant impact 'in the international coan-
munity of food production. The successful develop-
ment of regeneration methodology has resulted in.
larger than anticipated volumnes of material which

mutbe propagated and tested to insure the success
omfu the project. This has resulted in the iden-
tification of additional needs for the project.IAddtional growth chambers are required to address
the special propagation needs of several species.
Zither three chambers or some modified growth room
is essential,

2. A half-time secretary and an additional laboratorytechnician are recommended. An automatic medium
dispensing system is recommended to improve of f i-
ciency in utilization of personnel time. During
the recommended project extension period# salary
considerations should be addressed. Additional
competition on the part of industry combined with
inflation rates have resulted in the requirement to
adjust technical salaries appropriately.

5 3
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3. IImeu n
qui ries are receivid reglry bthe Orojed-t tox
assistance in establ-ishment of tissue -culture labo-
ratori'eu and for bao rouna cin tif i o 104ruat on
on tissue culture, technologj, lso,, es~I ats are
received 'f 'or training in ty ssu cult're iaithd-

in laboratories. These3 requests are reciv~e4 ftromu
all economic levels of the world, This 6rod spec-
trum of requests. indicates the wide interest in
this methodology and should be, responded to in an
appropriate manner. It is the review teaims
opinion that these requests will increase rapidly
as the pr oject aehieves additional visability and
success. The project does' not currently have in
its objectives the development of a training compo-
nent. Uowever, the review team feels strongly that
thisissue should be carefull addressed inthe
near future.

penbl? mi~ he- stmirof 19S93 ta, -*M~w&
imn~esion in19 The review team re 'Comm *rids

that the pro ject leader a 'nd AID caref ully rconsider
the interaction of this program with current na-
tional programs and needs in, order to comuplea'*nt
one another rather than duplicating efforts.AM

teesets witkios- aditirfe ,reoueeft

*rme mechanism should be developed to inh~e the
Aoczation and training aspect' of this work.

4. International Linkages--The review team
obsk this project maintain close communicationr
.kth International Cientersr both to achieve the
Jqs~of this project and to enhance, the develop-
ment of additional research for handling current
opcoblems and identifying future research areas.

The review team recommends that the project leader
utilize cooperative expertise wherever available
both nationally and internationally,

a,4



Signed:

Ja s R. Welsh A. M. Kazi
Dilector Plant Breeder
MAtana Ag Experiment Sta. CIMMYT



APPENDIX B

January 28, 1982

TO: 5!.T/FA, Dr. J. S. Robins

FROM: S&T/AGR/RNR, Tejpal S. Gill j J4411

SUBJECT: Scope of Work for Team Evaluation - "Tissue Culture"
Research Projecz With Colorado State University.

Your approval is required for the attached Scope of Work to conduct
a team evaluation of the "Tissue Culture" research project with
Colorado State University, during the month of March, 1982. The
project was initiated in September, 1980 and is presently funded
until September. 1983.

Approved K.* ,

Disapproved

Date ,

Clearance:
S&T/AGR, D.R. 71ester D ate

cc: S&T/PO, 3. Masters
S&T/AGR, X. Hozynuki

Attachment:
Subject Scope of Work

II



TEAM PROJECT EVALUATION

Scope of Work

A. Project Title: "Utilization of Tissue Culture to Increase Food Production."

Project No: 936-4055

Contract No: AID/DSAN-C-0273

B. Name of Contractor: Colorado State University
Department of Botany and Plant Pathology
Fort Collins, Colorado 80523

C. Purpose and Rationale for Team Evaluation:

The project was initiated during September, 1980 and is funded until September,
1983. Host of the studies under this project are being conducted in the
University laboratories at Fort Collins. The contractor is supposed to make
collaborative arrangements with 2 - 3 international crop research centers
tg evaluate environmentally tolerant crops in the field.

It is a five-year project, but the Research Advisory Committee (RAC) en-
dorsed it only for three years. AID agreed with RAC that further extension
of the project (beyond 3 years) should be subject to an on-site review and
a satisfactory progress during the first fifteen months. RAC recommended
that the Office of Agriculture arrange for an evaluation of the project as
soon as possible after thi,3 initial operational period.

The team will visit Fort Collins and evaluate the project work. It will
make a report to S&T'AGR on:

a) whether project ;:i making i good progress and is on schedule;

b) whether project n.,.dq ,extension to achiere Lti objectives;

c) utilization of the project output for the benefi.ts of LDCs;

d) po-iitbl mproviment in project rMUinagemenL.

D. Compoiitton of Te am: The !.valuatlon team will consist of the following:

1) Dr. J.ame W,.lih (plant bre.tder)
Dnan of Agricultur.
Colleg. of Agricul ur
Moncana I~r i/ivor it~y

Bozt m n, Mon r..ai.A )717

2) Dr. A. M. K.a:ti (pi.rnt breeder)
C I MMYT '

Ms c)1
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3) A member of RAC

(subject to availability of funds from S&T/PO)

E. Other participants:

I) AID/ST/AGR, Project Monitor, Dr. T. S. Gilt;

2) Colorado State University, Principal Investigator, Dr. M. Nabors.

F. Dates and Place of Evaluation:

March 29 and 30, 1982, Colorado State University, Fort Collins, Colorado.

H. Problems and Issues to be Addressed: The team will consider project-specific

items as those listed below. It will also consider, as far as possible,

additional issues that may be raised by AID, Colorado State University and

the team itself.

1) Project design; adequacy, field testing.

2) Personnel; adequacy, balance.

3) mnagement of project operations.

4) Achievement towards targets of the project.

5) Reporting and information dissemination.

6) Training component needs.

7) Budgeting; ad,,(qu.icy, r'levanc', adjustments.

8) Projecred utilizatn of the reiultr and I.mpact on AID target group.

9) Team recommendat on !or :hange-i Ln project design or implementation.

10) Summary ot rh, ,aisiation (one pagoi.

1. List of Jocum tr-a ,or -he 7.am:

1) Project iaper Linc-luding the matrix.

2) Annutil r-prt L irst).

4 Blrochur, )n the projoct.
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J. Agenda for the Evaluation (Deadlines):

1) February 19, 1982. All preliminaries for the evaluation completed,
including discribution of the documents to the team members.

2) March 15, 1982. All travel arrangements for the team members

completed.

3) March 31, 1982. Team evaluation completed.

