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I. P ro jec t  S w r y  

A. S t a t i s t i c a l  

P ro jec t  T i t l e :  

New or Extension: 

Contractor:  

U t i l i z a t i o n  of Tissue  Culture to 
Increase  Food Production 

New 

Colorado S t a t e  Universi ty 
Department of  Botany and P lan t  
pathology 
Fort Col l in s ,  Colorado 80523 

Pr inc ipa l  Inves t iga tors :  Dr. Murray W. Nabors 
C e I n v e s t i g a t o r s :  . P. S. Carlson (Mich. St .  Univ.) 

Dr. R. S. Chaleff (Cornell Univ.) 

Duration : About Five Years 

Tbta.1 Estimated Cost (5  

I n i t i a l  Three Years Funding: F i r s t  Year: $471,740 
Second Year: $337,900 
Third Year : $359,000 

P ro jec t  Manager: Dr. T. S. G i l l ,  W/AGR 

B. Graphic 

(i) Possible  Advantages: 

Methodology 

\ (crop Improvement t o o l )  



(ii) Flow of Activities: 
artificial 

Plant tissue- cell multiplication (cloning) 

I ( stress screening ) 

Breedinq t------ Plant 7 Tolerant cells 
program \ 1 Regeneration 

4 
0 r 

Camercial Q 

Standard Germ Plasm 
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Germ Plasm 

Adapted Var. for 
- Farmer Use 

(iv) Out-puts (OP): Scope of work 
a. Methodology for Soil Stress tolerance in: 

+ * 
Rice: Na , Al and GTemp 

+ * 
a Wheat: Na , A1 and H-T.emp 

+ 
Q Sorghum/Nillet: Na and drought 

b. Plant re-generation techniques for 
Corn and cowpeas 

Symbols: IARC: International Agri. Research Centers 
NARC: National Agricultural Research Centers 

CSU: Colorado State University 
rW: Nichigan State University 
CU: Cornell University 

+ 
Na: Sodium 
+t+ 

Al : Aluminum 
GTemp: k m  temperature 
H-Temp: High temperature 



C. Descriptive: 

This proposal p r s u e s  A.I.D. objectives t o  expand the technology 
on management of t rop ica l  soils t o  increase food production. It has one 
;?rincipdl objective: to p m t e  the use of p lant  t i s sue  cul ture  a s  an 
e f f i c i en t  technique to obtain va r i e t i e s  of food crop plants  t ha t  have 
spec i f i c  tolerance to enviornmental stresses. In  the  t rop ica l  and sub- 
t ropical  world, over two b i l l i on  hectares experience stresses such a s  
mineral def ic iencies  or t ox i c i t i e s ,  low and high temperature, drought 
conditions, etc.  

Current approach to help the s i t ua t i on  is to change or amend the  
s o i l  t o  f i t  the p lant  needs or i n  a few instances f i t  the p lan t  t o  the 
enviornment. However, ce r ta in  soil ccnditions e i t h e r  cannot econcanically 
be corrected with the current  technology or a viable  system is not avail-  
able to del iver  an adapted technology to the small farmer i n  LDC. 

Estimate of annual expenditure i n  the  t rop ics  on crop improvement 
and soil management s tudies ,  conservativelyd speaking, is over $120 million. 
Generally these s tud ies  concentrate on producing pest resistant and high 
yielding va r i e t i e s  that a re  bred under adequate s o i l  f e r t i l i t y  and moisture 
conditions. Very l imited attempts have been made to develop va r i e t i e s  t h a t  
can stand adverse soil s i tuat ions .  On the other  hand s tudies  in t h i s  area  
suggest existance of s l i g h t  t o  s ign i f i can t  amount of tolerance among 
va r i e t i e s  f o r  soil stress conditions. Search fo r  such tolerance v i a  world- 
wide col lec t ion of dmest ica ted and wild re la t ives ,  of various crop species, 
however, would be t i m e  consuming and an expensive proposition and may not  
even meet the needs. 

It can be visualized t ha t  the problem of worldwide soil stress 
s i tua t ions  is l a q e  but so is the  potent ia l  benef i t  i f  su i t ab le  solutions 
could be found. It is to t h i s  challenge t h a t  t h i s  project  addresses. It 
is a new approach, an innovative and an inexpensive short-cut to s p d  the 
process of p lant  adaptation to adverse environments. 

The amroach b r i e f l v  s t a ted  is as follows: a arouD of cells a r e  
2 & 

remved frcan a-plant  and cultwed asep t ica l ly  on e i t h e r  soild o r  llsuld 
medium containing re la t ive ly  high l eve l  of an auxic a s  w e l l  a s  standardized 
=centration of ions and vitamins. This encouraqe 
cells ( clones/calluS) . ThG5.l 

?s p o l i f e r a t i o n  of the 
Tus is then turned-into a cell suspension. 

A 100 mls. of the suspension i n  a f l ask  may contain 10 mill ion ceils. 
Selection is a ~ p l i e d  a t  t h i s  the. For example, by increasing salt (sodium 
chloride) l eve l  in the suspension cul ture ,  the salt to le ran t  cells a r e  
selected because t h e i r  growth and cell d ivis ion is favored. Such se lect ion 
?rocedures can rapidly produce the desired l eve l  of tolerance an-ong the 
cells. These cells a r e  regenerated i n to  whole plants .  The tolerance thus 
established is carried genet ica l ly  from one generation t o  another. !?rein 
here on standard procedures of p lant  breeding are followed a s  necessary. 



project  w i l l  develop laboratory methodology 

studied. 

The project  w i l l  be intimately linked w i t h  the internat ional  
and national agr icu l tu ra l  research centers w i t h  regards to germ plasm 
and u t i l i z a t i on  of the technique. 

me project  is expected to l a s t  f i ve  years and w i l l  t r i gge r  the  
u t i l i z a t i on  of t h i s  too l ,  worldwide, f o r  the purpose of crop improvement 
and food production. Simplicity of the technique should help resolve 
loca l  crop adaptation problems. 

11. Project Proposal 

A. - Goal: To improve the eff ic iency of food production i n  the develop- 
ing nations thrcugh increased u t i l i z a t i on  of land resources, especia l ly  by 
growing crop va r i e t i e s  mre suited t o  the prevail ing environments. 

B. Purpose: To promote the u t i l i z a t i on  of t i s sue  cu l tu re  a s  a tech- 
nique to add desired charac te r i s t i c s  in a crop variety-e.g., adaptation to 
adverse environmental conditions. 

C. Objectives: 

1. Tb u t i l i z e  t i s sue  cultu&pmcedures o r  i n i t i a t e  procedural 
devel-nt t o  obtain Na+ to lerant ,  AlG tole ran t ,  t empra tu re  extrenae 
to le ran t ,  and m u q h t  to le ran t  alleles i n  cell l i n e s  of useful cu l t i va r s  
of major food ~ ro~ -~ l an t s - -whea t ,  rice, corn, sorghum, millet, soybeans 
and oowpeas. 

2. Regenerate s t ress- to lerant  p lants  from the cell l i n e s  and 
test these plants  i n  green house and the f i e l d  t o  determine stress l im i t s  
and inheritance pattern.  

3. Help the u t i l i z a t i on  of these stress to le ran t  p lants  i n  the  
national and the internat ional  crop improvement programs. 

D. Benefits: Feeding the  world's population is a much discussed 
problem w i t h  iden t i f i ab le  canponents. These include: 

1. increasing production on current ly  arable  land 
2. brinqinq non-arable land i n to  production - - 

8 3.  dealing w i t h  problems of d i s t r ibu t ion  and storage 
A 

The f i r s t  two problems can be approached e i t h e r  by environmental 
&i f  ica t ion ( f e r t i l i z a t i o n ,  i&igation, use of pes u i s ,  mchanization. 
etc.) or by plant  modification (new plant  va r i e t i e s  w i t h  increased y ie lds  
L_ 



on unmodified e n v i o m n t s ) .  The f i r s t  group of so lu t ions  has worked 
well in already developed nations but is energy-intensive and, therefore,  
frequently of l imited u t i l i t y  i n  daveloping nations. I n  addit ion,  the  
increasingly acute world energy shortage means t h a t  an agr icu l tu re  based 
on enviornmental modification is becaning more cos t ly  f o r  developed 
nations as w e l l .  

Because of r i s i n g  energy cos t s  and decreasing supplies the  f i r s t  
o goals  above can be bes t  achieved by producing p l a n t  v a r i e t i e s  with f high y ie lds  on avai lable  s o i l  and water conditions. Currently u t i l i z e d  

crop v a r i e t i e s  frequently do poorly i n  such conditions. St ress- res is tant  
v a r i e t i e s  would be area  spec i f i c  (e.9. f o r  dry, s a l i n e  s o i l s ;  o r  w e t ,  
ac id ic ,  aluminum-containing s o i l s )  and would increase the  c a p a b i l i t i e s  
of developing nations t o  feed themselves u t i l i z i n g  t h e i r  own resources, 
without overdependence on imported, expensive agr icu l tu ra l  p rac t i ces  and 
inputs. 

Plant  breeders have been qu i t e  successful  over the years i n  
producing new v a r i e t i e s  of p lants  with s p e c i f i c  improved t r a i t s .  Many 
of these improved plants  are themselves dependent on energy-intensive 
agr icu l tu ra l  pract ices.  

Green revolution agr icul ture  uses high energy 
crop production technology, . . . While one may 
not doubt the  s ince r i ty  of the  U.S. e f f o r t  to 
share its agr icu l tu ra l  technology s o  t h a t  the  
rest of the  world can l i v e  and e a t  a s  it does, 
one must be realistic about the  resources 
avai lable  t o  accanplish t h i s  mission. I n  the  
United S ta tes  w e  a r e  currently using an equi- 
va lent  of 80 gallons of gasoline t o  produce an 
acre  of corn. With fue l  shortages and high 
pr ices  to cane, w e  wonder i f  many developing 
nations w i l l  be able t o  afford the  technology 
of U.S. agriculture.1 

Recently breeders have placed increased emphasis 
of v a r i e t i e s  which y ie ld  i n  avai lable  environments 
and a r e  thus e c o m i c a l  users of energy. The 
in ternat ional  p lant  improvement cen te r s  of the  
Consultative Group on International  Agricultural  
Research ( C G M )  a r e  now turning more of their 
over $64 mil l ion yearly budget away from energy- 
intensive green revolution crops and toward" . . . 
developing plant  types and pract ices  t o  benef i t  
the  small farmer, who must operate without the  

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



benef i t  of controlled i r r i g a t i o n  or much help 
f rcan f e r t i l i z e r s  and pes t ic ides .  " 2 

It is conservatively estimated t h a t  p lan t  
breeding programs on major food crop p lan t s  
current ly  cost $200 mil l ion  per year ($50 
mil l ion  i n  the U.S.) and employ 5400 people.3 

An estimated 480 new or improved v a r i e t i e s  a r e  released to growers 
each year a t  a developnent cos t  of  over $400,000 pe r  var ie ty .  Eight to ten 
years breeding research a r e  required per var ie ty .  

