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T 	his progress report summarizes the activities of the Tis
sue Culture for Crops Project (TCCP) during its first 
five years of existence and progress during the first 

two years of the five-year cooperative agreement. The Project
is supported by the U.S. Agency for International Development 
(USAID) and the Colorado State University Agricultural Experi
ment Station and is located at Colorado State University (Colo
rado State, "CSU"), Fort Collins, Colorado. The overall pur
pose of the Project is to utilize emerginq tissue culture technol
ogies to promote the development of stress-tolerant crop
 
plants.
 

The TCCP was established in September, 1980 for the
 
purpose of utilizing tissue culture methods to increase toler
ance of rice, wheat, and pearl millet to the major soil stresses.
 
Plant tissue culture had already demonstrated the potential
 
(Nabors et at., 1980), using tobacco as a model plant, to pro
duce lines of cells and regenerated plants with increased
 
stress resistance. Since drought, salinity, and excess aluminum
 
had been shown to affect a large portion of arable land, these
 
stresses were selected as those for which tolerant lines ot
 
crop plants would be obtained.
 

The goal of the TCCP is to help alleviate these problems
 
by generating germplasm which will thrive in areas of stress.
 
By altering the plant, the need for a continual flow of funds
 
into soil-stress management will be reduced. In addition, land
 
not currently cultivated because of stress factors can be
 
brought into cultivation, current yields on stressed land can be
 
increased, and resources currently used for environmental
 
modification can be redirected.
 

Iri1984, Project Objectives were expanded to include: 

1. Completion of the development of methods for estab
lishment of tissue cultures, selection of mutants, and 
high-frequency regeneration of plants in rice, wheat, 
millet, corn, sorghum and several tropical legumes. 

2. 	 Utilization of these methods to produce plants with in
creased tolerance to soil salinity, acidity, and drought. 

3. 	 Greenhouse and field testing of potentially useiul, toler
ant plants. 

4. 	 Establishment of a six-month tissue culture training 
program. 

5 	 Formation of an international plant biotechnology net
work. 

In 1986, Project Objectives were expanded again to include 
the use of widecross breeding, protoplast fusion, and direct 
gene isolation to move useful genes for stress tolerance from 
wild relatives into crop plants. 
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Tissue Culture and World Agriculture Executive
 
or the past six and one halt years, the Tissue Culture 
for Crops Project has worked to define and demon
strate the usefulness of plant tissue culture in improv-Ing world agricultural production. In particular, our mandate has 

been to increase the tolerance of cereals and legumes to im
portant soil stresses such as salinity, acidity, and drought. To
gether, these stresses limit production on over 60% of arable 
land and a larger percentage of potentially cultivated hectar
age. The small landholders and tenant farmers of developing 
nations are most affected, for they often have the poorest land 
and most need not only food sufficiency but also excess pro
duction to feed the teeming cities and for export to other 
countries. 

In 1980, as the TCCP began, tissue culture was by no 
means a proven technology. If anything it was overpromotr(;, 
and seen - by laboratory scientists with no real knowledge of 
or appreciation for the methods of and problems facing agron
omists and plant breeders - as the quick solution to all the 
world's agricultural problems. Six years later that situation has 
begun to change. Plant tissue culture ha! shown its usefulness 
in producing virus-free plants and as a source of rapid propa
gation for many species which are difficult to propagate by
other means. Embryo culture is now widely used to insure the 
survival of many 'difficult" crosses, and anther culture is a 
proven method for stabilizing the recombinant variety and use
fultraits of F1 hybrid plants of many types.

In other areas, the ability of tissue culture to serve agricul
ture is rapidly developing. Six years ago plant regeneration 
techniques for cereals were rudimentary and those for 
legumes were non-existent. Today, through work at the TCCP 
laboratory and other labs worldwide, indica and japonica rice,
grain and sweet sorghum, wheat, corn, millet, and oats can be 
regenerated at high frequency from tissue cultures of short or 
long duration. At the TCCP, Mahsuri rice callus still regenerates
plants after 50 months in culture. Using one seed of Pokkali 
rice as a starting explant, we have the technology to produce 
over 127,500 plants in six months, and this number may soon 
be doubled. In legumes like soybean, cowpea, pigeonpea, and 
chickpea, regeneration techniques are available or are rapidly
developing where none at all were available six years ago. 

By no means are all the problems of tissue culture solved 
or the needs of field workers met. Dr. S.S. Virmani at IRRI can 
still produce just as many hybrid rice progeny by short-term till
ering as we can by tissue cu, tire techniques. Plant regenera
tion from protoplast and cell suspension cultures of cereals 
and legumes are still woefully inadequate or non-existent. And 
identification of the genes controlling resistance to stress and 
our ability to isolate and move them are primitive technologies 
at best. 

The first tractors were little better than draft animals at 
turning the soil efficiently and were certainly more difficult to 
care for. Still tractors are not the equipment of choice in many
situations. Likewise, we view plant tissue culture and molecular 
biology as developing, useful tools. But the development will 
take time, and the usefulness will not be univer,,al. In the com
ing years, the realization of plant breeders and agronomists 
that plant tissue culture is a valuable tool will increase. It is our 
hope at the TCCP that a working partnership between field 
and laboratory scientists at many levels and in nany countries 
will be realized. It is toward this goal that our research is direct
ed.
 



Research Progress at TCCP 
T[he Laboratory 

During its first six years, the TCCP has made substantial 
progress toward obtaining increased stress resistance in major
cereals using tissue culture methods. This section briefly sum-
marizes the major accomplishments. 

Prior to the beginning of this Project in 1980, the following 

1.Using tobacco as a model system, itwas demonstrat-
mold s it w d e1Usn tbaccas toane eltem, lted that NaCI tolerance could be selected in cellmaiute 

been identified and media have been developed to
produce it preferentially from seeds, seedling apical
meristems, and immature embryos. 

2. 	High-frequency, long-term regeneration has been 
achieved from callus derived from seeds and immatureembryos. Regeneration frequencies are 10 to 25 times
those previously reported in the literature. Regenera
tion, typically difficult to maintain in cereal tissue cul
tures for more than a few months, is still occurring at 
high efficiency in cultures over four years old. The Proj
ect has emphasized and developed routine methods 
to obtain regeneration from callus produced by matureseeds since this is a convenient source to obtain and 

suspensions (Nabors et at., 1975).
2. 	 The TCCP laboratory was the first in the wrld to show 

that salt tolerance obtained in tissue culture was car-
ried into whole plants (and their progeny) regenerated
from those cultures (Nabors et al., 1980). The toler-
ance is stable in that it is still expressed after two gen-
eralions of whole plants never exposed to NaCI (Nabors, 1983). Tobacco was used in the initial work be-
cause with hig re ener tiv
it is a plant which easily produces cell culturesablity

with high regenerative ability. 

3. Tissue culture methods for wheat, oats, and sugar-
beets (as well as other non-cereals) were improved 
(Nabors, 1976a, 1976b, 1979, 1981). 

At Project inception, callus cultures could be obtained 
from cereal explants with few problems; however, regeneration
from these had uniformly been of short duration and low fre-
quency. To obtain reliable plant regeneration from cereal tissue 
cultures, it was usually necessary to use immature cmbryos
(placed scutellum up on the medium) as explants in order to 
form a regenerable callus (Conger, 1981). Hand-dissecting im-
mature embryos is a time consuming process and requires a 
continual supply of blooming plants. One of the first goals of 
the Project was to devel,-,p methods whereby easily obtainable
tissues could be used to form callus which had high-
frequency, long-term regeneration. Improvement of existing
methods to fulfill this goal has proceeded quickly, and devel-
opment of reproducible methods of tissue culture and efficientha ben ahieed Nabos e
plan reeneatin at, 182,geonpea
plant regeneration has been achieved (Nabors et al., 1982,
1983, Nabors and Dykes, 1984: Heyser and Nabors, 1982a,
1982b; Heyser et al., 1983; Raghava Ram and Nabors, 1984a,1985, MacKinnon et al., 1986a, 19Pi5b). Specifically, the follow-
ing has been accomplished in cereal tissue culture: 

1. 	For wheat, rice, sorghum, pearl millet, proso millet, 
corn, and oats, a highly regenerative form of callus has 

manipulate.
 

The goal of developing reproducible tissue culture and 
plant regeneration methods for cereal callus culture was the
application to in vitro stress selection. Embryogenic callus has 
been selected on various growth-restricting levels of NaCI, 
PEG, and AICI3. Specifically: 

1. Callus tolerant to various levels of NaCI has been ob
tamed forforrice, w heat, sorghum , millet, and oats. A lumira ned 

num- and PEG-tolerant cultures of rice have been ob
tained and regenerated. Selection for drought and alu
minum-tolerant callus has begun for wheat, sorghum 
and millet. 

2. 	 In rice, over 17,000 plants have been regenerated from 
callus cultures up to 50 months old. Over 4400 of 
these plants are from cultures resistant to NaCI and 
525 from cultures resistant to AC 3. Over 2700 wheat 
plants have been regenerated, at riast 20 from NaCI
resistant cultures. Oat and millet NaCI-resistant cultures 
have regenerated over 700 plants. For selection experi
ments, a sample of plants were regenerated from 
non-stressed and stressed cultures and grown to ma
turity. 

3. 	Plant regeneration has been achieved from soybean
and pigeonpea cultures. Plants of soybean have been 
regenerated from salt-stressed cultures. The work in pi
reg nea ju st e s s ul t tr o delhashas just begun, with most in vitro workwork deal
ing with long-term callus growth and plant regenera
tion. 

4. Initial progress has been reported in isolation of pro
teins expressed by a halophytic grass when under salt 
stress. Further work will be done to isolate the gene
for this protein. This work is being done in collabora
tion with Dr. James Colbert at Colorado State. 

A highly regenerable form of callus called E callus produces a high frequency of regenerated plants from tissue culture. E callus consists ofnon-vacuolated, meristematic cells incontrast to NE callus which consists of highly-vacuolated, elongated cells. 
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5. 	 Suspension cultures capable of plant regeneration of 5. Rice seed from five regenerated plants of Giza 159Distichis, rice and millet have been developed and will and two of IR-36, as well as non-tissue culture
be 	used as sources of protoplasts for future somatic checks, were grown in hydroponics with 0, 3, 5 and
hybridization experiments. 7 g/INaCI. All plants grown at 7 g/l NaCI died. Plants

6. 	 Seeds have been collected from regenerated plants in 5 g/l NaCI had to be removed from the salt for
obtained from initial stress selection investigations. The seed set. One IR-36 regenerate line from 9 g/il NaCI
seeds have been given a TCCP identification number in tissue culture out-yielded the non-tissue culture
and put into storage. Using the original seed source, check after the 3 g/I NaCI hydroponic tests. Also, a
plus some seed obtained from regenerates, a hydro- high-yielding Giza 159 line was identified from the
ponic screening system for NaC stress was designed. control hydroponic tank. Seed from these selectedFrom preliminary results, it appeared that some proge-	 lines are being tested in a second hydroponic test 
ny 	of regenerated rice and oat plants had enhanced and field study.
tolerance to salt stress (Nabors, 1983, Nabors & 6. Field testing of lines of regenerated rice has been
Dykes, 1984; TCCP Newsletter No. 3, July, 1984). 	 carried out at UPLB, at LSU, and at the Texas A & M 

Agricultural Research Station. Results indicated thatGreenhouse and Field Testing R,progeny of plants regenerated from tissue culture 
show considerable variation for both useful and non-Ir, the past year, the major thrust at the TCCP has been useful agronomic traits in the field. Variations in

whole plant testing. Recognizing that results in the laboratory height, tillering, and the presence of awns were com
were of little value unless they could be transferred to the field, monly observed. Resistance to rice blast has been
the Project has focused on demonstrating the viability of found in two regenerated plants and is under further
stress-tolerant plants in the field. investigation. Individual plants with tolerance to salini

1. The TCCP has developed simple, easily maintained ty have been observed, and progeny seed are being
and replicated hydroponic growth systems for rice, collected for further experimentation. 	Both somaclonal
wheat, sorghum, millet, and oats. These systems use and selected variation was observed, arid cor.d:.Aions
simple nutrient media and make it possible to readily have not yet been made between the length and 
grow plants to maturity and to compare the effects of strength of tissue culture selection and observed field 
various levels of stressing agents. tolerance. 

2. 	 Cultivars used in laboratory experiments at the TCCP 7. Salt-tolerant R3 oat plants were tested in potted soilhave been compared and grown to maturity in hydro- by 	watering with solution containing 0, 5, or 10 g/l.
ponic experiments to determine the relative sensitivity Plants whose genetic heritage began with salt-tole-ant
of 	each cullivar to salinity and, in some cases, to cell lines were considerably more tolerant than those
acidity in the nutrient medium. Non-regenerated seed from salt-sensitive lines. In addition, the salt-tolerant
is 	 always used as a control when testing tissue R4 progeny flower had set seed a full two weeks ear
culture-derived materials. lierthan plants from salt-sensitive cultures. dataR13. 	 Field tests for regenerate lines of oats, rice, and show that individual plants from salt-tolerant tissue
sorghum were planted in 1986. Several R3 lines of culture backgrounds are either more tolerant than, or 
oats were selected for early flowering and vigor under equally tolerant to control plants. These oat data
salt conditions in Canada. A second field test is be- represent the second demonstration in the literature 
ing planned. Rice lines from tissue culture were sent and the first for cereals that (1) traits selected in cell 
to Texas A & M University and Louisiana State Uni- cultures also appear in regenerated plants, (2) these
versity (LSU) for generation advancement, then sent traits are stable in the plants in the absence of stress,
to 	 the University of the Philippines at Los Bafios and (3) these traits are inherited by subsequent gen
(UPLB) for evaluation of salt tolerance. The evaluation erations.
will begin in early 1987. Regenerated sorghum lines 8. Subsequent work with regenerated oat plants has 
were evaluated for tolerance to acidic aluminum soils shown that plants regenerated from salt-tolerant 	tis
in 1986 in Georgia. Several of the lines showed prom-	 cultures are moresue tolerant than plants regenerat
ise and will be re-evaluated in 1987. ed from salt-sensitive cultures; however, plants regen

4. 	IR-36 and Calrose 76 rice derived from tissue cultures erated from salt-sensitive cultures are, on the average
under 0, 3,6, and 9 g/I salt stress have been tested more salt-tolerant than plants from field-grown seeds.
hydroponically at the seedling stage. These experi- Thus the tissue culture process itself, regardless of 
ments indicate that rice callus, selected for salt toler- stress selection, induces useful, so-called "somaclon
ance in vitro, can produce salt-tolerant whole plants, at or "mutaclonal" variants. Also, the desired varia
when given a selection period of at least five months. tions do not occur in field grown seeds at a high lev-
If tolerance had not been incorporated into the Rn el as a result of recombination of stress-tolerant at
progeny of plants regenerated from salt-stressed tis- leles within the cultivar.
 
sue cultures, it would be expected that 50% of the 9. 
 Field testing of 300 lines of regenerated sorghumprogeny tested would do worse than the control aver- plants has been carried out at Texas A & M Universi
age, arid 50% would do better. In these experime~its, ty and at the University of Georgia. Seventeen lines 
61% of the R, seedlings derived from callus cultures 	 showed increased drought and aluminum tolerance.
stressed at 3 g/l NaCI, 71% of the R, seedlings Nine were selected as having some resistance to fall
derived from callus stressed 6 g/INaCI, and 92% of armyworm. Selected lines will be re-evaluated this 
the R, seedlings derived from callus stressed at 9 g/I year.
NaCI di better than R1 plants deved froni callus 10. Plans for the coming year include testing of 450 Rn
that was never stressed. These data tend to suggest arid R2 lines of regenerated sorghum at three loca
that total stress in culture -- and resulting tolerance tions, 700 R, and R2 lirnes of regenerated rice at 
-	 is a function of both the level of NaCI in the medi- three locations, 1000 R, lines of regenerated wheat 
um amrnd the length of the selection period. This is at one location, 13 Rr lines of regenerated millet at
consistent with previous findings for tobacco, one location, arid 14 R, lines of regenerated oats at 

one localion. 
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International Plant Biotechnology Network (IPBNet)
 
"Networking" is a commonly used concept these days 

and describes any number of activities. In general, networks 
seek to provide channels of communication which would not 
otherwise exist. Through these channels, scientists can com-
municate with each other on similar interests, capabilities, and 
problems. Experience has revealed that such communication is 
sadly lacking in terms of plant biotechnology, even within 
countries, regions, and institutions not to mention between 
them. In many cases, a lack of scientific information or 
knowledge of others working on similar or identical projects 
slows progress and dampens eiithusiasm. Competition invari-
' ly clouds the picture and can prevent scientists from work-
ing together for the achievement of mutual goals and benefits, 

To further research goals and enhance communication 
among tissue culturists worldwide, the TCCP has formed 
IPBNet. From the beginning in early 1985, when responses 
were received to an earlier distributed survey, it was clear that 
interest in and need for such an organization was great. Over 
150 surveys were returned that year. And in the last two years,
the TCCP statf has responded by visiting hundreds of scien-
tists and institutions in over 20 countries. As a result, formal, 
cooperative links with eight countries have been established. 

Through the Network, the TCCP has sought to provide 
technical assistance, training, and support systems that would 
be of mutual benefit. In the fall of 1985, the first Tissue Culture 
Training Program was held in Fort Collins. This proved to be 
an invaluable experience for trainees and staff alike, and the 
Training Program has continued to evolve through input from 
its 17 participants. Feedback from the first three sessions is 
now being solicited and received, and the results show that it 
has been a successful vehicle for technology transfer to labs 
and institutions in developing countries. Graduate studies are 
another way the TCCP provides technical assistance and tech-
nology transfer. The Project currently has 13 graduate students 
from eight developing countries and the U.S. The majority of 
these students will return to other countries and direct research 
in university arid government institutions. Their ability to teach 
others is crucial to the spread of technical knowledge around 
the world. 

Another activity vital to communication among Network 
members is the IPBNeI Conference. These events are held 
periodically as a forum for Network members to present and 

discuss their current research. The first conference, held in 
Fort Collins in October of 1985, drew 94 participants from 21 
countries; the second conference was held in Bangkok, Thai
land in January 1987 and was attended by 79 persons from 
18 countries. 

In the process of forming and expanding the Network, the 
TCCP has had to expand its own capabilities for providing in
formation. The Project library and computer literature system
have almost doubled in size (to include over 10,000 entries),
and searches of a multitude of tissue culture and related meth
ods on a wide variety of tropical, cereal, grain and vegetable 
crops can be made in a matter of minutes. Few small labs in 
developing countries have such resources, which are provided 
upon request at no charge. In addition to scientific references, 
the TCCP is in the process of compiling a data base and 
directory of Network members so that scientists working on 
similar projects can communicate and benefit from each 
other's knowledge. The Project is also working on a directory 
of funding institutions which will provide information on support
for a variety of activities including training, graduate education, 
travel, and research. 

As the Network grows and expands, our concept about 
what it needs to provide will change and evolve, For example, 
many workers are eager to participate in IPBNet but lack even 
minimal funds. We are working in many countries at this time 
to facilitate the flow of funds so that tissue culture scientists 
can attend Network meetings and participate in other activities. 
At the same time, TCCP's ability to meet the needs of quali
fied graduate student applicants and visiting scientists are 
strainod. As a result, we are now moving to initiate training pro
grams of various sorts in the laboratories of other Network 
members. A first step in this direction is the establishment of a 
regional Training Program at CATIE in Costa Rica, under the 
direction of Dr. Ludwig Muller. Beginning in April 1987, a full
scale training course in Spanish will be underway. 

Since "network" implies interaction - a sort of web-like 
connection between members - IPBNet cannot exist without 
the continued input and support of scientists and administra
tors outside of the TCCP. The TCCP will continue to organize
and encourage such input for the benefit of all IPBNet 
members. 
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D rought, excess sodium, and excess aluminum are 
stresses which limit crop production on more than 50% 
of all arable land and much unarable land as well. In

the past, man has dealt with these problems by altering the 
environment through irrigation, careful management, and soil 
liming; however, because of dwindling water supplies and the
increasing expense of environmental modification, these meth
ods are becoming less usefu,, especially in economically Crop
developing countries. 

Plant breeders are realizing with increasing enthusiasm 
that the answer to these problems is to alter the plant to suit 
the environment. Tissue culture has the potential to consider
ably shorten the time required by plant breeders to produce
improved cultivars. Not only by using tissue culture to rapidly 
clone existing useful plants but also by regenerating plants
selected for tolerance to certain stresses, plant breeders can 
reduce farmers' costs of irrigation and crop losses, and in
crease their yields and profits. More importantly, subsistence 
farmers in areas plagued by drought, salinity and excess 
aluminum will be able to increase crop yields. 

15 



Drought 


Webster.; Third New International Dictionary defines 
drought as "a period of dryness especially protracted and 
causing extensive damage to crops or preventing their suc-
cessful growth." Drought is a problem on 40% to 60% of 
world cultivated land. Droughts do not need to be prolonged 
to affect crop yields. Water stress for one day will have some 
effect if the stress is large enough or comes at a critical period
of the plant's life cycle. Even 25% of the world's rice crop is 
subject to drought at some time during the growing season 
(O'Toole and Chang, 1979, USDA Agric. Statistics, 1976). 

Throughout history, humans have dealt with the problem 
of drought by irrigating. It has been currently estimated that, 
worldwide, 201 million hectares are irrigated, representing ap-
proximately 14% of cultivated land, which produces nirly one 
half of total world food (Christiansen, 1982). Irrigation, however, 
is not always a viable solution to the drought problem. Water is 
scarce in many areas of the world, and when water is avail-
able, it is energy intensive and prohibitively expensive to ob-
lain. Worldwide, 80% of readily available water is already used 
in agriculture (Flowers, 1977). Many underground aquifers are 
rapidly disappearing. In addition, even the most carefully 
designed and managed irrigation systems exacerbate salinity
problems by gradually increasing the concentration of salt al
ready in the soil. Because of this, all irrigation systems have a 
limited useful lifetime (Casey, 1972). 

Salinity 

Salinity problems in agriculture are primarily found in the 
coastal, arid, and semi-arid regions of the world, which 
comprise more than 25% of the earth's surface (Carter, 1975). 
Salinity poses problems in almost every irrigated area of the 
world as well as in coastal regions. 

Salt concentrations become a problem as water evapo
rates from the soil. The salt concentration in the soil after evap
otranspiralion (the combined water loss from transpiration and 
direct evaporation from soil) may become four to ten times the 
salt concentration in irrigation water (Carter, 1975). A level of 
800 ppm salt is generally recognized as the threshold of 
severe agricultural and non-agricultural damage. Based on de
tailed studies of the Colorado River Basin, world agricultural 
and non-agricultural damage due to salinization of rivers has 
been estimated at $54.6 trillion per year (TCCP Newsletter No. 
3). Approximately half the Colorado River's salinity is due to 
natural salt loading from rocks and soil while the other half is 
related to human activity. 

Acidity 

Excess acidity is a problem which affects approximately
25% of arable and, land which is typically unaffected by 
drought. Usually occurring in areas of high rainfall, excess 
acidity is the result of dissolved CO 2 (i.e. H2CO 3) which acidi
fies the soil and brings normally insoluble ions like AI+3 into the 
soil solution. Acid soil eventually becomes poor in nutrients 
needed by plants and rich in toxic elements such as alumi

+ 3
num. This is because H + and AI are effective in dislodging 
other ions from soil particles and into ground water. The prob
lem is most often solved by periodic soil liming; however, this 
is a costly method which is infeasible in many areas of the 
world. 

It is clear from the previous discussion that the amount of 
environmental modification (irrigation, desalinizalion, liming, fer
tilization, etc.) needed to produce effective crop yields is 
becoming prohibitive. Modern, mechanized agriculture is ener

gy intensive and many countries cannot afford to utilize these 
techniques, For example, a typical center pivot in Nebraska re
quires 500 liters (133 gallons) of diesel fuel per hectare to ap
ply one foot of water per year (9loggett, 1981). This figure is 
even higher if the total cost of production is converted to ener
gy. Pimental et al., in 1973, reported that 800 liter equivalents 
of gasoline were required to produce a hectare of corn in the 
United States. 