4) April 15, 1982. Team chairperson (Dr. J. Welsh) submits a
written report about the evaluation to the attention of the
Director, S&T/AGR.

19
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Utilization of Ttssue Culture to Increase Food Production

(Proje¢c '1 936-4055)
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PROJECT STATEMENT

1. Project Summary

A. Statistical

Project Title: Utilization of Tissue Culture to
Increase Food Production

New or Extension: mew (Initiated Sept. '80)

Contractor: Colorado State University
Department of 3ocany and Plant

Pathology
Fort Collins, Colorado 80523

Principal Investi3ator3: Dr. Murray W. Nabors

Duration: About F-ive Years

Initial Three Years Fundin3: First Year: $200,000
Second Year: 150,000
Third Year: 150,000

TOTAL : 57=

Project Manager: Dr. T. S. G1I, S&T/AGR/RqR

3. Graohi:

(W) ?ossible kJvin:ig4es:

2 1
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sug-gest existance of slight to significant amount of tolerance ameon;
varieties for soil atress coaditions,. Sech forsuchtolarance via twqcld-
wide collection of domesttatadj;ndild relaitivos of various cr*'p sp'cies, >

-3-3khowever, would be time consvuing "4tud an expensive propoattion and may not
even meet the nee.

- tt~ ~ 1sol "stress 3'

situations' is. large but so is che pocencia. benef it if suitable solutions
could 'be found. It is to this challenge that this project addresses.' It
is a new approach, an innovative and cost effective technique to speed the
process of plant adaptation to advers onvironents. -

The approach briefly stated is as follows: a group of cells are
removed from a plant and cultured aseptically on either soild or liquid
medium containing relatively hi;h level of an auxin as vol'las standardized
concentration of ions and vitamins. This encourages proliferation of the

* . cells (clones/callus). The callus is than turned into a :ell suspension.
A 100 mls. of the suspension in a flask may cocain 10 million cells. )-4
Selection is applied at this time. For example, by increasing sale (sodium
chloride) level in the suspension culcuri, the salt tolerant cells are
selected because their growth and cell division is favored. Such selection
procedures can rapidly produce the dusired Lvel of tolerance among t'he
cells. These cells are reonerated into whole plants. The tolerance thus
established is carried genetically from one generatton toa nother. Fro '
here on standard procedures of plant breeding are followed as necessary.

Specifically the project will develop laboratory methodology
for developing soil stross tolerance (against high sodium and aluminum,
and drought) among the following crops: rice, wheat.and millet. Io4 I all stresses against all crops will be studied.

. The project will be intimately Linked with :he international
and national agricultural research centers with regards toa pls
and utilization of the technique.

The project is expectd to !sac five years and will twijger thie
ucilization of this cooL, vorldvwij, for the purpose of -,op izprovemenc
and food production. Simplicity of the ccs
local crop adaptation probla . .. ni que should hel resolve
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El. PrCoject Proposa~l

A. oal ; To improve the efficiency of food production intche,develop-
ing nations through increased utiz~ancion of land resources, especially by

_--rowing crop varieties more suited to the prevailing environmentss

B. Purpose: To test the us* of tissue culture as a cost effective
technique to add stress tolerance ch3racceristics to wheat, rice and mil-
l~et.

C. Obhectives:

l. To utilize tissue culture procedures to obtain a+ tolerant,
*A144++ tolerant, and drought tolerant alleles

2cell lines of useful cultivars of three food crop plants-wheat, rice, and
millet.

2. egenertos ress-torranc plants frot the call lines and
test these plants in ;rean house and the field to determine stress limits
and inheritance pattern.

on3. eL p the utilization of these stress tolerant plants in the
national and the intarnationat cropa improvement programs.

0. Benefits: Feeding the world's population is a much discussed
problem with identifiable components. These include:

1. increasing production on currently arable land
'2. bringing non-arable land into production
3. dealing with problems of distribution and storage

The first two problems can be approached either by environmental
modification (fertilt:ation, irriqation, use of pesticides, mechanization,
etc.) or by plant xodiftcatian (now ptant Vnrieties with increased yields
on unmodified enviornndeiits). The first group of solutions has worked
well in already dtvelOp4d nations but is onerly-LncenaLse and, therefore,
frequencL7 of Limited utilLt in developing adtions. In addition, the
increasingly actice world energy shortage zoans that in AlricuLture based
on enviornmencal modification is becoming more costly for developed
nations as wll.

Because of isLnq 41ner costs and decreasinq supplies the first
two soals above can be best ichLovad by producin qttp varieties with
high yields on f iflabLe ioL tid water conitions. Carrently Leilized
crop varieties fttudnct o poorLy in iuci cntditions. Scressacesistanc
varieties vouLd be area splctiL (s.4. ft dri, satine mils; or vat#i
soidLic, aluainum-contsining ttLls) and voutJ increase the capabi~ttes
of developing nations to feod themselves ucilLaing %heir ovin resources,
without overdependenco on teporcd. #Epdnstve x4:icuLursl practices ied
inputs.+++++ ++ ++ '+ L 1'+ + + + O"€ + ;i++ ++''+++i++
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"AAPlant breeders h ave been' qutte siuccessful over the years in
producing new varieties of plnts4ith specific improved traits. Many
of these improved plants &a chetuul-ves dependent on energy-intenstte A

agricultural practices. AiA

AG . - ' reeon-revo lut ion -.ariculurezluses-hi-h-enery - __________ A"--,--

crop production .cechn')logy, ... While one mayA
not doubt the sincerity of the U.S. *fQot to
share its agricultural' technology so chat the
rest of the world can Live and eat as it does,,
one muit be r~atiscic about the resourcesA
available to accomplish this mission. In the
United States we are currentl y ustng n tqut- AS.A

valent of 80 zitlons of gasoline to produce an
acre of corn. Witch fueL shortages and high
prices to coma, we vondtr if many developLng
nations will b4 Able to at ori the technology
of U.S. agriculture.t

Recenly, breeders have placed increased emphasis
of varieties which yield in available ,nvironsents
and are thus~ economical users Of enerty. TheA
international plan: improvement centers are now
are now turning more of their over $64 million
yearly budget away from enerjy-inunsiVe green
revolution crops And toward" * o . developing
PLant types and practices :o benefit the small
Lane, who must opertc vichout the benefit
of controlled irrigation or much help ror
fer:ili:er And "sct ..