I t  is suggested t h a t  the incorporation of  t i s s u e  cu l tu re  techniques 
in to  p lant  breeding programs f o r  stress res is tance  can considerably econcanize 
and expedite the  re lease  of new or improved v a r i e t i e s  to increase focd pro- 
duct ion. 

111. Project  Design and Scope of Work 

A. Experimental design 

Various alleles f o r  res is tance  to soil, water, and environmental 
stresses w i l l  be selected i n  cell cu l tu res  of v a r i e t i e s  of focd crop plants .  
Table 1 sumnarizes the  p lant  species to be used and the  s p e c i f i c  stress 
tolerances to be selected.  For each p l a n t  and stress condition the  following 
procedure w i l l  be u t i l i zed :  

a. Crop v a r i e t i e s  and stress l i m i t s  a r e  se lec ted  by AID and CGIAR 
personnel. Schedule of s tudent  and personnel exchanges between t i s s u e  cu l tu re  
l a b s  a t  CSU, MSU, and Cornell and In ternat ional  Centers is established ( see  
Fig. 1, P. ) .  

b. A c e l l  cu l tu re  is established f o r  each focd crop var ie ty .  

c. C e l l  p ro l i f e ra t ion  occurs u n t i l  a l a rge  population (mil l ions)  
of cul t iva ted  cells is obtained. 

d.  Cultured cells on sol id  medium or i n  l iqu id  suspension a r e  
s t ressed to a l e v e l  which i n h i b i t s  growth of nonnal cells but  favors the 
growth of stress to le ran t  cells. S t ress  condit ions w i l l  be established a s  
follows : 

(1) Na+ or Al* tolerance: Add NaCl  or AlC13 t o  growth 
medium. 4 - 
2 CGIAR, New York, 1976. U.N. Development Programne, One United Nations 

Plaza, New York, N.Y. 10017. 

3 Revised and expanded data  frcin Science and Education i n  Agriculture 
Current Research Information System (CRIS). 



NaCl o r  high molecular 
mwth medium. 

r a t u r e  to lerance  : G r o w  c u l t u r e s  
growth and d i v i s i o n  of non- 

t O 1 e r a n ~ l s b l a n t s  are regenerated im cul tured  cells. 

f .  S t r e s s  to lerance  and inher i tance  of  stress to lerance  a r e  
tes ted  in greenhouse experiments. 

g. S t r e s s  t o l e r a n t  p l a n t s  are f i e l d  t e s t ed  a t  In t e rna t iona l  
Centers. 

h. S t r e s s  t o l e r a n t  v a r i e t i e s  are released t o  growers. 

The proposed research w i l l  cover a f ive-year period. Figure 2 
sumnarizes the  t e n t a t i v e  schedule and accanplishments over  t h a t  time. I n  
general ,  2 years  are required f o r  the  establishment of  mutant cell l i n e s ;  
1 1/2 years  f o r  p l a n t  regeneration, and 1 1/2 years  f o r  greenhouse t e s t ing .  
Work is propxed  or has already begun i n  e s t ab l i sh ing  cell c u l t u r e s  or 
mutant cell l i n e s  f o r  t h e  following plants:  

a.  Wheat. Tissue c u l t u r e  procedures f o r  t h i s  p l a n t  have been 
almost perfected and se lec ted  f o r  NaC1-tolerant s t r a i n s  i n  the  c a l l u s  
s t age  has already begun in Dr. Naborst lab. Greenhouse t e s t i n g  of  p l a n t s  
regenerated from mutant &lls w u l  h-in i n  mid-1979. 

b. - Rice. Dr .  Chalef f ' s  l a b  has considerable exper t i se  i n  the 
t i s s u e  c u l t u r e  of ric'e. n r s  pdedures w i l l  be used t o  e s t a b l i s h  cell l i n e s  
and t o  regenerate p lants .  

c. Soybeans and Cawpeas. Procedures f o r  obtaining c a l l u s  and 
suspension c u l t u r e s  f o r  soybean and cowpa can be considered routine.  The 
present  problem in adapting t i s s u e  cu l tu re  breeding to these p l a n t s  is t h a t  
s u i t a b l e  regenerat ion techniques a r e  still no t  developed. I n  genera l  t h i s  
s i t u a t i o n  e x i s t s  f o r  o t h e r  g ra in  legumes a s  w e l l .  Dr.  Car lson ' s  and Dr.  
N a b o r s t  l a b s  (as w e l l  as others) are now t ry ing  in tens ive ly  t o  resolve  these 

with these p l a n t s  is t h e i r  associa t ion  
with the  root n d u l e  bac ter ia ,  Rhizobium.4 Selec t ion  f o r  increased stress 
to lerance  i n  these  p l a n t s  should be attempted i n  pure and i n  innoculated 
cell c u l t u r e s  s ince  the  symbiotic associa t ion  is a f fec ted  by environmental 
fac tors .  Thus our  work to develop p l a n t  regenerat ion techniques w i l l  
u t i l i z e  both pure and i ~ 0 C u l a t e d  cul tures .  

4 W. R. Scowcrof t and A. H. Gibson. Nitrogen f i x a t i o n  by Rhizhium associated 
with tobacco and cowpea cell cul tures .  Nature 253 : 351-352 (1975). 



d. Corn. The only published regeneration technique for  t h i s  
plant u t i l i z e d x l u s  derived f m  embryos i n  the milk stage. While 
this mthod is qui te  workable it is canplicated. In q)=- s' lab  we 
are currently attempting t o  simplify t issue cul ture  m e t h o s t h i s  
plant by obtaining a successful regeneration procedure from not-derived 
callus. 

e. Sorghum and Millet. Published procedures w i l l  be mcdif ied 
in  our labs and used t o  establish c e l l  l i ne s  and t o  regenerate plants 
f m  these s~ecies. Tissue culture and reseneration methods for  proso 
m i l l e t  (~anicum miliaceum) are  already established and w i l l  be uti l ized.  
Tissue culture ~rocedures  for  foxtai l  m i l l e t  (Setar ia  italics). Dear1 m i l l e t  ~ ~ - -  . 
i~ennisetum gl&cum), arid Japanese m i l l e t  (~&inochloa frumentacea) a r e  not 
developed and w i l l  be established i f  consultation with the International 
~ r e e d h  Centers shows it t o  be a desirable goal of the proposed research. 

In  sumnary, of the plants w e  propose t o  u t i l i z e  for  stress tolerance 
selection,  wheat, m i l l e t ,  rice, corn, and sorghum have a tissue culture 
methodology which is m p l e t e  enough t o  allow the in i t i a t i on  of tissue cul- 
tures  breeding. Selection for  NaCl tolerance is already underway for  wheat 
in Dr .  Naborsf lab. Soybean and cowpeas all lack sui table  procedures for  
regenerating plants f m  cell cultures, and w e  a r e  continuing and proposing 
work to develop such procedures. 



Table 1. Accomplished and Proposed Research 
(parentheses indicate location of proposed work) 



Figure 1 .  Proposed Linkages Between Tissue Culture Research Laboratories 
and CGfhR International Agricultural Research Centers. 
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Figure  2. Timetable f o r  Proposed WbrK Plan 
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B. Research methodologies and techniques. 

The production of mutant p lan t s  by t i s s u e  c u l t u r e  techniques 
can be divided i n t o  four s teps.  

A. production of c a l l u s  or cell suspension c u l t u r e s  of p l a n t  
cells. 

Jb. Select ion of desired mutants. 

,/c. Regeneration of mutant p lan t s  f w  c a l l u s  o r  suspension 
cul tures  . 

Jd. Testing of regenerated p lan t s  i n  the  greenhouse f o r  
phenotype pers is tance  and i n h e r i t a b i l i t y  of the  mutant t r a i t .  

A c a l l u s  is a mass of growing, dividing,  but  undifferentiated 
cells. The production of c a l l u s  can be considered rout ine  f o r  most p lants .  
Typically a d l  sect ion  of stem, root, or cotyledonary t i s s u e  is placed i n  
sterile cu l tu re  on a s o l i d  nu t r i en t  medium containing known concentrat ions 
of sugar, mineral nu t r i en t s ,  and p lan t  The composition 
of the  medium is adjusted t o  s t imula te  of cells. This is 
usually accomplished by using high le encourages cell 
d iv is ion  and growth, but  inh ib i  
a s u f f i c i e n t  w u n t  of c a l l u s  i 
simply by placing c a l l u s  t i s s u e  
ta in ing l iqu id  medium on a gymtory  sh  
shaker d i s rup t s  the  c a l l u s  i n t o  small 
a r e  subcultured when cell dens i ty  rea  

Mutant cells a r e  se lec ted  by exposing cell c u l t u r e s  to 
t h a t  slow or prevent the growth of normal cells. Speci f ic  stress t o l e r a n t  
mutants w i l l  be se lec ted  a s  follows: 

a .  Na+ or Al* tolerance. 

Mutants to le ran t  to these s p e c i f i c  ca t ions  a r e  se lec ted  by 
adding increasing concentrations o r  NaCl or AlC13 to the  medium. Selec t ion  
w i l l  occur i n  a stepwise fashion (Fig. 3 ) .  A t  f i r s t  l o w  l e v e l s  of a pa r t i -  
cu la r  salt a r e  added to a rapidly growing cul ture .  The salt w i l l  tend to 
i n h i b i t  growth and divis ion  of normal, non-tolerant cells while allowing 
or perhaps encouraging grcwth and d iv is ion  of t o l e r a n t  cells. A s ing le  
cu l tu re  w i l l  have mi l l ions  of non-tolerant cells and perhaps only one or 
t w o  individual t o l e r a n t  cells. When the c u l t u r e  reaches maturi ty it is 
sukdivided with some subdivisions placed on medium with higher salt con- 
cent ra t ions  and o the r s  on p lan t  regeneration m e d i u m .  This  process continues 
u n t i l  the  cu l tu res  can no longer successful ly adapt to high l e v e l s  of the 
toxic  ion. As a r e s u l t  of t h i s  technique w e  w i l l  ob ta in  a series of cell 
l i n e s  resistant to higher and higher concentrations of the tox ic  ion. For 
tobacco, wheat, and oats we  have already obtained a series of NaCl r e s i s t a n t  
c e l l  l i nes .  In  t h i s  regard it should be noted t h a t  although a tolerance of 



3000 may be des i red ,  a va r i e ty  with tolerance to 6000 ppn might be 
mre useful  in t e n s  of maximizing p roduc t iv i t l~  a t  the  lower concentration. 