Disease and Weather Fluctuation 
Aside from sol;mineral stresses, disease and weather are 

the major stresses limiting crop productions. Th, impact of 
disease is difficult to assess, but overall yields are estimated 
by pathologists to be reduced 25% or more by plant patho
gens. 

Thompson (cited in Christiansen, 1982) says that 60-80% 
of the variability in crop production is due to weather fluctua
tions, chiefly variability in temperature and moisture. The recent 
droughts in northern Africa have provided dramatic demonstra
tions of the agricultural and sociological effects of weather fluc
tuations. Crops with greater latitude to grow ui der changing 
conditions are clearly needed, 
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Rice Research
 
R- ice is grown in more than one hundred countries and 

on every continent of the world (except Antarctica) andproduces more calories and carbohydrates per hectare 

than any other cereal (Lu and Chang, 1980). This grain, 
second only in economc importance to wheat, is the staple 
food for one-half to two-thirds of the world's population. Ac
cording to Lu and Chang (1980), by the end of this century,
 
"the number of people dependent on rice for their staple food
 
will be greater than the present world population."
 

Long-term, High-freg ucncy Regeneration 

When TCCP began experiments with rice tissue culture in 
1980, plant regeneration from rice callus cultures was of low 
frequency and short duration. Itwas also restricted to japonica 
cultivars. Now, high-frequency, long-term regeneration from 
both japonica and indica cultivars can be achieved. 

Cultivars for use in tissue culture experiments were sug
gested by Dr. Ronnie Coffman (then of IRRI). They represent a 
mixture of indica and japonica varieties, of salt-tolerant (Pokkali 
and Giza 159) and salt-sensitive (IR-36 and Mahsuri) cultivars, 
and of green revolution cultivars (IR-36) and native land races 
(Pokkali). Cdlrose 76 and Giza 159 are japonica cultivars, Pok
kali and IR-36 are indica, and Mahsuri is a japonica x indica hy
brid. 

Mature seed has been a very successful explant for es
tablishing E callus cultures as the scutellum and occasionally 
the shoot apical meristem give rise to embryoids (Figs. la-f). 
Unlike wheat and corn, the potential of the rice scutellum to 
produce somatic embryos in tissue culture remains high as the 
embryo matures (Fig. 2). 

Optimal media and growing conditions differ for each cul
tivar and do not seem to be completely consistent within 
japonica or indica groups (Table 1). For example, Calrose 76 
seeds form maximal E callus in the dark on LS medium sup
plemented with 1 mg/I 2,4-D and 0.2 mg/I KIN. If TRP is added 
to the medium at 100 mg/I, the proportion of E to NE callus in
creases significantly (Table 2). It was also reported that IAA 
had a similar effect (Siriwardana and Nabors, 1983). This is 
true if data is taken on the percentage of cultures containing E 
callus, however ifcallus masses are used, TRP enhances the 
production of E callus more than IAA. Therefore, TRP may not 
be acting as an IAA precursor in this system. Following initia
tion, it is not clear whether or not TRP is helpful in maintaining 
E callus because results have not been consistent. It is ap
parent that the maintenance of E callus of Calrose 76 is more 
successful if the cultures are placed in the light, on LS media 
containing 2 mg/I 2,4-D and 0.2 mg/I KIN. Regenerable callus 
has been maintained in culture for 15 months. 

Plant regeneration occurs only from E callus. A higher 
cytokinin to auxin ratio is required for plant regeneration than 
for E callus formation (Table 3). This appears to be attained by 
the addition of more cytokinin (BAP) or by the inhibition of aux
in transport (by TIBA). 

Cultures of Giza 159 were initiated and maintained in the 
dark on LS medium containing 1 mg/I 2,4-D and 0.3 mg/I KIN. 
Callus has been maintained for 23 months and is still providing
Pffirienf !evels of regeneration. Typically, 30 to 45% o! !he 
callus is E at the end of each passage; NE callus is removed 
before transfer. Tryptophan has no effect on E callus formation 
in Giza 159. Regeneration medium contains 0.4 mg/I BAP and 
0.5 mg/I IAA. Much of the plantlet formation does not occur 
until the second passage on regeneration medium. 
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Fig. la. A single somatic embryo on Giza 159 callus. 

1c. Shoots forming on E callus of Mahsuri at third passage. 

le. Scanning EM micrograph of scutellum. 

IR-36 cultures are initiated in the light on medium with 1 
mg/I 2,4-D, 0.5 mg/I KIN and 50 mg/I TRP. The callus is main-
tained on 0.5 mg/I 2,4-D and 0.25 mg/I KIN, also in the light,
Tryptophan enhances E callus formation but does not help in 
its maintenance. If the auxin concentration is not decreased in 
maintenance media, the cultures die in four or five months. 
The rice cultivar IR-36 has been maintained in culture for up to 
29 months as of October, 1986. Regeneration was accom-
plished with medium containing 0.5 mg/I IAA and 0.2 mg/I 
BAP. The callus was put on regeneration medium for two pas-
sages to obtain the maximum number of plantlets as many
small embryoids will continue to develop into plants during the 
second passage. Initiation, maintenance, and regeneration 
media have been determined for some other IR lines. These 
media are similar to those determined as optimal for IR-36 in 
that the same types of hormones are used, but the concentra-
tions differ for each cultivar (Table 4). 

Mahsuri seeds produce the most E callus when cultured 
on initiation medium containing 0.5 mg/I 2,4-D and 0.5 mg/I
KIN in the light. Maintenance medium is identical to initiation 
medium, and callus is kept in the light. Regeneration medium 

lb. RD-23 E callus at second passage, 

1d. Ikmbryos forming on tme scuteltum. 

If. Close-up of scutellum in le. 

contains 0.5 mg/I IAA and 0.4 mg/I BAP. As of October, 1986,
Mahsuri callus has been in culture for 50 months. Although the 
number has slowly fallen off with time, plants are still being re
generated. One important procedure to note is the transfer 
technique. If the E callus is clearly separated from the NE and 
necrotic tissue, regeneration is high; if, however, the dark, dy
ing callus is not carefully removed at each passage, very little 
or no regeneration will subsequently occur. 

Pokkali seeds, grown in the dark, form approximately 80% 
E callus on a medium containing 0.5 mg/I 2,4-D, 0.2 mg/I KIN 
and 50 mg/I TRP. Callus maintenance is best when placed in 
the light on medium containing 0.5 mg/I 2,4-D and 0.4 mg/I
KIN. If the callus is maintained on medium with 0.2 mg/I KIN it 
will continue Io grow, but regeneration rates will decline faster 
through successive passages. Plants have been regenerated 
from callus which has been in culture 22 months. Regeneration 
of Pokkali is best accomplished on medium containing 0.5 
mg/I BAP. Work on this variety shows an optimal callus mass 
to media volume ratio which aids in callus growth and regen
eration. Regeneration can also be increased through the use 
of "conditioned" medium and optional callus to regeneration 
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medium 	volumes. Over 127,500 regenerated plants could be 
produced from one seed if callus were multiplied for six pas
sages and plants regenerated during the seventh (Raghava
Ram and Nabors, 1985; TCCP Newsletter No. 3; Table 5). 

Studies 	with a Thai rice cultivar, RD-25, were conducted 
concurrently at the TCCP and the laboratory of Mrs. Montakan 
Vajrabhaya at Chulalongkorn University (CU), Bangkok, Thai
land. A Colorado State technician worked at CU for six months 

Table 1. Optimal media and growing conditions. 

Regeneration
Japonica Initiation Maintenance (Light) 
Calrose 76 1D+.2K+100TRP (d)' 2D+.2K (I) .5 TIBA 
Giza 159 1D+.3K (d) 1D+.3K (d) .5A+.4B 

Indica 
while a Thai graduate student worked at Colorado State. The 
results from these investigations have shown that callus initia-
lion rates were significantly higher when LS medium with 2.0 
mg/I 2,4-D, 10% CW and 3% sucrose was user' instead of a 
TCCP combination of LS medium with 1.0 mg/I 2,4-D., 0.4 mg/I
KIN and 4% sucrose (Fig. 3). 

The Colorado State regeneration medium (LS + 0.5 mg/I
IAA + 0.3 mg/I BAP + 4% sucrose) produced more plants per 
gram of callus than the CU regeneration medium (modified 
White's 	 major salts with LS minor salts and vitamins + 1.0 
mg/I IAA + 3.0 mg/I KIN + CW, (Fig. 4). 

In experiments done at both locations, the culture jar used 
at Chulalongkorn was much less effective in callus initiation ex-
periments than the culture jar used at Colorado State. The CU 
jar has a tight fitting, pliable, plastic cap whereas the Colorado 
State jar has a loose fitting, rigid Bakelite cap. 

Callus initiation and plant regeneration was always less at 
the CU location than at Colorado State. It was hypothesizedthat this difference was due to higher concentrations of hydro-

carbons (such as ethylene) in the air in Bangkok, a large, met- 
ropolitan city, as opposed to Fort Collins, a small, rural city. 
But confirmation of this hypothesis requires further testing. 

It was discovered that exact replications of experimental 
methods in two different locations is difficult. Chemical and 
water supplies as well as containers and culture room condi-
tions are different. Also, simple procedural differences may
profoundly affect results. For instance, the investigators at CU 
were able to obtain initiated callus which was 100% E cells. 
This had never been possible at Colorado State. The CU in
vestigators had developed the method of removing germinated 
root and shoot rneristems from the cultures after two weeks of 
incubation whereas Colorado State investigators did not do 
this until the first transfer to new medium at four weeks. 

These experiments show the importance of complete de
scriptions of methods. They also emphasize the importance of 
personnel and information exchange between laboratories en-
gaged in similar research. 

Scutello forming collus (%)
100 

001 

60-

40 

20 

0 
0 20 40 60 80 00 0C 

Embryo length (% of mature embryo) 

IR-36 1D+.5K+50TRP (I) .5D+.25K (I) .5A+.2B
 
Pokkali .5D+.2K+50TRP (d) .5D+.4K (!) .5B
 

Mahsuri .D+.5K () .50+5K (1) .5A+.46 

K -KIND-2,4-D
B - BAP
 
N-NAA
 
A- IAA 

Numbers preceding hormones denote concentration inmg/I
 
*Culture conditions: callus grown in the light (I)or dark (d)
 

Table 2. 	Effect of tryptophan concentrations on average E and NEcallus (in mg/seed) and E/NE ratio of Calrose 76, Pokkali 
and IR36. Media contained24D or 2,4,5T. Results are for 
20 seeds/sample. 

TRP Calrose 76 Pokkali IR-36 
mg/i E NE E/NE E NE E/NE E NE E/NE 

0 14.6 ± 11.1 50.2 ± 19.8 ±5.6 ± 8.2 

50 24.4 213.7 .114 
± 4.4 t 8.7 

100 86.1 258.5 .333 262.1 206.3 1.271
 
± 10.6 ± 13.5 ± 99.2 20.9
 

Table 3. 	 Regeneration capacity of Calrose 76 E and NE callus on 
media containing one of three different growth regulators 
callus was initiated on medium containing I mg/I 2,4-D and100 mg/I 	 tryptophan. Sample size was 20 vials each con
taining 40 mg Enallus. 

BAP TIBA IAA 
Concentration 

E NE E NE E NE 
mg/I 	 %vials with shoots 
0 25.0 0 25.0 0 25.0 0
0.1 53.0 0 60.0 0 20.0 0 
0.2 68.8 0 73.3* 0 36.4 0 
0.5 81.3' 0 75.0* 0 36.4 0 

'Significantly different from control (2x 2contingency test) at 0.05 lev
el of probability 

Fig. 2. Formation of callus by rice (squares) and wheat (circles) scu. 
tella. Open symbols indicate E callus. Closed symbols indicate 
total callus. 
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Table 4. 	Maintenance and Regeneration media of Several IRRI and 50 
Thai Cultivars - 45 ^ 

- -40135 'A
 
Initiation Maintenance Regeneration (Light)/________ 	 30 

IR-54 .5D+.5K (I)' .5D+.5K(1) .5A+.2B 25 
IR6 1D+.2K (d) 1D+.2K (d) .5A+.5B __________2___"
 

IR-60 1D+.2K (d) 1D+.2K (d) .5A+.2B
 
IR-62 1D+.2K (I) 1D+.2K (I) .5A+.2B 5"_1_

RD-23 1D+.3K (d) ID+.3K (I) .5N+1.6B+10% CW "
 
RD-25 1D+.4K (d) 1D+.2K (I) .5A+.38 	 

- 2,4-D--	  _ 
K - KIN 
B - BAP /V

N - NAA 
A - IAA '7U,"7"./W2 CU N

U au 
SITES

Numbers preceding hormones denote concentration in mg/I 
'Culture conditions: callus grown in the light (I) or dark (d). Fig. 3. Callus initation using CU and Colorado State methods at both 

sites. 
W2CU- Two week culture using CU method. 
W2CSU- Two week culture using Colorado State method. 

Table 5. Pokkah rice plants that could be regenerated from one seed W4CU- Four week culture using CU method. 
under culture conditions it E callus is initiated from one seed W4CSU- Four week culture using Colorado State method. 
In the dark on a medium containing 0.5 mg/I 2,4D, 0.2 mg/I 
K, and 50 mg/I TRP, and maintained for 6 passages (after 1 
passage on initiation medium) in light on 0.5 mg/I 2,4-D+ 0.4 55 
mg/I K. The amount of E callus that could be produced at 
the end of the 6th passage is 257.83 g. For the 7th pas. -- 45_
 
sage, all the E callus is transferred to a regeneration medium_ _ 40 i 
containing 05 mg/I BA as the only hormonal additive. =30 

25
 
20
 

Total number of 15 
Flants regenerated plants regenerated I@ V 

Culture at the end of (including those on 5 f 
condition 7th passage maintenaiice medium) .0 

NE Callus 02L 
E Callus -2W 	 W 
unimproved media 4,881 	 W S 

E Callus L 
improved media 20,167 25,049 _ 24 W 0; 

Callus to medium DM1.U2 
INITIATION 

SUM-CSUM2 
METHODS 

ratio (mg/mI)
adjusted to 6.5 64,535 69,417 Fig. 4. Plant regeneration in CU and Colorado State methods at 
Regeneration medium 
conditioned for2 
weeks at optimal 
conditions 122,618 127,500 

Colorado State.
CUMI - CU inflation medium using CU method. * 
CUM2 - Colorado State initiation medium using CU method.* 
CSUM 1- CU initiation medium using Colorado State method.* 
CSUM2- Colorado State initiation nedium using Colorado 

Utilizing the State method. * 
conditioning factor 
directly (proposed) 245,236 250,118 

W2W-
W2LS-

Two week old call, in CU regeneration medium. 
Two week old cali in Colorado State regeneration 
medium. 

W4W- Four week old calli in CU regeneration medium. 
W4LS- Four week old call in Colorado State regeneration 

medium. 

'Each method was used for both Initiation and regeneration. 

The number of regenerants from each treatment are significantly dif
ferent at 0.01 probability level. 
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Fig. 5. Distribution pattern for the amount of E callus initiated from Fig. 6. Conditioning of medium. A: initial inoculum size was 65 mg. B:initial inoculum size was 500 mg. (triangle); no conditioning ofmature seeds of Oryza sativa cv. IR-36 and the final pH of the medium. (circle); medium conditioned for I week. (square);medium after the initiation period of 28 days. Results were medium conditioned for 2 weeks, In all these cases, after concompiled from 3 replications, conducted over a period of 6 ditioning, the medium was reinoculated with 65 mg E callus.months, with each replication having more than 60 samples. The regeneration from this callus In 5 weeks is evaluated.Bars represent standard errors of the mean Standard errors are shown, Smple size was 20 containers. 

Inoculurn Sizc!( onditioning Factor liQlUid Cultures 

Rice has been used in experiments to determine if there The principal difficulty in the development of cereal
is an optimal callus mass/medium volume ratio. An inoculum suspension culture technology is the lack of reliable regenerasize which is too small will result in callus death; if too much lion. It is possible, however, to regenerate callus grown in
callus is transferred, initial growth is high, but declines by the liquid cultures, and for selection purposes, short-term liquid cul
fourth week in culture. Similarly, the mass of callus placed on tures have immediate application.
regeneration medium has a dramatic effect on the number of Embryogenic callus of Giza 159 has been successfully
shoots produced per gram. In experiments in which either the cultured in liquid media for up to 20 weeks, although the re
inoculurn size or the medium volume was varied, an optimal ra- generation capacity is not as great as on solid media (Fig. 7).tio was 65 mg callus per ril medium for Pokkali rice (Raghava Embryogenic callus from fourth passage Giza 159 was cut intoRam & Nabors, 1985). If the piece of callus inoculated was 1oo fine pieces and added to liquid LS media with 1mg/I 2,4-D +
small, death or very poor regeneration occurred. With a large 0.3 mg/I KIN. After one week on a rotary shaker at 100 rpm ininoculum size, plant regeneration was reduced while more dark conditions, the mixture was centrifuged and the packed
ca! :, n-wth r:'-7curred. cells were added to new media. This procedure repeated

The media used at TCCP is pH'd to 5.50 prior to auto- up to three months u,til 
for 

the suspension contained small, indi
claving. Due to auloclaving, the pH drops to 5.40 or 5.45. The vidual yellow clumps; cultures were then transferred by pipet
pH drops further alter four weeks in culture. The greatest E ting every two weeks
callus growth occurs when the i;,ial pH of the media is 4.85 A few plants were regenerated after individual clumps of
(Fig. 5). Buffering the media at 4.85, at the start of the experi- cells from the suspension were picked out and placed in thement, markedly improves E callus production. dark on LS solid media with 1 mg/I 2,4-D, 0.3 mg/I KIN and

Regeneration rates can also be increased in Pokkali 1.6% agar. After four weeks, the E callus was separated andthrough the use of conditioned media. If a piece of callus was placed in the light on regeneration media containing 0.5 ppmused as an inoculum for one or two weeks to condition the IAA + 0.4 ppm BAP. Healthy, green callus was transferred to amedium and then replaced by another piece of callus, the re- second passage on regeneration media after four weeks.
generation rate frorn the second piece of E callus was nearly Plants were regenerated on both passages.
four limes that of a control placed on non-conditioned medium The rice cultivars IR-36 and Giza 159 have been tested
(Fig 6). If roots had grown into the medium, the agar was sol- using liquid saline selection. NaCI levels were chosen so thattoned in a 70'C water bath to allow easier removal of callus 90% reduction in E callus fresh weight increase was achieved
and plantlets. The medium was then resolidified and inoculated In this scheme, 0.5 gin E callus was placed in 250 ml Erlenwith fresh E callus. The neating of the medium prior to resolidi- meyer flasks containing 50 ml liquid saline maintenance mediafication did not appear to have any effect on the conditioning. with 11 g/il NaCI. The flasks were placed on a rotary shaker at 

100 rpm. After 20 days, calli were removed arid placed on re
generation media. At 56 days (after introduction of stress), all 
remaining callus material was placed on regeneration media 
Plants were obtained at holi regeneration attempts and seeds 
produced for future whole plant testing. 
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Table 6. 	 Selected salt levels and their influence on length of culture 
and number off[.ants regenerated and grown to maturity in 
the greenhouse. More plants were regenerated but due to 
limited space, only a few were kept. 

.' 
 Maximum 
Cultivar Salt level total passage # plants which Total 

g/ length In culture set seed 
'". ,1 	 .
 Calrose 	 0 11 29 

.A 	 3 8 47 
6 7 5 81 

G-159 	 0 20 108
 
3 18 130
 
6 11 183
 
8 10 13
 
9 5 38
 

11 10 
 63 535
 
IR-36 0 	 22 258 

3 11 173
 
5 2 1
 
6 	 21 70 
8 5 7
 
9 15 7
 
10 2 3 519
 

Mahsuri 	 0 22 15 
1 4 3
 
3 6 209
 
6 8 26
 
8 4 4
 
9 3 1 258
 

Pokkali 	 0 13 31 
3 	 13 38
 
6 	 22 65 
9 	 7 12 146 

In Vitro Selection - PEG/AlCI3 

Preliminary investigations have been conducted to deter
mine the PEG and AIC13 conce'itration ranges which support 
reduced callus growth sufficiert to obtain tolerant mutants. In 
experiments with PEG, the most successful concentration, in 

r .terms of allowing callus growth, were 10, 20 and 50 g/l. Six
lplants which set seed have been regenerated from PEG . -~m 
 4 stressed cultures of Pokkali; two plants were regenerated from 

Giza 159 (Table 7). 
The concentrations tested for AIC13 were 50, 100, 200, 

r .J 250, 500, 1000 and 2000 mg/I. Plants have been recovered 
Fig. 7. from each level after a minimum of four months in culture forGiza 159 regenerated from suspension culture. 	 Pokkali, Giza 159 and IR-36. A total of 170 fertile plants from 

IR-36, 38 from Giza 159 and 1 from Pokkali (Table 8). All future

In VitroSelection - NaCI experiments with IR-36 and Giza 159 stressed on AIC13 should
 

use concentrations between 200 and 400 mg/I since lower lev-

Several long-term selection studies have been conducted els tend not to be restrictive enough to growth, and higher lev

with E callus of the cultivars Calrose, Giza 159, IR-36, Mahsuri els are usually fatal. 
and Pokkali. From these studies, 81 plants of Calrose, 535 of 
Giza 159, 519 of IR-36, 258 of Mahsuri and 146 of Pokkali 
have been regenerated and grown to maturity (Table 6). Many 
more were regenerated but not grown to maturity due to 
greenhouse space limitations. These cultures were started on 
their respective levels of NaCI and were maintained on that lev
el untl the callus was moved to regeneration media. Cultures 
have been maintained on 6 g/l NaCI for at least seven pas
sages for all cultivars tested and have retained regeneration 
ability to maturity and seed set. On higher salt levels cultures 
did not survive seven passages. 

Long-term cultures, those of more than 12 passages
under NaC stress, are possible with Giza 159 and Mahsuri at 
3 g/I NaCI, Pokkali at 3 and 6 g/l and IR-36 at 6 and 9 giI. 
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Table 7. Plants regenerated from PEG-stressed cultures. Table 9. Relative salt tolerance at seedling stage of two rice cultivars, 

Cultivar PEG level Longest passage # regenerate plants 
g/I length inculture which set seed 

G159 50 9 2Go159i 10 6 6Pokkali 10 6 6 

Table 8. Plants regenerated from various aluminum levels, 

Cultivar Al stress Longest total passage # plants which Total 
level mg/I length In culture set seed 

G159 200 11 28 
250 8 8 
500 5 2 38 

IR36 50 9 3100 19 3 

200 11 51 
250 9 28 170 

Pokkali 50 4 1 1 

Nitrate Efficiency 

Enhancing the fertilizer efficiency of crops would reduce 
one of the major costs of farming. The approach used by the 
TCCP is to select for altered nitrate reduclase with increased 
substrate specificity or reduction capacity. This can possibly 
be accomplished by growing cells in the presence of chlorate, 
a competitive substrate. Nitrate reductase will chemically 
reduce the chlorate to chlorite, which is lethal to cells; howev-
er, variant cells with increased levels of nitrate reductase or 
with altered nitrate reductase - having increased specificity 
for the substrate nitrate - will not be affected by the chlorate, 
and will thus preferentially grow. 