It: is :onser'atively 4:iated that plant
bre'din; progrs on major food nop pints 'A

curvinCy cost S20O million per :'. r (530.
million in eid emplloy 54440 p.ople. .

An estiaatos 4l6 new or improved tarietiqs are released to gravens
sub 7ear at a deveLo'sent cost of oir 344)0,00P r v riety. t ight to
years breeding reseiran ire requirid 2*r criety.

1 D. Fizencel, L.Z. Aurd, A.C. 1411:iL , fl.4. forerL :.3. Okt, 0#3 Sholfs&
and L. ,Whitvan. itn4 ;riductiohs ind the4 iet;? rlaLis. Ujjggg.If's

i~ : r. Ie Ii r)li;; 7:; r~f~ino=i . I! n#~ d !. t0

Ais& t44 1 . AfA 1A 7

3 RevIsed and enpmntetd 4tt tr** kdleeU tid Itut n 8.1Agrtcullttne

A,, ..... . ..-,-,,.A"AA

'Ast flu.!abo Documoent
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It is suggested that the incorporation of tissue cultue techniq4ues
into plant breeding programs forastress resistance can considerablyaconouiz,
and expedite the release of new or improved varieties to increase food P ra-
duction.

ject--,os ig -a d S op -f- ok . ! ..... ...

A. Uiperimental design

Various alleles for resistance to soil, water, and environmental
stresses will. be selected in cell cultures of varieties of food crop plants.
Table I sumarizes the plant species to be used and the specific stress
tolerances to be selected. For each plant and stress condition the following
procedure will be utilized:

a. Crop varieties and stress. limits are selected by AID and IARCs
personnel. Schedule of student and personnel exchanges between tissue culture
labs at CSU, and International Centers is established.

b. A cell culture is established for each food crop variety.

c. Cell proliferation occurs until a larie population (millions)
of cultivated cells is obtained.

d. Cultured cells on. solid medium or in liquid suspension are
stressed to a level which inhibits growth of normal cells but favors the
growth of stress tolerant cells. Stress conditions will be established as
follows:

(1) If&+ or Al+++ tolerance: Add NIaC1 or A1C13 to growth
medium.

(2) Drought toLerance. Add NACl or high molecular
veLght, ossoctcally actie compounds to Irowch zedium.

e, ?ancs are regenerated from cult ured cells.

f, Stress tolerance and inheritance of stress tolerance are
tested in greenhouse expectmencs.

S. Stress tolerant plants are field testea at International
Agricultural 14*sach Centers.
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B. Research methodologies and techniques,

The production of mutant pLants by tissue Culture techniques
can be divided into four seeps.

Prdcto ot ca usocl suspension cultur~es of plant
cells.

b. Selection of desired mutants.

c. Regeneration of mutant plants from Callus or suspension
cultures.

d. Testing of regenerated plants in the greenhouse for
phenotype persistance and Lnh.ritabliLty of the mutant trait.

A callus is a mass of growin;, dividing, but undifferentiatedcells. The produccion of callus can be considered routine for most planes,
Typically a small section of stem, root, or cotyledonary tissu is placed insterile culture on a solid nutrient medium containing known concentrations
of sugar, mineral nutrients, and plant growth hormones. The composition
of the medium is adjusted to stimulate the profaraton of cells. This is
usually accomplished by using high levels of an auxin which eicourages cell
division and growth, but inhibits the formation of shoots and roots. iWhen
a sufficient amount of callus is obtained, cell suspensions art initiatedsimply by placing callus tissue in a baffle-bottom Irlenmeyr flask con-
taining liquid medium on a Syrotory shaker. The mechanical motion of theshaker disrupts the callus into small groups of cells. Call suspensions
are subcultured when cell density reaches a minimum value.

ucant cells are selected by exposing cell cultures to conditions
that slow or prevent tno growth of normal cells. Specific stss tolerant
mucants will be selected as follows:

a. a4 or At*l* tol-rance,.

Mutants tolerant to thie specific cations are selected b?adding increasing concentrations or NlCl or AIC1 t3 :t medium. Selection
will occur in a scepwiae fashion. At first low Levels of a parti-
cular salc are added to a rapLdly growing culture. The salt wit' tend :t
inhibit growth and division if normal, non-toleranc calls white a1lowing
or perhaps teouraging growth and division of toeran: zalls. A sintli
culture will havo millions of non-tollront cells and perhap onlyone ortwo individual tolrsnt calls. 14"hen the culture rei its Aturit: I is
subdivided with some subdivisions pliced on medium vi iL ghtr s:l con-.cencriaions and others in plant retenerstion zedium. This process :on-
" int.-., until the cult-res ..n no linter sucin e sUtll, , adAot to hian leve'sof : he toxic Lon. As a resultif$ tnis cennLilt e wi !atain -a etei --
of tall lines rtsilstnt to higndr and hLhur :onciicra:ins * : t :ion. nl this rtrd it oulw b- noc4d :n .. I..noug..i A :oeranc

Best AalboDocuamen1tLLLLL~!L
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3000 ppm maybe desired, a variety with tolrance to 6000 pft might be
more useful tn termsa of maximizing productivity at the lower ccmeentration.

This selection process can be carried out in any one of

ptre manner .... sr;-ei

(1) Mutant call lines can be selected in callus cultures
by incorporating the salt into the solid medium. 1his selection method
works well in pract'ice although the exact concentration of salt in contact
with callus tissue is difficult to determine accurately,

(2) Mbutant cell lines can 6a selected in suspension cultures
which are subdivided into new culture medium when mature growth is obtained.
This selection system works well, and one knows exactly the salt concentra-

tion to which the cells are exposed. However, frequent subdivision of the
cultures requires time and effort, and opening the cultures allows the
possibiLity of bacterial or fungal contamination.

(3) Mucant cell lines can be selected in continuous suspension

cultures maintained in fermentors. In this selection system new medium with
increasing levels of the selective agent is grsdually added at a rate which

allows a aximaL growth rate to be maintained. A new medium is added, sus-
pension is removed for plant regeneration. This selection method requires
the most expensive equipment but is moi satisfactory in that technician
tLme is minimized. and. the culture iL never exposed to possible contamination.

M.a± toxicity is frequentl" associated with calcium-deficient
soils. It may thus be necessary for some environments to obtain plants which
have a heightened efficiency of Ca+ uptake as vll as or in place of $a +
resistance. Such autants would be selected by exposing cultures to anab-
normally low level of Ca".