This se lec t ion  process can be ca r r i ed  o u t  i n  any one of 
three manners: 

(1) Mutant cell l i n e s  can be se lec ted  i n  c a l l u s  cu l tu res  
by incorporating the  salt i n t o  the s o l i d  medium. This  se lec t ion  method 
works w e l l  i n  p rac t i ce  although the exact  concentration of salt i n  contac t  
w i t h  ce l lus  t i s s u e  is d i f f i c u l t  to determine accurately.  

( 2 )  Mutant cell l i n e s  can be se lec ted  i n  suspension cu l tu res  
which a r e  subdivided i n t o  new cu l tu re  medium when mature growth is obtained. 
This se lec t ion  system works w e l l ,  and one knows exact ly  the  salt concentra- 
t i o n  to which the cells a r e  exposed. Hawever, frequent  subdivision of the 
cu l tu res  requi res  time and e f f o r t ,  and opening the cu l tu res  allows the 
p o s s i b i l i t y  of bac te r i a l  o r  fungal contamination. 

( 3 )  Mutant cell l i n e s  can be se lec ted  i n  continuous suspension 
cu l tu res  maintained i n  fermentors. I n  this se lec t ion  system new medium with 
increasing l e v e l s  of the se lec t ive  agent is gradually added a t  a r a t e  which 
allows a maximal growth r a t e  to be maintained. A new m e d i u m  is added, sus- 
pension is m v e d  f o r  p lan t  regeneration. This s e l e c t i o n  method requi res  
the most expensive equipment but  is mt s a t i s f a c t o r y  i n  t h a t  technician 
time is minimized, and the cu l tu re  is never exposed to poss ib le  contamination. 

Na+ tox ic i ty  is frequently associated with calcium-deficient 
soils. I t  may 6 u s  be necessary f o r  same environments to obta in  p lan t s  which 
have a heightened ef f ic iency of Ca* uptake a s  w e l l  a s  or i n  place of  Na+ 
resistance.  Such mutants would be selected by exposing cu l tu res  to an ab- 
normally law l e v e l  of Ca*. 

Al* t o x i c i t y  is always associated i n  na ture 'wi th  soils of 
low pH. Even i n  the l a b  chelated Al* solu t ions  may w e l l  lawer c e l l u l a r  
pH after Al* en te r s  the plant .  Thus it might be useful  to select cell 
l i n e s  r e s i s t a n t  to l o w  pH f o r  physiological ccmparisons to those r e s i s t a n t  
to Al*. 

Drought tolerance. 

N a t t o l e r a n t  p lants  a r e  o f t en  drought to le ran t .  This can be 
seen i n  our l i n e s  of N a t t o l e r a n t  tobacco p lan t s  as w e l l  a s  i n  nature. Thus 
N a t r e s i s t a n t  p lan t s  w i l l  also be tested f o r  drought res is tance .  Drought- 
t o l e r a n t  mutants w i l l  also be selected by inhibi t ing  water uptake i n  cultured 
cells. This is a c m p l i s h e d  by lowering the  water po ten t i a l  of the cu l tu re  
medium with increasing ionic  concentrations or by the addi t ion  of a non- 
p n e t r a t i n g  osmticum such as PEG 4000 or dextran. Only mutant cells w i t h  
a lawer than normal water po ten t i a l  w i l l  grow under these conditions. 
Select ion of increasingly drought-tolerant mutants w i l l  be achieved i n  a step- 
wise manner, s imi la r  to the  Na+ and Al* mutant se lec t ion  process. That such 
o s r i o t i c m r e s i s t a n t  cell l i n e s  r e s u l t  i n  drought-tolerant p lan t s  remains to be 
t e s t ed  . 



c. High and lw temperature tolerance. 

These mutants w i l l  be selected by growing cu l tu res  a t  
temperature extremes which re tard  growth and d iv i s ion  of non-tolerant 
cells. 

Once the  d e s i r e s  stress to le ran t  cell l i n e s  have been 
es tabl ished,  p lan t  regeneration w i l l  begin by placing s t ress - to le ran t  
cells on regeneration medium. In general monocots a r e  regenerated by 
removing all hormones from t h e  medium while d i c o t s  a r e  regenerated i n  
a medium containing a high cytokinin to xauxin level .  However, regenera- 
t i o n  media may vary from species to  species, and even from var ie ty  to  
variety.  The regeneration s t ra tegy  is m p l i c a t e d  i f  the  cultured cells 
a r e  themselves producing s ign i f i can t  q u a n t i t i e s  of hormones. Regenera- 
t ion  may take place on one medium, or on a series of media i n  which roo t s  
and shoots a r e  formed sequential ly.  The period of p l a n t  regeneration 
requires approximately 4-6 weeks depending on the  experiment. Following 
t h e  formation of ccnrplete p l a n t l e t s  they a r e  t ransferred  to pots and 
placed in  a control led environment f o r  a period of "hardening" before 
t r a n s f e r  to the  greenhouse. 

In  the  greenhouse, s t ress- to lerant  t r a i t s  w i l l  be tes ted  
f o r  pers is tance  and f o r  i n h e r i t a b i l i t y  pa t t e rn  i n  whole plants .  This is 
accomplished i n  severa l  stages: 

(1) Seeds a r e  collected frcin s t r ess - to le ran t  and ran-stress 
to le ran t  regenerated plants .  

(2 )  The seeds a r e  planted and the  resu l t ing  p lan t s  (F1  
generat ion) a r e  subjected to a graded series of increasing stress. Growth 
r a t e s ,  death r a t e s ,  and other  production indices a r e  recorded. 

( 3 )  Seeds of F1 p lan t s  a r e  col lec ted  and an F2 generation 
is produced and s imi la r ly  tested.  Also, F1 p lan t s  a r e  back crossed t o  
parental  stock. 

( 4 )  In  each test mutant and non-mutant p lan t s  all o r i g i n a l l y  
derived from t i s s u e  cu l tu res  a r e  grown s i d e  by s i d e  f o r  m p a r i s o n .  

Special ?mblems to be encountered w i l l  vary with species 
and stress condition. For example, o a t  cu l tu res  regenerate shoots readi ly  
whereas i n  wheat c a l l u s  buds frequently remain juvenile unless h o m n e  
canposition of the  medium is varied. Regenerated shoots from ne i the r  p lan t  
produce roots readily,  so again medium canposition experiments a r e  i n  order. 
Soybean rapidly  produces c a l l u s  and suspensions, but  regeneration has proven 
elusive.  Sugar beets  produce c a l l u s  and suspensions slowly, and m e d i u m  
canposition is much more critical than f o r  o the r  species. The general pro- 
cess of solving problems of medium m p o s i t i o n  necessary f o r  achieving a 
c e r t a i n  desired product i n  t i s s u e  cu l tu re  w i l l  be approached i n  a manner 
s imi la r  to t h a t  discussed i n  the  following paper. A l a rge  number of media 
a r e  screened i n i t i a l l y .  Those a i c h  appear t o  promote the  desired process 
a r e  u t i l i zed  in  fu r the r  tests. 



Figure 3. Mutant Se lec t ion  Flow Chart 
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C. Scope of mrk. 

a. F i r s t  year of an t rac t  (1980). 

(1) Work to meet research objectives. 

(a)  Cmunicate w i t h  plant breeding personnel i n  A.I.D. 
and at  International ard National Agricultural Research Centers (YIRC'S 
and NARC'S) to obtain recarmendations for stress tolerances to be obtained 
and varieties to be utilized. Obtain germplasm to be used i n  tissue cul- 
ture stress selection. 

(b) Establish linkages with CGIAR centers and developing 
nations to initiate student and personnel training i n  tissue culture lab- 
oratories. 

(c)  Establish and maintain cell lines (on solid and i n  
liquid medium) or sorghum, rice, ard millet. Note that CSU has already 
established numerous lines of rice. Begin stress selection for Na+, 
Al*, drought, and l o w  temperature tolerance (see Table 1, p. 9 ) .  

( d )  Continue experiments to develop suitable or improved 
regeneration techniques for saybeam, cowpeas, and corn. Utilize several 
varieties. 

(e)  Continue plant regeneration studies frcm one already 
established Nattolerant cell line of wheat. Initiate cultures of 
varieties supplied by CGIAR personnel, and begin selection for Nat ,  
Al*, and high temperature tolerance. 

( f )  Canpile a bibliography of useful tissue culture 
methodology for specific plants for use by plant breeders wishing to 
include tissue culture i n  their breeding strategies. 

(g) Attend national and international tissue culture 
and plant breeding meetings. 

( h )  Initiate contact with soil scientists and agricultural 
engineers interested i n  soil and water management. Add these people ta 
mailing list ccanpiled i n  1978. 

( 2 )  Expected product. 

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

(b) Cultured, stress-resistant cell lines under production 
for sorghum, rice, and millet (see Table 1, p. 9 for specific stress resistances 
to be obtained ) . 



(c)  Nattolerant wheat plants ready to begin 
greenhouse testing phase for one variety; Nattolerant cell lines 
established for other varieties; A l +  and high-temperature-tolerant 
cell lines established for wheat. 

(d) Cell lines of soybeans, cowpeas, and corn 
established; regeneration studies underway. 

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

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

(g) Contacts initiated w i t h  soil scientists and 
agricultural engineers interested i n  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 i n  Nat ,  Al+, 
low temperature-, and drought-tolerant cell lines of sorghum, rice, and 
millet. Determine maximum tolerances obtainable i n  tissue cultures (see 
table 1, p. 9 ) .  

(b) Continue experiments to obtain suitable regeneration 
techniques £ram cell cultures of soybeans, cowpeas, and corn. 

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

(d) Begin plant regeneration f m  other Nattolerant 
wheat lines. Begin plant regeneration from Al+ and high-temperature- 
tolerant 1 ines of wheat. 