In initial chlorate experiments conducted with IR-36, it was 
determined that 50 mg/I chlorate selectively inhibited callus 
growth to about a tenth of control growth. Surviving cultures 
from chlorate screens were subsequently cultured on media 
containing one-half, one-quarter, and one-tenth concentrations 
of LS nitrate; however, none of these chlorate-selected calli 
grew as well on the reduced nitrate media as the controls. Be-
cause selection time was short and pressure was low for this 
experiment, additional chlorate selections are planned to gen-
erate chlorate resistant calli, and to screen calli on minimal ni-trate media.R 

selected for tolerance in callus culture at various levels of 
NaC. Scale range: O-dead, 6-completely healthy. Seed
lings were placed in test solutions containing 0, 3, 6, 9, 12, 
or 15 g/l NaCI, 20 days after germination. Data was collect
ed 5 days after plants were placed in test solutions. 

in vitro hydroponic seedling test 
of R1 plants 

invitro selection Avg. score Avg. score Avg. score 
stress level: 

NaCI(g/I) 
period 
(mos) 

of plants 
grown in 

of plants 
at all NaCI 

of planis 
grown in 

0 g/I levels tested 15 g/I 
Cultivar NaCI (0-15 g/) NaC 
Calrose 0 7 4.00 1.72 0.83 

3 7 5.20 2.37 1.00 
3 
6 

8 
7 

4.30 
5.00 

2.54 
2.92 

1.80 
1.67 

IR-36 0 5 6.00 2.01 0.67 
3 5 5.50 2.46 0.67 
6 
9 

5 
5 

6.0 
5.50 

2.96 
4.16 

1.75 
2.00 

Whole Plant Greenhouse Evaluation 

To date, plants from three rice cultivars, Calrose 76, Giza 
159 and IR-36, have been evaluated. Calrose 76 was initially 
selected for salt tolerance in tissue culture for seven or eight 
months, on media containing 3 g/il or 6 g/il NaCI. As a control, 
some callus was also grown for seven months on a medium 
without added NaCI. IR-36 and Calrose 76 were initially select
ed for salt tolerance in tissue culture for five months on media 
containing 0, 3, 6, or 9 g/I NaCI (Fig. 8). At the end of the in 
vitro selection period, plants were regenerated, grown under 
greenhouse conditions, and seed was collected. These seeds 
were then germinated and placed into beakers containing 
one-half strength Hoagland's solution and 0, 3, 6, 9, 12, or 15 
g/I NaCI. After five days in the NaCI solutions, plants were rat
ed for vigor on a 0-6 scale, ranging from death (0) to perfectly 
healthy (6). 

Calrose seedlings were stressed somewhat by the testing 
system itself; that is, plants placed in 0 g/l NaCI averaged only
4.0 on the 0-6 scale (Table 9). The average score of plants in 
all test solutions (0-15 g/I NaCI) increased steadily with an in
crease in either the in vitro stress level, or the selection period. 
R, seedlings derived from callus that had been selected forselnsdrvdfocalstahabensetdfr 
tolerance at 6 g/I NaCI were approximately 70% more tolerant 
than the R1 progeny of plants derived from callus cultures 
which were not se;ected for salt tolerance (averaged over the 
entire range of NaCI test solutions). At the highest level of salt 
tested (15 g/il NaCI), the R1 progeny of callus selected at 6 g/il 
NaCI were approximately 100% more tolerant than the con
trols. 

IR-36 plants grew well in solutions containing no NaCI, 
averaging a 6.0 rating out ot a possible 6.0. There was again a 
steady increase in seedling tolerance across the entire range 
of NaCI test solutions, correlating with the level of in vitro 
selection pressure. R1 plants regenerated from callus selected 
for tolerance at 9 g/I NaCI did approximately 100% better than 
R1 plants derived from non-selected callus. With 15.0 g/I NaCI 
in the test solution, Ri progeny from the 9 g/I NaCI-selecled 
cultures did almost 200% better than the controls. It is interest
ing to note that, at a low in vitro selection pressure (3 g/il 
NaCI), tolerance of the R, progeny does not appear to be sig. 
nificantly greater than the controls when the selection period 
was seven months or less. When the selection period was 
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more than seven months, however, some NaCI tolerance was 
expressed in the R1 progeny.

These experiments indicate that rice callus, selected for 
salt tolerance in vitro, can produce salt-tolerant seedlings when 
given a selection period of at least seven months. In this ex
periment, 61% of the R, seedlings derived from callus culture 
stressed at 3 g/I NaCI, 71% of the R, seedlings derived from 
callus stressed at 6 g/I NaCI, and 92% of the R1 seedlings
derived from callus stressed at 9 g/I NaCI did better in seed
ling tests than did R, plants derived from callus that was never 
stressed. The data tend to suggest that the total stress in cul
ture is a function of both the level of NaCI in the medium and 
tfie length of the selection period. This is consistent with our 
previous findings for tobacco. 

A salt threshold level hydroponic test for whole plants has 
been developed. Seeds were planted in six-inch pots contain
ing sand. Thirty-six pots were placed in large wooden tanks
lined with plastic (Fig. 9). Liquid nutrient solution was added to 
the tanks. Once the rice plants were 10-15 cm tall, the level of
the hydroponic solution was raised to above the top of the 
pots. At that time NaCI was the nextadded over seven to ten 
days until the final concentration was reached, 

In the first experiment, seeds from regenerated Giza 159 
and IR-36 plants were evaluated. The lines came fromR1 
callus selected for ten passages on 9 g/I for Giza 159 and forIR-36 for five passages on 9 g/l. Non-tissue cultured seeds 
were used as checks. Four levels of NaCI were tested: 0, 3, 5, 
and 7 g/l. Percent survival was 100, 89, 31 and 0%, respec-
tively (Fig. 10). One IR-36 line out-yielded its check at 3 g/I and 
one regenerate line of Giza 159 out-yielded its check signifi
cantly in the control tank. The IR-36 line is now in a second hy-
droponic test and the Giza 159 is in field tests to confirm its
yielding ability. 

A second, whole plant, salt hydroponic test was started in 
February, 1987, with 58 regenerate lines of IR-36, Giza 159 
and RD-23 as well as non-tissue culture checks of each cul-
tivar and Pokkali, a salt-tolerant cultivar. Vigor ratings taken 
after five weeks of salt stress are summarized in Table 10. 
From the regenerated lines of IR-36 and Giza 159, one to four 
and one to two lines were rated higher than both Pokkali and
their respective check seeds. 

.... . 
-' 

* (# 

'All 

Table 10. 

1R-36 
Pokkali 
check' 
IR-36 check 

Ave. of tank 
# of lines 
in tank 
# of lines 
better than 
both Pokkali 
and IR-36 
checks 
G-159 

Pokkali 
check' 

G-159 check 
Ave. of tank 

# of lines 
in tank 

of tines 
better than 
both Pokkali 
and G-159 
checks
 

Fig. 9. R, IR-36 plants in 5 gIl NaCI. 

Summary of vigor rating of second whole piant hydroponic 
test. Vigor rating to 5 (dead to hea'hy). Plants were 8 
weeks old and had been stressed for 5 weeks. 

0 3 g/I 5 g/I 

1 2 1 2 
5.0 2.7 2.73.0 2.7 

4.0 3.7 2.0 3.0 1.3 

39±.2 3.1±.1 2.3±.2 2.4±.2 1.8±.2 

31 17 17 18 18 

0 1 4 3 2 

5.0 3.7 2.0 2.3 2.7 

5.0 3.0 3.4 3.7 3.0 
4.1 ±.2 3.1 ±.2 2.7±.2 2.4±.2 2.5±.1 

18 15 19 17 28 

0 0 2 0 

iCheckisseed not derived from tissue culture experiments. 

y-,. 

Fig. 8. Pokkalh seedlings inbeaker hydroponics. 
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Fig. 10. Whole plant hydroponic ovaluation showing R, Giza 159 i 

coilrol (ticArouuidl and in 3 /I NMO (forgrourd) 

Fild 'csting 

Ii a collaborative research project, Dr. Milton C. Rush of 
the Louisiana State University Rice Research Station has inves-
tlgated sonaclOnal variation. Through November 1, 1986, 
somaclonal variation has been observed in regenerated plants 
in the characters ot leat blade angle, flag leaf angle, culm an-
gle, leal color, leaf pubescence, leaf senescence, cuIm 
strength, diseaise resistance, panicle type ard size, panicle 
exertion, sterility, seedling height, mature plant height, sheath 
color. tiller niiunher, leaf blade length, blade width, days to 
hoiadiinil, paimicdi number, pianicle vveight, 10Oseed weight, 
gr;iin-lype, grain quality, yield, aprculus Color, and hull color. 

Son'aclo il variation was observed in regenerated lines 
fronm tatillte. Z iruth and Lenont during both the 1385 arid 
19136 growing seasons however, the cultivars Melrose, Tetep, 
laipei 309, and Tadukan shiowed little or no variation. It is clear 
thit tilfrerit rice gerniplasns show different responses as far 
at; developmerit (i variaton tror culture is concerned. The 
cillivars Tehep aiid Tadukan have shown no variation to date. 
If 1ly fhiese culhivars would have been studied, the conclusion 
would have been that rice does not show somaclonal variation, 

In a yield trial during the 1986 season, the line Labelle 
1/215 out-yielded tIhe paient variety Labelle arid the high 
yielding, commercial variety Lernont; however, grain guality 
was seNiously reduced du1e to breakage of the larger grain dur-
ig milling. Lemont line #726 had OU-yielded Lernont in a 
1985 yield test, but yielded less than Lennont in the 1986 test, 

In 1985, two Labelle lines were identified that were resist
ant to sheath blighl. These lines were also resistant in 1986, 
although one line appeared to be segregating for resistance. In 
1986, two more Labelle sorniaclones and one Zenith soma 
clone with apparent increased resistance to sheath blight were 
identified. Many Labelle lines appeared to vary in resistance to 
Ihe rice blast disease when exposed to natural infection. Some 
lines appeared niore resistant than the parent culfiva and 
some appeared fo be riore susceptible. About thirty lines have 
been sen to Dr. M.A. Marchetti at the Texas A & M Rice Re-

Dominant or co-dominant mutant alleles for tolerance are 
selected i)n tissues cultures aid, after one generation of 
inbreeding, produce homozygous true breeding lines with in
creased tolerance. 

T, T, parent plant is nontolerant 

mutation in tissue culture to 
t[derant allele, T, 

T2T1 regenerated (R0) plant with 
l increased tolerance 

selling 

I T2T2 2 T2T, 1 TjT, segregation in RII generation 

true true
 
breeding R2 breeding R2
 

tolerant parent
 
line line
 

segregating 
heterozygous R, 

line 

search Station in Beaumont, Texas for evaluation of their blast 

resistance under controlled conditions. 

In May of 1986, approximately 100 regenerant lines and 
check seeds from TCCP of culfivars Calrose, Giza 159, IR-36, 
Mahsuri, and Pokkali were sent to Dr. Charles N. Bollich at the 
Texas A & M Agricullural Research Station and to Dr. Milton C. 
Rush at LSU for generation advance. Variation in flowering 
date, number of fillers and morphological characteristics were 
observed (Figs. 11 a and b). 

In early August, 1986, seeds from 387 regenerant lines of 
Calrose, Giza 159, IR-36, Pokkali and Mahsun were delivered 
to Dr Dely P. Gapasin at the Philippine Counuil for Agriculture 
arid Resources Research and Development (PCARRD) in Los 
BaFios, Philippines, for use in structured field tests in saline 
soils. The lest ing is part of a collaborative program with Dr. 
Edwin Javier of UPLB. Fiftyeight R, lines from the Louisiana 
and Texas field increases greenhouse hydroponics tests, arid 
sixty additional R lines from the TCCP rice inventory were also 
sent to the Philippines for these new tield tests. A total of ap
proximately 500 lines are now in the Philippines for testing. R, 
lines were increased arid will be tested in saline soils and the 
R, seed from Texas and Louisiana were evaluated on the sa
ire soil in early 1987. 

Based on visual observations after six weeks in salt, 
several R2 lines looked prolising either in comparison to their 
bag seed check or by having outstanding individuals within the 
R. lines, From field increased R, lines, six of fourteen Calrose, 
flive of nineteen Giza 159 arid one of four Mahsuri lines looked 
promising. After selecting in hydroponics, two of seven Giza 
159 arid four of nine IR-36 lines showed promise (Table 11). Fi
nal data will be taken in late April or early May, 1987 
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Table 11. R2 Lines inSalt Evaluation Trial in the Philippines 

Seed from Texas Seed Increase 
Cultivar Salt Stress Passage 

Number of Lines 
Sent Promising 

.... 

Calrose 0 911 11 00 [ 

3 6 2 0 
7 4 3 
8 3 1 

6 7 3 2 
Giza 159 0 17 1 1 

6 8 1 2 
9 3 1 

10 7 1 
11 2 1 

8 10 2 1 
IR-36 0 8 1 0 

6 5 3 0 

9 
12 
5 

1 
1 

0 
0 

Fig. 11a. R, lines in Texas showing variation inheading date. 

Mahsuri 0 9 1 0 
6 3 1 1 
8 3 2 0 Ii ,'-

Seed from hydroponic test 
Giza 159 8 10 7 2 

,. . __.. ' .__ 

IR-36 9 5 9 4 . .- , , ....... . 

T'axonomic Terms 

Genus A systematic unit consisting of a group of " &Li2.. 
species which are of common phytogenetic origin and . 
appear to be clearly differentiated from other such V,.groups. , 4i.,. ,: 

Species Groups of actually or potentially in
terbreeding natural populations which are reproductively \ i 
isolated from other such groups. 

Population A community of potentially interbreed- I1b. R, seed increase in the Philippines. 
ing individuals which share a common gene pool. 

Land race Also referred to as a geographic race, 
is a population which occupies a geographical subdivi
sion within the range of a species. 

Variety A group of individuals within a species 
which are distinct in form or function. 

Genetic Terms 

Genotype The sum total of the genetic information 
(genes) contained in the chromosomes. 

Phenotype The observable properties of an organ- - \ \ 
ism, produced by the interaction between its genetic po
tential and the environment it is in. 

Breeding Terms 

Family In breeding a group of individuals directly 
related by descent from a common ancestor. R, R, R,

Line In breeding referred to as an inbreed line pro
duced by continued self-fertilization. At TCCP has been Nomenclature used at TCCP for identification of progeny derived from
used to denote the R, seed. tissue culture regenerated plants. 

Cultivar A variety of plant that has been produced 
only under cultivation. 

Field Plot Term 

Entry At TCCP used to denote a line, which may 
be replicated, in a field evaluation. 
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Wheat
 
Wheat is the largest of the cereal creps in terms of both 

hectares and production and a staple food for over one third 
of the world's population (Reitz, 1967). Wheat contributes 
more calories and protein to the world's diet than any other 
food crop (Hanson, et al., 1982). It is nutritious, concenfrated, 
readily stored and transported, and easily processed. The 
uniqueness of wheat stems from the fact that it contains glu
te. which allows dough to rise. 

There are two primary types of wheat: bread wheat (Triti
cum aestivum) and dururn wheat (Triticum durum). Bread 
wheat covers about 90% of world wheat area and produces , - •.94% of the total harvest. At present, the TCCP is using two , 

bread wheat cultivars obtained from CIMMYT: Glennson 81 1." 
and Pavon 76. Preliminary tissue culture and regeneration ex- t " "f"',:.' 
periments have been conducted with spring wheat cultivars jj/ ,*:!) 

Chris and Chinese Spring and also with Triticale. A winter ~ ~ ~ .;~ , : 1wheat program, funded by the Colorado State University Ex- .. '' '" .j , i 
periment Station, is also in operation. 

Long-term, High-frcquency Regeneration Inorder to maximize the amount of the smooth-compact 
callus produced in culture from seed, a series of complex 

Cereal callus which is highly regenerable (E callus) is media experiments were implemented. It was determined that 
composed of somatic embryos. In wheat, such callus was 5 mg/I 2,4-D plus 20 mg/I TRP produced the maximum 
much more difficult to recognize than in rice and other cereals. amount of smooth-compact callus, and mir, mal amounts of NE 
In initial reports, it was observed that a smooth-compact callus callus (Heyser et al., 1985). It has since been determined that 
was produced from seeds in culture (Fig. 12), and preliminary TRP does not consistently enhance E callus amounts in wheat,
evidence indicated that this callus was moderately regenerable and it has thus been eliminated from initiation and mainte
(Nabors et al., 1983). nance media. Isolated mature embryos will also produce callus 

When the smooth-compact callus is cultured on mainte- with embryos. In Pavon, 2 mg/I 2,4-D is better than 5 mg/I 
nance media, it continues to ''differentiate" into a bumpier 2,4-D at most KIN concentrations for the percent of cultures 
callus (Fig. 13). It was thought that this bumpy callus with embryos (Table 12; MacKinnon, 1985).
represented embryoid primordia: however, all attempts to re- Formation of E callus takes one to two months when im
generate at high efficiency the smooth-compact callus and its mature embryos are used, as compared to two to four months 
derivative bumpy callus failed, although more than 20 hormone when mature embryos are the explant source. The composi
combinations were tested in regeneration media (MacKinnon, tion of the regeneration medium does not appear to be critical 
1985). for long-term, high-frequency plant regeneration from the E 

This dilemma of sporadic plant regeneration from wheat callus. It was found that embryos were able to develop into 
callus cultures was resolved when studies were conducted on plants on media devoid of any hormone, but more vigorous
the production of E callus from developing scutella. Scutella of shoot and root formation occurred on media with hormones 
immature wheat embryos have the capacity to develop somat- (MacKinnon, 1985). A critical factor for optimal regeneration
ic embryos only during early stages of embryo development was determined to be the inoculum size cultured on regenera
(Fig. 14; Dykes, Wahler, and Nabors, in preparation). From tion media. If less than 0.01 gm of E callus was used on re
these experiments, the morphological appearance of em- generation medium (LS + 0.1 mg/I IAA + 0.5 mg/I BAP), plant
bryoids derived from immature scufella was a guide, and all formation was diminished (about 60% of the cultures formed 
callus cultures established from seeds and isolated mature em- plants); however, if larger pieces were used, approximately
bryos were carefully examined. It was discovered that cultures 90% of the cultures regenerated. From the results of these ex
containing smooth-compacl callus often had sornatic embryos, periments, it was concluded that maximal regeneration can be 
although microscopic observation was necessary to see them. obtained using an inoculum mass of 0.02 gm of E callus per
Experiments with seeds and mature embryos provided evi- 10 rnlof medium (MacKinnon, 1985). The majority of regen
dence that the smooth-compact callus was competent to pro- erates obtained from long-term cultures were phenotypically
duce embryoids within the first few subcultures; at that time, normal, and reached maturity under greenhouse conditions. 
the smooth-compact callus developed root prirnordia and was In summary, the success of callus initiation medium for 
capable of limited plant regeneration. wheat depends more upon the developmental maturity of the 
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explant than on the cultivar. When whole seeds are used as 
explants, 5 mg/I 2,4-D is required to maximize the amount of 
smooth-compact callus and minimize the amount of NE callus. 
If isolated mature embryos are used, smooth-compact callus 
readily forms at 2 mg/I 2,4-D and produces significant 
amounts of E callus when maintained at this concentration 
(MacKinnon, 1985). While the majority of embryos are formed Z.
during the first passage they are not, because of their small 
size (generally less than 1 mm), usually detectable. Thus, E 
callus is not evident in quantity until the second passage. With V 
improved techniques. regenerative callus of spring wheat has 
been maintained for 22 passages and average regeneration 
rates of over 100 plants per gram (TCCP Newsletter No. 7, 
1987). 

. .amounts 

Fig. 12. Smooth E. callus regenerated from Pavon. 

-IRK 

4, 4 

Fig. 13. "Bumpy" callus from Glennson. 

Fig. 14. E callus from immature embryos of Pavon. 

In Vitro Selection - NaCI 

Preliminary research with salt selection of the spring 
wheat cultivars has established the parameters for the minimal 
levels of salt stress as well as the minimal culture period in vit. 
re. Since salt selection in cereals must be done with E callus if
regeneration is to be achieved, the relative sensitivities of E 
callus versus other types needed to be assessed. Several ex
periments investigated the effects of NaCI on long-term callus 
growth. Fresh weight measurements revealed that total callus 

grew reasonably well on media containing 9 gm/I 
NaCI; however, E callus appeared more sensitive to salt in that 
fresh weight amounts decreased over time. In addition to re
duced growth rates, E callus did not survive as long as other 
callus types on media containing NaCI. 

For further screening, cultures were initiated from mature 
embryos of spring wheat cultivars Pavon and Glennson. In the 
first experiment with Pavon, cultures were initiated and main.tained on 2 mg/I 2,4-D with 3, 6, or 9 g/ NaCI. Green and yel
low, compact E calli were maintained for five passages on 
their respective selection media (Figs. 15a and b). When 
transferring to the sixth passage, one half of the E callus from 
each group was divided into small pieces and placed on re
generation medium containing 0.1 mg/I IAA and 0.5 mg/I BAP. 
The other half was contained in the stress culture. The callus 
cultures were handled as described for the sixth to ninth pas
sage. Atotal of 99 plants were regenerated from 3 g/l, 21 
plants from 6 g/I and 0 plants from 9 g/l NaCI (Fig. 16).

In a second experiment on Pavon, cultures were main
tained for four passages on non-stress media then moved to 
12 g/l NaCI for four additional passages. After a totai of eightpassages, all of the calli were moved to regeneration media 
and 22 plants were regenerated. 

In similarly designed experiments with Glennson, after four 
passages on non-stressed media the cultures were moved to 
either 10 or 11 g/l NaCl. From both salt levels, one plant was 
regenerated from each. In the past year, over 2200 plants
have been regenerated from cultures containing NaCl and over 
1650 from control cultures. 
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A widecross, or alien-addition, is a type of hybrid in which 
one or more pairs of chromosomes from a wild parent species
has been added to the chromosome complement of a cultivat
ed species, or a segment of the wild-type chromosome is 
translocated to a chromosome of the cultivated species. 

(
 

Fig. 15a. 	 Third passage E callus from mature embryos of Pavon on 0 . " 

g/l NaC. ~
 

In Vitro Selection - IEG/AIC13 

Screening for drought tolerance generally involves the use 
of PEG. This polymer will interfere with the solidification of the Fig. 15b. Third passage E callus from mature embryos of Pavon on 9 
agar media unless sepcial techniques are used (see Appendix g/l NaCI. 
IV). A filter paper bridge method has been used with higher 
concentrations of osmofica. This technique uses liquid media 
with the callus supported by the paper bridges. To make the 
bridges, a double layer filter paper (Whatman No. 1) is cut and 
folded to make a 130 mm by 30 mm strip. This strip is folded 
into three sections with the sections being 50 mm long and 
the center being 20 am. The bridges are placed in jars (75
 
ni tall by 35 mm in diameter; Fig. 17) and 30 ml of medium 
 0

containing the PEG is added prior to autoclcving, Callus grows
 
more rapidly on filter paper bridges, but set-up time is consid
erably lengthened.
 

AICI.i stress studies for wheat have progressed to the ini
tial screening stage. Mature embryos were cultured on media
 
containing 100 mg/I AICI3, buLt none survived to form callus.
 
Having identified a lethal concentration of AICI3 , further e,<peri
merits will employ concentrations ranging from 10 to 75 mg/I
 
AICI. 