Alo** toxicity is always associated in nature with soils of
low pH. Even in the lab chelated AI..- solutions may well lower cellular
PH after Al.+. enters the plant. Thus it might be useful to select cell

lines resistant to l ow PH for physiological comparisons to those resistant
to AI .. . .

b. Droutht tolerance.

Na4-eoleranc plants are often drought tolerant. This can be
seen in our lines of a.-CoLeant coseco plants as veil as in nature. Thus

lNao-resistanc plants will also be tasted for drought resistanc. Drought-
tolerant iutants will also b. seletetd by inhLbiting water uptake in ultl ed
cells. This is accomplished 2y Lowering the watr potential If the culture
tedium with increasing Lonic ioocantrtian4 -t y soo idlinton o. a 4 ..-
penetrating osuoticum such as PWA 4000 or dextran. Only mutant cells wita
a lower than normal water potential will 1row under tatesonditio s,
election of incr.asin;ly droug -colerant mutants will be achiev n a ite,*-

wise 2anner, similar to the $A- and. n1- utant selection process. .At such
esmoticus-esietant :all tnts esit in trgnt tolerant plants rmaiu, t 34

tested.
....... =,-,++++, 4. .... ++ + +++++ +4llI14.4,..
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(b) bEtblishi Linkajes with TARCs and developing
nations ~to initiate student and personnel training in tissue culture lab-

_ _ oratories. -- --------

()Establish and maintain call lines (on solid and in
liquid medium) on wheat, rice, and millet. Bgin stress selection for

44&+ A1+4, and drought toler re.

(d) Compile a bibliography of useful tissue culture
methodology for specific plants for use by plant broeders wishing to
include tissue culture in chair breoding strategies.

(e) A ctend national and international tissue culture
and plant breeding metings.

Mnd Initiatia contact with soil scientists and agricultural
engineers interested in soil and vater managemant. Add these people to
mailing List compiled

(2) Expected product. .4.

(a) Initial contacts made with interested worldwide plant
breeding personnel. Mailing list initiated. Personnel and student exchange
plans initiated.

(b) Cultured, stress-resistant cell lines under production
for rice, and millet.

(c) .a-coleranc wheat plancs ready to begin
greenhouse testing phase for one vsr14ty; a+-uolerant. celL Lines
established for other variets; Al ++. drought

tolerant cell LLnos stabLshed for wheat.

(M Tissue cuLture biblogriphy for each crop plant
avaLabLe to Lncrested breeders.

(e) NscionaL and international tissue culture and
plant breeding meetings 2ttended.

Mt Contacts Lnitiated vith soil 3cientists and . ..

agricultural eng'Ineers interested in soil and water zanagement. Names
added to mailing list.

b. Send yea r of contract

* (1) Jiork to aot reawh objective

Ca) Obtain 14adu ctj**rmncd 14yels in .a,-, and A~i9,A all Linas of rice lnd :ind Jrau htbcoLe rint utl'. l1inei ef 2illet l eter-,
mi~ne auimum coleraues 3octablL i tidsue :4:Irs#

.... '4;
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44. wheat p a t Tre w o plant

(c) Begiplant . on,raon fom te N..=a+-tDolarant ,

wha lie.Bgnpatrgnrto rm4++

processl.

(2) Expect~ed product..

(a) A+...., and Al+---,, toJLirant cell. lines of r ice. and :i;:: i:i;;

(b) Preliminary, results~a from: .... renihousl €test ing :of::;: ::' !,;~J~N+-tolorant whast showing Limit s of colerance~i .... patr of-' inheritance : :

athruhF o n t io (b) negi vrieh~sty. tn hsefroeva ~o

(c) Comlete pant regnerain tud o f Locheran.

ha+-toLranc wheat lines andof .ero draught
dooro wheat tlieo

(d :Untiat short /isit:s betn Ip eril Oan Crope

B r ed n g C n t r s p r o n e l a n i s u e : u t r o l a s . I f o z a i o x c h a n g e

initeatudlenter and esnelprning initatd

...• braiding zectLngs accanded. : :(f) rogress r epor t uN sds.s. .. . review
c (. Th2rd yea: of pondrct

... (L), Work :o stot r e rch ob.dec ,,ives ::. .... • .. . ...

(a) 3Na+-, pant Al+4-n- tornt cel l&ne oL"-re,an -

t olrant call__ Ln of .trt ,ce id 'IIA+ llr cene ile 3

~4a+-cleraW hatsainglmts rvno4j tolern e n p taaateninriacevathruhy. enrta o oevrey

*~ ~ 34+cleat;ha in asn at i #,4t0 droughtJO~j
oeteant ines.'*Ati

+ +:+ : : d : 3Lcim short1 " . i.i s .... ... eu: t 1 c rn ac +' on a Crop ...

3reigCetr'pr....ndtsu .uluelbs frcanecag

initiated. Student :::::::::::::: : a+dpe so ne train n initiated.+:<+?++' .... *+++ J++ +++: "; + .+> .......++'IL............ +

+'(e) +: *c on:aL ;ndi ineaiona tissu ultue andp:an
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(d) C -ontinue informAtton and personnel exchanges with
Iternational Breeding Centers*

-tisueculure (aC) Attend national and international plant breading and
tissue clturs- meeting -to zdiscuss-prog raz-and'data-and.Ipresen t-paper -7-

(2) Expected product.

(a) Some regenerated plants from a+a-, M++t-
tolerant cal lines of ric ,R andti tol~erant call line of mllet

(b) A research publication detailing greenhoue testing
of Na+-'olerant wheat pLants of one variecy and the use of tissue culture,
to select these plants.

... N , (c) Prelimtnary results from greenhouse testing of
AL i11 N+- drough t tolerant whet,

d. fourth year of contract

(1) Work to most research objectives.

(a) Complete plant regeneration from Noa'-', and Al+++-,
tolerant call lines of rice and N&.4 tolerant cultures of millet.
Blgin greenhouse and testing.

Cb) Blin field testing of one Na4-toleranc line of
wheat.

(c) Complete greenhouse testing of kI'M+-# drought
tolerant lines of wheat.

(d) Continue personnel exchanges between International
Crop Breeding Centers and tissue culture labs.

(e) Attend national and international plant breedings
and tissue culture meetings and present findings.

(2) ixpected product.

(a) Na4-o and Al+++-, tolerant rice and V a"
toleranc millet plants obtained from call cultures.

