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PROJECT STATEMENT 

I. Project Summary 

A. Statistical 

Project Tit-le: Utilization of Tissue Culture to 
Increase Food Production 

New or Extension: New 

Contractor: Colorado State University 
Department of Botany and Plant 
Pathology 

, . . .  Fort Collins, Colorado 80523 

Principal Investigators: Dr. Murray W. Nabors 

Duration : . . About Five Years(Est. 
- ,  - Cost: $1,157,900) 

Initial Three Years Funding: First Year: $312,750 
. . .  .. . ~ Second Year: $188,675 

Third Year: $206,250 
TOTAL : $707,675 

rop Improvement to 
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(ii) Flow of Activities: 
artificial 

Plant tissue _-ell multiplicatio (cloning) P 
stress 
screening 

Released to +----Plant k- 
4 .Tolerant cells 

Crop Research Regeneration 
Centers for 
testing & use 

I 

- 7 

(iii) Out-puts: Scope of work 

o Wheat variety(s1 tolerant to salt 
concentration, aluminum toxicity, 
drought conditions and high tem- 
perature. 

o Rice variety(s) tolerant to salt 
concentration and aluminum toxi- 
city* 

o Millet variety(s) tolerant to salt 
concentration and drought. 

C. Descriptive: 

This proposal pursues A.I.D. objectives to expand the technolosy 
on management of tropical soils to increase food production. It has one 
principal objective: to test the use of plant tissue culture as an 
efficient technique to obtain varieties of food crop plants that have 
specific tolerance to enviornmental stresses. In the tropical and sub- 
tropical world, over two billion hectares experience stresses such as 
mineral deficiencies or toxicities, low and high temperature, drou2ht 
conditions, etc. 

Current approach to alleviate the situation is to change or amend 
the soil to fit the plant needs or in a few instances fit the plant to the 
enviornment. However, certain soil conditions either cannot economically 
be corrected with the current technology or a viable system is not avail- 
able to deliver an adapted technology to the small farmer in LDC. 

Estimate of annual expenditure in the tropics on crop improvement 
and soil management studies, conservativly speaking, is over $120 million. 
Generally these studies concentrate on producing pest resistant and high 
yielding varieties that are bred under adequate soil fertility and moisture 
conditions. Very limited attempts have been made to develop varieties that 
can stand adverse soil situations. On the other hand studies in this area 



suggest existance of slight to significant amount of tolerance among 
varieties for soil stress conditions. Search for such tolerance via world- 
wide collection of domesticated and wild relatives, of various crop species, 

- however, would be time consuming and an expensive proposition and may not 
even meet the needs. 

It can be visualized that the problem of worldwide soil stress 
- . situations is large but so is the potential benefit 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 adverse environments. 

, - -  _ 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 high level of an auxin as well as standardized 
concentration of ions and vitamins. This encourages proliferation of the 
cells (clones/callus). The callus is then turned into a cell suspension. 
A 100 mls. of the suspension in a-flask may contain 10 million cells. 
Selection is applied at this time. For example, by increasing salt (sodium 
chloride) level in the suspension culture, the salt tolerant cells are 
selected because their growth and cell division is favored. Such selection 

. procedures can-rapidly produce the desired level of tolerance among the 
cells. These cells are regenerated into whole plants. The tolerance thus 
established is carried genetically from one generation to another. From 
here on standard procedures of plant breeding are followed as necessary. 

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

- _ I  The project will be intimately linked with the international 
and national agricultural research centers with regards to germ plasm 
and utilization of thertechnique. 

- - - .  
- - The project is expected to last five years and will trigger the 

utilization of this tool, worldwide, for the purpose of crop improvement 
and food production. Simplicity of the technique should help resolve 
local crop adaptation problems. 
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11. Project Proposal 
. -  - .  

A. Goal: To improve the efficiency of food production in the develop- - 
fng nations through increased utilization of land resources, especially by 
growing crop varieties more suited to the prevailing environments. 

. B. Purpose: To test the use of tissue culture as a cost effective 
technique to add stress tolerance characteristics to wheat, rice and mil- 

. - -  let. . '. ~. , , . . 

. L. 
- - 
. ~ . :  - . . .  - .  . I 

. . 

C. Objectives: I.: . : . - : - ..- . . - .  

. - - - 1. To utilize tissue culture procedures to obtain Na+ tolerant, 
Al*  tolerant; high temperature tolerant, and drought tolerant alleles 

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

2. Regenerate stress-tolerant plants from the cell lines and 
test these plants in green house and the field to determine stress limits 
and inheritance pattern. l 

- I 

3. Help the utilization of these stress tolerant plants in the 
national and the international crop improvement programs. 

- - 
I 

D. 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 wLth problems of distribution and storage 

The first two problems can be approached either by environmental 
modification (fertilization,-irrigation, use of pesticides, mechanization, 
etc.) or by plant modification (new plant varieties with Ancreased yields 
on unmodified enviornments). The first group of solutions has worked 
well in already developed nations but is energy-intensive and, therefore, 
frequently of limited utility in developing nations. In addition, the 
increasingly acute world energy.shortage means that an asriculture based 
on enviornmental modification is becoming more costly for developed 
nations as well. 

Because of rising energy costs and decreasing supplies the first 
two goals above can be best achieved by producing plant varieties with 
high yields on available soil and water conditions. Currently utilized 
crop varieties frequently do poorly in such conditions. Stress-resistant 
varieties would be area specific (e.g. for dry, saline soils; or wet, 
acidic, aluminum-containing soils) and would increase the capabilities 
of developing nations to feed themselves utilizing their own resources, 
without overdependence on imported, expensive agricultural practices and 
inputs . 

BESTAVAILABLE COPY 



Plant breeders have been quite successful over the years in 
producing new.varieties of plants with specific improved traits. Many 
of these improved plants are themselves dependent on energy-intensive 
agricultural practices. 

Green revolution agriculture uses high energy 
. crop production technology, . . . While one may 
not doubt the sincerity of the U.S. effort to 
share its agricultural technology so that the 
rest of the world can live and eat as it does, 

, , one must be realistic about the resources 
available to accomplish this mission. In the 
United States we are currently using an equi- 
valent of 80 gallons of gasoline to produce an 
acre of corn. With fuel shortages and high 
prices to come, we wonder if many developing 
nations will be able to afford the technology 
of U.S. agriculture.1 

Recently-breeders have placed increased emphasis 
of varieties which yield in available environments 
and are thus economical users of energy. The 
international plant'improvement centers are now 
are now turning more of their over $64 million 
yearly budget away from energy-intensive green 
revolution crops and toward" . . . developing 
plant types and practices to benefit the small 
farmer, who must operate without the benefit 
of controlled irrigation or much help from 
fertilizers and pesticides."2 

It is conservatively estimated that plant 
breeding programs on major food crop plants 
currently cost $200 million per year ($50 
million in the U.S.) and employ 5400 people.3 

An estimated 480 new or improved varieties are released to growers 
each year at a development cost of over $400,000 per variety. Eight to ten 
years breeding research are required per variety. 

- - 

1 D. Pimentel, L.E. Hurd, A.C. Bellotti, M.J. Forster, I.!. Oka, O.D. Sholes, 
and R.J. Whitman. Food production and the energy crisis. Science 182: 
443-449 (1973). 

2 CGIAR, New York, 1976. U.N. Development Programme, One United Nations 
Plaza, New York, N.Y. 10017. 

3 Revised and expanded data from Science and Education in Agriculture 
Current Research Information System (CRIS). 
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It is suggested that the incorporation of tissue culture techniques 
into plant breeding programs for stress resistance can considerably economize 
and expedite the reiease of new or improved varieties to increase food pro- 
duction. 

111. Project Design and Scope of Work 

. . 
A. Experimental design 

Various alleles for resistance to soil, water, and environmental 
stresses will be selected in cell cultures of varieties of food crop plants. 
Table 1 summarizes 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 large 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) Na+ or A ~ W -  tolerance: Add NaCl or AlC13 to growth 
medium. 

(2) Drought tolerance. Add NaCl or high molecular 
weight, osmotically active compounds to growth medium. 

- (3) High temperature tolerance: Grow cultures at high 
temperatire which retard the growth and division of non-tolerant cells. 

e. Plants are regenerated from cultured cells. 

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

g. Stress tolerant plants are field tested at International 
Agricultural Research Centers. 



B. Research methodologies and techniques. 

The production of mutant plants by tissue culture techniques 
can be divided into four steps. 

a. Production of callus or cell suspension cultures 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 inheritability of the mutant trait. 

A callus is a mass of growing, dividing, but undifferentiated 
cells. The production of callus can be considered routine for most plants. 
Typically a small section of stem, root, or cotyledonary tissue is placed in 
sterile 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 proliferation of cells. This is 
usually accomplished by using high levels of an auxin which encourages cell 
division and growth, but inhibits the formation of shoots and roots. When 
a sufficient amount of callus is obtained, cell suspensions are initiated 
simply by placing callus tissue in a baffle-bottom Erlenmeyer flask con- 
taining liquid medium on a gyrotory shaker. The mechanical motion of the 
shaker disrupts the callus into small groups of cells. Cell suspensions 
are subcultured when cell density reaches a minimum value. 

Mutant cells are selected by exposing cell cultures to conditions 
that slow or prevent the growth of normal cells. Specific stress tolerant 
mutants will be selected as follows: 

a. Na+ or Al* tolerance. 