Whole Plant LValtiation 

Seeds from all regenerated plants are sent to CIMMYT for 
seed increase, cytological analysis, and field testing. In one ex
periment, an analysis of root tips revealed abnormal chromo- Fig. 16. Pavon plants regenerated on 0, 3, and 6 g/l NaCl. 
somes in 18% of the increased plants regardless of whether 
they were from stressed cultures or controls (Nabors and 
Dykes, 1984). Hydroponic testing of plants from control and 3 rable 12. of change andEffects KIN', of 2,4D level, selective 
g/I salt stresse - cultures did not show any increased salt toler- transfer on percent of cultures with embryos, cultivar 
ance in the v hole plants. Plants regenerated from higher levels Pavon. 
of salt will e used in future testing. In addition, plants regen- Passage
erated froin non-stressed cultures will be tested for the pres- 1 2 34 
ence of stress tolerance and somaclonal variants. _ 2 3 4"_ 

Auxin mg/I 5D 5D 2D 5D 2D 5D 2D 
WA'idccross - Collaborative Research Kinetin mg/I

0 4 30 37 64 88 38 100
Program 	 0.1 4 41 25 73 100 63 100 
0.3 0 42 50 81 100 77 100

Collaborative research arrangements have been made be- 0.5 7 25 30 89 100 50 100 
tween the TCCP and Dr. A. Mujeeb-Kazi at CIMMYT to apply 1 4 44 37 75 93 89 100
 
several tissue culture techniques to the widecross program. 2 10 93 80 100 10054 	 89 

Additionally, production and field-testing of progeny from 
plants regenerated from tissue cultures will be conducted at 'Percentages within treatments at some passages varied significantly.
CIMMYT. "At the start of fourth passage, only vials with embryos were 

transferred. 
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In the widecross program at CIMMYT, Triticuin aestivum 
cv. Chinese Spring will be used as the cultivated species, and 
Agropyron junceum, Haynaldia villosa, and Aegilops variabilis 
as one of the wild parent species. Aegilops variabilis particular-
ly is used because of its resistance to Karnal bunt and rust,
and its tolerance to aluminum. It also has good N banding,
providing an opportunity to follow the progress of recombina-
tion events cytologically. Repeated back-crosses of tl.hybrid
with the cultivated species are to be performed which may 
result in monosomic alien addition lines in which the alien 
chromosome(s) are unpaired within the cultivated genome.
These monosomic alien-addition lines can be doubled via col-
chicine to beuome disomic addition lines in which the alien 
chromosome are paired. This doubling results in a fully fertile 
disomic alien-addition line. Fertile alien-addition lines will be 
tested hydroponically to see if desirable traits for saline,
drought, or disea- e resistance have been incorporated into the 
cultivated genome. 

Media manipulation experiments were conducted for
long-term callus cultures and regeneration potential of tetra-
ploid and hexaploid wheat citivars. Callus from several cul-
tivars of Triticum aestivum and T. turgidum was maintained un-
til the seventh, monthly passage. At each passage, some E 
callus was regenerated and plants were transplanted to the 
greenhouse. 

The greenhouse conditions were set at 22°C/14°C

day/night temperatures, 15 hours natural light and approxi-

mately 55 to 60% relative humidity. Bread wheats (T. aestivum) 

were more effective in producing E callus and yielded a higher

number of regenerated plants (370) than durum wheats (T. 
 tur
gidum) (82) (Table 13). There were several spike develop-mental abnormalities (Figs. 18a to d) that at the Ro stage, may

well have been transient changes. The heritable changes will 

be analyzed in advanced generations.


Somatic root tip cytology was done on 255 bread wheat 

and 45 durum wheat plants with some spikes being randomly

sampled for meiotic analyses. Somatic root-tip chromosomes 

generally had a count of 42 for T. aestivum and 28 for T. tur-

gidum (Figs. 19a and b). The range for T. aestivum chromo-

some number varied from 39 to 45 and from 28 to 56 for T. 

turgidum with 1 to 2 telocentric chromosomes. There was a

single T. turgidum plant with 56 chromosomes attributed to 

spontaneous doubling. The plant was male sterile but female
fertile and has set seed upon backcrossing to T. turgidum. 

The meiotic analyses of a few 42 and 28 chromosome plants

provided evidence of cytological variations where apart from 

the normal bivalent formation, meiocytes possessed several 

iinivalents, trivalents and quadrivalents. All R derivatives will
o

be advanced because there exists the potential for selecting 
variants in advanced generations with the observed intrinsic Ro
 
meiotic changes. 

Seeds of the R o plants have been cut into an endosperm
half and the embryo portion. The latter material is being ad
vanced one generation under greenhouse conditions whereas 
the corresponding endosperm portion has been used for elec
trophoretic analyses. 

Several tissue culture techniques will be utilized in this 
program. Meristems culture will be used for inducing microtiller
ing of rare F,1 Triticui, x Agropyron hybrid embryos to increase
the frequency of F1 and backcross progeny. Several dozen dif
ferent media have been tested with bread wheat immature em
bryos for maximal induction of tillering. Preliminary results indi
cate that media with 0.25 mg/I 2,4-D plus 0.25 mg/I BAP give 
at least one tiller, but only in about 20% of the total cultures. 
More experimentation with hormone types and concentrations, 
as well as photoperiod, is in progress. Anther culture will be 
used to obtain polyhaploids in the F1 of intergeneric hybrids. In
vitro screening of callus is also in progress to find the relative 
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tolerance of existing, useful cultivars and to select variant lines 
with increased salt tolerance. 

Embryo rescue is also being used for multiplying rare F1
hybrids. Immature embryos of Triticale (wheat x rye) have been 
tested as a preliminary screen before other widecross embryos 
are cultured. It has been observed that hybrid embryos are 
often developmentally abnormal, and a high percentage of 
them die in culture; however, some do survive and develop ' 

callus. This E callus can be regenerated into whole plants, thus 
multiplying the rare hybrid. 

Micropropagation is in progress using E callus derived 
from F1 hybrids of Triticum and Agropyron, Haynaldia, and 
Aegilops. Immature embryos were cultured on LS media plus 2 
mg/I 2,4-D with approximately 40% of them forming callus,
although the formation of E callus was sporadic. Plants will be 
regenerated from the E callus at the end of the second, four
week passage. These plants will be grown to maturity and 
used in backcross experiments. This cloning procedure is also 
being used with Triticale F1 embryos.

Embryogenic cultures of Glennson have been maintained 
for two years. Cultures greater than one year old have been re
generated. Cytogenetical analyses are planned with these re
generates to document the extent of chromosome aberrations. 
It is especially desirable to obtain monosomics, which are of 
particular value to breeding programs. 

Table 13. 	 Regenerated T.aestivum and T. turgidum plant data from 
callus maintained up to seven months. 

Varieties Total
3 4 5 6 7 
Number of Plants Regenerated 

BREAD WHEATS 
MRL"S"/BUC"S" 21 33 26 6 0 86 
BOW"S" 1 17 12 0 0 30 
ALD"S"/PVN"S" 24 36 21 15 11 107 
GH"S" 30 68 33 6 7 144 
PAVON 0 0 3 0 0 3 

Total 370 

DURUM WHEATS 
LARU"S" 
CNDO/R143// 

12 
9 

12 
0 

4 
0 

10 
0 

0 
0 

38 
9 

ENTE"S/MEXi'S" 
MEMO"S"/MEXI"S" 22 3 0 0 0 25 
ROK"S"/KMLI"S" 2 0 0 0 0 2 

Total 82 
Grand Total 452 

Fig. 17. Testing for drought tolerance in wheat using filter paper 
bridge. 
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Fig. 19a. 	 Number of Triticum aestivum regenerated plants and their 
somatic chromosome numbers. 

Number
 
of 45 

Plants 
40 

35 

30 

25-


DURUMWHEATS 20

b i 

Fig. 18a-d. Spike morphology variations in R patIo9rtcu e-, 	 28,o	 Cturmosos 

tivum. 
Fig. 19b. 	 Number of T.turgidum regenerated plants and their somat

icchromosome number (t- telocentric chromosomes). 

Sorghum 
Sorghum (Sorghum bicolor R. Moench) is a staple food 

crop in Africa, Asia and parts of Latin America and a main 
feed grain crop in the U.S., Mexico, Argentina, and South Afri
ca. Sorghum bicolor includes grain sorghum, sweet sorghum, 
broomcorn, and Sudan grass and may have been domesticat
ed in Africa by as early as 3000 B.C. (Archeampong et al., 
1984)... 

Sorghum yield on marginal land is a primary focus of re
search. Sorghum's ability to survive and maintain yields under 
heat, drought, aluminum and saline soil conditions is part of 
the reason it is significant as a food crop in developing coun
tries. 
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Long-term, I Iigh-freUcncy Regeneration 

A separate in-house study, supported by the Gas Re-
search Institute of Chicago, Illinois, has resulted in the develop-
ment of reliable methods for the induction of E callus in U.S. 
cultivars of both grain and sweet sorghum, and the achieve-
ment of long-term, high-frequency plant regeneration. Seeds of 
three grain sorghums, Hegari, RTx-430, RTx-7000, and two 
sweet sorghums, Keller and Rio were supplied by Dr. Fred Mill-
er of Texas A & M University. 

Both immature and mature embryos were tested as ex-
plant sources. Mature seeds were surface sterilized using 30% 
Chlorox and soaked for20-24 hours in sterile distilled water to 
facilitate embryo excision. Mature embryos were dissected 
from imbibed seeds, freed from extraneous endospem, and 
randomly placed with respect to scutellar orieitation on basal 
media. Opaque, immature embryos, 1-2 mm in length, were 
excised from plants and grown under greenhouse conditions 
approximately 21 days aflter the emergence of the inflores-
cence when the endosperm is in the late milk to early dough 
stage. Immature seeds were sterilized as above, omitting the 
overnight soaking. Immature embryos were planted with scutel-
lafacing away from media, 

A standard initiation and maintenance medium was devel-
oped containing LS salts and vitamins, 2% sucrose, 1.1% 
agar, 2 mg/I 2,4-D plus 0.5 mg/I KIN. The medium was adjust-
ed to pH 5.5 prior to autoclaving (MacKinnon et al., 1986b). 
Embryos were placed on this media and subcultured for one, 
five-week passage in the dark. All additional passages consist-
ed of four weeks in the light. During the first and second pas-
sages callus production was low: less than 0.05 grams total 
callus per embryo. Visual selection of E callus did not occur 
until the third or fourth passage when callus growth increased. 

Fig. 20. E callus from third passage Hegari. 

Optimal callus quantity to medium volumes have not been in
vestigated; however, all experiments were done using inocula 
size of 0.1 gm of E callus per 20 rIls of medium. This pro
cedure resulted in long-term growth, maintenance and regen
eration. 

The major callus type produced by sorghum is a watery, 
sometimes crystalline, friable, large-celled, NE callus. A second 
type of NE callus formed in association with the friable callus is 
densely compact, nodular and creamy yellow in color. This 
second type of NE callus should not be confused with E callus 
because only roots can be regenerated from this cell type.
Embryogenic callus is distinguished by being very compact, 
nodular, often cleft, and always creamy white in color (Fig. 20).
This callus type, produced by both immature and mature em
bryos is recognized as E in grain sorghum (Wernicke and Bret
lel, 1980) and other cereals (Nabors et al., 1983). Occasional
ly, in sweet sorghum cultures, a smooth, intensely green com
pact nodular callus is produced in close association with 
creamy white E callus from which regeneration can also be ob
tained (Fig. 21). 

Plant regeneration from E callus readily occurs on LS 
media supplemented with 1.0 mg/I IAA plus 0.5 mg/I BAP. It 
appears that the absolute amount of IAA is more critical for 
plant regeneration than the ratio of IAA to BAP. Growth regula
tors are essential for the occurrence of long-term, high
frequency plant regeneration. Occasionally, some E callus re
quires an additional passage on regeneration media before de
veloping into plants. Regenerated sorghum plantlets are sub
cultured on a medium containing 3.0 mg/I IBA to complete 
root formation, (MacKinnon et al., 1986a). 

Fig. 21. Green, compact Ecallus from third passage RTx-430. 
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In Vitro Selection - NaCI 

After cultural procedures and basal media compositions 
for callus induction, maintenance and regeneration were devel-
oped, in vitro stress selection for variants was started. The 
selective agents used thus far have been NaCI, chlorate, and 
hydroxyproline. NaCI was chosen as a primary s,;lective agent. 

For all cultivars tested except RTx-7000, within a passage,
E callus weights decreased as salt levels increased from 9 to 
15 g/il (Table 14). Also, E callus weights decreased from the 
first to the second passage with one exception of Keller at 15 
g/il. For RTx-430 and Keller on 10 and 12 g/I NaCI, E callus 
weights increased in the third passage compared to the 
second passage. 

In further experiments with Hegari, several selection strate-
gies were followed. Embryogenic callus of grain and sweet 
sorghums (cvs. Hegari, Rio and Keller) were stressed in vitro 
using four different selection strategies: 

1. 	Direct selection on 9 g/l NaCI in solid media for four 
months; 

2. 	 Direct selection on 12 g/il NaCI in solid media for up to 
3.5 months; 

3. 	 Step-wise selection: 2-3 months on 6 g/I NaCI, then 
stepped up to 9 g/I NaCI for 3-4 months; 

4. 	Liquid-agar selection: callus cultured in liquid media 
containing 1.5, 3, 6, or 9 NaCI, either continuous, or 
step-wise selection for up to two weeks. 

Embryogenic callus produced on basal media was subse-
quently cultured and plants were regenerated from media con-
taining NaCI. Callus which was stressed on 12 g/il NaCI de-
creased in fresh weight over time, with trace amounts of callus 
remaining at the end of the three passages (Table 15). Callus 
cultured on 9 g/I NaCI also lost over 90% of its fresh weight 
after four passages; however, callus stressed first on 6 g/I
NaCI, then stressed on 9 g/il NaCI decreased in fresh wuight 
by only about 50%. Over 1500 plants have now been regen-
erated from Hegari, Keller, Rio, RTx-430, and RTx-7000 from 
NaCI-stressed cultures (Table 16). 

To test whether or riot E callus could be successfully 
grown in liquid cultures, liquid media (35 ml in 250 Erlenmeyer
flasks) were inoculated with 0.5 gm of E callus per culture. 
Every two to three days, medium was poured off and fresh 
medium added. At each media change some callus was col-
lected and plated onto solid regeneration medium. The callus 
recovered from liquid cultures was frequently completely black,
but within a few days formed regions of E clusters and, even-
tually, regenerated plants. The greatest number of plants were 
recovered after the first few days in liquid culture; however,
plants were recovered from callus cultured for up to 12 days in 
liquid media (MacKinnon et al., 1986b). 

Having demonstrated that E callus could be cultured in 
liquid media and retain its regeneration capacity, experiments 
were initiated with liquid saline cultures. Generally, callus 
recovered from liquid saline cultures was completely black. 
When plated directly on solid regeneration media, some calli 
produced E regions which regenerated into plants (5 plants 
from ca. 0.4 gm callus). If the callus was plated first on solid 
saline media, and then cultured on regeneration media, fewer 
E calli were recovered, hence regeneration was poor (one
plant from ca. 0.15 mg callus). In one experiment, however, 
callus recovered from liquid saline media was cultured on 
media containing 9 g/I NaCI, then placed on 10 g/il NaCI. 
Upon transfer to regeneration media, 24 plants from 0.3 gm 
callus were recovered (Table 15). 

Sorghum callus is somewhat unique to cereals in that 
phenolic compounds are exuded by some cultivars of 

sorghum. 	Hegari, a grain type, produces a purplish-black ex
udate, while Rio, a sweet sorghum, exudes a reddish-orange 
color. The 	phenols do not appear to interfere with E callus pro
duction or development; however, there is a correlation be
tween the 	amount of phenols produced and level of stressing 
agents in media. 

The callus stress response associated with successively 
higher NaCI concentrations could be seen by the extent of 
phenolics 	exuded into the medium. Rarely did callus growing 
on 	 salt-containing media fail to exude phenolics. It has been 
suggested that the phenolics produced by the calli indicate 
stresses 	 associated with the differentiated state of tissue 
(Oberthur 	et at., 1983). And it appeared in the present study
that salinity exacerbated these stresses. Callus stressed on 6 
g/l 	 or higher concentrations of NaCI, eventually became in
tensely pigmented with the black phenolics, and it was difficult 
to 	determine if the callus was still viable. Once transferred to 
regeneration media, some of the stressed calli produced re
gions of embryoid clusters (Fig. 22). These embryoid regions
subsequently regenerated into plants. 

Table 14. 	 Average E callus weight (in grams) after each passage 
when 0.1g ol Ecallus was used to initiate each passage. 

Culture .....NaCl Concentration (g/) ----

Cultivar Period (mo) 9 10 12 15
 
Heqari 1 - 0.145 0.105 0.024
 

2 0.148 - 0.031 0.018
RTx430 1 0.562 0.124 0.104 0.037 

2 0.448 0.107 0.070 0.036 
3 - 0.113 0.082 

RTx-7000 1 0.197 - 0.900 
2 0.021 - 0.044 -

Keller 1 0.147 0.075 0.078 0.024 
2 0.130 0.054 0.042 0.027 
3 - 0.074 0.061 -

Rio 1 0.173 0.081 - 0.092 
2 0.075 0.043 - -

Table 15. 	 NaCI selection strategies, and whole plant regenerationob
tamed with cultivar Hegan.
 

Selection Total qm Total qm Total # 
Scheme Culture E Callus E Callus Plants 
g/I 	NaCl Period Inoculated Surviving Regenerated 

Liquid/agar:
 
1.5-3 9-10 days 2.0 0.3 24'
 
3-6 9 days 3.0 0.66 V.
 
Agar:
 
6-9 5 mos. 2.0 1.1 348
 
6-9 7mos. 2.0 1.0 99
 
9 4 mos. 9.6 0.44 92
 
12 2 mos. 3.9 2.0 34
 
12 3 mos. 5.2 0.2 1
 
12 3.5 mos. 1.0 0.1 4 

"callus recovered from liquid cultures was subcultured on solid saline 
(9 g/INaC) maintenance media forfour-week passaje, solid saline 
(10 g/il NaC!) maintenance fora second four-week passage, then cul
tured on solid regeneration media..callus recovered from liquid cultures was subcultured on solid saline
 
(9 g/il NaCI) maintenance media forone four-week passage, then cul
tured on solid regeneration media.
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Table 16. Number of sorghum plants regenerated from salt-stress ex-
periments which ,natured and set seed. 

Cultivar 

Range of 
total 

passages 
NaCI 
g/I 

Range of 
passages 
on stress 

Number of 
plants 

regenerated 
Hegari 4-23 0 - 284 

11-15 9 4-7 301 
12 10 1 2 

8-22 
7-14 

12 
15 

1-4 
1-3 

55
36 

Keller 3.18 0 - 177 
10 9 4 7 

13-14 10 2-6 23 
13-16 12 1-5 74 
13-15 15 1-3 65 

Rio 3-15 
21 

0 
9 

-
2 

178 
11 

13-14 
13-18 

14 

10 
12 
15 

3-4 
1-2 

1 

21 
51 

132 
RTx-430 3-8 0 - 132 

14 10 2 1 
15-16 12 3-4 5 

RTx-7000 4-5 0 - 22 

A 

Fig. 22. 	 Third passage Hegari showing embryoid clusters and phe-
nol-blackened callus. 

In Vitro Selection - lydroxyproline 

An indirect method for in vitro selection of enhanced 
stress tolerance was attempted by altering to select for in-
creased concentrations of proline, an amino acid involved with 
osmoregulation and essential to cell survival. Hydroxyproline, a 
proline analog, was chosen as the selective agent because it 
causes feedback inhibition of proline biosynthesis. Cells that 
survive may have an altered proline enzyme system that might
also have enhanced tolerance through cellular adaptation to 
osmotic stress. 

A preliminary study for selection of proline accumulating 
mutants was conducted. Hegari E callus was inoculated onto 
maintenance media containing 0, 2, 5 and 10 mM hydroxypro-
line. After first passage, 10 mM hydroxyproline was determinedto be severely growth restrictive (Fig. 23). Upon testing the cul-

to b seereyresricive(Fi.gowt 2). Uon estng he ut-tivars Keller, Rio and Hegari at 10 mM hydroxyproline, differ-ences in callus growth were observed between cultivars. Thenum ber of regenerated plants are sum marized in Table 17. 

.0 

I.7 
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Fig. 23. 	Sorghum (cv. Hegari) E callus response to differing hydroxy
proline levels after a 4-week subculture interval. All treat
ments were initiated using 3.3 g embryogenio callus. 

In Vitro Selection - Chlorate 

Potassium chlorate was chosen as a selective agent to 
obtain efficient nitrate reducers using another indirect in vitro 
selection method. Nitrate reductase (NR) is an enzyme that 
reduces 	nitrate to nitrite: however, NR will also reduce other 
compounds chemically similar to nitrate, i.e. chlorate. When 
chlorate 	is reduced by NR it is changed to chlorite, a lethal 
compound to plant cells. Variants having an altered NR that 
does not reduce chlorate could have enhanced efficiency or 
concentration of nitrate reductase. 

Embryogenic calli of four sorghum cultivars, Keller, Rio,
Hegari, and RTx-430, were screened for tolerance to KCIO 3. 
Potassium chlorate was added to the maintenance media at a 
rate of 50 mg/I. Results indicate a significant decrease in 
callus growth after one month (Table 18). The cultivar Rio 
shows a similar growth response after exposure to chlorate. 
Regeneration rates of sweet sorghums (Keller and Rio) show a 
different, response to chlorate stress as compared to the grain
sorghums (Hegari and RTx-430). Regenerated plants are now 
being grown to maturity in the greenhouse. Nitrate reductase 
efficiency will be evaluated utilizing hydroponic testing. 

Whole Plant Evaluation 

During the growing season of 1986, three field plots were 
planted and evaluated. Two plots were on non-stress soil, one 
in Texas and the other in Georgia. The third plot was also in 
Georgia on a high aluminum soil (Fig. 24). 

The lines planted in non-stress environments were ob
served for somaclonal variation. The lines represented five cul
tivars, ihree NaCI levels, and between three and fifteen pas
sages in culture (Table 19). Lile variation was seen within an 
Re line, but some variation on plant height maturity and insect 
resistance was noted. In Georgia, resistance i fall armyworm 
was observed. A larger trial for insect resistance is planned for 
1987 with nine selecled lines.Some of the lines planted in the non-stress environment in 
Georgia were also planted on a high aluminum soil (Table 20).Of the 	 123 lines planted, 17 survived the aluminum soil andthe unusually dry conditions, although only one of the 17 actuh un s al dr co d i n ,at o gh ny o e of he 1 ac ally set seed, Further field evaluations on aluminum in Georgia
arid salt/drought in Arizona are planned for 1987. 
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Table 17. 	 Number of plants which regenerated and set seed from 1 Table 20. 	 Lines placed in a high aluminum soil field evaluation in 
passage on 10 mM hydroxyprohne Georgia and the number of lines which survived. 

Total # Number of Number of In vitro Number of
Cultivar of Passages Plants lines stress level lines 
Hegan 	 21 1 Cultivar planted g/l NaCI with survivors 

Keller 	 13 2 Hegari 17 0 2 (12)'
 
15 1 488 9 8(17)
12 1 (13)
 

Rio 
 15 	 Keller 3 0 0 

Rio 22 0 3(14)
RTx-430 18 0 3 (17)**

Table 18. 	 Response of sorghum E callus and regeneration to one
 
passage on 50 mg/I KCIO3. RTx-7000 7 0 
 0 

123 17
Culture Mean Weight E Callus # Total #
 

Cultivar Period (mo) Inoculated Recovered plants/g of plants 'Percent of lines planted which survived
 
Hegan 1 3.4 0.33 2 9 **One line set seed 

2 8.0 0.17 2 15 
3 	 11.2 0.19 1 10 

RTx-430 1 0.2 009 0 0 
2 0.1 0.05 0 0 

Keller 1 1.0 0.23 15 742 15 0.05 16 58 
3 1.8 0.09 10 44 %. . .
 