(b) Preliminary results an field testing of one aq
colorant wheat variet*;. '+

(a) final results on *rftwnhouse tescinj,*t Ail-, Nv- I~
drought.. ho, , wn o wholcol

(d) A rtarhpubLi:3scion on. greenhouse testng s.,uw.
C using * U oan-, dIouoht thlerantt line$ o Vh t.

C :' + d 
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(a) Attended national and interntioa plnIradn
and tissue culture meetings and presented faoidpings.rsdi

-e--Fif th-year-of-eontract -- * _----

(1,) Work to meet research objectives.

(a) Complete greenhouse testing of Ua4-0 and AJ++4,
tolerant lines of rice and Na+ tolerant lines of millet.

(b) Continue field testing of one Na+-tolerant Lines ofwheat. Release varieties to ICARs and National Crop Centers*

(c) Begin field testing of Al+- drg
tolerant Lines of wheat.do

(d) Continue personnel exchanges with Internaional
Breeding Centers.

(a) Attend national and international plant breeding
and tissue culture meetings and present findings.

(2) Zxpected product.

(a) Na4-, and A144+, tolerant lines of rice and Naf
tolerant lines millet, ready for field testing.

(b) Research-publication detailing results of greenhouse
testing of NIa4-$ AI+4'4, and drought-toLarant rice-and millet

(c) One a-tolernt Line of wheat released to LAICs
and NARCs.

(d) Al+44-l Ia+-, drought tolerant
lines of wheat partially field tested.

(a) Research publication on production of field-tested
Xv-~tolerant vheat derived from tissue culture.

(f) A review publication covering progress during thefive-year contract period.

(1) Attended national and international plant breedingand :issue culture zestials And presented papers.

M1 Submit i ftnal report :0 A.Y.0.

()A stcond Tachni~a, 3uiletin AetLlinq aethadologJcal'progress 4uril :he ftve years iince pubLiation of :*,%a fis: bullecin.

A. 3o '<.:.,,,"
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.VProject Analysis .

A. Techoical, Ekonomical and Social Soundness

___,Tiseculture broedin: has successfullZ produced.-imp roved---
varieties.

~ve Several workers (including three investigators in this proposal)
haealready demonstrated the usefulness of tissue culture for selecting mutant

plants: Carlson selected tobacco cell lines resistant to mothiouneni-sulfoxi-'
mine (a compound with effaets similar to the Qtxin from the xcausal agent of
tobacco wildfire disease). Plants regenerated from these cell lines also
showed resistance which was inherited into the F2 generation.5 Similarly,
Chaleff's lab has obtained picloran-resistant plants (picloram is an herbicide).6
labors" lab has obtained NICL-resistant plants*7 Other workers have
produced corn plants resistant to Helminthosporium tbxin.8 In all
these cases the resistances selected in cell culture have persisted
in regenerated plants and have been shown to be inheritable.

b. Tissue culture breeding confers specicity to the mutant
selection process.

Tissue culture *nables us to specify that a certain type
of desired mutant plant will be selected in a desnired location (our
laboratory flask), at a specific time (when we need it), and in a
desired plant variety, This type of selection specificity is-almost
never available to a plant breeder using whole plants. Brooders fre-
quently screen available varieties in hopes of finding a desired trait.
Often the needed characteristic is found in an otherwise undesirable
variety necessitating expensive and tiao-consuming cross-breeding. Many
times the desired trait cannot be located in domesticated cultivars,
and out-crossing to wild stock must be considered. Too frequently the
needed characteristic cannot be located in any available geam plasm
lines.
for example, autations for salt tolerance arise in nature. Perhaps one
in ten million plants will shov a genetically-based increased level of
s"lt tolerance. An investigator has no way of knowing the location of a

5 P.S. Carlson. 4sthionine-sulfaximine-reostant mutants of tobacco. Science.
180: 1366-1368 (1973).

6 1.5. Chaleff and X.Fo ?arsond. Direct selection in viro for herbicide-
resistant mutants of Nicociana tabacum. In Press in Proc. Nfatl. Acad. Sci.

7 X, Naborst S. Oibbs, C. Sernsaein, and .4. 41eis. tNCI-tolerant tobacco
RLants from ci;lturtd cells. Submitted for publication. Mtanuscript,.
attached as Appendix to this proposal.

a83.0. 4anionbach, CAZ. Croon, and Ca4. Donovan. nhri'ancs o' selecteid ..

pathocoxin resisance in saise pLants regenerated £''om -III cult".ures,

A~sd 14k U.SA. h: SU-SW (19,71)



desired mutant plant, and time of its production or wh O iisifound
in the variety he desires to improve Imposing field elci o (a.tring

* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~u wihsl ae~odsoe~hl~ce~m~osring.and--xpensive
Sometimes selection using seeds or 'seedlings initead of adult' plants 'can
be used. Tissue culture' may enable' the investigator to specifically,
rapidly, and economically obtain the plant he desires and then to return
to the field for whole plant studies.

Also, tissue culture methods enable an investigator to produce a large
number of a desired stress-resistant plant whereas field selection might
produce one such plant. For example we have imposed NaCI. stress on popula-
tions of cultured cells. Most cells are killed. However, the few salt-
tolerant mutant cells continue to grow and divide until they make up the
entire culture. Thus we can produce dozens, hundreds, or thousands of
identical, salt-tolerant plants (a clone) by plant regeneration from cell
cultures whereas field selection in the same period of time might produce
one or a few individual plants.

c. Tissue culture can be used to rapidly clone mutant plants
located by conventional aesns.

Rare, stress-resistant plants encountered in the field
can be rapidly reproduced by the tissue culture process. for example,
a single drought-resistant wheat plant might be discovered by a breeder
in Mexico. y the normal process of collecting seeds and replanting to
increase seed stock, several years would be required to obtain sufficient
seed for varietal testing and Lntrocution. Tissue culture could shorten
this process considerabldy by producing thousands of identical plants
within a year.

d. A combination of tissue culture and traditional bredintmethods would considerably reduce the cost of rduigne aieis

Tissue culture compresses space and time requirements for
selecting stress-resistant plants. In addition, it adds a desired
specificity to the selection process. For these reasons :he Lincorpor-'
tion of tissue culture techniques could considerably reduce the time and
money required for Introcution of new plant varieties. A new variety
presently requires around $400,000 and 8-10 years for introduction to
growers, e estimate that utilizing tissue culture techniques could
asily save 2-3 years and $150,000 in many such programs. If tissue
culture were utilized in all breeding programs at a Considervacive
savings *f $50,000 per variety the 1early return realized would be (480
varieties t $50,)00 a) $24 mitllin In the breading programs alone, This
dollar figure is miniscule :ompared :o that rialiad by.the introduction 1
of stress-resitant varieties :auld b4 -ised to further Agriculltural pro-
ductin or other projects requiring input 4f :a'pital :r t ibor.'



e P;L4 nsiL for effective utiUl~xationlo robswh results
in developing, cdouttri *vp oldwide ond& 5iLntit-d exteUdiosoanM ! Cs.