Mutants tolerant to these specific cations are selected by 
adding increasing concentrations or NaCl or AlC13 to the medium. Selection 
will occur in a stepwise fashion (Fig. I ) .  At first low levels of a parti- 
cular salt are added to a rapidly growing culture. The salt will tend to 
inhibit growth. and division of normal, non-tolerant cells while allowing 
or perhaps encouraging growth and division of tolerant cells. A single 

-culture will have millions of non-tolerant cells and perhaps only one or 
two individual tolerant cells. When the culture reaches maturity it is 
subdivided with some subdivisions placed on medium with higher salt con- 
centrations and others on plant regeneration medium. This process continues 
until the cultures can no longer successfully adapt to high levels of the 
toxic ion. As a result of this technique we will obtain a series of cell 
lines resistant to higher and higher concentrations of the toxic ion, For 
tobacco, wheat, and oats we have already obtained a series of NaCl resistant 
cell lines. In this regard it should be noted that although a tolerance of 



3000 ppm may be desired, a variety with tolerance to 6000 ppm might be 
more useful in terms of maximizing productivity at the lower concentration. 

This selection process can be carried out in any one of 
three manners: 

(1 )  Mutant cell lines can be selected in callus cultures 
by incorporating the salt into the solid medium. This selection method 
works well in practice although the exact concentration of salt in contact 
with cellus tissue is difficult to determine accurately. 

( 2 )  Mutant cell lines can be 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 )  Hutant 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 gradually added at a rate which 
allows a maximal growth rate to be maintained. A new medium is added, sus- 
pension is removed for plant regeneration. This selection method requires 
the most expensive equiyment but is most satisfactory in that technician 
time is minimized, and the culture is never exposed to possible contamination. 

Na+ toxicity is frequently associated with calcium-deficient 
soils. It may tFus be necessary for some environments to obtain plants which 
have a heightened efficiency of C a U  uptake as well as or in place of Na+ 
resistance. Such mutants would be selected by exposing cultures to an ab- 
normally low level of Caw. 

Al* toxicity is always associated in nature with soils of 
low pH. Even in the lab chelated Al* solutions may well lower cellular 
pH after Al* enters the plant. Thus it might be useful to select cell 
lines resistant to low pB for physiological comparisons to those resistant 
to Al*. 

b. Drought tolerance. 

Nattolerant plants are often drought tolerant. This can be 
seen in our lines of Nattolerant tobacco plants as well as in nature. Thus 
Natresistant plants will also be tested for drought resistance. Drought- 
tolerant mutants will also be selected by inhibiting water uptake in cultured 
cells. This is accomplished by lowering the water potential of the culture 
medium with increasing ionic concentrations or by the addition of a non- 
penetrating osmoticum such as PEG 4000 or dextran. Only mutant cells with 
a lower than normal water potential will grow under these conditions. 
Selection of increasingly drought-tolerant mutants will be achieved in a step- 
wise manner, similar to the Na+ and Al* mutant selection process. That such 
osmoticun-resistant cell lines result in drought-tolerant plants remains to be 
tested. 



c. Hieh temDerature tolerance. 

These mutants will be selected by growing cultures at 
high temperature which retard growth and division of non-tolerant 
cells. 

Once the desires stress tolerant cell lines have been 
established, plant regeneration will begin by placing stress-tolerant 
cells on regeneration medium. In general monocots are regenerated by 
removing all hormones from the medium while dicots are regenerated in 
a medium containing a high cytokinin to xauxin level. However, regenera- 
tion media may vary from species to species, and even from variety to 
variety. The regeneration strategy is complicated if the cultured cells 
are themselves producing significant quantities of hormones. Regenera- 
tion may take place on one medium, or on a series of media in which roots 
and shoots are formed sequentially. The period of plant regeneration 
requires approximately 4-6 weeks depending on the experiment. Following 
the formation of complete plantlets they are transferred to pots and 
placed in a controlled environment for a period of "hardening" before 
transfer to the greenhouse. - 

. . In the greenhouse, stress-tolerant traits will be tested 
for persistance and for inheritability pattern in whole plants. This is 
accomplished in several stages: 

(1) Seeds are collected from stress-tolerant and non-stress 
tolerant regenerated plants. 

(2) The seeds are planted and the resulting plants (F1 
generation) are subjected to a graded series of increasing stress. Growth 
rates, death rates, and other production indices are recorded. 

(3) Seeds of F1 plants are collected and an F2 generation 
is produced and similarly tested. Also, F1 plants are back crossed to 
parental stock. 

(4) In each test mutant and nonlnutant plants all originally 
derived from tissue cultures are grown side by side for comparison. 

C. Scope of work. 

a. First year of contract (1980). 

(1) Work to meet research objectives. 

(a) Communicate with plant breeding personnel in A.I.D. 
and at International and National Agricultural Research Centers (IARC'S 
and NARC'S) to obtain recommendations for stress tolerances to be obtained 

- and varieties to be utilized. Obtain germplasm to be used in tissue cul- 
ture stress selection. 



(b) Esrablish linkages with IARCs and developins 
nations to initiate student and personnel training in tissue culture lab- 
oratories. 

(c) Esrablish and maintain cell lines (on solid and in 
liquid medium) on wheat, rice, and millet. Begin stress selection for 
Na+, Al*, and drought, and high temperature tolerance. 

(d) Compile a bibliography of useful tissue culture 
methodology for specific plants for use by plant breeders wishing to 
include tissue culture in their breeding strategies. 

(el Attend national and international tissue culture 
and plant breeding meetings. 

(f) Initiate contact with soil scientists and agricultural 
engineers interested in soil and water management. Add these people to 
mailing list compiled in 1978. . 

(2) Expected product. 

(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) Nattolerant wheat plants ready to begin 
greenhouse testing phase for one variety; Nattolerant cell lines 
established for other varieries; Al+, drought and high-tempera- 
ture-tolerant cell lines established for wheat. 

(d) Tissue culture bibliography for each crop plant 
available to interested breeders. 

(e) National and international tissue culture and 
plant breeding meetings attended. 

(f) Contacts initiated with soil scientists and . 
agricultural engineers interested in soil and water management. Names 
added to mailing list. 

b. Second year of contract (1981) 

(1) Work to meet research objectiveds. 

(a) Obtain desired tolerance levels in Nat, and Ali+t-, 
all lines of rice and Xa+ and drought-tolerant cell lines of millet. Deter- 
mine maximum tolerances obtainable in tissue cultures. 



(b) Begin greenhouse testing phase for one variety of 
Nattolerant wheat plants. These experiments will determine whole plant 
tolerance levels and tolerance inheritance patterns. 

(c) Begin plant regeneration from other Nattolerant 
wheat lines. Begin plant regeneration from Al+ and high-temperature-, 
and drought tolerant lines of wheat. 

(d) Initiate short visits and personnel exchanges between 
International Centers and developing nations. 

- '  (e) Complete progress report to assist A.I.D. review 
process. 

(2) Expected product. . , 
. 

(a) N a t ,  and Al+, tolerant cell lines of rice, and 
Na+ and drought-tolerant cell lines of millet. 

(b) Preliminary results from greenhouse testing of 
Nattolerant wheat showing limits of tolerance and pattern of inheritance 
through F1 generation for one variety. 

(c) Conplete plant regeneration studies of other 
Nattolerant wheat lines and of Al+, drought and high-temperature- 
tolorent wheat lines. 

(d) Initial short visits between International Crop 
Breeding Centers' personnel and tissue culture labs. Information exchange 
initiated. Student and personnel training initiated. 

(e) National and international tissue culture and plant 
breeding mettings attended. 

(f) Progress report submitted to A.I.D. . . 

c. Third year of contract (1982). 

(1) Work to meet research objectives. 

(a) Begin plant regeneration from N a t ,  and Al+, 
tolerant cell lines of rice and Na+ and drought-tolerant cell lines of millet. 

variety. 
(b) Conclude greenhouse testing of one Nattolerant wheat 

(c) ~ e d n  testing of Altn-,- drought and high- 
temperature-tolerant wheat plants. 



(d) Continue information and personnel exchanges with 
International Breeding Centers. 

(e) Attend national and international plant breeding and 
tissue culture meeting to discuss program and data and present papers. 

(2) Expected product. 

(a) Some regenerated plants from N a t ,  A1+, and drought- 
tolerant cell lines of rice, and millet. 

(b) A research publication detailing greenhouse testing 
of Nattolerant wheat plants of one variety and the use of tissue culture 
to select these plants. 

(c) Preliminary results from greenhouse testing of 
Al+, N a t ,  drought and high-temperature-tolerant wheat. 

d. Fourth year of contract (1983). 

(1) Work to meet research objectives. 

(a) Complete plant regeneration from N a t ,  and Alttt-, 
tolerant cell lines of rice and ~a+$Qrou~ht-tolerant cultures of millet. 
Begin greenhouse - and testing. 

( b )  Begin field testing of one Nattolerant line of 
wheat. 

(c) Complete greenhouse testing of Al*, drought and 
high-temperature-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) Expected product. 

(a) N a t ,  and Al+, tolerant rice and Na+ and drought- 
tolerant millet plants obtained from cell cultures. 

(b) Preliminary results on field testing of one N a t  
tolerant wheat variety. 

(c) Final results on greenhouse testing of Al+, N a t ,  
drought and high-temperature-tolerant lines of wheat. 

(d) A research publication on greenhouse testing results 
using A l + ,  N a t ,  drought and high-temperature-toletant lines of wheat. 



(el Attended national and international plant breeding 
and tissue culture meetings and presented findings. 

e. Fifth year of contract (1984). 

(1) Work to meet research objectives. 

(a) Complete greenhouse testing of Nat, and Al*, 
tolerant lines of rice and Ha+ and drought-tolerant lines of millet. 

(b) Continue field testing of one Nattolerant lines of 
wheat. Release varieties to ICARs and National Crop Centers. 

- , (c) Begin field testing of Alt-H-, drought and high- 
temperature-tolerant lines of wheat. . 