(e)  Initiate short v i s i t s  and personnel exchanges between 
International Centers and tissue culture of students and personnel frcan 
developing nations and International Centers. 

( f )  Canplete progress report to assist A. I .D.  review 
process. 

( 2 )  Expected product. 

(a) Nat , Al+, low-temperature, and drought-tolerant 
cell lines of several varieties of sorghum, rice, and millet (see Table 1, 
p. 9). 



( b )  Good p o s s i b i l i t y  of s u i t a b l e  p l a n t  regeneration 
methods f o r  soybeans, corn, and sugar beets. 

(c) Preliminary r e s u l t s  f m  greenhouse t e s t i n g  of 
N a t t o l e r a n t  wheat showing limits of tolerance and p a t t e r n  of inheri tance 
through F1 generation f o r  one variety.  

( d )  Canplete plant  regeneration s tud ies  of o ther  
N a t t o l e r a n t  wheat l i n e s  and of Al+ and high-temperature-tolerant 
wheat 1 ines . 

(e)  I n i t i a l  shor t  v i s i t s  between Internat ional  Breeding 
Centers' personnel and t i s s u e  cu l tu re  labs. Information exchange i n i t i a t e d .  
Student and personnel t ra in ing i n i t i a t e d .  

( f  ) National and in ternat ional  t i s s u e  cu l tu re  and plan t  
breeding mettings attended. 

( g )  Possible research publicat ion on soybean, corn, or cow- 
pea regeneration techniques. A l l  publicat ions to  be d i s t r ibu ted  to in teres ted  
people on mailing list. 

( h )  Progress report suhnit ted to A.I.D. 

c. Third year of contract  (1982). 

(1) Work to meet research object ives.  

( a )  Begin p lan t  regeneration fmn N a t ,  Al*, low 
temprature-, and drought-tolerant cell l i n e s  of sorghum, rice, and millet. 

(b) Continue c e l l  l i n e s  of soybean, cowpeas, and cornr 
and begin se lec t ion  f o r  N a t ,  Al+, and drought-tolerant mutant cell l i n e s  
i f  regeneration techniques a r e  available.  

(c)  Conclude greenhouse t e s t ing  of one N a t t o l e r a n t  wheat 
variety.  

( d l  Begin greenhouse t e s t ing  of Al*, N a t ,  and high- 
temperature-tolerant wheat plants .  

( e l  Continue information and personnel exchanges with 
In ternat ional  Breeding Centers. 

( f )  Attend national  and in ternat ional  p lan t  breeding and 
t i s sue  cu l tu re  meeting to discuss program and da ta  and present  papers. 

( 2 )  Expected product. 

( a )  Scrne regenerated p lan t s  from N a t ,  AL*, low 
temperature-, and drought-tolerant cell l i n e s  of sorghum, rice, and millet. 



(b) Nat,  Al*, and drought-tolerant cell lines 
of soybeans, cowpeas, and corn. 

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

( d )  Preliminary results from greenhouse testing of 
Al+, Nat ,  and high-temperature-tolerant wheat. 

d. Fourth year of contract (1983). 

(1) Work to meet research objectives. 

(a) Cmplete plant regeneration from Nat ,  Mi+--, 1- 
temperature, and drought-tolerant cultures of sorghum, rice, and millet. 
Begin greenhouse testing. 

(b) Canplete selection of Nat ,  Al*, and drought- 
tolerant cell lines of soybeans, cowpeas, and corn. 

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

(d l  C~nplete greenhouse testing of Mi+--, Nat , and 
high-temperature-tolerant lines of wheat. 

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

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

( 2 )  Expected prcduct. 

(a)  N a t ,  Mi+--, 1-temperature-, and drought- 
tolerant sorghum, rice, and millet plants obtained from cell cultures. 

(b) Nat, Al*, and drought-tolerant cell lines of 
soybeans, cowpeas, and corn. 

(c)  Preliminary results on field testing of one Nat  
tolerant wheat variety. 

(d )  Final results on greenhouse testing of Al+, Nat ,  
and high-temperature-tolerant lines of wheat. 

(e)  A research publication on greenhouse testing results 
using Mi+--, Nat ,  and high-temperature-tolerant lines of wheat. 



( f )  Attended antional  and in te rna t iona l  p l a n t  breeding 
and t i s s u e  cu l tu re  meetings and presented f indings.  

e. F i f t h  year  of cont rac t  (1984). 

(1) Work to meet research object ives.  

(a)  Canplete greenhouse t e s t i n g  of N a t ,  Al+,  law- 
temperature, and drought-tolerant l i n e s  of sorghum, rice, and m i l l e t .  

(b)  Begin p lan t  regeneration from N a t ,  Al+,  low 
temperature, and drought-tolerant cell l i n e s  of  soybeans, cowpeas, and corn. 

(c)  Continue f i e l d  t e s t i n g  of one N a t t o l e r a n t  l i n e  of 
wheat. Release v a r i e t i e s  t o  growers when f i e l d  t e s t i n g  is ccmpleted. 

( d )  Begin f i e l d  t e s t i n g  of Al+, N a t ,  and high- 
temperature-tolerant l i n e s  of wheat. 

(e)  Continue personnel exchanges w i t h  In ternat ional  
Breeding Centers. 

( f )  A t t e n d  nat ional  and i n t e rna t iona l  p l a n t  breeding 
and t i s s u e  c u l t u r e  meetings and present  f indings.  

( 2 )  Expected product. 

( a )  Nat, A1ii-I-, law-temperature-, and drought-tolerant 
l i n e s  of sorghum, rice, and m i l l e t  ready f o r  f i e l d  t e s t ing .  

(b )  &search publicat ion d e t a i l i n g  r e s u l t s  of greenhouse 
t e s t i n g  of N a t ,  Mi++, low-tgnperature-, and drought-tolerant sorghum, 
rice, and m i l l e t .  

(c) Plants  regenerated from N a t ,  Ali i-I- ,  and drought- 
t o l e r a n t  l i n e s  of soybeans, cowpeas, and corn. 

( d )  me N a t t o l e r a n t  l i n e  of wheat released to growers. 

(e) Al+, N a t ,  and high-temperature-tolerant l i n e s  of 
wheat ,partially f i e l d  tested.  

( f )  &search publicat ion on production of f ie ld- tes ted ,  
N a t t o l e r a n t  wheat derived from t i s s u e  cul ture .  

( g )  A review publicat ion covering progress during t h e  
five-year con t rac t  period. 

( h )  Attended nat ional  and i n t e rna t iona l  p lan t  breeding 
and t i s s u e  c u l t u r e  meetings and presented papers. 



(i) A second Technical Bulletin detailing method- 
ological progress during the five years since publication of the first 
buuetin. 

f. One year beyond contract (1985). 

(1) Expected product. 

(a) Publication of Final Report to A.I.D. 

(b) Ccmpletion of field testing of Nat, Al+, low- 
temperature-, and drought tolerant sorghum, rice, and millet varieties. 

(c) A research pblication on the field testing in (b) . 
(d) Ccxnpletion of plant regeneration studies on Nat, A l t t c ,  

and drought-tolerant soybeans, cowpeas, and corn. 

(e) A1+, Nat, and high-temperature-tolerant lines of 
wheat released to growers. 

(f) Continued cooperation with International Breeding 
Centers. 

(g) Formulation of new objectives based on progress 
the five-year contract period. 

N. Project Analysis 
u. 

A. Technical, Economical and Social Soundness 

0 @ ieties. a. Tissue culture breeding has successf ully produced improved 

Several workers (including three investigators in this proposal) 
have already d-4 t h e  usefulness of tissue culture for selectina mu- 
p%s- Carlson selected tobacco cell lines resistant to methionine-sulfoxi- q " m i  campound 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, 
Chaleff's lab has obtained picloram-resistant plants (picloram is an herbicide).6 

5 P.S. Carlson. Methionine-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. 



Nabors" l a b  has obtained NaC1-resistant plants .7 O t h e r  workers have 
produced corn p lan t s  r e s i s t a n t  to Helminthosporiurn toxin.8 I n  a l l  
these cases the res i s t ances  selected i n  cell c u l t u r e  have p r s i s t e d  
i n  regenerated p lan t s  and have been shown to be inher i table .  

b. Tissue cu l tu re  breeding confers  s p e c i c i t y  to the mutant 
se lec t ion  process. 

Tissue cu l tu re  enables us to speci fy  that a c e r t a i n  type 
of desired mutant p l a n t  w i l l  be se lec ted  i n  a des i red  loca t ion  (our 
aboratory f l a s k ) ,  a t  a s p e c i f i c  time (when we need it), and i n  a 
es i r ed  p lan t  var ie ty .  This type of se lec t ion  s p e c i f i c i t y  is almost 
ver  avai lable  to a p lan t  breeder using whole p lants .  Breeders £re- 
e n t l y  screen ava i l ab le  v a r i e t i e s  i n  hopes of f inding a des i red  trait. 

£ten the needed c h a r a c t e r i s t i c  is f o d  i n  an otherwise des i rable  I var ie ty  necess i ta t ing  expensive and tk-consuming cross-breeding. Many 
t k s  the  des i red  t r a i t  cannot be located i n  domesticated c u l t i v a r s ,  
and out-crossing to wild stock must be considered. Too frequently the 
needed c h a r a c t e r i s t i c  cannot be located i n  any ava i l ab le  germ plasm 
l ines .  

I 
For example, mutations f o r  salt tolerance a r i s e  i n  nature. Perhaps one 
i n  t e n  mi l l ion  p l a n t s  w i l l  show a genetically-based increased l e v e l  of 
salt tolerance. An inves t iga tor  has no way of kmwing the locat ion  of a 
desired mutant p lan t ,  and time of its production o r  whether it is found 
in the var i e ty  he d e s i r e s  to improve. Imposing f i e l d  se lec t ion  (watering 
w i t h  salt water) to discover the  p lan t  can be time consuming and expensive. 
Scmetimes se lec t ion  using seeds o r  seedlings instead of a d u l t  p lan t s  can 
be used. Tissue cu l tu re  always enables the  inves t iga to r  to  s p e c i f i c a l l y ,  
rapidly,  and economically obta in  the p lan t  he d e s i r e s  and then to r e t u r n  

I to the  f i e l d  f o r  whole p l a n t  s tudies .  