Rio 1 0 .4 0 2 2 45 1 1 	 . I 1 .1 . ." 
2 0.7 0.23 19 5713 06 0 16 10 17 'i,t , .,: ',r, 

Table 19. 	 Number of lines planted in non stress environment in Texas
 
and Georgia dividod by invitro NaCI level.
 

in vitro Number of
 
NaCI level Range of lines planted


Cultivar g/l 	 passages Texas Georgia 
Hegan 0 4-12 117 87 

9 11-15 (4-7) ° 8 104 Fig. 24. Hegari plants on high aluminum soil. 
12 9-10(34) 0 12 

RTx-430 0 	 36 99 24 

RTx-7000 0 	 4-5 16 5 

Keller 0 3-4 3 10 

Rio 0 	 3 14 40 

257 282
 

.passages on NaCI 
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Millet
 
Pearl millet grows on all the food-producing continents
 

and occupies an estimated 20 million hectares of the earth's
 
surface. It is the most important cereal crop in the hot, arid
 
sections of the world. It will grow to maturity on sandy or rocky

soils too acid, too dry and too infertile for sorghum or maize. It
 
is a summer cereal that is robust and quick-growing with large
 
stems, leaves and heads. It has exceptional grain- and fodder
yieldinq potential and can produce more forago thqn oithr
 
sorghum or maize; however, the best sorghum and maize hy
brids out-yield pearl millet grain produced under optimum

growing conditions (Burton, 1983).
 

Pearl millet is used mainly for cereal and is one of the 
most nutritious ot the grain crops (Rachie and Majmudar,

1980). Less than 5% of millet is planted for fodder, and it is
 
used in the U.S., to a limited degree, for forage.
 

Long-term, I ligh-fre(iuency Regeneration Embryogenic callus produced in pearl millet cultures is 
similar to E callus produced by other cereal crops in culture

The TCCP has in the past worked on various pearl millet (Nabors et al., 1983); it is characteristically dense, compact,varieties: Gahi, World Composite-C75, Hays Population (HMP) nodular and creamy white in color (Fig. 26). Another type of559, Senegal Bulk (SB), and inbred line 7203. Preliminary ex- callus commonly seen in millet appears yellowish in color andperiments have been conducted for callus initiation for foxtail is also compact and nodular (Fig. 27). It is not yet knownmillet. whether the latter callus has the ability to regenerate.
More extensive experiments were carried out for proso Early media experiments have determined that LS mediamillet. It was in this cereal that TCCP scientists first noticed supplemented with 5 mg/I 2,4-D, 1 mg/I IAA and 0.3 mg/I KINand quantitied the regenerability difference between E and NE plus 4% sucrose resulted in maximal E callus production fromcallus. Callus was obtained from seedling roots, immature em- seed. Embryogenic callus production during the first subculturebryos, and mesocotyls as described by Heyser and Nabors is low, and tends to occur inside the callus mass, therefore,(1982b). The 2,4-D or 2,4,5-T concentrations giving the most the entire mass of callus minus the shoot growth and the origivigorous callus growth and the highest production of E regions nal explant source is subcultured for two additional four-week

differed for each starting material. Initially, available tissue cul- passages after which time callus types can be differentiated.lure media formulations allowed the production of only very Embryogenic callus can then be separated from NE and issmall, almost indistinguishable regions of E callus. An average subcultured. This type of selective subculturing is necessary toof 8% of all calli produced E regions during the first three pas- maintain long-term cultures of E callus. sages. Plants were obtained by placing E callus on a medium To obtain plantlets, the E callus is placed on LS mediacontaining no added hormones. E callus produced plants at a with either 0.2 mg/I IAA and 0.5 rng/I RAP for HMP or 0.5 mg/Imuch higher frequency and for a longer duration than NE BAP for SB to obtain shoots. Callus is subcultured for acallus. Culture conditions increasing the frequency of E callus minimum of Iwo passages to allow the development of shoots,were investigated; 2,4,5-T inhibits its formation compared to Following the formation of well-developed shoots they are2,4D. Over 100 plants were regenerated including some from transferred to LS media containing 3 mg/I IBA to induce rootculture media containing NaCI. formation. Usually one, four-week passage is sufficient for aCurrently, two cultivars of pearl millet (HMP-559 and SB) well-established root system, although two passages may be 
are being used to develop methods for long-term, high- required at times. 
frequency plant regeneration from callus stressed on NaCl or 
AICI3 Following initiation, a friable, clear, watery callus (Fig. 25)
is produced and will form E callus. 
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Fig. 25. Friable, watery pearl m/ll, 'allus showing small patch of E 
callus (top). 

i,% 

Fig. 27. Yellow compact nodular callus from Pearl millet, 

In Vitro Selection - NaCI 

Recent work has been directed toward HMP-559 and SB 
and their tolerance to stress. Once long-term plant regenera-
lion was obtained and optimal media composition were deter-
mined for culture, addition of NaCI and AIC13 were tested, The 
number of cultures initially stressed on 6 g/il NaCI and then 
stressed on 8 g/il NaC were drastically reduced from 250 cul-
lures in the first passage to 43 in the second passage. A con-
tinual decline in the number of cultures was observed until 
tenth passage when those remaining turned brown and necrot
ic. Callus stressed on 9 g/l NaCI also showed a decrease in 
growth over time until it was transferred to regeneration media
without NaCI. After the callus was removed from the stress, 
the growth rate of Ecallus remained almost constant. 

Plants which have regenerated and set seed are summa-
rized in Table 21. Cultures of nonstressed millet can be main-
tained for 9-15 months. This time is reduced to 8-11 months 
when th; cultures are started on media containing NaCI. 

Fig. 26. Pearl millet E callus. 

Table 21. 	Regenerated pearl millet plants which have set seed from 
NaCI stressed cultures. 

Cultivar 

Range of 
total 

passage 
NaCI level 

g/il 

Range of 
passages on 

stress 
Plants 

regenerated 
HMP-559 5-9 0 -29 

4.6 3 -21 

4-8' 
13-14 

6 
8 

-
2-6 

15 
4 

9 -9 2 

-B91 19 
7- 7 

12-15 8 3 13 

'Cultures started on media containing NaCI 

Ii Vitro Selection - AICI3 

Embryogenic callus is being cultured LS basal mediaon
containing 150 ppm AICI3. As with NaCl-stressed cultures, E 
callus is subcultured on fresh media every four weeks following approximately three passages on initiation media. Embryo
genic callus is stressed on AIC13 for a minimum of three pas
sages, then removed from stress and subcultured on regen
eration media. This callus must also be subcultured on shoot
inducing as well as rooting media. A slow decline of callus 
growth occurs over time once the callus has been stressed. 
To dale, there are 10 plantlets of SB from AICI 3 -stressed cul
lures which have set seed. 

\Wh)le l\nt [VlluLtiol 

Field evaluation of pearl millet in 1987 will be on a heavy
clay, drought soil in Kansas. The field research will be con
ducted by Dr. Bill Slegmeier of Kansas State University during
the growing season of 1987. New inbred lines have also been 
obtained from Kansas and will be tested in culture in 1987. 
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Corn
 
America is the largest producer of corn in the world,
 

where its major use is for livestock and poultry feed (USDA
 
Economic Research Service, 1984). In many other countries,
 
however, such as those in Latin America, central and southern 
Africa, and parts of China and southeast Asia, corn is a major 
part of the human diet. Tile highest per capita consumption of 
coin is in Mexico and Central America, where 142 kg per per
son is consumed each year (Watson, 1977). 7 

In Vitro CultUre mM proline produced results comparable to those obtained 
with 20 mg/I 2,4-D, but no regeneration was observed. Since 

The long-term tissue culture and regeneration of corn the quality of callus obtained from mature embryos was poor,
callus has b en a challenge for many investigators. Part of the no further experimentation with whole seeds is planned.
difficulty with corn culture is the inability of mature explants to The best responding explant source is immature embryos.
yield regenerable callus. Immature embryos will yield E callus, To obtain the embryos, seeds are planted in large pots ap
but long-term maintenance and regeneration is not readily proximately nine inches in diameter. In two to three months,
achieved (Chang, 1983, Green et al, 1983, Green & Phillips, depending on the time of year and the cullivar, ears will ap
1975, and Hodges et al., 1986). pear. The ears are covered so that cross-pollination between

Plant regeneration capability has been demonstrated with lines does not occur when the silks (stigmata) appear. Two to
several hybrid cultivars and inbred lines of corn. When imma- three days after the silks emerge, the tops are cut off to form
lure ermbryos of corn are cultured, the tissue gives rise to two an even brush of silks. Pollination can begin the next day.
separate types of callus. Plant regeneration is achieved by The pollen is gathered by placing the bag over the tassels
somatic embryogenesis fron what is identfied as Type IIcallus and shaking them so that pollen falls into the bag. The bag is 
after a period Of up to four months. Type II callus is very fri- then shaken over the silk brushes so there is enough for all the
able, almost fireadlike, with well-defined somatic embryos on silks to be pollinated. This is done for three days in a row,
.siuspen;or-like struclures (Fig. 28). It is formed trom immature preferably be;are 10:00 am. The embryos are usually ready ten 
emnbryos ciultured on LS media plus 1 rng/L 2,4-D, 1 mM L- to fourteen days alter pollination.
asparagine, and 2% sucrose. Type II callus forms at low Ire- The size of the embryos is checked by cutting the side of 
gueincy and has not been the primary focus at the TCCP. the ear and removing a kernel with a scalpel blade. The em-
Type I callus is niore abundant and grows at a more rapid bryo is removed by cutting off tlhe top of the kernel and 
rate, t)1u plant regeneration is not successful beyond a two- squeezing out the endosperm arid embryo. If the embryo is
rnmoith culture period (Fig. 29). between one arid two iam, the ear is ready to be used. The

As part of a separate, i- house prolect funded by Pioneer ears are taken ol and refrigerated overnight if necessary, but 
Hi-Bred of Johnston, Iowa, tissiue culture parameters of corn the embryos do best if initiated immediately.
callus culture have been investigated. Research has been con. Once the ears have been removed, they are sterilized be
(lctced with whole seeds anrd Ir1naturo embryos at hybrid cuL- tore the eribryos are excised and initiated. The ears are cut
tivars Ioward extending regeneration from Type I callus. into two or more segments, approximately 4 cm each in width.

Whole seeds, when cultured on LS nedia containing 2-10 They are soaked 5 to 15 seconds in 95% alcohol and rinsed
mg/I 2,4 D, prodtced inasses at roots; if callus was produced, with sterile distilled water. The segments are then covered with
it was NE (Fig. 30). Experimens with 20 iig/I 2,4D resulted in a solution ot 30% Chlorox and two drops of Tween 20. They
fewer roots and more compact callus, but this compact callus are placed on an automaic stirrer for 30 minnutes. In a laminar 
was riot E or regenerable except in one experiment in which a flow hood, the ear pieces are rinsed tour to six times in sterile 
regeneration medium containing 0.5 rug/I TIBA produced dlishilledJ water. 
several plants. I was observed that 10 rng/I 2,4 D plus 20- 100 The embryos are excised by cutting ott the tops of the 
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kernels with a sharp scalpel blade while the kernels are still on 
the cobs. The endosperm is squeezed out from the kernel with 
a pair of forceps. Sometimes the embryo will come out with 
the endosperm, other times it will stay in the kernel. If the ear -

is young and the embyros are less than 1 mm long, they may
be the same transparent color as the endosperm and therefore 
difficult to find. The excised embryo is placed scutellum up on 
the media and grown in the dark for four to six weeks until 
callus develops. 

The Project has been successful in extending regenera- -m
lion frorn Type I callus to over five months. To obtain regenera
tion from Type I corn c3llus, five different types of media are
 
needed: initiation, ma'ntenance, budding, regeneration, and
 
rooting. If the experiment is going to be short-term, the mainte
nance media may be deleted, but for a long-term experiment

(longer than four months) all five media are needed to achieve
 
regenerated plantlets. 
 Fig. 29. Type corn callus. 

All media is adjusted to a pH of 5.8. Vials with 10 ml of 
media are used for second passage. From third passage on, 
jars with 20 ml of media are used. The subculture time is two 
weeks until the fourth month of culture when the subculture 
time is changed to three weeks. Subculturing at three weeks 
at this time does not reduce callus growth or regeneration. 

Type I callus is translucent, convoluted, and compact 
callus similar to the E callus found in rice, millet and sorghum. 
It is produced from immature embryos cultured in small petri 
dishes (five per dish) on 15 ml of LS media plus 1 mg/L 2,4-D, 
and 12% sucrose. Maintenance of the callus is on 2 mg/I 
2,4D with 4% sucrose. Calli has been successfully maintained 
for up to 90 days before moving them to the budding media. 
This meoa contains 2 ng/I 2,4-D, 0.3 mg/I KIN and 4% 
sucrose, Only after buds are formed (Fig. 31) are they moved 
to regeneration media containing 1 mg/I BAP and 0.3 mg/I IAA 
and 4% sucrose. The shoots (Fig. 32) are then placed on a Fig. 30. NE callus.
"rooting" media of LS plus 3 mg/I IBA and 4% sucrose. Purple 
prop roots, no matter how many, will not support the plant; the 
roots must be white. A total of 49 plants have been regenerat
ed by the program with seven plants set selled seed. Two 
plants have been regenerated after five months in culture. 
Many abnormalities were observed in the R, plants, such as 
assels where ears should be, ears where tassels should be, 
stunted growthbeen studied to anddeterminebushy growth habits. No R1 plants have ".,the heritability of these traits; many 

reports of corn regeneration mention abnormal growth of the 
R0 plant, but few abnormal traits in the R1 plants. 

Further research on corn will be conducted by Dr. Nguyen 
T. Thanh-Tuyen at Visayas State College of Agriculture (ViSCA) 
in the Philippines. That project will deal with white corn 
varieties grown locally. 

Fig. 31. Formed buds from Type I Ecallus. 

( N 

Fig. 28. Type IIcorn callus from first passage. Fig. 32. Shoots from buds. 
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Oats
 
Oats rank fourth among cereals in world production,

behind wheat, rice, and corn. The diversity of varietal types
makes it possible to cultivate oats over a wider range of non
tropical climatic conditions than any of the other cereals (Coff
man, 1961). 

Long-term, igh-frequency Regeneration plants than other concentrations tested. Regenerated plants 
were easily established in soil, and grown to maturity in the

The TCCP has used oats (Avena saliva L. cv. Park) as a greenhouse.
model plant for developing grass tissue culture methods. Ex- Two important aspects of cereal tissue culture were deterperiments were supported by funds from the Colorado State mined from oat tissue culture data. The first was the recogni-University Experiment Station and the Office of Water tion of green spots, often found in grass calli cultured in theResources, Technology, Department of the Interior. light. These green spots were associated with rapidly growingOat tissue cultures were primarily obtained from mature callus and subsequent plantlet regeneration (Fig. 34). In oats,seeds, although mesocotyls and immature embryos were used callus without green spots grew very slowly and never proin some experiments. In earlier reports (Nabors et al., 1982; duced regenerated plants. In cultures of mixed E and NEHeyser and Nabors, 1982a) it was mentioned that if seeds callus, green spot production did not diminish for at least onewere used as explants, the callus was derived from the root year, but shoot production declined to zero by the ninth pasregion. In subsequent investigations with rice and wheat, it was sage. As for other cereals, long-term maintenance of E callusrecognized that callus derived from roots is exclusively NE is possible only if NE callus is removed from the culture. Greencallus. Thus, oat callus which was observed to be regenerable spots are not necessarily E regions since many green spots
was most likely derived from the scutellum or shoot regions of develop into roots.
mature seeds. The second observation was that E callus produces farEmbryogenic callus in oat cultures resembles that pro- more plants than either NE callus, or callus with both E andduced in other cereal and grass cultures. It is opaque, creamy non-E regions (Fig. 35; Heyser and Nabors, 1982a). In light ofwhite, and convoluted in appearance (Fig. 33). Early media ex- the current understanding of the role of E callus in regeneraperiments with oat callus revealed that the greatest amount of tion of whole plants, this second observation seems obvious;total callus was produced on LS medium containing 1 mg/I however, at the time this research was conducted, this rela-2,4,5-T, when cultures were grown in the light; however, media tionship was not fully understood. In fact, prior to 1982, cerealcontaining 2,4-D produced significantly more E callus than regeneration was widely regarded as a major, unsolved probmedia containing 2,4,5-T (Heyser and Nabors, 1982a). No ex- lem of tissue culture. Regeneration, when it occurred, was oftensive investigations were made with cytokinins. Also, no low frequency and short duration. 
specific regeneration media were tested, although it was found 
that media containing 1 mg/I 2,4-D or 2,4,5-T resulted in more 
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Fig. 33. Embryogenic callus in oat cultures. Somatic embryos forming Fig. 36a. R3 oats watered with 0, 5, and 10 g/I NaCI solution. Fronton first passage. row: plants from non-tolerant cultures. Back row: plants 
from cultures tolerant to 3 g/l NaCI. Twenty-three seeds 
planted per pot. 
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Fig. 34. Green spots and elongating shoots from embryogenic callus. 	 i 
_ __o_ 	 _Fig.T0 36b. 	R4 plants whose parents were regenerated from tissue cut

tures tolerant (right) and non-tolerant (left) to NaCl. Note 
that tolerant plants are setting seeds whereas non-tolerant 

600o 	 plants set seed after photograph was taken. Tolerant plants
are two weeks earlier than non-tolerant plants.0 
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Fig. 35. Shoot formation over tune in culture for: A. Ernbryogenic

callus (open triangle), B. Nonembryogenic callus (closed tI
angle), and C. Calius selected for high green spot production

(open square). For embryogenic callus there were 30 to 78
 
samples per point whitle non-embryogenic callus is represent
ed by 39 to 759 samples per point. 
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In Vitro Selection - NaCI 

oat tissue cultures were used as the model cereal system
to select in vitro for NaCI-resistant variants. In initial experiments, it was observed that as the NaCI concentration in
creased, the quantity of callus initiated decreased; however, 
callus formation occurred on media containing up to 10 gm/I

In several later experiments, additional callus cultures 
were stressed on rnedia containing 3 and 6 gm/I NaCI for
periods of one to five subcultures. Several hundred plants 
were regenerated from some of the short-term, salt-stressed 
cultures, and grown to maturity. 

WVhole Plant EvalUation 

Plants from the R3 generation (Fig. 36a) whose genetic
heritage began with salt-tolerant cell lines were considerably 
more tolerant in pot experiments than those from salt-sensitive 
lines. Inaddition, the salt-tolerant R4 progeny flowered and set
seed a lull two weeks earlier than plants from salt-sensitive cul
tures (Fig. 36b). 

Seed from regenerated plants (R1) showed that individual 
plants from salt-tolerant backgrounds are either more tolerant 
than, or equally tolerant to control plants. The sample size was 
too small to confirm triat these data indicate segregation. 

The oat data represented the second demonstration in the 
literature, and the first for cereals, that (1)traits selected incellcultures also appear in regenerated plants (2) are stable in the 
plants in the absence of stress, and (3)are inherited by subsequent generations. This does not mean that all cell-selected 

stress tolerance will behave identically. In fact, whole planttesting of such selected traits will continue to be a necessity.
The early flowering anu seed-set of the salt-tolerant oats is 

of inteest for several reasons. First of all, this phenotypic traitcould be of considerable value since oats are a cold weather 
crop and are frequently subject to production losses due toearly frost. Secondly, the genetic relations between tolerance 
and earliness needs to be determined; they could be pleiotrop

effects. Inthe latter case, earliness would represent a soma
clonal variation not selected for. There is some concern among
breeders that selections in cell culture might produce thedesired alteration in a cultivar as well as other undesired 
changes. While this is a clear danger, it can largely be con

by close scrutiny of II-e plants produced. 
The first experiments, summarized above, to test for salttolerance in plants regenerated from salt-stressed cultures 

were carried out in soil watered with solutions containing 0, 5, 
10, or 15 g/I NaCI. Greenhouse pot cultues mimic field condi
lions to the extent that both soil matrix potential and salt con

vary with soil moisture. 
A hydroponic system, similar to that described for rice, 

was developed to determine exact levels of salt tolerance. 
from hydroponic studies was used to answer a question

frequently posed by plant breeders: Does tissue culture seleclion simply pick-out stress-tolerant recombinants naturally oc
curring in field grown seed? Salt tolerance, for example, could
arise by mnutatiorn or by mneiotic recombination, Most cereal cul
tivars are highly inbred and homozygous for selected agro
nomnic traits, but not necessarily for stress tolerance. Prelim
inary data from hydroponic experiments (Fig. 37) indicates 
lhat, in Park oats at least, salt tolerance does riot occur to a 

degree in fieldgrowrn seed. 



Soybean
 
Soybean is the most important grain legume crop in the 

world with the total number of hectares close to 80 million (Hy
mowitz, 1976). The largest producer is the United States. For 
many developing countries the production of soybean is in
creasing because of its value as an efficient source of oil and 
proteins used in the diet. This is particularly true for the peo
ples of Asia. The mature soybean is used as a liquid, powder 
or curd, and the immature beans are consumed in large quan
tities. Soybean plants show little tolerance to salinity and 
drought (Sammons et al., 1979); however, there is evidence 
that mutations have occurred as some cultivars have increased 
salt tolerance (Lauchlii and Lieneke 1978). Tissue culture tech
nology is potentially a valuable approach for the development 
of soybean germplasm with increased stress tolerance. 

Development of procedures for regenerating soybean
plants from cultured cells has eluded investigators for many 
years, despite considerable effort. The TCCP has conducted 
research into developing efficient, reliable methods for regen
erating plants from soybean tissue cultures and more recently
from cultures of tropical grain legumes such as pigeonpea and 
cowpea. Soybean was chosen for the earlier studies because 
it is the most important of the grain legumes and because 
most of the work reported in the literature was on this species.
Thus, there was a greater likelihood for a breakthrough in the 
methodology. At the same time, many other laboratories were 
working on the procedures with different types of soybean. 
The achievement of a plant regeneration procedure was report
ed nearly simultaneously by a number of groups (Barwale et 
al., 1986; Lippmann and Lippmann, 1984; Ranch et al., 1985; 
Li et al., 1985; Lazzeri et al., 1985). 

In Vitro Culture 

At the TCCP, the induction of somatic embryogenesis and 
plant regeneration from immature embryos of soybean, Glycine 
max (L.), cv. Prize, was achieved (Ghazi et al., 1986). Subse-
quent investigations used the procedure in screening for in-
creased salt tolerance. In this research, two morphological 
types of E callus, the origin and duration of their differentiation, 
and subsequent plant regeneration from soybean cultures are 
described, 

Seeds were surface sterilized in 75% ethanol followed by

immersion in 8% Chlorox plus two drops of Tween 20. The 

solution was stirred under vacuum 
for 15 minutes. The steriliza-

tion solution was removed by three to four rinses with sterile 

distilled water. Germination occurred on a solid basal medium 

containing LS major and minor salts, vitamins and 2% 
sucrose. 

The hypocotyls of germinated seedlings 1, 3 and 5 cm long, 

were removed from 1 to 5 mm below the cotyledonary attach-

ments and sectioned to lengths of 3 mm. 


Whole, immature embryos were obtained from pods 2 to 
10 cm long produced on plants grown in the greenhouse. Em-
bryos were 2 to 10 mm long. Cotyledons and hypocotyls were 
excised. The shoot-tips were discarded and the hypocotyl and 
cotyledons were retained. The whole embryos, hypocotyls and 
cotyledons, were sterilized in a manner similar to the mature 
seeds; however, only ten minutes of stirring was necessary.

Hypocotyls (from seedlings), emthyos and cotyledonary 
segments were planted on a solid ba ;al medium (0.7% agar)
containing LS major and minor salts, v tamins, 2% sucrose and 
various concentrations of growth regulators. The pH was ad-
justed to 5.8 prior to autoclaving. Cultures were kept under 
continuous light at 280C. 