(d) Continue personnel exchanges with International 
Breeding Centers. 

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

(2) Expected product. - , - - 

(a) Nat, and Al*, tolerant lines of rice and Na+ 
and drought-tolerant lines millet, ready for field testing. 

- 

i -. (b) Research publication detailing results of greenhouse 
testing of Nat, Alftt, and drought-tolerant rice and millet 

< - 
- - (c) One Nattolerant line of wheat released to IARCs 

and NAFtCs . 
(d) AL*, Nat, drought and high-temperature-tolerant 

lines of wheat partially field tested. 
- - - -  - 

(e) Research publication on production of field-tested, 
Nattolerant wheat derived from tissue culture. 

- ,  - 
(£1 A review publication covering progress during the 

five-year contract period. 
- 

. -  - .  - - .  (g) Attended national and international plant breeding 
and tissue culture meetings and presented papers. 

, .  . . . (i). Submit a, final report. to A. I .D-. 
, - : . 

(h) A second Technical Bulletin detailing methodological 
progress during the five years since publication of the first bulletin. 

- .  . . , .  - , . 
- .  

( - 

1 - .  . . . . 



IV. Project Analysis 

A. Technical, Economical and Social Soundness 

a. Tissue culture breeding has successfully produced improved 
varieties. 

- .  Several workers (including three investigators in this proposal) 
have already demonstrated the usefulness of tissue culture for selecting mutant 
plants: Carlson selected tobacco cell lines resistant to methionine-sulfoxi- 
mine (a compound with effects similar to the toxin 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, 
~haleff's lab has obtained picloram-resistant plants (picloram is an herbicide).6 
Nabors" lab has obtained NaC1-resistant plants.7 Other workers have 
produced corn plants resistant to Helminthosporium toxin.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 enables us to specify that a certain type 
of desired mutant plant will be selected in a desired 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. Breeders 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 time-consuming, cross-breeding. Hany 
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 germ plasm 
lines. - 

For example, mutations for salt tolerance arise in nature. Perhaps one 
in ten million plants will show a genetically-based increased level of 
salt tolerance. An investigator has no way of knowing the location of a 

5 P.S. Carlson. Yethionine-sulfoximine-resistant mutants of tobacco. Science 
180: 1366-1368 (1973). ' 

6 R.S. Chaleff and M.F. Parsons. Direct selection in vitro for herbicide- 
resistant mutants of Nicotiana tabacum. In Press in Proc. Natl. Acad. Sci. 
U . S . A .  

7 N. Nabors, S. Gibbs, C. Bernstein, and M. Meis. NaC1-tolerant tobacco 
plants from cultured cells. Submitted for publication. Yanuscript 
attached as Appendix to this proposal. 

8 B.G. Gengenbach, C.E. Green, and C.N. Donovan. Inheritance of selected 
pathotoxin resistance in maize plants regenerated from cell cultures. 

Proc. Nat. Acad. Sci. 3.S.A. 74: 5113-5117 (1977). 



desired mutant plant, and time of its production or whether it is found 
in the variety he desires to improve. Imposing field selection (watering 
with salt water) to discover the plant can be time consuming and expensive. 
Sometimes selection using seeds or seedlings instead of adult plants can 
be used. Tissue culture always enables 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 NaCl 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 selecfion 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 means. 

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 Yexico. By 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 introcution. Tissue culture could shorten 
this process considerabldp by producing thousands of identical plants 
within a year. 

- .  
- d. A combination of tissue culture and traditional breedin~ 

methods would considerably reduce the cost of producing new varieties. 

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 the incorpora- 
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. We estimate' that utilizing tissue culture techniques could 
easily save 2-3 years and $150,000 in many such programs. If tissue 
culture were utilized in all breeding programs at a considervative 
savings of $50,000 per variety the yearly return realized would be (480 
varieties x $50,000 =) $24 million in the breeding programs alone. This 
dollar figure is miniscule compared to that realized by the introduction 
of stress-resistant varieties could be used to further agricultural pro- 
duction or other projects requiring input of capital or labor. 



e.  P o t e n t i a l  f o r  e f f e c t i v e  u t i l i z a t i o n  of r e s e a r c h  r e s u l t s  
i n  deve lop ing  c o u n t r i e s  worldwide and sugges ted  e x t e n s i o n  s t r a t e g i e s .  

Developing n a t i o n s  can  a l l  e f f e c t i v e l y  u t i l i z e  energy- 
e f f i c i e n t  p l a n t  v a r i e t i e s  des igned  f o r  s p e c i f i c  env i ronmenta l  c o n d i t i o n s .  
Such p l a n t s  would lower f u e l  and o t h e r  energy c o s t s  of food p roduc t i on  
and would enab l e  i n d i v i d u a l  f a rmer s  t o  s u c c e s s f u l l y  and economica l ly  u t i l i z e  
e x i s t i n g  s o i l  and wate r  c o n d i t i o n s .  

Worldwide A . I . D .  pe rsonne l  and s c i e n t i s t s  and growers i n  CGIAR Breeding 
C e n t e r s  would p a r t i c i p a t e  i n  i d e n t i f y i n g  t h e  most c r i t i c a l  s t r e s s  condi-  
t i o n s  and l e v e l s  i n h i b i t i n g  food p roduc t i on  f o r  p a r t i c u l a r  c r o p s  i n  t h e i r  
r eg ion .  They would a l s o  s e l e c t  v a r i e t i e s  which have agronomica l ly  d e s i r a b l e  
t r a i t s ,  bu t  which l a c k  a  d e s i r e d  l e v e l  of s t r e s s  r e s i s t a n c e .  For t h e  t i s s u e  
c u l t u r e  s e l e c t i o n  and greenhouse t e s t i n g  phases  of t h e  r e s e a r c h ,  s t u d e n t s  
and s c i e n t i f i c  personne l  from deve lop ing  n a t i o n s  and from C G I A R  Cen t e r s  
would be funded f o r  s h o r t  v i s i t s  and f o r  extended t r a i n i n g  p e r i o d s  t o  our  
t h r e e  t i s s u e  c u l t u r e  l a b o r a t o r i e s  du r ing  t h e  f i v e  yea r  p r o j e c t  d u r a t i o n .  
Fol lowing t h e  a d d i t i o n  o r  augmentat ion of s p e c i f i c  s t r e s s  r e s i s t a n c e s  i n  
v a r i e t i e s  by t i s s u e  c u l t u r e  b reed ing  and greenhouse t e s t i n g  of t h e  r e s u l t i n g  
p l a n t s ,  t h e  new c u l t i v a r s  would be f i e l d  t e s t e d  i n  t h e  p a r t i c u l a r  r e g i o n  f o r  
which t hey  were developed by CGIAR personne l .  

- 

f .  P o s s i b l e  e f f e c t s  of ~ r o ~ o s e d  work on o t h e r  s ~ e c i f i c  
concerns  of A.Z.D.  - 

I n  g e n e r a l  t h e  proposed work should be a  s t e p  toward t h e  
economic independence of deve lop ing  n a t i o n s  and of t h e  i n d i v i d u a l  f a rmer s  
w i t h i n  t h e s e  n a t i o n s .  Crops which r e q u i r e  l e s s  t han  normal env iornmenta l  
m o d i f i c a t i o n  a r e  more economica l ly  and e a s i l y  grown. Y ie ld s  on c u r r e n t l y  
a r a b l e  l a n d  should  i n c r e a s e ;  l and  fo rmer ly  non-arable can be brought  
i n t o  c u l t i v a t i o n ;  y e a r s  w i t h  marg ina l  environmental  f a c t o r s  should  be 
l e s s  damaging; and t h e  w i l l i n g n e s s  of i n d i v i d u a l  fa rmers  t o  p l a n t  should  
i n c r e a s e .  The n e t  r e s u l t  of e n e r g y - e f f i c i e n t  c rop  p l a n t s  which i n c r e a s e  
food p roduc t i on  w i l l  be t o  r e l e a s e  A.I.D. and o t h e r  funds  c u r r e n t l y  en- 
cumbered i n  bo th  p l a n t  b r eed ing  and i n  environmental  m o d i f i c a t i o n  i n  
ene r sy - in t ens ive  a g r i c u l t u r e  f o r  o t h e r  d e s i r a b l e  p r o j e c t s .  

F o r ~ e x a m p l e ,  c o n s i d e r a b l e  e f f o r t  and r e s o u r c e s  a r e  now expended by A . I . D .  
and o t h e r  agenc i e s  worldwide t o  unders tand  and c o n t r o l  s o i l  s a l i n i t y ,  
p a r t i c u l a r l y  i n  i r r i g a t e d  r eg ions .9 , lO  Some of t h i s  work i s  managed by 
Colorado S t a t e  Un ive r s i t y . .  P roduc t ion  of NaC1-tolerant v a r i e t i e s  i s  men- 
t i oned  by many workers a s  one pr imary method f o r  i n c r e a s i n g  t h e  e f f i c i e n c y  
of i r r i g a t i o n  and s a l i n i t y  management e f f o r t s .  Thus our  use- of t i s s u e  
c u l t u r e  t o  r a p i d l y  i n c o r ? o r a t e  s a l t  t o l e r a n c e  i n t o  u s e f u l  v a r i e t i e s  w i l l  
i n t e r f a c e  d i r e c t l y  w i th  h.I..D. concerns  i n  water  q u a l i t y  management. 

9  For example s e e  FA0 S o i l s  B u l l e t i n  i131. Pro5nosis  of S a l i n i t y  and 
.Alka l in i ty .  Food and A g r i c u l t u r a l  Organ i za t i on  of t h e  Uni ted Na t i ons ,  
Rome, 1 9 7 6 .  