I Also, t i s s u e  cu l tu re  methods enable an inves t iga tor  to produce a l a r g e  
number of a des i red  s t r e s s - res i s t an t  p l a n t  whereas f i e l d  se lec t ion  might 
produce one such plant .  For example w e  have imposed NaCl stress on popula- 
t i o n s  of cul tured cells. M o s t  cells are k i l l ed .  However, t h e  few salt- 
to le ran t  mutant cells continue to grow and divide  u n t i l  they make up the  
e n t i r e  cul ture .  Thus we can produce dozens, hundreds, or thousands of 
iden t i ca l ,  s a l t - to le ran t  p lants  (a clone) by p lan t  regenerat ion from cell 
cu l tu res  whereas f i e l d  se lec t ion  i n  the  same period of t h e  might produce 
one o r  a few individual p lants .  

7 M. Nabors, S. Gibbs, C. Bernstein, and M. Meis. NaC1-tolerant tobacco 
p l a n t s  f m  cultured c e l l s .  S u h i t t e d  f o r  publicat ion.  Manuscript 
at tached as Apsndix  to this proposal. 

8 B.G. Gengenbach, C.E. Green, and C.M. Donovan. Inheri tance of se lec ted  
pathotoxin res is tance  i n  maize p lan t s  regenerated from cell cul tures .  
Proc. Nat. Acad. Sci.  U.S.A. 74: 5113-5117 (1977). 



c. Tissue culdre can be used to rapidly  clone mutant p l a n t s  
located by conventional *arts. 

I 
Rare, st ss-resistant p lan t s  encountered i n  the  f i e l d  

can be rapidly  reprod ed by the  t i s s u e  c u l t u r e  process. For example, 
a s i n g l e  drought-resi t a n t  wheat p lan t  might be discovered by a breeder 
i n  Mexico. By the  t mal process of col lec t ing  seeds and replanting to 
increase seed stock,  severa l  years  would be required to obta in  s u f f i c i e n t  
seed f o r  v a r i e t a l  t e s t i n g  and introcution. Tissue c u l t u r e  could shorten 
t h i s  process considerabldy by producing thousands of iden t i ca l  p l a n t s  
within a year. 

d. A combination of t i s s u e  c u l t u r e  and t r a d i t i o n a l  breeding 
methods would considerably reduce the  cost of producing new v a r i e t i e s .  

4 
Tissue cu l tu re  ccmpresses space and time r , e q u i r e ~ n f s  f o r  

se lec t ing  stress-resistant p l ~ 5 s  a desired 
s p e c i f i c i t y  to the  se lec t ion  process. For these reasons the  incorpora- 
t i o n  of t i s s u e  c u l t u r e  techniques could considerably reduce the  time and 
mney required f o r  in t rocut ion  of new p lan t  v a r i e t i e s .  A new var i e ty  
present ly  requi res  around $400,000 ard 8-10 years  f o r  introduction to 
growers. W e  est imate t h a t  u t i l i z i n g  t i s s u e  c u l t u r e  techniques could 
e a s i l y  save 2-3 years  and $150,000 i n  many such programs. I f  t i s s u e  
cu l tu re  were u t i l i z e d  i n  a l l  breeding programs a t  a considervative 
savings of $50,000 per var ie ty  the  year ly  r e tu rn  rea l ized  would be (480 
v a r i e t i e s  x $50,000 =) $24 mi l l ion  i n  the  breeding programs alone. This 
d o l l a r  f igure  is miniscule -pared t o  t h a t  rea l ized  by the  introduction 
of s t r e s s - res i s t an t  v a r i e t i e s  could be used t o  f u r t h e r  a g r i c u l t u r a l  pro- 
duction o r  o ther  p ro jec t s  requir ing input of c a p i t a l  o r  labor. 

e. Po ten 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 research results 
i n  developing countre is  worldwide and suggested extension s t r a t e g i e s .  

Developing nat ions can all 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 lan t  v a r i e t i e s  designed f o r  s p e c i f i c  environmental conditions. 
Such p lan t s  would lower fue l  and other  energy costs of food production 
and would enable individual  farmers t o  successful ly and econcmically u t i l i z e  
ex i s t ing  soil and water conditions. c,-.wy-P 
Worldwide A.I.D. personnel and s c i e n t i s t s  and growers i n  CGIAR Breedi 
Centers would p a r t i c i p a t e  i n  identifying the  mst c r i t i c a l  stress condi- 
t ions  and l e v e l s  inhibi t ing  food production f o r  p a r t i c u l a r  crops i n  t h e i r  
region. They would also select v a r i e t i e s  which have auroncmic&ly d e s i r a b l e  
t r a i t s  but w h i  ack a aesired l e v e l  of stress res is tance .  For t h e  t i s s u e  

d e  selectiz 'd greenhouse t e s t ing  phases of the  research,  s tudents  
and s c i e n t i f i c  personnel f m  developing nat ions and f m  CGIAR Centers 
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 in ing  periods t o  our 
three  t i s s u e  cu l tu re  laboratories during the  f i v e  year  p ro jec t  duration. 
Following the  addi t ion  or augmentation of s p e c i f i c  stress res is tances  i n  
v a r i e t i e s  by t i s s u e  cu l tu re  breeding and greenhouse t e s t i n g  of the  r e su l t ing  
p lants ,  the new c u l t i v a r s  would be f i e l d  tes ted  i n  the  p a r t i c u l a r  region f o r  
which they were developed by CGIAR personnel. 



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

In general the proposed work should be a step toward the 
econcmic independence of developing nations and of the individual fanners 
within these nations. Crops which require less than nonnal enviornmental 
modification are more econanically and easily grcwn. Yields on currently 
arable land should increase; land formerly non-arable can be brought 
into cultivation; years with marginal enviromntal factors should be 
less damaging; and the willingness of individual farmers to plant should 
increase. The net result of energy-efficient crop plants which increase 
food production will be to release A.I.D. and other funds currently en- 
cumbered in both plant breeding and in environmental modification in 
energy-intensive agriculture for other desirable projects. 

For example, considerable effort and resources are now expended by A.I.D. 
and other agencies worldwide to understand and control soil salinity, 
particularly in irrigated regions. 9/10 Sane of this work is managed by 
Colorado State University. Production of NaC1-tolerant varieties is men- 
tioned by many workers as one primary methcd for increasing the efficiency 
of irrigation and salinity management effocts. Thus our use of tissue 
culture to rapidly incorporate salt tolerance into useful varieties will 
interface directly with A.I.D. concerns in water quality management. 

An estimate of the importance of rapid methods for producing drought- and 
salt-tolerant plants can be obtained from the following figures.11 The 
world has approximately 3.2 billion hectares of arable land of which 1.2 
billion hectares are currently cultivated. Of this 1.2 billion, 14% or 
0.174 billion hectares are currently irrigated. However, it is estimated 
that 60% of potentially arable land has six months or more per year of 
misture deficit. -thirds of this 60% of 40% of all potentially arable 
land could sustain year around agriculture where sufficient misture 
available. Forty per cent of all potentially arable land is 1.15 billion 
hectares on which agricultural production would be increased by irrigation. 
Of this land only 0.17 billion hectares are currently irrigated. Thus 
there are approximately one billion hectares or about one third of all 

9 For example see FA0 Soils Bulletin #31. Prognosis of Salinity and 
Alkalinity. Food and Agricultural Organization of the United Nations, 
Rcme, 1976. 

10 Also see published Fpers from an A. 1.D.-sponsored symposium, Plant 
Adaptation to Mineral Stress in Problem Soils. Ed. M.J. Wright. 
Cornell U. Exp. Sta., 1977. 

U W. Thorne. Agricultural production in irrigated areas. In Arid Lands 
in Transition, H.E. Dregne, ed. American Association for the Advance- 
ment of Science, Washington, 1970, pp. 31-56. 



p o t e n t i a l l y  a rab le  land on the earth's surface  which could p r o f i t  
a g r i c u l t u r a l l y  £ran 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  o f  providing 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  
£ran $100 to $3000 per hectare  (1970 estimate). Taking $1500 as an 
average cu r ren t  es t imate  it would requi re  $1500 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  to maximize a g r i c u l t u r a l  production using i r r iga t ion .12  This  
estimate assumes s u f f i c i e n t  water is ava i l ab le ,  and it is not  s ince  
four f i f t h ' s  of man's cu r ren t  total fresh  water u t i l i z a t i o n  (during t h e  
growing season) is a l ready i n  agr icul ture .  P r o j e c t s  t o  increase  f r e s h  
water a v a i l a b i l i t y  include el iminat ion o f  high water loss i n  cu r ren t  
i r r i g a t i o n  systems, and increase i n  bas ic  a v a i l a b i l i t y .  The latter,  
in p a r t i c u l a r ,  involves massive engineering p ro jec t s  and consequent 
increases i n  the projected expenditures noted above. 

For these and other reasons the role of the p lan t  breeder becoanes a 
c r u c i a l  f a c t o r  i n  increasing a g r i c u l t u r a l  production. Since t i s s u e  
cu l tu re  has now the proven capaci ty to rapid ly  produce p l a n t s  with salt 
to lerance  and e f f i c i e n t  water u t i l i z a t i o n .  Its incorporat ion i n t o  p l a n t  
breeding cont r ibutes  d i r e c t l y  to all A.I.D. concerns r e l a t i n g  to food 
product ion. 

B. %view bv In terna t ional  Centers 

The proposal was reviewed and endorsed by a l l  four  in t e rna t iona l  
a g r i c u l t u r a l  research c e n t e r s t o  which it was sen t .  The excerpts  o f  the 
am-ents  from these cen te r s  is given here under: 

IITA (Nigeria). "IITA f inds  the proposal t echn ica l ly  very 
sound and l o g i c a l  . . . IITA in te res t ed  i n  this work a s  relates to maize, 
rice, cowpeas and soybeans with references to sodium and aluminum t o x i c i t y  
and drought stress. Similar  work crops w i t h  l imi ted  gene t i c  d i v e r s i t y  
such as yam and cocoyams w i l l  be of  i n t e r e s t  . . . IITA very in t e res t ed  
prospects screening f o r  v i rus  resistance a t  c e l l u l a r  s t age  and i n  rapid 
propagation techniques tuber  crops, yam i n  pa r t i cu la r . "  

CIAT (Colombia). " I  am pleased to forward, w i t h  my endorsement 
these cmments: . . . see a d i r e c t  appl ica t ion  of  this type of research 
to CIAT's Beef Program. Select ion f o r  r e s i s t ance  to aluminum t o x i c i t y  i n  
forage legumes, both among species  and among v a r i e t i e s  of  the given species, 
would be of g r e a t  value in developing s u i t a b l e  pas tures  i n  the Llanos. . . . 
the general  idea is a t t r a c t i v e  s ince  the t i s s u e  c u l t u r e  system would have 
the advantage wer convential  select ionfireeding methods i n  its case of 
handling l a r g e  populations of individual  cells instead o f  l a r g e  nlrmbers of 
i n t a c t  plants .  " 

/' 

12 This f igu re  is f o r  i n s t a l l a t i o n  only, not  maintenance or u t i l i z a t i o n .  



IRRI (Phil ippines) .  " . . . may I say t ha t  t h i s  proposal is 
of g rea t  i n t e r e s t  to us a t  IRRI.  A s  a matter of f a c t  f o r  a period of 
about two years, we have had discussions with the s c i e n t i s t s  concerned 
i n  the develcpment of  t h i s  project  and with administrators from t h e i r  
univers i t ies .  We st rongly  support t h i s  research e f f o r t  and would do 
what we  could tocoopera te  w l t n  me m e n t l s t s  w i n g  appropriate 

- -  - 

genetic materials and i n  reproducing materials  which come f r & t h e i r  
research effor ts ."  