Developin nations can all"effectivl. utlizae l~y-L
efficient plant varieties d-'ihe frseiicOvrnit' l u~ti Long,
Such plants would) lower fuel and 3other enegy costs of, food, product ion
and wouldnabe individual farmers to successfullI y . and economically utilize

Worldwide A.Z.D. personnel and scientists and growers in CGI 'AR Breeding
Centers would participate in identifying the most critical stress co.-
tions and levels inhibiting food production for particular crops in their
region. They would also select varieties which have agronomically desirable
traits, but which lack a desired level olf stress resistance. , o .r the tissue
culture selection and greenhouse testing phases of, the research, students
and scientific personnel from developing nations and from OCGAR Centers
would be funded for short visits and for extinded training periods to our
three tissue culture laboratories during the Live year project duration.
Following the addition or augmentation of specific stress resistance$ in
varieties by tissue culture breeding and greenhouse testingtof the resulting
plants, the new cultivars would be field tested in the particular region for
which they were developed by CGIZA personnel.

f. Possible effects of proposed work on other specific
concerns of A.1.D.t

In general the proposed work should be a stop toward the
economic independence of developing nations and of the individual farmers
within these nations. Crops which require less than normal enviornsental
modification are more economically and easily grown. Yields on currently
arable land should increase; land formerly non-arable can be brought
into.cultivation; years with marginal environmental factors should be
less damaging; and th, willingness of individual farmers to plant should
increase. The not result of energy-efficient crop plants which increase
food production will be to release A.t. D and ocher funds currently en-
cumbered in both plant breeding and in environmental modification in
energy-intensive agriculture for ocher desirable projects.

for example, considerable effort and resources are now expended by A.I.O.
and other agencies worldwide to understand and control soil salinity,
particularly in irrilated reiLons.9,10 Some of this work is managed by
Colorado State University. Production of 3ICl-tolerant varieties is men-
tioned by many workers as one primary method for increasing the efficiency
of irrigation and salinity management efforts. Thus use of tissue culture
to rapidly incorporate salt toLirance into useful varieties will interface
directly with A.I. . concerns in water quality management.

9 For example is* FAO Sails Bulletin 031. Prognosis :f Salinivi and
Alkalinit. Food and Agricultursl Orgon iza cton of cn United Raconsi

10 Also see published paperi from an A. .D-sponsored 1Mposim 0 plant
Adaptation to Xiner~l Strtss in Prable, Soils. td. 14.,' VLiMht

Cornell V Up, Sa. ..7



There are approximately one billion hectares oriabout one third of all
potentially arable land on the earth's surface which could profit &Sri-
culural from drought-end salt-tolerant pLCn varieties.

crucial factor il increasingagricul ural production. since tissue cul
ture has now the proven capacity torapidly produce plants with salt tol-
trance and efficient water utilization* Its incorporation into plantbreeding contributes directly to all A.I.D. concerns relating to food
production.

B. Review by International Centers

The proposal was reviewed and endorsed by all four international
agricultural, rsearch cnte to which LtC was sent. The excerpts of the,comments from these centers is given here under:

flTA Niaeria). "LETA finds the proposal technically very
sound and Iluicatl.. I7eL o int orested in this work a3 relats to maize,
rice, copeas and soybeans with references to sodium and alunum, toxicityand drought stress. Similar worki crops with limited genetic diversity
such as yam and cocoyams will be of interest . . . IITA very interested
prospects screening for virus resistance at celuilar stage and in rapid
propagation techniques tuber crops, yam in particular."

CIA? (Colombia). "I am pleased to forward, with my endorsement
these comments: # p . see a direct application of this type of researchto CIAT's Beef Program. Selection for resistance to aluminum toxicity in.
forage legumes, both among species and among varieties of the given species,
would be of ireat value in developing suitable pastures in the Llanos . . .
the Senera! idea is at:rac:ive since the tissue culture system would have
the advantage over convential ieloction/breeding mthods in its case of
handling large populations of individual cells instead of lrenmeso
intact plants.".lrenmeso

IlIt (Philipeines). . . . may I say that this proposal isof great interest to us at 11.. ASe amatter of fact for a period of
About two YeArs, we have ha 4Ljcuddions vi:ls the aieintista concerned
in the development of this projdc: ind vith administrators from their
universities. We strongly support this reidarch effort and would do
what we could to cooperate vih the scientists in supplying approprLate
genetic aaierals and in reproducing materials wnich come from their
research efforts."

VUP (Peru). "'44 fie 3n AOteMpC :0 U1e CLSSUGe4ulwra tech-,
niques as an addic.'ana ~ .4 'r breeding ts highly vel4amed and shouldbe suppored. . ; eAll want 1: Aloe this evelop an a solid basis
without :he oveplay tuc vai 4one with irradiac.on concerning :he
pocantiald vor4 Aniud 34 cinducted In asso44cza ih loa~dbreecers vho art 4dind zonyenciinal um:hoa and wor)Iing in :he sea#aV
crop Plants.' 
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natona crop researc cetr to obai &arm plas an to dism nat out- ++C .. 4iitechical Rsoffie it (-AR ilmnto~h rgeso

theprjetad i ll prnje rac wil n am inuie b oa do witte contractrs

Itu will sde cosie worivalationsis d ite ne utsaby. eraina~n

o n iroretal Imctia

Thputviis of this projectfl notearadsrbdi

envronenal pcd ur techni a offic paarp 216.2(wl)onto theyis porss of~s
acaemi ro indestiltinterearc, orasconpnus ais ith Thes ontases
ocit ie will ne ote novallyati rea dehed flngof an Eniomna Impct

Stt n o Environmental Asesi

that paon o at i of thi s projec t filLl iato terea i de ie oi
envirOnmental procedure rgltosprgah262c Aayisuis
,cademc or i.nvestIgative research, workshops an .d ingsL,l** - These c+€ issis ~i
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research results which when used would require such as assessment. However,
the project itself only proposes research and directly supportive activities#
Under these guidelines, this activity clearly qualified for a legative
Determination at the time when a threshold decision is determined. ,

E. Women in Development

it is the goal of this project to encourage the widest possible
participation of women workers. The past small research contract AID/
ca-C-1223 an tissue culture employe* women professionals in the Depart-
ment of botany and Plant Pathology to support the research works A
continuation of these strategies under this proposed research project
is assumed. Colorado State Universit? has an aggressive affirmative
action program to assure opportunities of employment for qualified
personnel, including minoritites anad fdmales, in compliance witto Title :X.
Colorado $tact UnLversit7 has an officer responsible for program LapLe-~ ,-

aentation.