10 Also s e e  publ i shed  papers  from a n  X.1.D.-sponsored symposium, P l a n t  
Adapta t ion  t o  Y i n e r a l  S t r e s s  i n  Problem S o i l s .  Ed. Y . J .  Wright .  
C o r n e l l  U. Exp. S t a . ,  1977. 
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An e s t i m a t e  of t h e  importance of r a p i d  methods f o r  producing drought- and 
s a l t - t o l e r a n t  p l a n t s  can be ob ta ined  from t h e  fo l lowing  f i gu re s .11  The 
world has  approximately 3.2 b i l l i o n  h e c t a r e s  of a r a b l e  land  of which 1.2 
b i l l i o n  h e c t a r e s  a r e  c u r r e n t l y  c u l t i v a t e d .  Of t h i s  1.2 b i l l i o n ,  14% o r  
0.174 b i l l i o n  h e c t a r e s  a r e  c u r r e n t l y  i r r i g a t e d .  However, i t  i s  e s t ima ted  
t h a t  60% of p o t e n t i a l l y  a r a b l e  land  has  s i x  months o r  more per  y e a r  of 
mois ture  d e f i c i t .  Two-thirds of t h i s  60% of 40% of a l l  p o t e n t i a l l y  a r a b l e  
land could s u s t a i n  year  around a g r i c u l t u r e  where s u f f i c i e n t  mois ture  
a v a i l a b l e .  Fo r ty  per  c e n t  of a l l  p o t e n t i a l l y  a r a b l e  land  i s  1.15 b i l l i o n  
h e c t a r e s  on which a g r i c u l t u r a 1  product ion would be i nc reased  by i r r i g a t i o n .  
Of t h i s  l and  only  0.17 b i l l i o n  h e c t a r e s  a r e  c u r r e n t l y  i r r i g a t e d .  Thus 
t h e r e  a r e  approximately one b i l l i o n  h e c t a r e s  o r  about one t h i r d  of a l l  
p o t e n t i a l l y  a r a b l e  land  on t h e  e a r t h ' s  s u r f a c e  which could p r o f i t  
a g r i c u l t d r a l l y  from e i t h e r  i r r i g a t i o n  o r  drought- and s a l t - t o l e r a n t  
p l a n t  v a r i e t i e s .  The c o s t  of p rovid ing  i r r i g a t i o n  f a c i l i t i e s  v a r i e s  
from $100 t o  $3000 pe r  h e c t a r e  (1970 e s t i m a t e ) .  Taking $1500 a s  a n -  
average  c u r r e n t  e s t i m a t e  i t  would r e q u i r e  $ 1 5 0 0 , b i l l i o n  o r  1.5 t r i l l i o n  
d o l l a r s  t o  maximize a g r i c u l t u r a l  product ion us ing  i r r i g a t i o n . 1 2  This  
e s t i m a t e  assumes s u f f i c i e n t  water  i s  a v a i l a b l e ,  and i t  i s  no t  s i n c e -  
f o u r  f i f t h ' s  of man's c u r r e n t  t o t a l  f r e s h  water  u t i l i z a t i o n  (dur ing  t h e  
growing season)  i s  a l r e a d y , i n  a g r i c u l t u r e .  P r o j e c t s  t o  i n c r e a s e  f r e s h  
water  a v a i l a b i l i t y  i nc lude  e l i m i n a t i o n  of h i g h  water  l o s s  i n  c u r r e n t  
i r r i g a t i o n  systems,  and i n c r e a s e  i n  b a s i c  a v a i l a b i l i t y .  The l a t t e r ,  
i n  p a r t i c u l a r ,  involves  massive-engineer ing p r o j e c t s  and consequent 
i n c r e a s e s  i n  t h e  p ro j ec t ed  expendi tures  noted above. . . 

- .  
For t h e s e  and o t h e r  reasons  t h e  r o l e  of t h e  p l an t  b r e e d e r  becomes a  
c r u c i a l  f a c t o r  i n  i n c r e a s i n g  a g r i c u l t u r a l  product ion.  S ince  t i s s u e  
c u l t u r e  has  now t h e  proven c a p a c i t y  t o  r a p i d l y  produce p l a n t s  w i t h  s a l t  
t o l e r a n c e  and e f f i c i e n t  water  u t i l i z a t i o n .  I t s  i n c o r p o r a t i o n  i n t o  p l a n t  
breeding c o n t r i b u t e s  d i r e c t l y  t o  a l l  A. I .D .  concerns r e l a t i n g  t o  food 
product ion.  

B. Review by I n t e r n a t i o n a l  Centers  

- .  The proposa l  was reviewed and endorsed by a l l  f o u r  i n t e r n a t i o n a l  
a g r i c u l t u r a l  r e sea rch  c e n t e r s  t o  which i t  was s e n t .  The e x c e r p t s  of  t h e  
comments from t h e s e  c e n t e r s  i s  g iven  he re  under:  

IITA ( ~ 1 i e ; i a ) .  "IITA f i n d s  t h e  proposal  t e c h n i c a l l y  very  
soGnd a i d  l o g i c a l  . . . IITA i n t e r e s t e d  i n  t h i s  work. a s  r e l a t e s  t o  maize,  
r i c e ,  cowpeas and soybeans w i th  r e f e r e n c e s  t o  sodium and aluminum t o x i c i t y  
and drought s t r e s s .  S imi l a r  work c rops  w i t h  l i m i t e d  g e n e t i c  d i v e r s i t y  

11 W. Thorne. A g r i c u l t u r a l  p roduct ion  i n  i r r i g a t e d  a r e a s .  I n  Arid Lands 
i n  T r a n s i t i o n ,  H.E. Dregne, ed. American Assoc i a t i on  f o r  t h e  Advance- 
ment of Sc ience ,  Washington, 1970, pp. 31-56. 

12 ' This  f i g u r e  i s  f o r  i n s t a l l a t i o n  on ly ,  no t  maintenance o r  u t i l z a t i o n .  



such as yam and cocoyams will be of interest . . . IITA very interested 
prospects screening for virus resistance at cellular stage and in rapid 
propagation techniques tuber crops, yam in particular." 

CIAT (Colombia). "I am pleased to forward, with my endorsement 
these comments: . . . see a direct application of this type of research 
to 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 great value in developing suitable pastures in the Llanos. . . . 
the general idea is attractive  since^ the tissue culture system would have 
the advantage over convential selection/breeding methods in its case of 
handling large populations of indi-vidual cells instead of large numbers of 
intact plants - ." - 

. - 

IRRI (philippinis-). " . '. . may 1 say that this proposal is 
of great interest to us at IRRI. As a matter of fact for a period of - 
about two years, we have had discussions with the scientists concerned 
in the development of this project and with administrators from their 
universities. We strongly support 'this research-effort and would do 
what we could to cooperate with the scientists in supply-ing appropriate 
genetic materials and in reproducing materials which come from their 
research efforts." . . 

. . 

- 
CTP (Peru). "We feel an attempt to use tissue culture tech- 

niques as an additional.too1 for breeding is highly welcomed and should 
be supported. . . . We all want to see this develop on a solid basis 
without the overplay that was done with irradiation concerning the 
potentials . . . work should be conducted in association with good 
breeders who are using conventional methods and working on the same 
crop plants .IF 

C. _Administrative Responsibility 

This project w i i ~  be administered by Colorado State University 
(CSU). Dr. Murray W. Nabors, Associate Professor of Botany and Plant 
Pathology will be the principal investigator. 

CSU will develop close working relationships with sutiable international and 
national crop research centers to obtain germ plasm and to disseminate out- . .  
puts of this project. 

A.I.D. technical office (DS/AGR) will monitor the progress of 
the project and will interact on a continuing basis with the contractor. 
1t' will schedule on-site evaluation as deemed necessary'. 

D. Environmental Impact 

The activities of this project fall into the area described in 
environmental procedure regulations paragraph 216.2(c) "Analysis, studies, 
academic or i-nvestigative research, workshops and meetings." These classes 
of activities will not normally require the filing of an Environmental Iapact 
Statement or the preparation of an Environmental Assessment. It is possible 



that an output of this project will be a set of procedures, guidelines or 
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 Negative 
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/ 
ta-C-1223 on tissue culture employed women professionals in the Depart- 
ment of Botany and Plant Pathology to support the research work. A . 

continuation of these strategies under this proposed research project 
is assumed. Colorado State University has an aggressive affirmative 
action program to assure opportunities of employment for qualified 
personnel, including minorities and females, in compliance with Title IX. 
Colorado State University has an officer responsible for program imple- 
mentation. 

Overall thrust of the program to advance knowledge in crop 
production particularly on marginal lands holds great promise for increased 
involvement of poor farmer, especially women, who have traditionally played 
a major role in such areas. 

V.  Evaluation Plan 

The project will be reviewed by DS/AGR, the A.I.D. Regional Bureaus, 
A.I.D. Missions, LDC countries and the international crop research centers. 
Highly qualified outside consultants may also be included in the review 
process, if A.I.D. considered such assistance desirable. 

The review process will involve study of written annual progress 
reports and other technical papers and on-site campus visits. A compre- 
hensive team review will be conducted after about a two-year period to 
determine whether project should be extended beyond the initial possible 
three-year approval period. A terminal team review may also be scheduled 
to assess progress and determine future utilization activities in the 
tissue culture field. 

VI. Budget 

1. Colorado State University's provisional overhead rate on pro- 
posals is 56.6% of salaries, wages, annuities, sick leave, holidays and 
vacation. Audit was petforaed and the above rate approved by the Depart- 
ment of Health, Education, and Welfare, Denver Regional Center, May 20, 1977. 