CIP (Peru) .  "We f ee l  an attempt to use t i s sue  cu l tu re  tech- 
niques as an addit ional  .tool f o r  breeding is highly welamed and s h o u L  
ke supported. . . . We all want to see t h i s  develop on-b-solid bas i s  
wlthcut Qe oGevlay that  was done with i r rad ia t ion  concerning the  
po ten t ia l s  . . . work should be conducted i n  associa t ion with good 
breeders who a r e  using conventional methods and working on the same 
crop plants.  " 

C. Administrative Feas ib i l i ty  

This project  w i l l  be administered by Colorado S t a t e  University 
(CSU). Dr .  Mumay W. Nabors, Associate Professor of Botany and Plant  
Pathology w i l l  be the pr incipal  investigator.  CSU w i l l  sub-contract 
sane of the work t o  Cornell and Michigan S ta te  University. Dr .  R. S. 
Chaleff, Department of Agroncxny a t  Cornell and Dr.  P. S. Carlson, Depart- 
ment of Crop ard Soi l  Sciences a t  Michigan S t a t e  w i l l  be the  -investigator. 
The un ivers i t i e s  of Cornell and Michigan S t a t e  were selected by CSU for:  
1) t h e i r  strong i n t e r e s t  i n  the t i s sue  cu l tu re  as a tool t o  improve 
agr icu l tu ra l  t r a i t s  of crops and 2) t h e i r  exper t ise  on t i s sue  cu l tu re  i n  
rice and grain  legumes. 

CSU w i l l  convene a meeting of three  un ivers i t i e s  imnediately 
a f t e r  the project  is funded t o  develop deta i led  work plans and specify 
e s p o n s i b i l i t y  of each party. CSU w i l l  coordinate and evaluate the work 
of the sub-contractors. The three un ivers i t i e s  w i l l  develop close working 
re la t ionships  with su i t ab le  international  and national  crop research centers  
to obtain germ plasm and to disseminate outputs of t h i s  project .  

A. I. D. technical off  ice (IX;/AGR) w i l l  monitor the progress of 
the project  and w i l l  i n t e r ac t  on a continuing basis with the  contractor. 
It w i l l  schedule on-site evaluation as deemed necessary. 

D. Environmental Impact 

?he a c t i v i t i e s  of t h i s  project  f a l l  i n to  the area described i n  
environmental procedure regulat ions paragraph 216.2(c) "Analysis, s tudies ,  
academic o r  investigative research, workshops and meetings." These c lasses  
of a c t i v i t i e s  w i l l  not normally require the f i l i n g  of an Environmental Impact 
Statement or the preparation of an Environmental .Assessment. I t  is possible 
t ha t  an output of t h i s  project  w i l l  'be a set of procedures, guidelines or 
research r e su l t s  which when used would require such a s  assessment. However, 
the  project  i t s e l f  only proposes research and d i r e c t l y  supportive ac t i v i t i e s .  



Under these guidelines, this activity clearly qualified for a Negative 
Determination at the time when a threshold decision is determined. 

/ 

It is the goal of this project to encourage the widest possible 
participation of woanen workers. The past small research contract AID/ / 
L-C-1223 on tissue culture employed &men professionals in the ~13arf- t/ 
ment of btany and PI a$ ra€fB&v to tne 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 ampliance 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 pramise for increased 
involvement of par farmer, especially wanen, 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, L X  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 q r e -  
hensive team review will be conducted after about a twc-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. Budaet 

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 performed 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 Including Subcontracts 

year 4 
1983 

17,315 
3,552 
36,364 

817 
493 

58,541 

6,229 

18,648 
31,080 

13,500 

127,998 

------ - 

BUDGET ITEM 
-- - 

I. Personnel Costs 
A. Faculty/Staff 

M. Nabors (6 mos./yr.) 
J. Welsh (1 mo./yr.) 
3 technicians (36 mos./yr 
J. Mestas (0.5 mo./yr.) 
(bookkeeper) 
secretary (0.5 mo. Iyr.) 

- - . - . -- 

B. Subtotal 
- - 

C. Fringe Benefits 
10.64% of B 

- ---- ---- -- 
D. Post docslgraduate stu. 

3 grad. students 
(36 mos. /yr. ) 
2 post doc. (24 mos. /yr.) 

E. Hourly @ $4/hr. 

F. Total By C, D, E 

11. Equipment 

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

year 1 
1980 

13,371 
2,743 
28,080 

631 
381 

45,206 

4,810 

14,400 
24,000 

12,000 

100,416 

25,000 
8,000 
10,000 
100,000 
5,000 

year 2 
1981 

14,574 
2,990 
30,607 

687 
415 

49,273 

5,243 

15,696 
26,160 

12,000 

108,372 

year 5 
1984 

18,873 
2.872 

39,637 

890 
537 

63,809 

6,789 

20,326 
33,878 

13,500 

138,302 

year 3 
1982 

15,885 
3,259 
33,362 

749 
452 

53,707 

5,714 

17,108 
28,514 

13,500 

118,543 

TOTAL 
1980-84 

80,018 
16,416 
168,050 

3,774 
2,278 

270,536 

28,785 

86,178 
143,362 

64,500 

593,631 

25,000 
8,000 
10,000 
100,000 
5,000 



year 1 
1980 

25,000 

5,000 

year 5 
1984 

--.- 

30,000 

-- 

'IOTA Id 
1980 -84 

BUDGET ITEM year 2 
1981 

25,000 

5,000 

5,000 

h0,OOO 

70,000 

year 3 
1982 

25,000 

7,000 

6,000 

year 4 
1983 

IV . Travel 

V. ~rinting/~ublication/~ail ing 
/public Awareness Activities 

WI. Subcontracts 

Mlchigan State University 
Dr. P.S. Garlson 
Cornell University 
Dr. R.S. Cllaleff 

WII. Total Direct Costs 

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

[x . TOTAL COSTS 



Budget For Subcontract to Michigan State University, Dr. P.S. Carlson. 

BUDGET ITEM 

I. Personnel Costs 

Graduate students 
(45 mos./ yr.) 
llourly 

Subtotal 

11. Supplies 

111. Indirect Costs (69% of 
Salaries and Wages 

year 4 
1983 

17,803 
2,520 

20,323 

5,654 

14,023 

TOTAL COSTS I 40,000 

year 1 
1980 

17,803 
2,520 

20,323 

5,654 

14,023 

year 2 
1981 

17,803 
2,520 

20,323 

5,654 

14,023 

40,000 I 40,000 1 40,000 1 40,000 1200,000 

year 3 
1982 

17,803 
2,520 

20,323 

5,654 

14,023 

year 5 
1984 

17,803 
2,520 

20,323 

5,654 

14,023 

-. 

TOTAL 
1980 -84 

89,015 
12,600 

101,615 

28,270 

70,115 



Budget For Subcontract t o  Cornell University, D r .  R.S. Chaleff. 

L 

V I I .  TOTAL COSTS 70,000 170,000 1 70,000 1 70,000 ( 350,000 I 70,000 I 

year 5 
1984 

17,500 

14,000 

31,500 

7,717 

8,375 

1,000 

650 

49,242 

20,758 

year 4 
1983 

15,750 

14,000 

29,750 

7,289 

11,756 

1,000 

600 

50,395 

19,605 

TOTAL 
1980-84 

52,250 

90,000 

142,250 

34,851 

72,357 

4,500 

2,300 

256,258 

93,742 

year 3 
1982 

26,000 

26,000 

6,370 

18,446 

1,500 

5 50 

52,866 

17,134 

year 2 
1981 

24,000 

24,000 

5,880 

22,804 

1,000 

5 00 

54,184 

15,816 

BUDGET ITEM 

I. Personnel Costs 

Technicians (24 mos. fo r  
year 1; 15 mos. fo r  years 
4 and 5) 
Post docs (12 mos. fo r  
years 1,4,&5; 24 mos fo r  263) 

Subtotal 

Fringe Benefits (24.5% 
of Sub Total) 

11. Supplies 

111. Travel 

I V  . Publication Costs 

V. Total Direct Costs 

V I  . Indirect  Costs (65.9% 
of Sa la r ies  & Wages) 

year 1 
1980 

19,000 

12,000 

31,000 

7,595 

10,976 

49,571 

20,429 



APPENDIX. 

This  s e c t i o n  c o n t a i n s :  

Manuscript o f  a  paper submitted f o r  p u b l i c a t i o n .  This  paper shows 
t h a t  NaC1-tolerant ce l l  l i n e s  g i v e  r i s e  t o  p l a n t s  which pass  s a l t  t o l e r a n c e  
t o  f u t u r e  generat ions .  



PROJECT DEBION SUMMARY 

LOOICAL FRAMEWORK 

p r u m  T T ~  L ~,,,,,b.,: JLUl!rat iun  of  T i e e u e  C u l t u r e  t o  I n c r e e a e  Food P r o d u c t i o n  

-- - - - - - - - -- . - 
NARRATIVE SUUUAAY' - - P - -- - - - - - - - 

hogurn w  S a w  God TI,. boaaler dJdc~Lra lo 
uh~ch I ~ I I  po1.a cont~~bo~as 
1 .  To l o ~ p r o v c  t h e  eff1cie11c.y o f  food 
p r u d u r t t o n  wl t l ~  d e v e l o p i ~ ~ g  n a t  iolm 
tltro11g11 increased u t i l i z u t l u ~ ~  of  l a n d  
reaot t rcea .  e e p e c i a l l y  by gruwlng c r o p  
varieties w r e  a u l t e d  t o  t h e  p r c v a i l i ~ ~ g  
e n v l o r n m c ~ ~ t a .  