-Overall thrust of the program to advance knowleale in crop
production particularly an ma riial Lands holds ireac promise for Increaled -

involvement of poor farxer, uepicially women, who have traditionally played
a major role in such areas.

V. Ivaluation Plan

The project Vill bu rev~iaved by TW/Aa3l tue4 A:43. bgio"'I 3sreatt,
A,1,0. Mtssions, LDC countries And :he iaterma:lonal4 crop research centers.
igtly 4ualified outs ia gonsultaglts ay ala at included to the reviav
process, if A~i.O.I consia .osa o asisuoc d rabila.k!# .04
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it ~smurj

We have obtained N&Cl-toleraait cell, lines by eosing tobacco cell sue-pensions to increasing leve)s of N~AM. T~lernce to 6.8 VI/1 edis theaxLmnu obtainable In cell suspns o Ns orm± 1abot 16 g/ ied. Plants Meenerated frau resistant cell:'Ilie trwuimmit tolerance to ;;o subsequent generations. Ihe level of ?aCl-rests-taznce in regenerated plants is higher' than that of cell cultures., rewnontolerant F2 plants sutvivo watering with solutions contanrqsore'than 15.4 V/l NCL whereas soet tolerant plants survive 33.4 VI "M1
introduction

The propc~ts of utilizing tissue culture to increase food production arebrig.'it, but depend an desontratLons that agriculturally desirable traits,selected in call cultures, parsist in regenerated plants and ane inherit-able Cal o (1973) has sh own persistenco and iuiierltablty for .it-O
hini* L=i (M'W) resistance in tobac~ - UO ewues effects-amuch ILJM those of the toxin causing tobacco wildfire disease.lefand Parsons (1976) have provided a similar Immonstratton forbicidWpcI 6 m~mi~Trsistance in tobacco. h st &L. (1977) have *aomresistance to Helminthoscorium toxin in come.

Specif ic Lon toxicity in soil and water is probably the largest singlemnvirmnual factor rest.-icting agricultural production. in particular,Ma toxicity currentlyj at fects 50 of he irrigated land in the WesternUnited States and restricts crop production on 254 of this lan (d *L1968). Camw 1972) cites estimates that 33% ot Lme~ated landwrdwide is s l e-ifczed. tie qesticns tlhe. useful:ness of irrigation scMmsin general and aiwests %nat breedig ffor salt tolerance is highly des.'-Oble. We believe t-ms to be t.'am first report that W.' resistarce co,-tained in cultured cills Ls reained wAn inerLted byl suceequent ;ewra.tions of ragertod plants.

mater.,a1s and M1ethods

Cultured cell lines of Hioimtac var. Swim reistant to various
IMMS o WAwo cbajAdas pvimly reported (e t ala '1975).Doth aponumocus and Lrduod (uming -ethyl Mt:Ane SuloAute) Ilns Mvbee ocairn-d. Poplationu of 10 ali.1ion cells contain MIttlerant ct:.Is

-in amut 301 of cuses td. Vmt.-s n spenw'.eous =tio rateu2 vol etin le's uia I X 100. pe si ots ti qie to obtain it cel),
- - suspensoon before aelecn *e n). We hav MW produced lines Mesistantto as Mich as M. 9P1e. =- eslsuns to 4highe 611Is ia WC COU.aIsOle ain our systwe Shoots wan rek nere frm bou N X&M-wierlt wSf m=4sensLie cultures by' pldculg V" a pensin 31iquota-o msoILd Meene.*2-tOon arojre it tlo mei a nuts of 0-34-I mFM 43--

.z setieawly uusruitdn .*. -,an 3Ol751C~. itt weae



rooted by transfer to an identical medi~u that contained in addition
*ikhwr 5 ao' 10 wql, indoleacetlc acid MWN) Reducing the lovel, of umajor
silts to half cc tenth, naoxuL does 'not prol to rootiln in ,our rys tem*
Again, rooting is noticeably Iless vigorous In NaCl-containing medi~u$

Regenerated plants were removed from culture vials, potted in soil, and
hardened Ini the lab for several wr~eks before transfer to the greenhouse.

imre groups of plants were used: (1) Plants regenerated from NWCI-sen-
sitive cultures and watered with solutions containing no salt; (2) NeCl
tolerant plants selected f rcm cultures tolerant to 6.4 g/l N&CI,, regene-
rated in the presence of N&I and watered with solutions containing the
sam level of salt; (3) Plants like those in group 2 but regenerated And
rooted in medium containing no salt. Sees from each group were collected
And planted to obtain the F1 generation. Fl plants were potted in soil
in 4 inch pots and group. were watered 'With various concentrations of salt
water containing from 0.0 to 19.0 9/1 N~AM. When it became apparent that
the tolerance of whole plants was considerably higher than the tolerance
of cultured calls, the concentrations of the -watering solutions were
adjusted upwards to contAin frau 0.0 to 32.8 9/1 NaCle

Results and Discussion

Plant survival rates at 13 weeks at two levels of NaC1 are shown in Table
1. Seeds from the three groups of 71 plants were collected whenevor:poo-
sibl. Flowering and seed set Are, considerably more sensitive to NAMI
than plant suvival, so seeds were not obtained from all plants. Seeds
from F1 plants of the three groups watered with a salt-free solution were
planted to obtain the F2. Groups of n2 plants were salt-stressed at vari-
ous leveals as for the Fl. rats At tWO levls Of NaCl are shown in Table
L.