2. No direct financial contributions are expected from other sources. 



Budget for Colorado State University 

3UDGET ITEM 

I. Personnel Costs 
A. ~acultyl~taff 

M. Nabors (2 mos. /~r.) 
J. Welsh (1 mo./yr.) 
2 technicians (24 mos. /yr 
J. Mestas (0.5 mo./yr.) 
(bookkeeper) 

year 4 
1983 

$ 

5,705 
3,552 
24,240 

817 
493 

34,807 

3,703 

18,648 
31,080 

13,500 

101,738 

year 1 
1980 

$ 

4,457 
2,743 
18,720 

year 5 
1984 

$ 

6,271 
2,872 
26,424 

890 
537 

36,994 

3,936 

20,326 
33,878 

13,500 

100,634 

TOTAL 
1980-84 

$ 

26,586 
16,416 
112,029 

3,774 
2,278 

160,083 

17,031 

86,178 
143,362 

64,500 

463,424 

25,000 
8,000 
7,000 
90,000 
5,000 

year 2 
1981 

$ 

4,858 
2,990 
20,404 

I ::: Secretary (0.5 mo./yr.) 

year 3 
1982 

$ 

5,295 
3,259 
22,241 

68 7 
415 

29,359 

3,123 

15,696 
26,160 

12,000 

86,333 

B. Subtotal 

C. Fringe Benefits 
10.64% of B 

D. Post docslgraduate stu. 
3 grad. students 
(36 mos./yr.) 
2post doc. (24 mos./yr.) 

E. Hourly @ $4/hr. 

I?. Total B, C, D, E 

11. Equipment 
electric autoclave 
laminar flow hoods 
shaking machines 
New Brunswick fermentors 
pH meter, Mettler balance 

749 
452 

31,996 

3,404 

17,108 
28,514 

13,500 

94,522 

26,932 

2,865 

14,400 
24,000 

12,000 

80,197 

25,000 
8,000 
7,000 
90,000 
5,000 



- 

- --  

BUDGET ITEM 

111. Supplies  

IV . Travel 

V .  ~ r i n t i n ~ / ~ u b l i c a t i o ~ ~ / ~ l a i l i n g  

/Public  Awareness A c t i v i t i e s  

VI. Total  Direct Costs 

VII. Indirect  Costs (78% of  I .F . )  

VIII.  TOTAL COSTS 

year 1 
1980 

25,000 

5,000 

5,000 

250,197 

62,554 

312,751 

year 2 
1981 

25,000 

5,000 

5,000 

121,333 

67,340 

188,673 

year 5 
1984 

30,000 

10,000 

6,000 

146,634 

78,495 

225,129 

TOTAL 
1980 -84 

135,000 

35,000 

28,000 

796,42 4 

361,472 

1,157,896 

year 3 
1982 

25,000 

7,000 

6,000 

132,522 

73,727 

206,247 

year 4 
1983 

30,000 

8,000 

6,000 

145,738 

79,356 

225,094 



Figure  (1) Mutant S e l e c t i o n  Flow Chart 

popula t ion  of non-NaC1 t o l e r a n t  
c u l t u r e d  c e l l s  ( c a l l u s  o r  suspension) 

800 ppm NaCl t o l e r a n t  c u l t u r e  - p l a n t  greenhouse 
r egenera t  ion tes t i n &  

stress s e l e c t i o n  i n  1600 pprn 

1600 ppm NaCl t o l e r a n t  c u l t u r e  - p l a n t  greenhouse 

I r egenera t ion  t e s t i n g  

stress s e l z c t i o n  in 2400 pprn 

2400 ppm NaCl t o l e r a n t  culture- p l a n t  greenhouse 

I r egenera t ion  t e s t i n g  

I s t r e s s  s e l e c t i o n  i n  3200 pprn 

i 
200 ppm NaCl t o l e r a n t  c u l t u r e  - p l a n t  greenhouse 

r egenera t  ion  t e s t i n g  

stress s e l e c t i o n  i n  4000 ppm 

4000 ppm NaCl t o l e r a n t  culture- p l a n t  greenhouse 
regenera t  ion  t e s t i n g  

stress s e l e c t i o n  i n  4800 pprn 

4800 ppm NaCl t o l e r a n t  culture- p l a n t  greenhouse 

I regenera t ion  t e s t i n g  



PROJECT DESIGN SUMMARY Llfa ot Project: 

LOGICAL FRAMEWORK 

- -- 
NARRATIVE SIJMMARY'----- - -- - - . . - - - - - - .- - - - 

Prograln or Soctor Goal. l l l a  b1odd.r objac~~va to 
whIc11 tlllr pojacl cuntr~buta.: 

I .  To iraiprove Ll~c  e f f  i c i e n c y  o f  food 
prodrrci lor, wl t l ~  devel<)piu& n e t  ions  
Llirouglr lucredried t r i l l  l z a t i o ~ r  of land 
l e s u r ~ r c e e ,  e e p e c l a l l y  by growiug crop 
v a r i e ~ l e e  more s u i t e d  t o  t l ~ e  p r e v a i l i n g  
e r ~ v i r o ~ l ~ n e n t  s  . 

- - 
Rojact Purwsa: 

1 .  'Eo t e a t  idle u a r  of t i s s u e  c u l t u r e  
a s  a  teelrniquu t o  udd s t r e s s  t o l e r a ~ l c e  
c11a racLcr l s t i c s  t o  w l~eu t ,  r i c e  and 
l l i i l l e t .  

. .. . ~.~ 

Outputs: 

1 .  Ulreat v a r l e L y ( s )  t o l e r e n t  t o  atilt, 
nluu~~L~~uia  t o x i c i i y ,  drout;ht and h igh  

b tuuipcra ture .  
2 .  Klcr v d r i a i y ( a )  to1ern11t t o  s a l t  
a11d ~ ~ U I I I L I I U I I I  t o x i c  LLy. 
3. MilleL v d r i e t y ( s )  L o l r l a ~ l t  t o  n a l t  
a11d droug11L. 
4.  1.iokages bri~ween t i s s u e  cu l t t r r e  l a b s  
and wol l d u i d a  p1a11t breed 1 ng peraoarrcl .  

---.~-~ .~ ~. - . ~-~ ~- --- -~ -. . 

Ir~pu~r: 
1. Expert  i n e  and f u c i l i t l e s  ~ I I  t is lsue 
c111ture b r a r d l ~ ~ g  a t  Colorado S t a t e  
l luivern lLy. 
2.  E x p e r t i s e  i n  p l a u t  b x e e d l ~ ~ g  a t  Lhe 
CSII. 
3. l 'lryaical p l a r ~ t t ,  arld nd rn iu l s t rd t ive  

a t a f  t n  a t  CSIJ. 
4. Y l ~ ~ i ~ n c i u l  t i l~ l , po r~  from A.1.L.. 

1. G r e a t e r  use of uurrginal l rndn 
wit11 nliuilnr~m inputa .  
2.  l l l g l ~ e r  c rop  y i e l d s  j.n nlarglnal 
l ands .  
3. I ~ r c r e a s e d  food p roduc t ion  i n  t h e  
developing n a t  io118. 

.I. 

I Corditionr that will ir~diate purpose 
achieved: End ot project rtatur. 

1. C e l l  c i ~ l i u r e s  t o l e r a r r t  t o  t h e  
va r ioua  a t r e a s e a .  
2. Regenerated p l a n t s  from t h e a e  
c u l t u r e s .  
3. Creenl~ouae  t e s t i n g  of t h e a e  
p l a u t a  f o r  s t r e s s  t o l e r u n c a  and 
l ~ l l ~ r r i t a b i l  i t y  o f  s t r e s s  r e s i s t a n c e .  
4.  F i e l d  t e a t l a g  of t h e  r e a i s t a n t  
p l a n t s .  

1. At l e a a t  one wheat v a r i e t y  
t o l e r a r ~ t  t o  s a l t ,  a lu~ i i i nu~a  t o x i c i t y ,  
drought  and I~iglr  trlllperutrlre r e s -  
pec t ive ly ,  released t o  IAltCs and 
NARCS f o r  t e s t i n g  aud use.  
2. At l e a a t  one r i c e  v a r i e t y  t o l e -  
r a n t  t o  s a l t  and alur~minum t o x i c i t y  
r r l e a a e d  t o  IhKCs and NAI1Cs. 
3. At l e i r s t  one iliil'let v d r i e t y  t o l e -  
r a n t  t o  s a l t  and d r o u g l ~ t  r e l e a s e d  t o  
IARCa and ~NAKsa. a s y e  4 below. 

~ ~ - -~ -- -- ~ - ~- 

Irn1~lrn1e111atior, Targel (Type aand~ua~~tity) 
1. P r o j e c t  approved by lUC - 
Jauuury  1980. 
2. P r o j e c t  funded by ALI)/iSTC - 
k r c l r  1980. 
3. S t a f f  and Y u c l l i t l e s  i r ~  p l a c e  - 
June 1980. 

* 4. Li~dcages wit11 CIMMYI', I R K I ,  
iCKISAT and a t  l e a s t  3 naticinnl 
a g r i c u l t i ~ r a l  retieurslr ceotel-a (IARCs) 

- -- - - - - - - - - 
MEANS OF VERIFICATION 

- -- - - 

1. Covernlr~ent r eco rds .  
2. Spot c l ~ e c k i n g  f o r  u se  of a r e a s  and 
c rop  y i e l d e .  

1. I n t e r n a t i o n a l  c e n t e r s  and n a t i o n a l  
c e n t e r s  s t a r t  u s i n g  t h e  t i s s u e  c u l t u r e  
t e c h ~ r i q u e  i n  t h e i r  b reed ing  p r o g r a m .  

1. Labora to ry ,  greenhouse,  and f i e l d -  
t e s t i n g  progreaa  r e p o r t s .  
2. On a i t e  v i s i t s .  
3. S c i e n t i f i c  p u b l i c a t i o n s .  
4. V e r i f i c a t i o o  from IAItCa & NARCs. 