1. To promote t h e  u t i l l z n t l o n  o f  t i e e u e  
c u l t u r e  a a  e  t e c h n i q u e  t o  add d e s i r e d  
c l ~ a r a c t e r i a t i c a  111 a  c r o p  v a r i e t y ,  e . g .  
a d a p t a t i o n  t o  a d v e r s e  e ~ ~ v l r o n r n e ~ ~ L a l  
c o n d i t i o n e .  

OU(py11: 
I .  ~ a + - .  ~l*-, drought -  a l ~ d  ternprra- 
t u r e  e x t r e m e - t o l e r a n t  v a r i e l l e u  of  
maJur c r o p  p l a n t e .  
2. Tented  met l~ode  f o r  a t r e u m l l ~ ~ i n g  
p l a n t  b r e e d l n g  by u a l n g  t1sa11r c u l t u r e  
L e c l ~ s i q u e a .  
3. ' ran ted  mwtlluda f o r  r a p i d l y  c l u t l i l ~ &  
r a r e .  w i e f u l  p l a n l a  by ~ l s s u e  c u l t u r e  
t r c l ~ n l q u e a .  
4 .  Increrraed l i n k n g c a  L Ile wur a  b e -  
tween t i v a u e  c u l t u r e  e woridwi!h 

J?!!!" brrediin!? pnrllonncl- _ _  - 
Iwuta: 
1.  E x p e r t i e r  and f a c i l i t i e s  I n  t i a e u e  
c u l t u r e  b r e e d i n g  a t  ( :oloraJo S t a t e .  
H l c l ~ l g a n  S t a t e ,  and C o r e e l l  U n l v r r e i -  
t l e e .  
2.  E x p e r t i s e  i n  p l a n t  b r e e d l l ~ g  a t  t h e  
3 ~ l n i v e r e i t l e e  6 worldwldc.  
3. P l ~ y a l c a l  p l n n t e  and a d m l ~ ~ l u t r ~ ~ i v e  
a t a f f e  of  t h e  3 u n l v c r a l t l e u .  
4 .  F111a11ciul auppor t  f  rolv A .  1.11. 

.-- - . -- - - - -. - - - - - - - - - - - - - 
OBJ~CTIVELY VERIFtABLE INDICATORS- 

~ - 
h u m  01 Gwl A c h I ~ ~ :  

1. G r e a t e r  uae  of  m a r g i n a l  l a n d a  
wit11 minimum i n p u t a .  
2. l l igher  c r o p  y i e l d s  i n  m a r g i n a l  
l a n d s .  
3. increased food p r n d ~ ~ c t i o n  i n  t h e  
d e v e l o p i n g  n e t  ionm. 

-- 
Condkbm dvt w U  hdk.1. prpu h a  b a n  
uhla+d: End of yr0l.a 1 c . t ~ .  
1. C e l l  c u l t u r e a  t o l e r a n t  t o  t h e  
v a r i o u a  a t r e a a e a .  
2. Regenera ted  p l n l ~ t a  from t h e s e  
c u l t u r e s .  
3. C r e e n h o ~ l e e  t e a t i n u  o f  t h e s e  
p l e n t a  f o r  a t r e a a  t o l e r a n c e  and 
i n l ~ e r i t a b i l i t y  of a t r e e e  r e a i a t a n c e  
4. F i e l d  t e a t i n g  o f  t h e  r e a i a t a n t  
p l e n t a .  

My""'"+ 01 oI11pu11: I .  Na - t o l e r u n t  v l ~ e a t  r e l e a e e d .  
2. A I V - .  Na+ and d r o u ~ l ~ t  t o l e r -  
a n t  wbeat i n  f i e l d  t e s t l n ( :  pheee; 
s o r g l ~ ~ ~ m ,  r i c e  m i l l e  t a  h e g i n n i n g  
f  i e l d  t e s t   in^. 
3. T e m p e r a t u r e - e x t r e m e - t o l e r e n t  
w l ~ e a t  b e g i n n i n g  f i e l d  t e s t i n g .  
4. ~ a + - .  AI*-. end  drounht -  

I 
.~ . " 

r c a i e t a n t  c o r n ,  cowpeae and 
soybeans  r e g e n e r a t e d .  

1.  Pro .Jec t  proposal approved. 
2. F a c i l i t l e a  adeql la te  f o r  
amount of  reaeerc l t .  
3. F i s c a l  and tempora l  p r o d u c t i o n  
a l lowancea  a c c u r a t e .  

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

I. Government r e c o r d e .  
2. Spot  c h e c k i n g  f o r  u a e  of  a r e n a  end 
c r o p  yield.. 

1. I n t e r n a t i o n a l  c e n t e r a  and n a t i o n a l  
c e n t e r a  a t n r t  u s i n g  t h e  t i e a u e  c u l -  
t u r e  t e c h n i q u e  i n  t h e i r  b r e e d i n g  
programs. 

1. 1 .abore tory .  greenhouae ,  and 
f i e l d - t e n t i n g  p r o g r e a a  report.. 
2 .  011 s i t e  v i e i t a .  
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 n  E r a  CClAR c e n t e r a .  

1. Annual report.. 
2. O n - a i t e  v i a i t a  
3. T e c l ~ n i c a l  p u b l i c e t i o n a .  
4. Repor ta  t o  i n t e r e a t e d  
b r e e d e r a .  
5. C o o p e r a t i o n  wit11 i n t e r e s t e d  
b r e e d e r s .  

IMPORTANT ASSUMPTIONS 
[zi&iwLd I Iur~la:  

1. A.I.D. end developing n a t i o n s  
view p l a n t  b r e e d i n g  f o r  a t r e a a  
r e a i a t e n c e  a a  an  impor tan t  
a l t e r n a t i v e  t o  energy-intensive 
a g r i c u l t u r e  i n v o l v i n g  e n v i r o n -  
menta l  m o d i f i c a t i o n .  

kwmplbna lor .ehierly pr-: 

I .  T i a a u e  c u l t u r e  technology 
i a  now a u f f i c l e n t l y  developed 
t o  make a  p r a c t i c a l  c o n t r i b u -  
t i o n  t o  p l a n t  b r e e d i n g .  
2. Colorado S l a t e ,  M i c l ~ i g a n  
S t a t e ,  and C o r n e l l  U n i v e r a i t y  
p e r a o n n e l  r e p r e e e n t  a  unique  
r e a o u r c e  combinat ion  t o  e f f e c t  
t h i n  technology transfer. 

h u m p ~ b r u  fw achbdng outpucr 
I .  S p e c i f i c  o u t p u t s  and asaeaa-  
menta o f  a n t i c i p a t e d  problema 
a r e  r e a e o n a b l e .  
2. P a s t  p r o g r e e e  r e t e a  i n  o u r  
lab. a r e  i n d i c a t i v e  of  f u t u r e  
rate.. 

g 
h m p l i o m  for pwidlq hplb: n rn 
1. Q u a l i f i e d  i n v e a t i g a t o r a  and + 
t e c h n i c a l  s t a f f  c o n t i n u e  w i t h  
p r o j e c t .  
2.  CClAR pereonnel  a r e  
i n t e r e s t e d  i n  t i a a u e  c u l t u r e  i n p u t .  
3. U n i v e r a i t y  a u p p o r t  i a  
provided .  
4. A.I.U. s u p p o r t  and m o n i t o r i n g  
provlded .  
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W e  have obtained NaC1-tolerant cell l i n e s  by exposing tobacco cell sus- 
pensions to increasing l e v e l s  of NaC1. Tolerance to 8.8 g/l  NaCl is the 
maximum obtainable in cell suspensions. Normal l i n e s  a r e  t o l e r a n t  to 
about 1.6 g/l  NaC1. Plants  regenerated f r a n  r e s i s t a n t  cell l i n e s  trans- 
m i t  tolerance to t w o  subsequent generations. The l e v e l  of NaC1-resis- 
tance in regenerated p lan t s  is higher than t h a t  of cell cul tures .  Few 
nontolerant F2 p lan t s  survive watering w i t h  so lu t ions  containing more 
than 15.4 g/l NaCl whereas mst to le ran t  p h n t s  survive 33.4 g/l  NaC1. 

Introduction 

Tkae prospects  of u t i l i z i n g  t i s s u e  cu l tu re  to increase food production a r e  
br ight ,  but  depend on denonstrations t h a t  a g r i c u l t u r a l l y  des i rab le  t r a i t s ,  
se lec ted  i n  cell cu l tu res ,  persist in regenerated p lan t s  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  me t -  
hionine-sulfoximine (W)  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 w i l d f i r e  disease.  Chaleff 
and Parsons (1978) have provided a s imi la r  demns t ra t ion  f o r  herbicide 
(picloram) res is tance  i n  tobacco. Gengenbach e t  al. (1977) have shown 
resistance to Helminthosporium toxin i n  corn. 

Speci f ic  ion t o x i c i t y  i n  soil and water is probably the l a r g e s t  s ing le  
environmental f a c t o r  r e s t r i c t i n g  agr i cu l tu ra l  production. I n  p a r t i c u l a r ,  
Na+ t o x i c i t y  cu r ren t ly  a f f e c t s  50% of the i r r i g a t e d  land i n  the western 
United S t a t e s  and restricts crap production on 25% of this land (Wadleigh, 
1968). Casey (1972) cites estimates t h a t  33% of i r r i g a t e d  land world- 
wide is sal t-affected.  H e  quest ions the usefulness of i r r i g a t i o n  schemes 
i n  general and suggests t h a t  breeding f o r  salt tolerance is highly des i r -  
able. W e  bel ieve this to be the f i r s t  r epor t  t h a t  NaCl r e s i s t ance  ob- 
tained i n  cultured cells is retained and inher i ted  by subsequent genera- 
t i o n s  of regenerated plants .  