Cur results demonstrate persistence of tissue-culture-selected SAC resis-
tance in plants ons and zo generations beyond regeneration., Since we
have been Able to repoatedly select spontaneous Naa-tolerant cel. li.-As
!rcm cultures of lot d Lloid cells we believes %he resistance results !rzm
a dauinan or co-da iat allele. Given tylpical eukarlotic rnutaticn rates
of Ix 10-1 (for specific phenotypic changs (Src!ogr 19681) to
1 x 10- 9 (tor changes in specific CNA bases P1/ogel 19t), the prodabi.itry
of ootaini:-q to or possibly four (sLnce tzbacco is an allotecraploid
(Smit.h, 19681) recessive alleles in the same cell is vanishingly small.

11. a single dominant alleale is responsible !or the observed salt tolerance
a 31l ratio of tolerant to sensitive plants would be expected in the F1
am j,~n9 the parent plant (regenerated frau a satolerant ce:. culture)

was ~plId and I'ecerorjgous, Continued zollf-fegrilL:ation wculd lead t
an Increas-Inq proporicn of ooth aait-ensitive wa salt-tolerant hcmr-
l otms ZW~s ssws tnt seeds !cc *aam s ucceedingq gernrtion, A1re col-
Ic-ted ,':= non-stressed plant so zhat oth sall trsnsVitv And salt-tole-
rant plants surilomd. :at& of :ur F1 and12 ?;enerst"9 S sbe) summr. .
neilther 1tnis hyotnes s At, 951 evel nor a:' .s±~ r I~sYpothasis based
on aetraplaidp;aent. o



Table 1. SurvivaLL rate under high or no salt stress of salt-tolerant and
non-salt-tolerant tobacco plant lines derived frcnm cultured Cel als. PlAntSL
regenerated front tissue cultures were designated the parental generation
(P) and were selfed to obtain the Fl generation. The Fl plants of eacha

- ____ group In the 0 g/J. NaC1 col=1 were selfed to obtain the,, rain._
FlihMd'43_lansprgru.1 had 20.

%alive after 13 weeks

Watering solution Watering solution

26.2 9/1 NaCl 0 g/1 NaCl 29.i g/1 W1 0 g/1 NaCl

original culture *1 65 100 100 100
resistant to N4aCl (selfed to
with NaCI continu produce F2
ally present

original culture #2 35 100 90 100
resistant to NaCl (selftd to

Ith MCI not I
present during PoU 2
regeneration

Original clture 43 20 100 is 100
not resistant to (selfed to
Nacl produce 12)

our ft-ings that W4al-resistant cell ILms, 91ie rise to plants t;iA-. twav-
mit resistance to future ;tnerationis has =rny potential practical imflics-
tions. Incororation of Ia' toleranc is dos1rae: in many cultivars of
crop plants, particularI7 tias qrow4 in .2rid, irrigated regons with ssl:accuilation Problemis* Utilizi;-q typtcal ftl9d selection techzdqest salt
tolerance is turna and space cors'a-nir ss *4eil as expensio to thai. e
ti:me-space cempressibilirl x-A4 the selecz=o speciLcil Lnherent im %s

sueCLltre tocnniquos u4ien asd '.P =n mountion with tadiional mwmds
shc.d romarkcablyI? Lm;ve *.,-A L~~c of tt.e plant breodiriq ;rceu.
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This kind of genetic analysis probably does not apply to salt toleraie in
these plants for two reasons. First*, the ratio of healthy bp MIMn-Ohqagt
(Or dead to alive) plants for any salt-sensitive or *&t oleant p~4a-
tion is dependent on (1) stress, level and (2) duation'of stress " weli
as genetic factors. Second, our method of stress selection involves

- applicat ion -of high- salt--levels--to-poplat -nsof -10-mian W-- -Z-s-
leads to a period of no growth followed by slow adaptation of t.e culture
to the sttt55,o pre5sflibly (but not necessarily) by growth and division of
the faw naturally occurring MaCl-resistant cells intepopulationo Vol-.
lowing a reiwapt ion of normal or near normal growth rates even higher
stres is applied. fthus a stepwise selection pattern of stress aplica-
tion and accauodation results. eecsase of this pattern our mutants MYwell be imltialllic or multigenic and not suitable for a ?Mendli-bused
analysis of inheritance. Bac1crosss w4d other Fl and 12 crosses are
being made to provide further data an the inheritance pattern.

Tw- lines of evidence, indicate that phenotype persistence is in s-ae mp-,
nor dependent on or enhanced by the presence of M4al. First.. Table 1
shows that plant lines derived hun Ned-tolerant cell cultures are notice-
ably less tolerant if salt was caiteed during the originaL re: eration ,
process. This amission was made as noted earlier to improve cogeneration
and roting rates. The cbservation could be explained if different Wta-
tians are involved in each plant line. This interpretation is supported
by the fact that under salt stres the two lines have soewat differing
morphologiLes with one being more campact in growth habit tha the others

Secondt 72 plants are noticeably xore salt tolerant if seeds are collected
from1 plants that were exposed to salt (data not shown). This observa-
tion canut be explained by differnt mutations since only oe plant Line
is involved. The relts cld be explained in one of several ways. ( r

r=ther selections for pollen with even higher sat tolerance !or ex~pe
could have occured In F1 Plants. (2) A high rerse mutation rate could
be pramoeed oy *he absence of 1ad . (3) 'Me 7l plants could be cotiarizi.,
cau*osed of salt-toleant end al:-sensitlve cells. .. " selecc#o ould

scloccur 1:%Fl pants -exposod to salt. This explanation seems %nlikely
to us since the salt-tolerant cell 11ines wnLcl gave rise to parental plants
,*e exposed to high salt levels "or ua'st a year prior to regeeration.
Alter this period of seltctton all cells n the ciltuzre snould have oen
salt-tolerant. (4) Soth absertations could be explaLned U LMe ocserred
salt taolerance were not genetic but the result of I=nased levelIs z f a
particular enrju. cr some oter phtyuiological adapttonm naintailned Cy the
Presence Of NAed lt a t &I# (L975) nave reporte on such a system U*wL-s
vinq dW1icat.ion of a parLcu.lar pmn L% cultured Animal 1. ll OS Lns
&1=4n untA; system does nor L!.- v r.generated oa iWe nsitde
the first And :As*. puibtLit s to be mt likely wA tus cwaidates ftr

f' +t re researc-h.+ +
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