1. Annual r e p o r t s .  
2. 011-site v i s i t s .  
3. Techn ica l  p u b l i c a t  ions .  
4. Reporta t o  i u t e r e a t e d  breeders .  
5. Coopera t ion  w i t h  i n t e r e s t e d  . 
breeders .  

FrornFY-1YLUL toFY 1984 
Total U S. Funcliw 
Date Prepared: i0/% - -  

IMPORTANT ASSUMPTIONS 
-- - - -- .- .- - -- - - --- 

Anumptiol~s for ed~ievic~g god tarrjots: 
-- 

11. A.I.D. end developing n a t i o n ~  
view p l a n t  breeding For a t r e a a  
r e s i a t a ~ l c e  a s  an illiportant a l t e r -  
n a t i v e  t o  ene rgy - in t ena ive  a y r i -  
c u l t u r e  i nvo lv ing  e n v i r o ~ m e n t a l  
~ ~ i o d i f l c a t i o ~ ~ .  

1. T i s s u e  c u l t u r e  technology is 
now s u f f i c i e n t l y  developed t o  make 
a practical c o n t r i b u t i o n  t o  p l a n t  
breeding.  

. . . - - - -. 
Assumptions for achievinp outputs: 
1. S p e c i f l c  ou tpu t8  and aaseaanrenta 
of a n t i c i p a t e d  t ec l rn i ca l  probleine 
a r e  no t  unaur~nountahle .  
2 .  P a s t  p rog resa  r a t e s  a r e  i n d i c a -  
t i v e  of f u t u r e  r a t e s .  

- - -- 
Arrumptmns for providinp inputs: 
1. Q u a l i f i e d  i n v e a t i g a t o r s  and 

!z 
t e c h n i c a l  s t a f f  c o n t i r ~ u e  witlr p r o -  * 
j e e t .  
2 .  IAHC p e r e o ~ l n e l  a r e  i n t e r e s t e d  
i n  t i a s u e  c u l t u r e  i n p u t .  
3. U n i v e r s i t y  suppor t  i a  fo r t l r -  
coming. 
4.  A.I.D. suppor t  and ~ n o n i t o r i n g  
provided. 
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We have obtained NaC1-tolerant cell l i n e s  by exposing tobacco cell sus- 
pensions to increasing l eve l s  of NaC1. Tolerance to 8.8 g/l NaCl is the 
maximum obtainable in c e l l  suspensions. Normal l i n e s  a r e  to le ran t  to 
about 1.6 g/l  NaC1. Plants  regenerated from r e s i s t a n t  cell l i n e s  trans- 
m i t  tolerance to two subsequent generations. The l eve l  of NaC1-resis- 
tance in regenerated p lan ts  is higher than t h a t  of cell  cul tures .  Few 
nontolerant F2 plants  survive watering w i t h  solut ions  containing more 
than 15.4 g/l NaCl whereas most to le ran t  p lan ts  survive 33.4 g/ l  NaC1. 

Introduction 

The prospects of u t i l i z i n g  t i s sue  cu l ture  t o  increase food production a r e  
br ight ,  but depend on d m n s t r a t i o n s  t h a t  ag r i cu l tu ra l ly  desirable  t r a i t s ,  
se lected in cell cul tures ,  persist i n  regenerated p lan ts  and a r e  inher i t -  
able.  Carlson (1973) has shown persistence and i n h e r i t a b i l i t y  f o r  m e t -  
hionine-sulfoximine (MSO) res is tance i n  tobacco. MSO causes e f f e c t s  
much l i k e  those of the toxin causing tobacco wi ldf i re  disease.  Chaleff 
and Parsons (1978) have provided a s imi la r  d m n s t r a t i o n  f o r  herbicide 
(picloram) resistance i n  tobacco. Gengenbach e t  al. (1977) have shown 
resis tance to Helminthosprium toxin i n  corn. 

Specific ion tox ic i ty  i n  soil and water is probably the l a r g e s t  s ingle  
environmental fac tor  r e s t r i c t i ng  agr icu l tura l  production. In par t icu la r ,  
Na+ tox ic i ty  current ly  a f f ec t s  50% of the i r r i ga t ed  land in  the western 
United S ta tes  and r e s t r i c t s  crop production on 25% of this land (Wadleigh, 
1968). Casey (1972) c i t e s  estimates t h a t  33% of i r r i ga t ed  land world- 
wide is salt-affected.  H e  questions the usefulness of i r r i ga t ion  schemes 
in general and suggests t ha t  breeding f o r  salt tolerance is highly desir -  
able.  W e  believe this to be the f i r s t  report  t h a t  NaCl res is tance ob- 
tained in cultured cells is retained and inherited by subsequent genera- 
t ions  of regenerated plants .  

Materials and Methods 

Cultured cell l i n e s  of Nicotiana tabacum var. Samson r e s i s t a n t  t o  various 
l eve l s  of NaCl were obtained a s  previously reported ( N a b o r s  e t  al., 1975). 
Both spontaneous and induced (using e thy l  methane sulphonate) l i n e s  have 
k e n  obtained. Populations of 10 mil l ion cells contain sa l t - to le ran t  cells 
in about 90% of cases tested.  Thus the spontaneous mutation r a t e  would be 
not less than 1 x lo-! per s i x  months ( t he  time required to obtain  a c e l l  
suspension before se lec t ion  begins). W e  have now produced l i n e s  r e s i s t a n t  
to as much as 8.8 g/ l  NaC1. Resistance t o  higher l e v e l s  is not obtainable 
in our system. Shoots were regenerated f r m  both NaC1-tolerant and NaC1- 
sens i t ive  cu l tures  by placing cell suspension a l iquots  on so l id  regenera- 
t ion medium. Our regeneration medium cons is t s  of Linsmaier and S k q ' s  
(1965) basic  medium supplemented w i t h  0.5 q/l kinet in .  Shoot regenera- 
t ion is noticeably r e s t r i c t ed  on medium containing NaC1. Shoots were 



rooted by t ransfer  to an ident ical  medium t h a t  contained i n  addit ion 
e i t h e r  5 or 10 q/l indoleacetic acid (IAA). Reducing the l eve l  of major 
salts to half  or tenth normal does not p r m t e  rooting i n  our system. 
Again, rooting is noticeably less vigorous in  NaC1-containing m e d i u m .  

Regenerated p lan ts  were r a v e d  f m  cu l ture  v i a l s ,  potted i n  s o i l ,  and 
hardened in  the l ab  f o r  several  weeks before t r ans fe r  to the greenhouse. 
Three groups of p lan ts  were used: (1) Plants regenerated from NaC1-sen- 
s i t i v e  cu l tures  and watered w i t h  solut ions  containing no s a l t ;  ( 2 )  NaCl 
to le ran t  plants  selected frcin cu l tures  to le ran t  t o  6.4 g/l NaC1, regene- 
rated in the presence of NaC1, and watered w i t h  solut ions  containing the 
same l eve l  of salt; ( 3 )  Plants  l i k e  those i n  group 2 but regenerated and 
rooted i n  m e d i u m  containing no s a l t .  Seeds f m  each group were col lected 
and planted to obtain the F1 generation. F1 plants  were potted i n  soil 
in 4 inch pots  and groups were watered w i t h  various concentrations of s a l t  
water containing frcin 0.0 to 19.0 g/l NaC1. When it became apparent t h a t  
the tolerance of whole plants  was considerably higher than the tolerance 
of cultured cells, the concentrations of the watering solut ions  were 
adjusted upwards to contain f ran  0.0 to 32.8 g/l NaC1. 

Results and Discussion 

Plant survival r a t e s  a t  13 weeks a t  two l eve l s  of NaCl a r e  shown i n  Table 
1. Seeds £ran the three groups of F1 p lan ts  were col lected whenever p- 
sib le .  Flowering and seed set a re  considerably more sens i t i ve  to NaCl 
than plant  survival ,  so seeds were not obtained from a l l  p lants .  Seeds 
frcin F1 plants  of the three groups watered with a sa l t - f ree  solut ion were 
planted to obtain the F2. Groups of F2 p lan ts  were sal t -s t ressed a t  vari- 
ous l eve l s  as for  the  F1. Data a t  two leve ls  of NaCl a r e  shown i n  Table 
1. 

O u r  r e s u l t s  demns t r a t e  persistence of tissue-culture-selected NaCl resis- 
tance in p lan t s  one and two generations beyond regeneration. Since w e  
have been able to re a ted ly  select spontaneous NaC1-tolerant cell l i n e s  P £ran cu l tures  of 10 diploid cells w e  believe the res i s tance  r e s u l t s  f m  
a dominant or co-dominant allele. Given typical  eukaryotic mutation r a t e s  
of Ix 10'~ ( f o r  spec i f i c  phenotypic changes [StrickSerger, 19681) to 
1 x 10-9 ( f o r  changes i n  spec i f i c  DNA bases [Vcqel, 19701 ) , the  probabi l i ty  
of obtaining two o r  possibly four (s ince tobacco is an a l lo te t rap lo id  
[Smith, 19681) recessive alleles in the same cell is vanishingly small. 

I f  a s ing le  dominant a l l e l e  is responsible f o r  the  observed salt tolerance 
a 3:l  r a t i o  of to le ran t  to sens i t ive  plants  would be expected i n  the  F1 
assuming the parent p lan t  (regenerated f m  a sa l t - to le ran t  cell cu l tu re )  
w a s  d iploid and heterozygous. Continued s e l f - f e r t i l i z a t i o n  would lead to 
an increasing proportion of b t h  sal t -sensi t ive  and sa l t - t o l e r an t  hmzy-  
gotes. This assws t h a t  seeds fo r  each succeeding generation were col- 
lected £ran non-stressed p lan ts  so t h a t  both sa l t - sens i t ive  and salt- tole- 
ran t  p lan ts  survived. Data of our F1 and F2 generations (Table 1) support 
nei ther  t h i s  h y p t h e s i s  a t  the 95% l eve l  nor a s imi la r  hypothesis based 
on a te t rap lo id  parent. 