Variables investigated included hormone type and con-
centration, nitrogen source, proline requirement and develop-

Regenerating "difficult" plants 
The question of why a successful regeneration pro

cedure for soybean took so long to be developed is in
turesting since an answer should facilitate the develop
ment of tissue culture methods for other "difficult" 
crops. In part, current tissue culture methods and think
ing developed from a tobacco-based technology and 
mentality. By in large, the production of callus and re
generated plants in tobacco can be accomplished by 
one medium (Fig. 38). Optimization of the cytokinin to 
auxin ratio - as first accomplished in Skoog's lab 
was seen as the method of choice to accomplish regen
eration in dicots. Application of this method to cereal tis
sue cultures was unsuccessful and delayed for some 
years the development of high-frequency, long-term re
generation procedures. For both cereals and soybeans,
the key to obtaining plant regeneration is the realization 
that several different types of callus can be produced
depending on choice of explant and hormone regimen
in the medium. Some callus types are highly regenerable
and others are not; furthermore, some callus types readi
ly produce somatic embryos and others do not. Using a 
variety of hormone levels and explant sources, it is seen 
that soybean produces a wide variety of callus types -
these are readily seen under the dissecting scope 
which are rapidly overgrown by a friable, crystalline, and 
very non-embryogenic callus. Most earlier investigators
probably failed to achieve reliable regeneration because 
they did not observe callus closely and microscopically, 
particularly during the early stages of formation and 
growth, and because they used a limited selection of 
hormone types and concentrations. 
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mental stage of the explant. Various concentrations of IAA or 
2,4-D in combination with BAP were tested for in culture initia-
tion media. In addition, 2,4-D and proline combinations, nitro-
gen source (NH 4NO 3 and NH 4CI), GA, zeatin, IBA and ABA 
were tested as components of maintenance and regeneration
media (Table 22). 

At the end of the four-week initiation passage, callus ob-
tained from different sizes of cotyledonary segments, cultured 
on media containing 10 mg/I 2,4-D or 10 mg/I 2,4-D in combi-

Table 22. 	Hormonal composition of LS media for embryo initiation,
maintenance and plant regeneration from various explants
of soybean cv. Prize. 

Initiation media (mg/I) 
1. 1 [AA 	 11. 2 2,4-D 
2. 1 IAA+0.5 BAP 	 12. 2 2,4-D+0.5 BAP 
3. 1IAA+5 BAP 	 13. 2 2,4-D+5 BAP 
4. 12,4-D 	 14. 10 2,4D+0.132 ABA 
5. 12,4-D+0.5 BAP 15. 5 IAA 
6. 12,4-D+5 BAP 	 16. 5 IAA+0.5 BAP 
7. 10 2,4-D 	 17. 5 IAA+0.5 BAP 
8. 2 IAA 	 18. 52,4-D
9. 2 IAA+0.5 BAP 	 19. 5 2,4.D+0.5 BAP10. 	 2 IAA+5 BAP 20. 5 2,4-D+ 1BAP0.P21.0240+02 ABA 

21. 10 2,4D+0.264 ABA 

Maintenance media (mg/I) 
22. +0.2 2,4D +0 Proline 
23. 	 +0.2 2,4-D +25 mM Proline 
24. 	 +0.5 2.4-D +0 Proline 
25. +0.5 2,4D +25 mM Proline 
26. minus +0.2 2,4D +0 roline 
27. NHNO3 +0.2 2,4-D +25 M Proline
29. 	 +0.5 2,4D +25rmM Proline 
30. minus NH4NO3 +0.2 2,4-D +0 Proline 
31. plus 800 +0.2 2,4.D +25 mM Proline 
32. NH4CI +05 2.4D +0 Proline 

33 +0.5 2,4-D +25 mM Proline 


Regeneration media (mg/I)
3hregtron 

34. No growth regulaors (control) 
36. 0.103 GA+0.132 ABA 
37. 0.103 GA+0.132 ABA+0.102 BA 
38. 0.110 zeain 
39. 0.110 zealin+0. 132 ABA 
40. 0.110 zeatin +0. 132 ABA +0.102 BA 

41. 0.110 zeatin+0.132 ABA+0.103 GA 

Table 23. 	Formation of smooth-shiny E callus from developmentallydifferent cotyledonary segments on media containing 10mg1 2,4., 

Immature embryos Cultures with Embryos per
lengths (mm) embryos (%) culture (No.) 

2 
3 6 0.06 
4 36 2.04 
5 59 2.00 
6 39 2.42 
7 38 1.23 
8 44 2.00 
9 25 1.00 

10 	 13 0.13 

nation with 0.132 to 0.264 mg/I ABA, were tran'ferred to fresh 
medium of the same composition. In addition, 15 mg calli were 
transferred to a series of media for studies (Table 22) in which 
the effect of nitrogen source and proline on callus mainte
nance was tested. 

The growth regulator selected for maintenance media in 
this latter series was 2,4-D since previous observations indicat
ed its effectiveness in producing E callus. Ten cultures (10 ml 
vials, one explant per vial) were scored for each set (21 sets) 
of conditions. For callus obtained from hypocotyls and em
bryos, visual observations were made every four weeks and 
cultures were transferred to fresh media. Callus obtained from 
cotyledons was checked in two to three weeks and transferred 
when the embryos had a smooth epidermis and fully developed cotyledons; embryos past this stage did not develop into 
plants. All experiments were repeated three times. 

A total of 33 different initiation and maintenance media 
have been tested. It was observed that callus from all explant 
sources produced on media containing 2,4-D was friable and 
creamy in color. Callus initiated from whole embryos, cotyle
dons, hypocotyl segments and hypocotyls from germinated
seedlings on media containing IAA was greenish and more 
compact. These four explant sources, on media containing
NH4CI as a nitrogen source, produced more vigorous growing
callus, compared with media containing NH 4NO 3. Proline had 
no apparent effect on callus growth.

Two types of E callus were observed. One type appeared
smooth-shiny (Fig. 39a) and was produced from cotyledonary
segments on media containing 10 mg/I 2,4-D in combination 
with 0, 0.132 or 0.264 mg/I ABA. ABA was not required for 
embryo formation. The other type of E callus was consistently
rough as shown in Fig. 39b, and was produced on cotyledons,
hypocotyls, and hypocotyls from germinated seedlings on all 
initiation media except those containing 10 mg/I 2,4-D. The 
smooth-shiny, E callus was greenish and translucent while the
rough E callus was opaque and creamish in color. The 
greatest amount of smooth-shiny E callus was produced from 
cotyledons 6 mm long (Table 23). When 2,4-D was used in 
combination with 0.264 mg/I ABA, the best development of 
somatic embryos from smooth-shiny E callus occurred.Smooth-shiny, E callus was derived from callus obtainedfrom cotyledonary segments. When this callus type was incubated in the dark in regeneration medium for two to three 
weeks, three different patterns of developing embryos were 
observed (Fig. 40a-c). A few plantlets (Fig. 41), were also produced in some of the cultures. In the medium
wih 0.104 or 0.110 mg/I zeatin, supplementedmg/I GA some of the cultures
 
differentiated and produced roots or shoots or complete
 
plantlets. Moreover, shoots or roots alone were obtained from
 

these cultures on media containing ABA plus either GA or
zeatin (Table 24). When such shoots were transferred to B5 
medium (Gamborg et al., 1968) supplemented with 0.122 mg/I
IBA or LS media combined with 5 mg/I IBA, rooting occurred 
and whole plants were obtained.

The plantlets were transferred to three-inch pots contain
ing vermiculite and placed in a growth chamber. After estab

lishment, plants were transferred to larger pots of soil in the 
greenhouse. To date, 30 plants have been successfully estab
lished in the greenhouse (Fig. 42), some from salt-stressed cul
tures. 

There was an inverse relationship between induction fre
quency of rough E callus and length of hypocotyl segments
obtained from seedlings. Low concentrations of 2,4-D pro
duced less rough E callus and the callus required a longer
time to develop into discrete structures. The higher the con
centration of 2,4-D, the more smooth-shiny E callus was pro
duced, and the less time was required for its subsequent de
velopment (Fig. 43). 

40 



Table 24. 	Percentage of cultures containing shoots, roots, and
 
plantlets initiated from smooth-shiny E callus form cultured . .
 
cotyledonary segments within two to three weeks. Each
treatment involved thirty somatic embryos. 	 . 

.67. 

Growth regulators* Shoots 	 0-JRoots Plantlets > .5(%) (%) (%)	 o 

Zeatin+ABA+GA 50 10 -

Zeatin + ABA 60 20 10
Zeatin 60 20 
 20 *3TT 
Zeatin+IBA+ABA 65 - - 0
GA+ABA+IBA 70  _ 2. 
GA+ABA 55 20 - w
 
GA 55 
 25 20 a:Control 30 -	 "O0O 1o3O e210" 

KINETIN/AUXIN*See Table 22, regeneration media.	 (MOLAR)
Fig. 38. Production of callus (0), shoots (H), and roots (0) in Sam

sun Tobacco. 

pk 
Fig. 39a. 	 Smooth-shiny E callus from cotyledonary segments, formed 39b. Rough E callus appeared in cultures as compacted callus. 

on media containing 10 mg/I 2,4-D. 

Fig. 40a-c. Different initiation patterns of embryos from smooth-shiny E callus. 

The following research on soybeans was a collaborative 
effort with Dr. Harvinder Cheema of Punjab University in India. 
When immature leaves of FFR 335 (a line from India), were cul
tured on 2,4-D media, the E callus remained at the globular 
stage without further development. After four months on a 
media with 0.1 mg/I 2,4-D and 1 mg/I KIN, shoots differentiat
ed in 4% of the cultures but further development did not oc
cur. Stem segments, including nodes, were cultured on media 
with 4 or 5 mg/I 2,4-D. Callus production was observed on 
both ends and small, proembryonic structures appeared. 

Fig. 41. Shoot differentiated simultaneously with root formation. 
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-. In Vitro Selection -NaCI 

Seedlings were obtained from seeds of Prize cultivar. Im-
A..__ 4 : '. mature embryos were obtained from pods of plants growing in 

the greenhouse. Pod segments, 1 to 2 cm long, each contain
ing a single immature embryo, were surface sterilized in 75% 
ethanol followed by immersion in 5% Chlorox plus two drops
of Tween 20. The solution was stirred under vacuum for 10 

- ,, mminutes. The sterilant was removed by three to four rinses with 
-, 	 l.sterile " deionized water. Embryos 4 to 10 mm ong were re

, .moved from each pod segment. Cotyledons were excised as 
segments of the embryo (Ghazi et al., 1986) and planted on a .
 semi-solid basal medium (0.7% agar) containing LS major and 
minor salts, vitamins, 2% sucrose, and 10 mg/I 2,4-D, with 
NaCI at 1, 3, 5, 7 or 9 g/il.

Within two to three weeks, embryo-like structures were 
derived from callus obtained from cotyledonary segments plat
ed on an initiation medium containing 10 mg/I 2,4-D with 1, 3 
or 5 g/l NaCI. These structures were counted and transferred 
to a regeneration medium consisting of 0.103 mg/I GA + 
0.132 mg/I ABA + 0.102 mg/I IBA and the same amounts of 
NaCI as the initiation medium. After two to three weeks incuba
tion in the dark, shoots were produced. These shoots were 
subcultured on LS medium with half-strength nutrient salts plus
3 or 5 g/ NaCI together with 1.22 mg/I BAP + 1.00 mg/I GA 
for two weeks. The shoots were then transferred to this medi
um without the GA for elongation and root formation. 

Rooted plantlets were transferred to pots containing ver
miculite, soil and sand and they were established in a growth 
chamber. After establishment, the plants were transferred to
larger pots of soil in the greenhouse. NaCI concentrations 
remained constant from initiation to plant regeneration. 

A "decay curve" type response to increasing NaCI con-Fig. 42. 	Regenerated plants. centration was obtained (Fig. 44). Since the F test was highly 
significant for the regression, the negative influence of salt on 

10 production of embryo-like structures is suggested. The curve
also shows that when Prize cultivar is used in future studies, 

R 0 NaCI concitralions greater than 3 g/l are unnecessary. An
optimum explant size of 6 mm resulted in maximum production 

OR of embryo-like structures; however, as salt concentration increased, influence of explant size on the number of embryo
like structures disappeared (Fig. 45). Thus a certain amount of 

Csalt tolerance is accomplished by choosing embryos (explants) 
U) 6 at an intermediate stage of development.

Callus weijht increased exponentially as explant size in
creased while ,icreasing NaCI levels resulted in an exponential 
decrease in callus weight. 

ITwenty-five mature 	 plants originated from 30 cultures,- 4 	 each culture contained 1 g/ NaCI. The five plants obtained 
U) from 30 cultures containing NaCI at 3 g/il, did not survive. At 5
R g/il, a few embryo-like structures were produced but plants did
W 2 	 not develop. Seven and 9 g/il of NaCI failed to yield embryo-J 2 -like 	 structures. 

Following these experiments, the TCCP discontinued re-
S 	 search on soybean. The major focus is now on pigeonpea and 

cowpea. Regeneration procedures are being established and 
applied in stress tolerance screening research.

0 2 4 6 8 10 
-
2,4-D CONCENTRATION (mg L ') 

Fig. 43. 	Relationship between time interval for E callus formation and 
2,4D concentration Each coordinate represents at least 30
cultures. "S"represents smooth-shiny and "R"represents
rough. 
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Fig. 44. 	Influence of NaCI concentration on production of embryo/hke 
structures, based on 2100 cultures. The F value obtained for 
regression, 191, was highly significant with 2 and 4 degrees 
of freedom. 

Pigeonpea 
Pigeonpea is the principal, high-protein grain legume of 

semi-arid tropics and is grown chiefly in Ildia. This seed leg
ume is also very important is Burma, Uganda and Kenya, the 
West Indies, Puerto Rico and the Dominican Republic. Interest 
in this crop is growing in many other countries because of its 
multiple uses as a source of food, feed, tuel and fertilizer. Al
though pigeonpea has a widet adaptability to different cli
mates, high temperatures and drought than many other grain 
legumes, it is sensitive to saline conditions (Joshi and Nimbalk-
er, 1983). Increases in production are expected to come from 
improved productivity in existing areas and from extending its 
adaptation into arid and semi-arid zones. Extension of pigeon
pea cultivation to salt-affected soils holds great promise. Dur
ing the last six months, greenhouse and tissue culture experi
men,s were conducted at the TCCP to determine the salt toler
ance level of dilferent pigeonpea cultivars. Experiments includ
ed: (1) Screening of promising genotypes for their relative tIer
ance to salt mixtures; (2) producing inter-varietal and inter
generic hybrids by sexual hybridization; (3) defining conditions 
for efficient plant regeneration by embryogenesis; (4) defining 
conditions for plant regeneration after long-term culture; (5)
screening and selection of cell lines with increased tolerance 
to salinity; and (6) greenhouse screening for salt tolerance of 
regenerated plants. 
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Fig. 45. 	 Influence of NaCl concentration and explant size on produc
tion of embryo-lke structures, based on 1620 cultures. 
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GreenhOtlSe Screening of crmplasm 

Before the tissue culture screening wa ., fiti-alu, the 
seeds of the five promising pigeonpea cultivars representing
India, Sri Lanka, West Indies, Uganda and Puerto Rico were 
screened for salt tolerance. Experiments were conducted dur-
ing germination and early seedling growth to determine the rel 
alive tolerance of the genotypes to NaCI, Na2SO,1 and mixed 
salts containing NaCI, and MgCI 2 and CaCI2.The method of Ayers and Hayward (1948) was used to 
test the effects of salinity oii seed germination. It includes 
moistening the soil with known amount of salts, 	 intermittent 
mixing of the soil over a two-week period, planting the seeds 
in saline soils, arid recording the germination over a specified
period, 

Treatment solutions of NaCI, Na2SO and saline mixture4

consisting of NaCI, CICI 2 and MgCI2 in the proportions of 

10M, 0.3M arid 0.2M, respectively (concentrations typical to 

those of saline delta soils), with EC values 2, 4, 6, 8, 10 arid 
15 rnmhos/cm 2, respectively, were prepared from stock solu
lions by diluting with water. Greenhouse soil was weighed in 
each pot, then brought approximately to field capacity by Ithe 
addition of treatment solutions. One lot of the soil was 
moistened with dc-nineralized water as a control. Random 
samples of soils were taken from each pot to determine mois-
lure content, electrical conductivity, pH, and concentrations of
Na, Ca, Mg and K. 


Fifty seeds from each of five pigeonpea genotypes, ICP-

7128, lCP-6917, ICP-7182, ICP-28 and ICP-7035, were planted

in the pots, at a depth of 1 cm, in control and in pre-salinized

organic soil. The experimental de,ign included five genotypes,

18 salt levels and two replications. Germination counts were 

made daily over a period of fifteen days. The data on seedling

height was collected on the 30th day after germination. 


In the seedling experiment, ten seeds from each of five pi-

geonpea genotypes were planted in pots containing organic 

soil mixture. The plants were grown in the greenhouse for 30 

days with a single watering. After 30 days, the plants were 

watered with increasing concentrations of NaCI, Na2SO4 and 

saline mixture with EC values 2, 4, 6, 10 and 15 mmhos/cm 2.
 
Each pot received three liters of the specified salt arid the con-

trol pot was irrigated with equal amounts of de-mineralized wa-

ter. Data on plant height and percent of survival were recorded 

on the 30th day after treatment. Thie EC values and c, mical 

composition of saline soil are presented in Table 25. 1-ercent 

of seedling emergence after 6,8 and 12 days from planting, 

seedling height in control, and salinized treatments are 
presented in Table 26. Maximum seed germination was ob-
served in the control within six days of planting, whereas ger-
ruination in saline soils was delayed up to twelve days. The 
percent of germination on the 12th day ranged from 98% (in
controls) to 16% at 12 mnhos/cm2 , ingeneral, increasing lev
els of salinity not only delayed germination but also affected 
the final germination count. The saline mixture treatment had 
the most adverse effect on seed germination and early seed
ling growth.

Analysis of variance for seedling germination revealed sig
nificant differences for salinity, cullivar, and interactions be
tween salinity arid cultivar. All live genotypes were equally sen
sitive to high saline levels; however, cultivars ICP-7035 and
 
7182 exhibited more sensitivity, even at low and medium salini
ty levels, with significant reduction in germination above 4
 
mrihios/cm 2, whereas the germination rate of ICP-26 and ICP
7128 were not significantly affected until 8 mmhos/cm 2. Cul
tivar ICP-6917 was the most tolerant among the five and ger
minated well even at 12 mmhos/cm 2 .
 

Plant height was also adversely affected at higher concen
trations of three different salts. Again, mixed salts followed by
NaCI was found to be more deleterious. In general, reduction 
in plant height increased with increasing salt concentrations;
however, marginal increase in plant height was observed at 
low concentrations of salt (Figs. 46a-c). Early seedling develop
ment was found to be much more sensitive to salt than was 
seed germination. Some of the seedlings died within two 
weeks after germination.

In the second experiment, where the 30-day-old plants of 
pigeonpea were subjected to increasing concentrations of sa
linity of NaCI and Na2SOrl the symptoms of salinity were visi
ble 15 days after the treatment. At 2 mmhos/cm 2 of salinity,
plant vigor was significantly increased and increasing salinity 
up to 6 mmhos/cm 2 did not significantly decrease plant height;
however, reduction in plant height above 6 mmhos/cm 2 in
creased with the increasing concentration of salt. The salinity
effects above 15 nlmhos/cm 2 were so acute that most of the 
plants failed to survive. 

Table 25. 	 Chemical composiion of sahnized soil. The saline soils 
were prepared by adding dilfe-ent concentrations of treat
mient solutions consisting of NaCI CaCl,, Na2SO 4 and sa 
hne mixture consistnng of NaCI, CaCl.. and MgCI, in the 
proportions of 1M, 03M,and 0.2M, respectively. 

Treatment meg/l'

EC (mmhos cm2) pH Na Ca K Mg CI
 
NaCI
 
conrol 70 83 599 30 25.0 
 7.10
 
2 0 69 3030 61 60 3 7 2570 16.20
 
40 67 5230 71 20 6.7 26.10 23.32
 
60 6.7 6028 7694 74 2683 29.59
 
80 6 7 79.16 84 56 92 27 12 37.09
 
100 6.6 94.07 91.74 102 2746 44.59
 
150 66 314 16 107 36 118 2880 57.63
 
Na,SO.
 
20 74 84.85 6270 390 25.70 18.10
 
40 68 161 10 7976 476 25.92 11.89
 
60 67 233.76 9040 620 26.24 16.64
 
8.0 64 316 12 9870 748 2686 22.90
 
10.0 62 406.73 11630 795 2724 39.52
 
150 61 42589 134.20 9.50 2880 42.75
 

Saline mixture (with NaCI, CaCI2, and MgCI,
 
inproportions 1OM, 0 3M: 0.2M)

2.0 67 187 51 25.10 25.26
4.0 6.7 29.1 5.4 25.72 43.1060 6.7 39.6 5.8 26.28 59.95 
80 
 6.8 506 66 27.52 80.30
 
10.0 6.6 65.4 8.5 28.86 101.65 

-
uieg/I + rnilli equIvalence 1 Iof saturated soil extract 
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Table 26. 	 Influence of salinlty on seed germination and plant height.
Seeds of ICP 6917 were yerminated in salinized soils and 
data were collected on 30th day after germination 

Treatment Percent Emergence 
EC (mmhos/cm 2) 4th day 8th day 12th day 
NaCI 
control 68.0 98,0 98 
2.0 72.0 920 96 
4.0 22.0 79.4 90 
6.0 	 6.0 68.0 82 
8.0 2.4 42.0 84 
100 - 38.0 41 
15.0 - 90 24 
Na2SO1 
2.0 78.0 96.0 99 
4.0 64.0 940 95.5 
60 14.0 740 927 
8.0 	 8.6 580 81.0 
10.0 32 425 385 

120 -- 14.0 27.0 

Mixed Salts 
2.0 70.0 94.0 95 0 
4.0 300 720 84.5 
6.0 34.0 52.0 70.4 
8,0 22 0 40.6 62.1 
10.0 105 24.0 29.0 
120 - 4.7 65 

Fig. 46. 	 Effect of NaCI, Na:SO4 and mixed salts recpectively, on 
growth of pigonpea. Photo taken on 30th day after treat-

" "-mg/I 

, 	 ., 


-g 

46a. 	NaS04 treatment, Control, 2.0, 4.0, 60 and 8.0 
mmhos/cnF of NaSO4 

,,,was 


. .
"crosses 
,t 	._, ,A. 


" S e w s ". ,seven 

46b. 	 NaC treatment, Control, .0,40, 60, 80 and tO0 
ninifts/cn-' of NiCI 

Seedling Height 

310 + 3.71 
39.2 +0.62 
36.7 + 1.19 
26.3 + 2.38 
21.5+5.12 
17.3+4.27 
8.7+0.76 

34.62 +2.84 
39.46 + 3 56 
32.47+ 1.24 
24.67+5.14 
29.30+3.92 
11.74+6.10 

34 20 +2.60 
35.10+ 13.4 
31.00+3.20 
24.50 +840 
11,20+2.20 

-

""-	 :,! i/
 

46c. 	Mixed salts, Control, 2.0, 4.0, 6.0 and 8.0 mmhos/cm2 of 
mixed salts. 

Widecrosses of Pigconpca and Atylosia 

As some of the wild relatives of pigeonpea, e.g. A. albi
cans and A. scarabaeiodes, grow well in stress environments, 
and 	differential response was observed among different lines 
of pigeonpea, a crossing program was initiated in the TCCP 
greenhouse to generate inter-varietal, inter-specific and inter
generic hybrid material with different degrees of tolerance to 
salt and 	 drought. The F, hybrids will be used by ICRISAT 
scientists in backcross experiments to transfer useful traits to 
pigeonpea. 

Five 	 lines of pigeonpea viz., ICP-7128, ICP-6917, ICP
7182, ICP-7035, ICP-7186 and six species of Atylosia (A. lineata, A. plafycarpa, A. serecia, A. cajanifolia, A. albicans, A.
scarabaeiodes and A. grandiflora) were sown in pots with two 

to five seeds/genotype (Table 27). Some of the Atylosia
species were clonally propagated to increase the number of 
plants in the greenhouse. For clonal propagation, the surface 
sterilized seeds were germinated axenically on MS basal medi
um. The shoot tips and epicotyls from seven-dayold seedlings 
were 	 excised and implanted on MMS media with 4.5 to 4.6

BAP. The cultures were grown under continuous, cool, 
white fluorescent light at 25 ± 20C. 