'Haterials and Methods 

Cultured cell l i n e s  of Nicotiana tabacum var. Samson resistant to various 
l e v e l s  of NaCl were obtained as previously reported (Nabors e t  al., 1975). 
Both spn taneous  and induced (using e t h y l  methane sulphonate) l i n e s  have 
been obtained. Populations of 10 mi l 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 10'~ per s i x  months (the time required to obta in  a cell 
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. Xesistance to higher l e v e l s  is not  obtainable 
in our system. Shoots were regenerated £ran both NaC1-tolerant and NaC1- 
s e n s i t i v e  cu l tu res  by placing cell suspension a l iquo t s  on s o l i d  regenera- 
t i o n  medium. Our regeneration medium cons i s t s  of Linsmaier and S k c q ' s  
(1965) bas ic  medium supplemented w i t h  0.5 n q / l  k ine t in .  Shoot regenera- 
t ion  is noticeably r e s t r i c t e d  on medium containing NaC1. Shoots were 



rooted by t rans fe r  to an ident ica l  rraedium t h a t  contained i n  addit ion 
either 5 o r  10 rg/l indoleacetic acid (IAA).  Reducing the l eve l  of major 
salts to half o r  tenth no& does not p m t e  r w t i n g  i n  our system. 
Again, rooting is noticeably less vigorous i n  NaC1-containing medium. 

Regenerated p lan t s  were remved £ran cu l tu re  v i a l s ,  potted in soil, and 
hardened in the l a b  f o r  several  weeks before t r ans fe r  t o  the greenhouse. 
Three groups of p lan t s  were used: (1) Plants regenerated from NaC1-sen- 
s i t i v e  cul tures  and watered w i t h  solutions containing no salt; (2)  NaCl 
to le ran t  p lan t s  selected £ran cul tures  to le ran t  t o  6.4 g/ l  NaC1, regene- 
rated in the presence o f  NaC1, and watered w i t h  so lut ions  containing the 

l eve l  of salt; (3 )  Plants l i k e  those i n  group 2 but  regenerated and 
rooted i n  medium containing no s a l t .  Seeds £ran each group were collected 
and planted to obtain the F1 generation. F1 plants  were ptted i n  s o i l  
i n  4 inch pots and groups were watered w i t h  various concentrations of salt 
water containing £ran 0.0 to 19.0 g/l NaC1. When it became apparent t h a t  
the tolerance of whole p lan t s  w a s  considerably higher than the tolerance 
of cultured cells, the concentrations of the watering solut ions  were 
adjusted wards to contain f m n  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 N a C l  a r e  shown i n  Table 
1. Seeds £ran the three groups of F1 p lan t s  were collected whenever pos- 
s ib le .  Flowering and seed set are considerably more sens i t ive  t o  NaCl 
than p lan t  survival ,  s o  seeds w e r e  not obtained £ran a l l  plants .  Seeds 
£ran F1 p lants  of the three groups watered w i t h  a sa l t - f ree  solut ion were 
planted to obtain the F2. Groups of F2 p lan t s  were sal t -s t ressed a t  vari- 
ous l eve l s  as fo r  the F1. Data a t  two l eve l s  of NaCl  are shown i n  Table 
1. 

Our r e su l t s  denonstrate persistence of tissue-culture-selected NaCl resis- 
tance in p lan t s  one and two generations beyond regeneration. Since we  
have been able  to re a ted ly  select spontaneous NaC1-tolerant cell l i n e s  P" £ran cul tures  of 10 diploid cells w e  believe the resistance r e s u l t s  £ran 
a dominant o r  amdominant allele. Given typical eukaryotic mutation rates 
of lx ( f o r  spec i f i c  phenotypic changes [Strickberger, 19681) to 
1 x 10'9 ( f o r  changes i n  spec i f i c  WA bases [ V q e l ,  19701 ) ,  the probabi l i ty  
of obtaining two o r  possibly four (since tobacco is an a l lo te t rap lo id  
[Smith, 19681) recessive alleles i n  the same cell is vanishingly small. 

I f  a s ing le  dominant allele 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 e x ~ e c t e d  i n  the F1 
assuming the parent p lan t  (regenerated £ran a sa l t - to le ran t  cell cu l tu re )  
was diploid and heterozygous. Continued s e l f - f e r t i l i z a t i on  would lead t o  
an increasing proportion of both sa l t -sensi t ive  and sa l t - to le ran t  h m z y -  
gotes. This assumes that seeds fo r  each succeeding generation were col- 
lected f m n  m - s t r e s s e d  plants  so that both sa l t -sensi t ive  and sal t- tole-  
r an t  p lan t s  survived. Data of our F1 and F2 generations (Table 1) support 
nei ther  this hypothesis a t  the 95% leve l  nor a s imi la r  hypothesis based 
on a te t raploid  *rent. 



This kind of genet ic  analys is  probably does not apply to salt tolerance i n  
these ? lants  f o r  two reasons. F i r s t ,  the  r a t i o  of  heal thy to non-healthy 
(or dead to a l i v e )  p lan t s  f o r  any sa l t - sens i t ive  or sa l t - to le ran t  popula- 
t i o n  is dependent on (1) stress l e v e l  and ( 2 )  dura t ion  of  stress a s  w e l l  
a s  genet ic  factors .  Second, our method of stress se lec t ion  involves 
appl ica t ion  of high salt l e v e l s  to populations of 10 mi l l ion  cells. This 
l eads  to a period of no growth followed by slow adaptat ion of the  cu l tu re  
to the  stress, presumably (but  not necessar i ly)  by growth and d iv i s ion  of 
the  few na tu ra l ly  occurring NaC1-resistant cells i n  the  population. Fol- 
lowing a resumption of  normal or near normal growth r a t e s  even higher 
stress ik applied. Tnus, a step~ise se lec t ion  pa t t e rn  of stress applica- 
t i o n  and acconnnodation resu l t s .  Because of t h i s  pa t t e rn  our  mutants may 
well be m u l t i a l l e l i c  or multigenic and not s u i t a b l e  f o r  a Mendelian-based 
analys is  of inheritance. Backcrosses and o t h e r  F1 and F2 crosses a r e  
k i n g  made to provide fu r the r  da ta  on the  inheri tance pat tern .  

T m  l i n e s  of evidence indica te  t h a t  phenotype pers is tence  is i n  sane man- 
ner  dependent on or enhanced by the presence of NaC1. F i r s t ,  Table 1 
shows that p lan t  l i n e s  derived £ran NaC1-tolerant cell cu l tu res  a r e  notice- 
ab ly  less t o l e r a n t  i f  salt w a s  an i t t ed  during the  o r i g i n a l  regeneration 
process. This m i s s i o n  was made a s  noted e a r l i e r  to  improve regeneration 
and rooting ra tes .  The observation could be explained i f  d i f f e r e n t  muta- 
tions a r e  involved i n  each p l a n t  l ine .  This in te rp re ta t ion  is supported 
by the  f a c t  t h a t  under salt stress the  t w o  l i n e s  have sanewhat d i f f e r i n g  
mrphologies  with one being more canpact i n  growth h a b i t  than the  other .  

Second, F2 p lan t s  a r e  noticeably more salt t o l e r a n t  i f  seeds a r e  col lec ted  
£ran F1 p lan t s  t h a t  were exposed to salt (da ta  not  shown). This  observa- 
t i o n  cannot be e q l a i n e d  by d i f f e r e n t  mutations s ince  only one p l a n t  l i n e  
is involved. The r e s u l t s  could be e q l a i n e d  i n  one of  severa l  ways. (1) 
Further se lec t ion ,  f o r  ~ l l e n  with even higher salt tolerance f o r  example, 
could have occured i n  F1 plants .  (2 )  A high reverse  mutation r a t e  could 
be p r m t e d  by the  absence of NaC1. ( 3 )  The F1 p lan t s  could be chimerical,  
canposed of sa l t - to le ran t  and sa l t - sens i t ive  cells. Thus se lec t ion  would 
still occur i n  F1 p lan t s  exposed to salt. This explanation seems unlikely 
to us s ince  the  sa l t - to le ran t  cell l i n e s  which gave rise to parenta l  p lan t s  
were exposed to high salt l e v e l s  f o r  almst a year p r i o r  to regeneration. 
Af ter  t h i s  period of se lec t ion  a l l  cells i n  the c u l t u r e  should have been 
sa l t - to le ran t .  ( 4 )  Both observations could be explained i f  the  observed 
salt tolerance were not genet ic  but  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 sane o the r  physiological adaptat ion maintained by the  
presence of  NaC1. - A l t  e t  al. (1978) have reported on such a system invol- 
ving duplicat ion of a p a r t i c u l a r  gene i n  cultured animal cell l i n e s ,  
although t h e i r  system does not  involve regenerated organisms. W e  consider 
the  f i r s t  and l a s t  p o s s i b i l i t i e s  to be most l i k e l y  and thus candidates f o r  
fu ture  research. 



Table 1. Survival r a t e  under high o r  no salt stress of sa l t - to le ran t  and 
non-salt-tolerant tobacco plant  l i n e s  derived f m  cultured cells. Plants  
regenerated f m  t i s sue  cul tures  were designated the  parental  generation 
(P) and were sel fed t o  obtain the  F1 generation. The F1 p lan t s  of each 
group in the  0 g/l NaCl  column were sel fed t o  obtain the F2 generation. 
F1 had 43 p lan t s  per group. F2 had 20. 

% a l i v e  a f t e r  13  weeks 

Watering solution Watering solution 

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

Original cul ture  #1  65 100 100 
r e s i s t an t  to NaCl (selfed to 
with NaCl continu produce F2 
a l l y  present 

Original cu l tu re  #2 35 100 90 100 
r e s i s t an t  to NaCl  (selfed to 
with NaCl not produce F2) 
present during 
regenerat ion 

Original cul ture  #3 20 100 15 
not r e s i s t an t  to (selfed t o  
NaCl  produce F2) 

Our f i n d i q s  t h a t  NaC1-resistant cell l i n e s  give rise t o  p lan t s  t h a t  trans- 
m i t  resistance to fu tu re  generations has many potent ia l  p rac t i ca l  implica- 
t ions.  Incorporation of Na+ tolerance is desi rable  i n  many cu l t i va r s  of 
crop plants ,  ,particularly those grown i n  a r i d ,  i r r iga ted  regions with salt 
accumulation problems. Ut i l i z i rq  typical f i e l d  se lec t ion  techniques, salt 
tolerance is time and space consuming as w e l l  as expensive t o  obtain. The 
time-space cunpress ibi l i ty  and the select ion spec i f i c i t y  inherent i n  tis- 
sue cu l tu re  techniques when used i n  conjunction with t r ad i t i ona l  methods 
should remarkably improve the eff ic iency of the  p lan t  breeding process. 
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