This kind of g e n e t i c  a n a l y s i s  probably does no t  apply  to  s a l t  t o l e rance  i n  
these p l a n t s  f o r  two reasons. F i r s t ,  the ratio o f  hea l thy  to  non-healthy 
(or dead to a l i v e )  p l a n t s  f o r  any s a l t - s e n s i t i v e  or s a l t - t o l e r a n t  popula- 
t i o n  is dependent on (1) stress l e v e l  and ( 2 )  d u r a t i o n  of stress a s  w e l l  
as g e n e t i c  f a c t o r s .  Second, our  method of  stress s e l e c t i o n  involves 
a p p l i c a t i o n  of high salt l e v e l s  to  populat ions of 10 m i l l i o n  cells. This  
l e a d s  to a period of no growth followed by slow adap ta t ion  of  the c u l t u r e  
to  the stress, presumably ( b u t  no t  n e c e s s a r i l y )  by growth and d i v i s i o n  of 
t h e  few n a t u r a l l y  occurr ing  NaC1-resistant cells i n  the populat ion.  Fol- 
lowing a resumption o f  nonnal or near  nonnal growth rates even higher  
stress is applied.  Tnus, a stepwise s e l e c t i o n  p a t t e r n  of  stress appl ica-  
t i o n  and accommodation r e s u l t s .  Because o f  this p a t t e r n  o u r  mutants may 
wel l  be m u l t i a l l e l i c  or mult igenic and no t  s u i t a b l e  f o r  a Mendelian-based 
a n a l y s i s  of  inher i tance .  Backcrosses and o t h e r  F1 and F2 crosses are 
k i n g  made to provide f u r t h e r  d a t a  on the inher i t ance  p a t t e r n .  

T W  l i n e s  of  evidence i n d i c a t e  that phenotype p e r s i s t e n c e  is i n  scene man- 
ner  dependent on or enhanced by the presence of NaC1. F i r s t ,  Table 1 
shows t h a t  p l a n t  l i n e s  derived f r m  NaC1-tolerant cell c u l t u r e s  a r e  notice-  
a b l y  less t o l e r a n t  i f  salt w a s  m i t t e d  during the o r i g i n a l  regenera t ion  
process. Th i s  m i s s i o n  was made a s  noted e a r l i e r  to  improve regenera t ion  
and root ing  r a t e s .  The observat ion  could be explained i f  d i f f e r e n t  muta- 
t i o n s  are involved i n  each p l a n t  l i n e .  Th i s  i n t e r p r e t a t i o n  is supported 
by t h e  f a c t  t h a t  under s a l t  stress the two l i n e s  have somewhat d i f f e r i n g  
morphologies w i t h  one being more canpact i n  growth h a b i t  than the o the r .  

Second, F2 p l a n t s  are not iceably  more salt t o l e r a n t  i f  seeds are c o l l e c t e d  
f r m  F1 p l a n t s  t h a t  were exposed to sal t  ( d a t a  n o t  shown). Th i s  observa- 
t i o n  cannot be explained by d i f f e r e n t  mutat ions s i n c e  o n l y  one p l a n t  l i n e  
is involved. The r e s u l t s  could be explained i n  one of  s e v e r a l  ways. (1) 
Fur ther  s e l e c t i o n ,  f o r  pol len  with even h igher  salt to le rance  f o r  example, 
could have occured i n  F1 p lan t s .  ( 2 )  A high reve r se  mutat ion r a t e  could 
b? promoted by the  absence of NaC1. ( 3 )  The F 1  p l a n t s  could be chimer ica l ,  
canposed of salt-tolerant and s a l t - s e n s i t i v e  cells. Thus s e l e c t i o n  would 
still occur in F1 p l a n t s  e x p s e d  to salt. This explanat ion  seems un l ike ly  
to us  s i n c e  the s a l t - t o l e r a n t  cell l i n e s  which gave rise to  p a r e n t a l  p l a n t s  
were e x p s e d  to high salt  l e v e l s  f o r  almost a y e a r  p r i o r  to regenera t ion .  
A f t e r  t h i s  per iod  of  s e l e c t i o n  all cells i n  the c u l t u r e  should have been 
s a l t - t o l e r a n t .  ( 4 )  Both observat ions  could be explained i f  t h e  observed 
salt to le rance  were n o t  g e n e t i c  bu t  the  r e s u l t  of increased l e v e l s  of a 
p a r t i c u l a r  enzyme or some o t h e r  physio logica l  adap ta t ion  maintained by the 
presence of  NaC1. -- A l t  e t  al. (1978) have repor ted  on such a system invol- 
ving dup l i ca t ion  of a p a r t i c u l a r  gene i n  cu l tu red  animal cell l i n e s ,  
although t h e i r  system does no t  involve regenerated organisms. We consider  
the  f i r s t  and l a s t  p s s i b i l i t i e s  to be mst l i k e l y  and thus  candidates  f o r  
f u t u r e  research.  



Table 1. Survival r a t e  urder high o r  no salt s t r e s s  of sal t - tolerant  and 
non-salt-tolerant tobacco plant l ines  derived from cultured ce l l s .  Plants 
regenerated f m  t i ssue  cultures were designated the parental generation 
( P )  and were selfed t o  obtain the F1 generation. The F1 plants  of each 
group i? the 0 g/l NaCl column were selfed t o  obtain the F2 generation. 
F1 had 43 plants per group. F2 had 20. 

% a l ive  a f t e r  13 weeks 

Watering solution Watering solution 

26.2 g/l NaCl 0 g/i NaCl 29.8 g/l NaCl 0 g/l NaCl 

Original culture #l 65 100 100 
res is tant  to NaCl (selfed t o  
w i t h  NaCl continu prcduce F2 
a l l y  present 

Original culture # 2  3 5 100 90 
res is tant  to NaCl (selfed t o  
with NaCl not produce F2) 
present during 
regeneration 

Original culture #3 20 100 15 
not res is tant  t o  (selfed t o  
NaCl prcduce F2) 

Our findings tha t  NaC1-resistant c e l l  l ines  give r i s e  t o  plants  tha t  trans- 
m i t  resistance t o  future generations has many potent ial  pract ical  implica- 
tions. Incorporation of Na+ tolerance is desirable i n  many cul t ivars  of 
crop plants,  part icular ly those grown in  ar id ,  i r r igated regions with s a l t  
accumulation problems. Utilizing typical f i e ld  selection techniques, s a l t  
tolerance is time and s p c e  consuming as  w e l l  as expensive t o  obtain. The 
time-space ccmpressibility and the selection speci f ic i ty  inherent in  tis- 
sue culture techniques when used in conjunction w i t h  t radi t ional  methods 
should remarkably improve the efficiency of the plant  breeding process. 
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Attachment 2 

Equipment Need for the Tissue Culture Project 

Now 
To purchase Available at CSU 

Items Purpose #Pieces Total Cost 1f pieces 
($,OOO) . .  - 

(a) Electric Autoclave Sterilize Medium 1 25 1 
and equipment 

( b )  Laminar Flow Hood Provide sterilized 3 8 
Area 

(c) Shaking Machines Preparing and 4 7 
maintain culture 

(d) Fermenters Provide Continuous 8 
Environments for 
growing cells 

(e) pH meter & Balance Adjusting acidity 1+1 
of medium and 
weighing chemicals 

67 2 (Small) 

If the project proposal is approved and funded, CSU will provide a separate 
laboratory for the studies. At that time from among the items listed in 
the column - "Available at CSU", only item (a) will not be moved to the 
new facility. This item (electric autoclave) is used by twenty(20) other 
teachers in the Department. Thus the studies will be severely handicapped 
without another electric autoclave. Items (D), (c) and (e) are occasionally 
used for teaching purposes by the department staff (labs/classes) and are 
removed as needed. Thus an independent supply of these items is needed. 
Item (dl, the two small fermenters, are extremely inadequate for the pro- 
ject studies. 

Additional fermenters(8) can possibly be substituted by additional shaking 
machines and additional technician time. Over a five year's period the 
substitution cost of equipment and time is estimated to be $14,000 per 
fermenter. Thus the substitution cost will be about $45,000 over the 
cost of the fermenters. 

Thus items (a) to (e) listed under the column, "To purchase" are needed and 
are justifiable for efficient progress of the project. 



SUBJECT: Official Minutes of the DSB Project Committee Review Xeeting 
on, "Utilization of Tissue Culture to Increase Food Production", 
May 29, 1979. 

The subject minutes are attached for your files. 
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T. Gill 
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. I + Yinutes of the DSB Project Review Yeeting on the "Utilization of Tissue 
Culture to Increase Food Production" 

DAA/Ds/FN, Xr. Tony Babb chaired the review which was held on Yay 29, 1979. 
The following participants attended the review: 

DAA/DS/FY, Tony Sabb, Chairman 
PPC/ZD, Doug Caton 
PPC/PB, Art Silver 
XSIX/TR, Xary Aloyse Doyle 
NE/TECH/.U, Worth Fitzgerald 
LAC/DR/RD, C. Blair .Ulen 
DS/PO/RES, Mike Rechcigl 
DS/PO/RES, G. H. Selt 
DS/AGR, Dean Petersoa 

Floyd Williams 
Keith Byergo 
Gil Corey 
Te jpal Gill 
Yary Hozynski 

The minutes of the TPCA sub-committee were distributed and Yr. Babb asked 
if there were any additional written comments. There were none. Dr. Corey 
opened the aeeting by describing the project proposal. He stated that the 
proposal had been received in November from the Departsent of Botany and 
Plant Pathology, Colorado State University and had already gone through 
several stages of review. It had been reviewed internally by the scientists 
in DS/AGR, had been sent to 4 International Agricultural Xesearch Centers, 
and had been discussed with the 4 Regional Bureaus. Dr. Gill stated that as s 
result of the original reviews and suggestions the proposal had been revised 
by Colorado State University and the scope scaled dokn. 