Some of the important attributes of seven Atylosia species
and multiplc shoot formation are presented in Table 27. All the 
shoots from different species were planted on MMS media 
with 0.5 mg/I NAA for rooting. All the plantlets will be trans
ferred to the greenhouse and grown to maturity. 

A cros'sing program has been initialed among three lines 
of pigeonpea and A. platycarpa. The flower buds of appropri
ate size on the female parent were emasculated between 8:00 
am. and 9:00 a.m. and their stigmas immediately dusted with 
pollen from the male parent.

Gibberellic acid and KIN were used independently at con
cenlrations ranging from 3.5 to 27,7 mg/I for GA and 2.1 to 
17.2 mg/I for KIN and in combinations thereof to prolong the 
retention of hybrid pods. A number 22 hyperdermic needle 

used to fill the bud cavity surrounding the pistil with hor
mone solution. The treatments were given twice at 24 hours 
and 48 hours after pollination. Only three varieties of pigeon
pea and A. platycarpa have started flowering so far, ICP-7128, 
ICP-26 and ICP-6917. The rate of success in inter-varietal 

varied from 65 to 85% with an average of 74%. Whenplatycarpa was used as male parent, most of pollinated 

buds dropped within two days. In the reciprocal cross, the pol
linated buds were retained on the female parent for four days. 
A Ireatrnent of GA at 17.3 mg/I prolonged bud retention for 

days. The delay in the drop of pollinated buds helps in 
successful rescue of embryos in in vitro culture. So far, eight
buds with four to five ovules were placed on Blaydes' medium 
with 0.5 mg/I KIN + 0.01 mg/I GA and 100 ppm CH for em
bryo rescue. The experiments are still in progress. 
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Fig. 47. 	 Plant regeneration in pigeonpea (Cajanus cajan L.). Table 27. Species of Atylosia to be used in crossing program and 
multiple shoot induction from shoot tips cultured on 
Blaydes' medium with 2.25 mg/I of BAP. 

Species 	 Habit Agronomic traits No. 
shoots/ 
shoot tip 

A. 	hneala Erect SMR, High SPC, BS, 5.6 
shrub HPI 

A. 	sericea Erect BR, SMR, High SPC, 4.2 
shrub HPI, HSI 

A. 	scarabaeiodes Herbaceous Variable degree of 12.0 
creeper resistance to SM, 

,,,'blight, source of 
sterile cytoplasm, DT 

A. volubils 	 Perennial SMR,high trypsin & 8.0 
climber 	 chemotrypsin inhibitors, 

HPI, HSI
47a. 110 day-old cotyledonary callus of ICP 6917 on MMS medi- A. platycarpa Herbaceous 	 BR, High SPC, high 10.6 

um with 1. 1mg/I NAA. creeper 	 methionine & tryptophan 
A. 	albicans Perennial SMR, high SPC, highly 4.0 

climber DT,HPI, PBR
A. calanifolha 	 Erect SMS, BS, PBR 11.0 

"... s h rub 
.. .,,,,i . " BDN-1 Erect SMS, 	BS, LPC 8.6 

* 1 	 shrub 

- ,For 	 No. of shoots/shoot tip data represents an average of 15 cultures. 

SMR - Sterility Mosaic ResistanceBR - Blight Resistance 

HPI - High Pod Index 
SPC - Seed Protein Content 
DT - Drought Tolerant 

AL, ,SMS - Sterility Mosaic Susceptible
 
BS -Blight Susceptible
 
LPC - Low Protein Content
 
HSI - High Seed Index
 
PBR - Pod Borer Resistant
 

Table 28. 	 The proportion of E callus to total callus induced on MMS 
medium with 1.1 mg/I BAP + 200 mg/I CH and 2% 
sucrose. 

, , '* 	 " ""--~ Media type Total weight of Weight of E callus 
callus (mg) 

MMS-1" 	 436.00 22.40 
MMS-1 + 1% Mannitol 421.06 124.36 

. .r, .. ,MMS-1 + 2% Mannitol 439.50 92.40 
MMS-1 + 1%Sorbitol 468.00 172.20 

MMS-1 +2% Sorbitol 412.00 84.00 

47b. Shoot regeneration from t /0 day-old cotyledonary callus. Data represents an average of ten cultures. 
•MMS-1:modified MS medium with 1.1 mg/I RAP + 200 mg/I CH and 
2% sucrose. 

47c. Acclimati.athon of regenerated plantlets in greenhouse. 
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Fig. 48. Plant regeneration by somatic embryogenesis inpigeonpea 

after salt selection. 

Ali -ICRISAT, 

48a. Ecallus on maintenance medium with 10 g/l NaCI. 

48b. Somatic embryo. 

_ 

"bic 

48c. Regenerated plantlet. 

, 


48d. Mature regenerated plant of pigeonpea. 

Plant Regcncration and Long-Term Cultures 

In an earlier study, a reliable regeneration system was de
veloped from primary explant and first passage callus of seed
ling leaves and excised cotyledons of pigeonpea (Kumar et al., 
1983); however, no efforts were made to induce and identify E 
callus in pigeonpea and to regenerate plants from long-term
cultures. A systematic approach has been undertaken to produce E callus and to achieve high-frequency of plantlet regeneration from long-term cultures of pigeonpea. 

The mature and immature embryos and excised cotyle
dons of three genotypes of pigeonpea (ICP-7182, ICP-6917 
and ICP-7 128), obtained from the germplasm collections of 

were used for tissue culture studies. For mature ex
cised cotyledon, the seeds were surface sterilized by exposing 
to chlorine gas for two hours, washed thoroughly and soaked 
for three hours in sterile distilled water. The mature embryos 
and excised cotyledons were separated from seeds andplaced on MMS medium containing various concentrations and 
combinations of auxins (2,4-D, NAA, Dicamba, Picloramn and 
ABA and IAA) and cytokinins (BAP, Zeatin and KIN) with or 
without ABA. 

The cotyledons from mature embryos were excised from 
sterilized immature pods and placed on MMS media supple
mented with growth regulators. All the cultures were incubated 
under cool white fluorescent light at 25 ± 20C. Ten cultures 
from each combination were cultured in the dark at the same 
temperature.

When cultured on MMS medium containing auxin, callus 
was initiated from both embryo and cotyledonary segments
within a week of inoculation. At the end of three weeks, the E 
and NE callus were separated. Brown, loose callus was pro
duced from the explants cultured on MMS media with 0.1 to 
4.0 mg/I 2,4-D, Picloram, Dicamba or NAA. This callus turned 
dark brown and became necrotic within one sub-culture on the 
media tested. A whitish green, nodular callus was observed on 
MMS media either with 1.8 niq/l 2,4-D or 1.1 mg/I NAA. 
Three-week-old callus was sub cultured onto maintenance 
media (MMS with 1.1 mg/I NAA or 1.8 mg/I 2,4-D), which in 
turn produced organogenic callus. This organogenic capacity 
of the callus was retained until third passage. The whitish 
green, nodular callus turned brown after three subcultures and 
plant regeneration did not occur. To prevent browning, medad 
was incorporated with polyvinylpyrrolidone, charcoal, or ascor

acid at 0.1 to 1.0 g/l. The callus was also subjected to 
cold treatment at 4-6°C for several hours. The above treat
ments failed to inhibit browning in the callus; however, increasing sucrose concentration and organic nitrogen sources of ei
ther amino acids or CH was observed to prevent browning of
 
callus until fourth passage.


Plantlet regeneration by organogenesis isa two-step proc
ess involving regeneration of shoots, followed by rooting. To 
induce shoot regeneration, the primary and sub-cuured calli 
were first transferred to MMS basal medium for four to five 
days before being placed on regeneration medium. 

Shoot bud regeneration was observed from primary and 
subcultured callus up to fourth passage initiated and main
tained on MMS medium with 1.1 mg/I NAA or 1.8 mg/I 2,4-D,
and transferred onto the same medium supplemented with 5.6 
mg/I BAP, 0.2 mg/I NAA and 0.03 mg/I GA. The frequency of 
regeneration from embryo and cotyledonary calli varied from 
38 to 42% with four to nine shoots per 0.1 gm of callus. Fur
ther growth of the shoot buds occurred on MMS medium with 
0.2 mg/I NAA and 0.02 mg/I KIN. The regenerated shoots 
were rooted on Blaydes medium containing 1.1 mg/I NAA and 
0.1 mg/I KIN within three weeks. The regenerated plantlets 
were established in pots containing vermiculite and soil mix
ture. Different stages of plant regeneration from fourth passage
callus is depicted in Figs. 47a-d. 
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All the auxins used in the experiment at concentrations of 
1.0 to 25.0 pm, either alone or in combination with cytokinins, 
failed to induce somatic embryos either trom explants or from 
callus; however, two to three pro-embryos developed on the 
surface of shiny green callus induced on MMS medium with 
1.1 mg/I BAP + 200 mg/I CH (Fig. 48a). In four weeks of cul-
ture, tlhe somatic embryos were further differentiated with dis-
tinct radicles, hopocotyls and cotyledons (Fig. 48b). These em-
bryos developed into plantlets on hornione-free MMS medium 
(Fig. 48c) and the regenerated plantlets were established in 
the greenhouse (Fig. 48d). 

To increase the number of embryos per unit mass of 
callus, experiments were conducted with different sources of 
nitrogen, increasing sugar concentration, using mannitol and 
sorbitol and reducing the sulfate concentration. The MMS 
media with reduced MgSO4 (70.7 mg/I) + 2.2 mg/I BAP + 200 
mg/I CH, 1 and 2% of mannitol or sorbitol was found to be op-
tinurn to induce pro-embryos from excised cotyledon and first 
and second passage callus (Table 28). Further growth of these 
pro-embryos into fully differentiated embryos was observed on 
MMS medium with 1.1 mg/I BAP + 200 mg/I CH. The propor-
tion of E callus to total callus is given in Table 28. The propor-
lion of E callus was highest in MMS with 1.0% sorbitol, and 
lowest without mannitol or sorbitol. Experiments are in prog
ress to enhance E callus production and to retain the E poten
tial in long-term cultures. 

In Vitro Selection - NaCI 

Since we are able to regenerate plantlets from third pas
sage callus, in vitro screening and selection for salt-tolerant cell 
lines has been initiated. Cultures are grown on media supple
mented with NaCI, Na 2SO1 and mixed salts. The schematic 
representation of the strategy used for screening is attached 
(Fig. 49). 

First passage callus was placed on saline MMS mainte
nance medium with 2.5 to 30 g/I of NaCI, 2.5 to 30 g/I 
Na2SO4 and mixed salts (17 to 68 mM Cl salts). In the initial 
experiments the pigeonpea callus was found to be highly sen
sitive to sal t, callus became brown on the MMS saline medium 
with more than 10 g/I of NaCl or Na2SO4 . At salt concentra
lions of 2.5 to 5 g/l, however, the callus remained green and 
nodular, hence, this callus was subcultured to MMS media with 
25 to 5 g/I of salts and by increasing thie concentrations of salt 
at 0.50 to 1.0 g/I for every passage. At the end of every pas
sage the salt-stressed callus was placed on regeneration 
media. Attempts are being made to retain the regenerating po
tential of callus until seventh or eighth passage on increasing 
concentrations of salts. 

Figure 49. Schc,'rntic representation of the salt selection strategy to be followed in Pigeonpea tissue culture 

Mature and Immature cotyledon 

Callus Initiation media selected for 

Organogenic Callus Embryogenic Callus 
Compact nodular light Embryo like structures from 

green callus the cotyledon and from callus 

M I M 
P, MM MM+C.NaCI MM+0.25%NaCI MM+C.Na 2SO4 

RM RM 

P2 MM MM+CNaCI MM+0.50%NaCt MM+C.Na 2SO4 

RM RM 

P3 MM MM+C.NaCI MM+1.0%NaCl MM+C.Na 2SO4 

RMRM 

P4 MM MM+CNaCI MM+ 1.20%NaCf MM+C.Na2SO4 

RM RM 
P5 mM M C Nat s MM+ 1.40%NaC MM+C.Na2SO4 

RM RM 

P6 MM MM+C NaCl MhM+ 1.60%NaCI MM+C.Na 2SO4 

RM1 RM 

P7 MM MM+C NaCI MM+ 1.80%Na~f MM+C.Na 2SO4 

RM RM 

MM+0.25%Na 2SO4 

RM 

MM+0.50%Na 2SO4 

RM 

MM+1.0%Na2SO4 

RM 

MM+1.20%Na 2SO4 

MM+o1.40%Na 2SO4 

RM 

M 

MM+ 1.60%Na2SO4 

RM 

MM+ 1.80%Na 2SO4 

RM 

C. - Same concentration of salt insequential cultures ranging from 1.0 gm to 10.0 gm/.
MM - Maintenance mediumn 
RM - Regeneration mediurn 
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Molecular Biology
 
Molccular Basis of Salt Tolcrance 

the Researchmarsh is in progress using a cell suspensiona culture ofsalt grass Distichlis spicata as model system in 

which to study the molecular basis of salt tolerance and to ob-
tain useful genes for transfer to crop plants. Distichlis spicata
cell suspension cultures can grow in the absence of NaCI or in 
NaCI concentrations as high as 40 g/l. The research aims to 
detect genes which show an increase in expression in 
response to salt treatment. Such genes would be candidates 
for the genes required to confer salt tolerance at the cellular 
level. 

The strategy for identifying salt stress-induced proteins is 
the following. Dstichls spicata cells growing in medium without 
NaCI are subculfured into medium containing 40 g/I NaCI. 
After seven days the cells are harvested and polyadenylated 
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non-stressed cells are translated in vitro using the rabbit reticu
locyte lysate system in the presence of 35S-methionine. The in 
vitro labeled polypeptlides are visualized by direct autoradiogra-
phy and electrophoretically resolved on SDS-polyacrylamide 
gels. Preliminary results indicate the appearance of an mRNA 
which encodes a specific polypeptide. The identity and role of 
this polypeptide remain to be established but it could be im-
portant in allowing Dstichlis spicata cells to tolerate high NaCl 
concentrations. Future research will focus on further characteri-
zation of proteins and their respective genes. 

Proline Mechanisms and Acclmllation 

The mechanism and physiology of adaptation of halophyt-
ic plants to an environment with a high salt concentration has 
been studied extensively at the level of the whole organism
(Flowers et al., 1977). Recent data have shown that in some 

plants and cell lines there is a cellular basis for tolerance to 

high levels of NaCI, apart from the role of specialized functions 

or structures such as salt glands or ion exclusion at the root 

(Stewart and Lee, 1974). Proline, glycinebetaine, and other or-

ganic solutes have been implicated as possible osmoregulants

in some halophytes (Stewart and Lee, 1974), as well as in 

adapted glycophyte cell lines (Handa et al., 1986).


At the TCCP, the accumulation of proline was studied in 

protoplasts and vacuoles isolated from Distichlis spicata cells 

grown in liquid media with 200 mM NaCI. Tests using the I dis-

fribution provide evidence in support of the hypothesis that iso-

lated vacuoles contain no appreciable amount of the proline in 

the cell (Ketchum et al., submitted). 


One of the unexpected and significant observations dur-
ing the experiment was the increase of free proline in the
medium which caused an apparent discrepancy between cell 
proline levels and protoplast proline levels. Proline level- in th,. 
intact cell did not change markedly in the four-hour incubation 
period of proloplast isolation when cells were subjected to a 
change in the osmotic environment. Tfie data have shown that,
during isolation, protoplasts leak large amounts of free proline.
The reasons for this leakage are unknown, although the cause 
may be related to the net movement of cellular water and 
solutes into the hypolonic isolation medium. 

Initially, protoplast volume estimates were made and were 
to be compared with vacuole volume estimates, in an attempt
to determine the cyloplasmic concentration of proline in the 
protoplas. This technique makes the common assumption that 
one protoplast produces one vacuole. In the present study, it 
was observed that numerous vacuoles arise from a single D. 
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spicata protoplast and has also been observed in protoplasts
of rice. Consequently, it was not possible, using the profo
plast/vacuole volume comparison technique to obtain a mean
ingful exact proline concentration in he cell cytoplasm. Experi
menls are currently underway to delermine cytoplasmpic
volume of cells exposed to NaCl by sectioning stressed cells 
and determining vacuole volumes from the electron micro
graphs. 

Proline was synthesized and accumulated in suspension 

cultured cells of D. spicata from a basal level in the NaCl-freemedium of 10.5 pg/cell to a concentration at the end of 24 
hours in 200 mM NaCI of 93.4 pg/cell. This represents a nine
fold increase in the amount of proline in the cell in a 24 hour 
period. Proline is synthesized at a more reduced rate after the 
initial rapid increase in the first 24 hours, for the duration of the 
culture period, but has essentially stabilized by 48 hours. The 
phenomenon of rapid synthesis and stabilization of a solute in 
response to environmental stress is common among known 
halophytes, becoming measurable within hours after induction 
of stress, and stabilizing within two to three days. This con
trasts with patterns of proline accumulation usually observed in 
mesophytes. In cases in which a stress was rapidly applied,
proline accumulation was measured in terms of days after ap
plying the stress, and usually continued to increase, un
checked, until the stress was removed or the tissue was dead. 
The mechanisms for proline accumulation in mesophytes and 
halophytes thus appear to be different. Apparently, it is not the 
ability of the plant to accumulate proline or other solutes but 
the kinetics of that accumulation that determines adaptability to 
a stressful environment. 

The inhibition of protein synthesis by cycloheximide, and
subsequent inhibition of proline production, together with the 
lack of an effect on proline synthesis by actinomycin D, sug
gests that proline accumulation control is post-transcriptional. It 
iL not known if there is a persistent mRNA that is translated to 
prduce unique proline synthesis enzymes in response to 
osmotic stress, or if it is simply the conventional enzymes
responsible for proline synthesis in D. spicata. 
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The international Plant Biotechnology Network (IPNNet)
has been developed for the purpose of establishing
working partnerships among researchers worldwide 

with mutual interest in using plant biotechnology to accelerate 
the development of stress-tolerant crops.

The Network emphasizes information exchange and equal 
partner collaboration with laboratories worldwide whose re
search goals relate to Project objectives. Agricultural goals of
developing countries are stressed through the development of 
various suitable linkages between the Project and universities, 
national programs and CGIAR International Centers. 

Since its inception in early 1985, the International Plant 
Biotechnology Network has gained over 1000 afliliated mem
bers from 72 developing and 18 developed countries. The 
TCCP currently has ten signed Memoranda of Agreement 
(MOA) with institutions in eight countries in Africa, Asia and 
Latin America including four international centers (Table 29). 
These agreements outline the terms of current and potential
collaboration and include guidelines on exchange of informa
tion, field testing, germplasm exchange, technical assistance, 
training, graduate education, and personnel exchange. 

The following paragraphs provide a synopsis of the indi
vidual collaborations and agreements: 

1. In Africa the signed Memorandum of Agreement is 
with IAV Hassan, Morocco. Initial contacts have also 
been made with five other countries in Africa, and po
tential field testing sites have been identified for 
drought tolerance testing sorghum and millet. 

2. 	 In Asia a number of MOA's exist in the southeast. In 
Thailand, collaborations with two universities have 
been initiated. A graduate student exchange program 
exists between Colorado State and Chulalongkorn Uni
versity and the TCCP hosted the first exchange stu
dent in the fall of 1985. Chulalongkorn has worked ac
tively with the TCCP on rice regeneration experiments; 
in the fall of 1985, the TCCP sent a technician to Thai
land to assist in this research. Results were presented 
in a poster at the Second Annual IPBNeI Conference 
in January 1987. In the Philippines, two MOA's have 
been signed; one with PCARRD and one with IRRI. 
Collaborations include sub-agreements for research in 
rice and corn tissue culture, heat tolerance selection in 
wheat, and field testing for salt tolerance in rice at 
ViSCA and UPLB, respectively. 

3. 	 Additional agreements in Asia have been established 
in Pakistan with the Nuclear Institute of Agriculture and 
Biology (NIAB), and in India with ICRISAT. Both organi
zations have sent scientists to the TCCP to perform 
collaborative research. The agreement with NIAB in
cludes a project on producing a salt-tolerant rice/grass 
hybrid by protoplast fusion. The agreement with 
ICRISAT is a project which applies tissue culture tech
niques for the improvement of chickpea. 

4. In Central America, three MOA's exist with CIMMYT, 
CIAT and CATIE. The collaboration with CIMMYT in
volves the development of tissue culture techniques 
with application to the CIMMYT widecross program on 
wheat. Since January of 1986, a member of the TCCP 
staff has been living and working at CIMMYT to assist 
with this research. The Project's potential collaboration 
with CIAT lies in field testing for acid tolerance in rice. 
Finally, the extent of participation and collaboration 
with CATIE has led to establishment of a regional tis
sue culture training program, which combines the 
course material used in the TCCP's Training Program 
with the necessary Spanish translation instruction. 

In addition to the various internationally focused collabora
tions, the TCCP has agreements with various North American 
universities: (1) rice regeneration field testing and seed in
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crease at Louisiana State University; (2) sorghum field testing 
tor aluminum and drought tolerance and seed increase at the 
University of Georgia and Texas A & M University; and (3) oats 
salt tolerance field testing at the University of Saskatchewan, 
Canada. 


An important part ot the Network is training and educa
tion. The TCCP has established a formal, six-month training 
course designed to train scientists and technicians, primarily
from developing countries, and equip them with the necessary 
skills to utilize the technology in individual research programs.
The course includes general lecture and laboratory instruction 
on sterile technique, callus and cell culture, plant regeneration, 
nieristem and embryo culture, virus indexing, stress selection,
anther and protoplast culture and laboratory management. The 
greater part of the cn. rse involves individual research on crops 
of particular interest to each person. Seventeen students have 
graduated to date (Table 30). Two students have remained at 
the TCCP to pursue graduate degrees and one other student 
is pursuing an undergraduate degree in Colorado State's De
partment of Horticulture. 

Presently, the TCCP supports graduate candidates from 
India, the Philippines, Thailand, and the U.S. and hosts gradu-
ate candidates from Indonesia, Jordan, Libya, Mexico, Pakistan 
and the U.S. - 13 students in all (Table 31). Another student 
is hosted by Dr. James T, Colbert, Assistant Professor of Bot-
any and a TCCP Training Program instructor, and works in his
laboratory on a TCCP collaborative molecular biology project. 
The TCCP has also hosted visiting scientists from China, India, 
and Pakistan. Visiting scientists come for six nonths to two 
years to work on prolects of mutual interest. 

Exchange of information among scientists is vital to pro-
note mutually beneficial research and training interests One 
way this is accomplished is by an up-to-dale, Computerizedliterature filing/access system. This system, explained in more 
detail in the ''Project Facilities" section, holds over 10,000 en-
tries. Entry lists on particular subjects are available to all Net-
work mrmbers as requested. The Project currently answers 
approximately half-a-dozen requests [or week. 