On Yay 22, 1979, the sub-committee for Soils Xanagement had reviewed the 
project statement based on the revised proposal and had sade several recommend- 
ations which are included in the minutes. 

The 4 International Agricultural Research Centers who reviewed the proposal 
are: IITX, C U T ,  ILPI, and CIP. Yr. Babb questioned why the proposal had 
not been sent to C I W T  for its reaction. Dr. Williams stated that C I M T  
does not have plant physiologists in the specific areas required for the re- 
view. Dr. William indicated that it would be some time before the products 
of the project will need to be tested by the International Centers and deve- 
lopiag countries. 

There followed a general discussion on the project design and the need to 
revise the project 2aper. Yr. Fitzgerald stated that the purpose of the 
project must be obtainable within the scope set forth in the ?aper and that 
the outputs nust be something that can be achieved. Dr. Williams statsd that 
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I the purpose of the project should be: 1) to tsst the hypothesis that 

cultivars of wheat and rice that are tolerant to relatively high levels 
of sodium and aluminum can be developed by selecting tolerant cells from 
diploid somatic cell cultures and regenerating normal, but tolerant plants 
from them; and 2) to develop techniques that will allow the regeneration of 
nornal maize, sorghum, millet and cowpea plants from single diplois somatic 
cells (or callus tissue). 

Ys. Doyle stated that the project appeared to be basic research and that 
it should be funded by ISTC. 

Dr. Williams stated that the wheat lines could be obtained from C I W T  
and could be tested for tolerance to stresses, etc. The method used 
in Tobacco could be applied to other crops. 

Dr. Rechcigl stated that the contractor should be allowed the flexibility 
to work at its own pace. This process is a proven method for speeding up 
the process to test aluminum toxicity in certain grains. 

Xr. Fitzgerald stated that he was for the project, but the project paper 
did not describe clearly what should be accomplished under the project. 

In response to a question about the views of the crops scientists, Yr. 
ayergo stated that DS/.~GR/FCP enthusiastically endorsed the project. 

Dr. Caton stated that he questioned vhether the problem xas being addressed 
in the proper perspective or should DS/AGR be funding alternative nethods 
of increasing crop production; i.e., utilization of alternative soils or 
using existing techniques. This project is a long tern undertaking and 
costing $2.0 million; shouldn't the funds be used for a short-term under- 
taking which has been proven successful. In 3razi1, North Carolina Stat2 
University has been trsating aluminum toxicity in Brazil for-over 12 years 
and has been unable to nove the results into C~ntral Africa alihough they 
should be applicabls thers. 

Dr. Gill stated that to solve the aluminum toxicity problem XCSU was usins 
the technique of adding line to the soil. Lime is expensive to apply and 
the roots go only up to the line level. Lime is not always available to 
the farmers. Brazilian iamers need plants that are tolerant to aluminun 
toxicity and this project will give the plant breeders a new tool to obtain 
such material. 

Dr. Gill stated that the tissue culture method speeds up the grocess for 
obtaining ?lane strains that are tolerant to aluminun toxicity and ocher soil 
stresses. The nethod has not been pushed in the U.S. because we ars not usins 
zaarginal lands but poor fanners in LDCs are plagued with poor soils. The 3SD.I 
has proposed initial tissue culture studias on some crops within their own shop. 
Work is being done by the Universities of California and Oregon and i n  Cznada 
Canada, but these are relatively small. 
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__. Dr. Caton s t a t e d  t h a t  h e  would f a v o r  a  s m a l l  p i l o t  p r o j e c t  i n  wheat and 

r ice.  Dr. Williams s t a t e d  t h a t  t h e  budge t  s h o u l d  be  looked a t  v e r y  c l o s e l y  
a s  t h e r e  were c e r t a i n  i t e m s ,  equ ipment ,  and l e v e l  of p e r s o n n e l  which may 
no t  be n e c e s s a r y .  Y r .  Babb i n d i c a t e d  t h a t  he  thought  t h a t  t h e  budge t  was 
h i g h .  

H r .  A l l e n  e x p r e s s e d  t h e  view t h a t  t h e  p r o j e c t  appeared  t o  be h i g h  r i s k  and 
t h e r e  were  v a r y i n g  views on t h e  p r o b a b i l i t y  of chance  f o r  s u c c e s s .  

H r .  Babb q u e s t i o n e d  what t h e  r e a c t i o n  was t o  r e d u c i n g  t h e  number of 
c r o p s  t o  2 .  D r .  G i l l  r e p l i e d  t h a t  w h i l e  any l e v e l  of a c t i v i t y  c a n  be 
proposed and p e r h a p s  be worked a t ,  a  c r i t i c a l  mass i s  e s s e n t i a l  f o r  
any a c t i v i t y  t o  be e f f e c t i v e .  The l e v e l  o f  t h e  s c o p e  of work a s  i n d i c a t e d  
i n  t h e  p r o j e c t  s t a t e m e n t  r e g a r d i n g  t h e  number of c r o p s  and t h e  s t r e s s  
s i t u a t i o n s  f o r  s t u d y  a r e  based od t h e  s u g g e s t i o n s  o b t a i n e d  from r e v i e w s  
w i t h i n  DS/AGR, Regiona l  Bureaus  and t h e  I n t e r 2 a t i o n a l  C e n t e r s .  I t  i s  
h i s  c o n s i d e r e d  o p i n i o n  t h a t  t h e  p r e s e n t  s c o p e  of work i s  j u s t  a b o u t  r i g h t .  
T h i s  p r o j e c t  w i l l  b e n e f i t  U.S. a s  w e l l  a s  t h e  LDCs. 

Dr. G i l l  s u g g e s t e d  t h a t  t h e  main o b j e c t i v e  of t h e  p r o j e c t  i s  - n o t  t o  pro-  
duce ,  p e r  s e ,  s t r e s s  t o l e r a n t  s t r a i n  ( w h e t h e r  one o r  t s n )  of one c r o p  o r  
a n o t h e r ,  b u t  r a t h e r  f i l l  a n  e d u c a t i o n a l  need ( f a m i l i a r i z a t i o n )  of p l a n t  
and s o i l  s c i e n t i s t s ,  on a  world-wide b a s i s ,  t h e  p o t e n t i a l  and problems of 
a  new t o o l  t h a t  c a n  s e l e c t  d e s i r a b l e  germ plasm a t  t h e  c e l l u l a r  l e v e l  wich 
a  c o n s i d e r a b l e  e f f i c i e n c y .  Crops i n c l u d e d  a r e  more a s  t e s t  c r o p s .  S t r e s s  
t o l e r a n t  s t r a i n s  produced a r e  more a s  by-produc t s .  To expose  and c o n v i n c e  
p e o p l e  w i t h  a  new, p romis ing  t o o l  t h e  p r o j e c t  must i n c l u d e  s t u d i e s  of vary- 
i n g  l e v e l s  of c o m p l i c a t i o n s .  T h i s  i s  why t h e  p r o j e c t  i s  d e s i g n e d  t h e  way 
i t  has  been.  

I n  summary, s t r e s s  r e s i s t a n t  s t r a i n s  of wheat and r i c e  might be deve loped  
f a i r l y  soon b e c a u s e  r e g e n e r a t i o n  t e c h n i q u e s  a r e  i n  hand. For  m a i z e ,  so rg-  
hums and m i l l e t  r e g e n e r a t i o n  i s  s t i l l  t o  be accompl i shed ,  b u t  s h o u l d  be  
s t r a i g h t  fo rward .  The work on legumes i s  l e s s  w e l l  deve loped .  The d i s -  
c u s s i o n  ranged  around how many of t h e s e  c r o p s  s h o u l d  be i n c l u d e d  and what 
t h e  i n c r s m e n t a l  c o s t  would be t o  add e a c h  c r o p  beyond wheat and r i c e .  

I t  was a g r e e d  t h a t  t h e  p r o p o s a l  h a s  m e r i t  and s h o u l d  be  funded.  However, 
b e f o r e  t h e  p r o j e c t  i s  s u b m i t t e d  t o  t h e  RAC t h e  f o l l o w i n g  a c t i o n s  s h o u l d  
be caken: 

1. The c o n t r a c t o r  i s  t o  be c o n t a c t e d  r e g a r d i n g  t h e  b u d g e t :  

Yeed f o r  a l l  t h e  equipment 

Yeed f o r  t h e  1 0  f u l l  time p e o p l e  

The r e l a t i v e  c o s t  of t e s t i n g  each  c r o p ;  i . e . ,  i f  
soybeans  and lezpmes a r e  d r o p p e d ,  what would be t h e  
s a v i n g s  i a  t h e  budge t .  



2 .  The project paper is to be rewritten to clzarly define the 
purpose and outputs of the project. 

3. Priorities will be identified for the contractor regarding 
the crops to be tested and the methods for plant regeneration 
from tissue culture. 

Yr. Sabb stated that after the revised project paper is prepared and 
reviewed by DSIAGR, the decision would be nade on whether it would be 
necessary to hold another DSB project review meeting. The revised pro- 
ject paper will be distributed to the Regional Bureau represeniatives for 
comment . 