Network collaboations are highlighted in IPBNet news-
letters and at IPBNet conferences. The IPBNet Newsletter is 
piblished every sIx to twelve months by the TCCP. It includes 
current Irformation on Project research, training, and network-

ig activities, as well as information on collaborators, training

courSeS, funding, and publications. The TCCP has published 

seven newsletters to date. The conferences provide a unique

oponrInity for Network collaborators, mernbers arid interested 

scieitists 	to gather to exchange ideas arid concerns. The 

confererices are 
 small --- usually limnted to 100 participants 
ant provide the opportunity for more (diSCuSSIOn than is usually 

alorded at larger conferences. Papers and posters are
 
presented on a wide range of plant biotechnology topics, but
the emphasis is o small groupLdiscussIon and plannirig. ItIs 

dilring th ese conferences that the TCCP gairis valuable feed
hack on what is needed to make IPBNet a more effective pro 

(Irni 

ti; Firs-;t 
Inns, Coloraido, USA, October 21 25, 1985. 

rf Annulal IPEN(t Conferen-e was; held Ir Fort Col-
Ninety four persons

fonl twenlty One (dillerent comritries atterndhed. Speakers includ-
ed Dr s Trevor A Thorpe, E.C. Cocking, and Karen Hughtes
covering fhne topics of tissue CLOture, proloplast cullture, arid 
HInitltil(M selection atid trarnstoriatlnOr, respectively The 
Socond Aniual IPB3Net Cointfmirnce was toirtly sponsored t)y 
tte fTCCP and (Ciulaloriqkorrn Univerily, and held in Bangkok, 
Ttailand Jartiary 11 16. 1987. Sevetlyrirne persons frorri 

igt et i ( iiltrii atfe ti it, Itnicl di ng 315 p ers onrsf ro m I h 
lar d Keyrole spcaker, Drs. Roger Bea hy, Paihoolya Gavin -eda 

lertvatarta, and Colette Nitsch, addressed thoe subjecIs of (Je1e
miovement arid protoplast techiiologies;, rapid propagalioi, and 
arither cullire anid sornatic erbryogerneSIs, respectively- Con 
terence Ill is in the planning sta]ges al this tte, 

Table 29. Current Memoranda of Agreement and Formal Collabora
tions 

Institution 
CATIE 
CIAT 

Country 
Costa Rica 
Colombia 

Activity 
Regional Training Center 
Aluminum testing inrice 

CIMMYT Mexico Cooperative research/ 

Chiang Mai University Thailand 
wheat, personnel exchange 
General - graduate studies, 

Chulalongkorn University Thailand 
training 
Cooperative research/rice. 
graduate student exchange 

IAV Hassan II 
ICRISAT 

Morocco 
India 

General agreement 
Cooperative research/ 
chickpea, visiting 
scientist 

IRRI Philippines Rice ield testing 

NIAB Pakistan Cooperative research/rice, 
visiting scientist 

PCARRD 
UPLB 

Philippines 
Philippines 

Cooperative research 
Sub-agreeents 2), 
field testing/rice, 
wheat research 

ViSCA Philippines Sub-agreement, corn 
research 

Table 30. 	 Trainee Program Participants September 1985-February 
1987 

Name Country Crop(s) of Interest 
Mr Renato Avenido Philippines Mungbean, Wheat 
Mr Raed Bakheet Saudi Arabia Wheat 
Ms Ouafae Benilhabib Morocco Tomato 
Ms. Olivia Damnasco Wheat, CornMs Merlina Dionzon PhilippinesPhilippines Corn, Rice 
[DrBisharner Gothwal India Wheat, Barley
Mr Francisco Gtiterre.' Mexico Sweet Potato 
Ms Abeer Abu Hassan Jordan Potato, Citrus
Ms lieu Htltayat Indonesia Potato 
Di Fl rdelza Javier Philippines Apple
Mr Raclruit Kartapradja Indonesia Tomato 
Mr Andrew Maibiri Zimbabwe Tobacco 
MrMr BtrnSimonMSytnNdiranolJ CassavaKenyaKenya Tea 
tvs Missarat Raza Pakistan Peanut, Mungbean 
Ms Erhnda Rillo Philippines Coconut 
Mr Takaniko Riabie Fiji Sweet Potato, Taro 

Table 31. 	 (AiiIo.Oe Stdeits at the TCCP 

Name Country Degree/Project 

Frwiiio Guhierrr'IstJ Hidayal Mexico Ph D/Physiology of salt toleranceIndonesia M S/Potato protoplast lusion1-;ilc: Johln iaki ;lan Ph D/Salt tiiirance genes 
Hiyini Kitchur USA Ph D/Rice/mllel proltoplast 

regetnrahinit 
()OhLJIh; M,'MtMrray USA Ph D!Mtit hertin renitirahion 
AiriIrt Mii,/i;I Jorde Pih D/Wheat ret terationtir 
Akhar Mohmantd P.iktt;at Ph D /Drotjht tolermce ill wheal 
Anri,i N vu-te Philipifntes M S /Nitraie rIstCu.clase ill rice 
fli lti, PF-oi It ia~a th,larltt Ph D/Flhe t(iliieratiori from 
; i l hitimjii India 	 P h ) / ; olidilhorti( factor inrice 

Gaith asi Libya Ph [/ Initilhe regeirtrahorl
Nriat Wdiyanto Indonesia Ph 1)/Rrtce blit resistance 
Kern Wright USA M 5,1 it e I eld tnshnig 



IPBNet is Interested in Your Cooperation
 
The Network Can Offer: 
1. A Newsletter with summary reports on the activities of 

Network members. 
2. A Resource Directory (in preparation) detailing plant

biotechnology-related interests of laboratories and inves-
tigators worldwide. 

3. 	A six-month, comprehensive Tissue Culture Training Pro-
gram in English and a three-month Training Program (at
CATIE) inSpanish.

4. A Network Conference every 15 to 24 months invarious 
locations worldwide. 

5. The opportunity for graduate and postgraduate training
and cooperative research. 

6. Access to a computer-based listing of current tissue cul-
ture literature, primarily accessible by crop. 

Network Interest Questionnaire 
1. Name 

2. 	Position 

3. Organization/Address: (Telex, phone number, cable number) 

The Network Cannot Provide: 
1. Direct research grants except in a few cases and only

when directly related to TCCP research objectives.
2. 	Financing for graduate or post-graduate education or 

training. The Network can assist you in obtaining fund
ing for these activities. 

3. 	 Transportation money. 

How You Can Participate
1. Send us information on your research interests and cur

rent program for summary publication in the Newsletter 
and for listing in the Resources Directory.

2. 	 Contact us if you have questions about participation or 
Network services. 

3. 	 Fill out and mail back the Network Questionnaire. 

4. What tissue culture research are you presently involved with? Please be specific as to crops, research goals, etc. (Please attach
sheet for any additional information). 

5. Are you aware of any current national, USAID or other outside agency funding for plant biotechnology projects in your
country? a)yes b) no 

If yes, please describe the nature and source of funding. 

6. Are you aware of a need for or interest inplant tissue culture training inyour country? a)yes b) no 

1'yes, please name interested organization(s) and person(s) to contact. 

7. Does a formalized research exchange system or organization exist for plant tissue culture and genetic engineering in your
country? a)yes b) no 

Ifyes, please give names of people/organization. 

8. Would you like to be a member 	of IPBNet? 

9. 	Comm,,nts: 

10. 	 Please return survey form to: Network Coordinator 
Tissue Culture for Crops Project 
Department of Botany 
Colorado State University 
Fort Collins, Colorado 80523 USA 
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Research and development during the first six years of 
the Tissue Culture for Crops Project has resulted in the 
establishment of efficient and reliable procedures for 

plant regeneration in tissue culture. The methods have been 
developed for several cultivars of rice, spring and winter 
wheat, sorghum, millet and corn, and have been applied to 
screening for selection of variant cell cultures with tolerance to 
salt, aluminum and drought. The results have fully demonstrat
ed a capability not previously reported by other research 
centers - that plants can be regenerated from cultures of the 
major grains after lengthy culturm periods of one to two years 
or more. In addition, an international network (IPBNet) and Tis
sue Culture Training Program have been established to en
courage and strengthen relationships among scientists with in
terest in using plant biotechnologies to increase food produc
tion. 

The research and development is progressing into several 
areas in accordance with those detailed in the "Introduction." 
Increased emphasis has been placed on the following areas: 

1. field testing and greenhouse screening; 
2. 	 developing and applying tissue culture technologies to 

tropical grain legumes; 
3. 	 applying widecross hybridization methods to wheat; 
4. 	 using plant protoplast technology and molecular biol

ogy to isolate and transfer the genes for stress toler
ance traits; 

5. 	 strengthening Network collaborations among members 
and between the TCCP and members; and 

6. 	 providing information and assistance on funding for re
search, training, education and travel. 



Field Testing and Greenhouse
 
Screening
 

The primary future goal of the TCCP is to transfer poten
tially stress-tolerant germplasm from tissue culture to the field,

thus the field testing program is expanding continuously. Dur- .
 .
 
ing the coming year, tIle plans are to perform field tests in . . ... 

" ..
 

seven locations in Norlh America. Testings will consist of seed
 
increase and screening for a stress tolerance. There will be
 
three locations for sorghum, and one each for rice, millet and
 
oats. In the developing countries, there will be one site in the
 
Philippines and one at CIAT, Colombia. Negotiations are in
 
progress to include additional sites at specific locations in
 
south Asia and Africa. The tests are being set-up as collabora
tive projects with established plant breeders at particular sites.
 
Testing will expand as more germplasm becomes available
 
from the tissue culture and greenhouse screening operations.
 
The testing is focused principally on selection for lines with in
creased tolerance to salinity, aluminum toxicity and drought. Widecross Hybridization

Lines with increased tolerance will be incorporated into the 
breeding programs of the respective collaborators. Results The production of germplasm with increased stress toler
should provide necessary information on the stability of the ance includes hybridization of crop plants and alien species. Instress trait and the agronomic characteristics of the line. wheat, the hybridization is being performed with several grass

Greenhouse screening of large numbers of regenerated species which are the sources of stress tolerance and diseaseplants is expected to provide a preliminary indication of the and pest resistance. The procedure of hybridization requires
number of plants with increased tolerance that have been an embryo culture step to insure hybrid plant development.
selected in the tissue culture screening. Greenhouse screening Similar hybridizations are being performed with pigeonpea and
is expected to facilitate procedures and reduce the number of Atylosia spp. The F1 hybrids now being produced are expect
plants that are grown to naturity, thus maximizing available ed to be selfed and the F2 generation screened for the stressgreenhouse space tolerance traits. Such hybrids are highly sought by breeders at 

ICRISAT.Grain LCgumc Research The program to produce germplasm with increased salt 
tolerance also includes crosses between incompatible species.

Since work on soybean is completed, the Project is con- The transfer of salt tolerance to rice is difficult because highly
centraling on some of the food legumes of importance to trop- salt-tolerant species are incompatible with Oryza spp. Re
ical and subtropical regions. Methods have been developed for search is in progress to produce hybrids between cultivated 
plant regeneration in pigeonpea, and tissue culture screening rice - specifically Basmati - and Kallar grass. Kallar grass is 
is being applied to select for increased salt tolerance. This will highly-tolerant to alkaline salinity. The plants also have high
be followed by greenhouse screening and field testing. A simi- photosynthetic efficiency and associative nitrogen fixation. 
lar program is being implemented for salt tolerance selection in Since the plants are from two widely different genera, the 
cowpea. Two species of legumes, which are closely related to hybrids will be produced by protoplast fusion and tissue cul
major food legumes, are being explored as sources of drought lure procedures. The research is a collaborative project be
and salt tolerance. The tepary bean is a Phaseolus species re- tween the Nuclear Institute of Agriculture and Biology (NIAB) in
lated to dry bean and moth bean is a Vigna species related to Faisalabad, Pakistan, and TCCP. The research projects consist 
cowpea and the grains. Both of these are extremely drought- of developing the necessary protoplast and plant regeneration
tolerant. The current research is designed to demonstrate the technology of the two species, then performing the fusion hy
degree of salt tolerance and to select for lines with increased bridization and producing the hybrid plants. The hybrid plants
salt tolerance. Any lines of these species with increased salt then will be backcrossed to rice. 
tolerance could then be crossed with plants of the particular
grain legurne for the transfer of the drought and salt tolerance 
traits. 
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Isolation and Transfer of Salt 
Tolcrancc (ienos 

Tolerance to stress conditions varies between species. 
The variability is due to differences in heritable traits. Plants 
have been observed to grow in extremes of salinity combined 
with alkalinity or some other adverse condition. Such highly-tol-
erant species have potential as germplasm for introducing tol-
erance to crop plants. Highly salt-tolerant species (halophytes) 
are potential sources of genes for the salt tolerance trait. The 
halophytes have the genetic, biochemical, and structural 
features for coping with high salinity. Any information on the 
genetics of the salt tolerance traits, particularly at the molecular 
level, would be highly valuable in attempts to transfer salt toler-
ance systematically across incompatibility barriers in plants. 
The information also would be the avenue towards an under-
standing of salt tolerance genes and their regulation. The tech
nology and methods of molecular and cellular biology (biotech
nology) now permit the search for genes and gene products 
which relate directly to salt tolerance. 

There is evidence for salt stress response proteins in crop 
species, but no report that they are directly related to stress 
tolerance. Research has been initiated to identify salt stress 
proteins, using plant materials from species which are halo
phytic and thus have the biochemical and genetic characteris

tics to tolerate highly saline conditions. The initial experiments 
are being performed with cell suspension cultures of the halo
phytic species. These cultures grow rapidly both in saline and 
normal culture media.

The initial steps of the research involve the identification
of polypeptides produced in response to salt stress. The re

spective mRNA can then be used to prepare the cDNA and ul
timately identify the gene for the prolein(s). Research will in
clude attempts to demonstrate a salt stress tolerance function 
of the proteins. The program also includes selting-up a gene
transfer and expression system in plants. The anticipated plant 
materials include rice. 

The gene transfer procedure will involve the use of proto
plasts. Marker genes of different types available from outside 
sources are used in the development of the gene transfer and 
expression systems. The system will then be used to deter
mine the functions of the salt stress protein/tolerance genes.
This research is a collaborative project with Dr. James T. Col
bert, Botany Department, Colorado State University. 

Network and Training Activities 

Since the Network is constantly changing and adapting to
the needs of its members, it is difficult to make specific plans 
for the future; however, from the feedback received at IPBNet 
Conferences, a few goals can be outlined. 

In the next year, the TCCP will publish a Network Member 
Directory. The Directory will include names and addresses of 
members, as well as specific information on current research 
interests. The Directory will be mailed to every correspondent
member (over 1000 persons) and will serve to stimulate com
munication among members, not just between members and 
the TCCP. 

Another important goal of the Network is to assist in seeking funding for the activities of its members, including supportfor training and education, research grants, and travel to 

conferences, workshops, and other laboratories. The Project is
also interested in facilitating the formation of regional and
single-country plant biotechnology networks. A list of funding 
agencies is being compiled at this time, and when available itwill assist members in looking to appropriate sources to fulfill 
their funding needs. The TCCP itself will reduce the amount of 
funding it currently provides for these activities, thus being 
able to funnel this money into other areas. 

Along these same lines, the TCCP staff will work to make 
the Training Program self-supporting. The Training Program will 
be expanded to include at least one other regional training pro
gram in Africa or Asia. 

Overall, the Network will expand much more slowly, focus
ing on strengthening current collaborations. IPBNet members 
will be encouraged to branch out and to seek and strengthen 
new and existing relationships within their own geographic re
gions. 
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Tie TCCP is currently located in its own 638 square 
meter building on the main campus cf Colorado State. 
Two general laboratories of 70 square meters each are 

available to TCCP researchers and trainees. The laboratories 
are adjacent to a 111 square meter culture room with a capac
ity of approximately 150,000 cultures (equivalent to 6 billion 
cells). A separate culture room equipped with day-length con
trols is also available. The culture rooms are temperature
controlled by a specially-designed, computer-operated system. 
The remaining area of the building is divided into a sterile 
transfer room, Instrument room, autoclave-sterilizaton area and 
office space. 

A 765 square meter greenhouse is attached to the TCCP 
building. The greenhouse is used to multiply seed, raise ex
plant sources, and grow regenerated plants to maturity. Prelim
inary screening of experimental material is done by hydroponic 
testing within the greenhouse. 

The TCCP also houses an extensive collection of tissue 
culture literature. The iiterature access system currently holds 
over 10,000 entries which have been selected from Current 
Contents by members of the TCCP staff and entered into a 
computer using the Article Filing System. The system was re
cently transferred to a hard disk unit, increasing the potential 
capacity to 175,000 entries. 

Entries are categorized according to subject matter and 
applicable keywords. Crop names and research areas are typi
cal categories; tor example, rice, wheat, corn, drought, salt, fu
sion, protoplast. The Artfile System allows access using any 
part of the entry, i.e. author's name, keyword, journal date. 
Literature searches of the system are made as requested by 
Network members and interested parties. In addition to the 
literature file, a large collection of tissue culture and related 
biotechnological books is maintained. 

Germplasrn for TCCP experiments is supplied by several 
sources. Wheat and corn seeds are provided by CIMMYT and 
the Department of Agronomy at Colorado State. Seeds of rice 
cultivars are supplied by IRRI and by Dr. Neil Rutger, Depart
ment at Agronomy and Range Science, University of California 
at Davis. Millet is supplied by Dr. Bill Stegmeir, Kansas State 
University, Fort Hays. Sorghum is supplied by Dr. Ronny Dun
can, University of Georgia, Dr. Fred Miller, Texas A & M 
University, and ICRISAT. Legume seeds are provided by 
ICRISAT and IITA. The TCCP also relies on the International 
Centers and various individual investigators worldwide to field 
test promising experimental lines under various local condi
tions. 

Facilities 
and 
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Staff Current Staff
 
Project Director 	 Dr. Murray W. Nabors 

Administrative Dr. Oluf L. Gamborg 
Staff Associate Director 

Ms. Julie L.F. Ketchum 
Operations Director 

Dr. Gary E. Hanning
Research Coordinator 

Ms. Sunitha Siriwardana 
Training Coordinator 

Ms. Kerri L. Wright 
Network Coordinator 

Permanent 	 Mr. Glen A. Hildreth 
Research Staff 	 Laboratory Manager 

Mr. Reagan M. Waskom 
Greenhouse Manager 

Ms. Gwendolyn E. Bane
Assistant Greenhouse Manager 

Ms. Barbara J. Ashton 
Group Leader, Millet 

Ms. Patricii L. Avissar 
Molecular Biology 

Ms. Julie L.S. Colton 
Group Leader, Rice 

Ms. Fariha S, Faizi 
Group Leader, Wheat 

Ms. Lori R. Frederickson 
Hydroponics 

Ms. Touba Ghazi-Moore 
Group Leader, Cowpea, Soybean 

Dr. A. Suresh Kumar 
Post Doc, Pigeonpea 

Ms. Carol S. Ostrom 
Wheat 

Ms,Melinda A. Paschal 
Group Leader, Sorghum 

Ms. Kathy M,Peterson 
Group Leader, Sorghum
Whole Plant Testing 

Mr. Michaul A. Thompson 
Group Leader, Rice 
Whole Plant Testing 

Ms. Callie A. Vanderbilt 
Napier Grass (GRI grant) 

Mr.Mark Van Mouwerik 
Rice 



Mr. Yusuf Zafar 
Visiting Scientist, Rice 

Ms. Lori R. FredericksL,i 
Office Assistant 

Part-time 
Research Staff 

Ms. Leann Avery 
Greenhouse 

Ms. Kim J. Spitler-Nabors 
Office Assistant 

Ms. Barbara Bucknam Ms. Theresa DeMersseman 
Sorghum Student Office Assistant 

Ms. Nancy Chiu Ms. Cynthia Flannery 
Rice Student Office Assistant 

Ms. Melody Halpine Ms. Heather Loomis 
Rice Student Office Assistant 

Mr. David Hewitt Ms. Debbie Singleton 
Greenhouse Student Office Assistant 

Ms. Julie Hewitt Graduate Students Mr. Francisco Lopez Gutierrez 
Millet Physiology of Salt Tolerance 

Ms. Jeannette Hut Ms. Iteu Hidayat 
HPLC Potato Protoplast Fusion 

Ms. Tina Kaven Mr. Raymond Ketchum 
Greenhouse Rice/Millet Protoplast Regeneration 

Mr. Larry Klima Mr. Douglas McMurray 
Protoplasts Mungbean Regeneration 

Ms. Christa June Ms. Amani Mnayer 
Whole Plant Testing Wheat Regeneration 

Ms. Annette Lavoie Mr. Akbar Shah Mohmand 
Cowpea Wheat Drought Tolerance 

Ms. Ann Low Ms. Anna Novero 
Wheat Rice/Nitrate Reductase 

Mr. Alan Martinez Ms. Poungpet Poonsapaya 
Greenhouse Rice Suspension Culture 

Mr. Scott Price Mr. Sathish Puthigae 
Greenhouse Rice Conditioning Factor 

Ms. Stephanie Schaal Mr. Gaith Sasi 
Corn Triticale Regeneration 

Mr. Peter Schuerman Ms. Sri Nanan Widiyanto 
Greenhouse Rice Blast Resistance 

Mr. Dennis Shippee Ms. Kerri Wright 
Whole Plant Testing Rice Testing 

Ms. Nitschka ter Kuile Training Program Dr. James T. Colbert 
Widecross Staff Department of Botany 

Mr. David Timm Dr. Oluf L. Gamborg 
Rice TCCP 

Ms. Kristin Vanderbilt Dr Harrison G. Hughes 
Wheat Department of Horticulture 

Mr. Alan Waring 
Greenhouse 

Dr. C.H. Livingston 
Department of Plant Pathology 

Office Staff Ms. Elizabeth "Lee" OltonOffie 
Otffice Manager 

MaagerMs. 
and Weed Science 

Sunitha Siriwardana 
TCCP 
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Emeritus Staff 
Countries Visited by TCCP Staff

Carolyn Angleton Cathy Kroskey
 
Laurie Barnes David Kroskey Bangladesh Liberia
 
Linda Behrns Kathy Lee Canada Mexico
 
Christine Boris Eric Leftwich Colombia Morocco
 
Ramona Brownson Bryan Lobmeyer Costa Rica Pakistan
 
Kim Bushnell Christy MacKinnon Ecuador Panama
 
Jeffrey Canfield Dawn McHugh Egypt Philippines 
Yongqiang Chen Marcus Murray India Sri Lanka 
Gregory Clark Debbie Neubaum Indonesia Thailand 
Leslie Conrad Kelly O'Brien Jordan Togo 
Catharine Cooper Laurie Osborne Kenya Zimbabwe 
Karen Crane Robed Oswald 
Gregg Dean Holly Pharo 
Robert DeCino Kelly Pickering 
Kirby DeMott Gregory Pott 
Cathryn Dutson N.V. Raghava Ram 
Thomas Dykes Sushma Raghava Ram 
Nancy Ekren Monica Rusk K -i" 
Robert Fjellstrom Lisa Schell 
Tarmmie Fjellstrom Erin Scott 
Jennifer Flannery Denise See 
Art Freytag Becky Sherry 
Susan Ferguson Robin Spires 
Jam.vq Gilfen Zong-xiu Sun .1l 
Paula Glasgow Eric Svee 
Glenys (:inderson Supaporn Tang 
Ruth Hendrl kson Susan Todd 
Theresa Henn Sandra Turner 
James Heyser Gretchen Umlauf 
Dana Jackson James Wahler 
Donna Kautzman Amy Walters 
Koji Kawamura Rebecca Ward 
Deborah Kelly Mary Waters 
Terry King Thomas Williams 
Suzi Klein 
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Abscisic acid L ist 
Benzylaminopurine 


Casein hydrolysate 


Coconut water 


2,4-Dichlorophenoxyacetic acid 

Embryogenic 

Gibberellic acid 

Indole-3-acetic acid 

Indolebutyric acid 

2-1sopentenyl adenosine 

Kinetin 

Linsmaier & Skoog 

Murashige & Skoog 

Moufied Murashige & Skoog 

Naphthaleneacetic acid 

Non-embryogenic 

Polyethyleneglyco!-4000 

2,4,5-Trichiorophenoxyacetic acid 

2,3,5-Tri-iodobenzoic acid 

Tryptophan 

BAP 

CH 

CW 
2,4-D 

E 

GA 

IAA 

IBA 

2ip 

KIN 

LS 

MS 

MMS 

NAA 

NE 

PEG 

2,4,5-T 

TIBA 

TRP 

of

Abbreviations
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rop species and cultivars are generally bred for max
imum yields and productivity on optimum or ideal soilsAppendix 1: 	 C and environments. There is an increasing interest and 

need to develop crop plant cultivars which can be productive 
under one or more conditions of adverse soils or environ-M ethods merits.
metThe presence of tolerance to a particular environmental or

fo3r 	 soil stress varies between species and within cultivars of a 
species. The variability is due to genetic differences. Thus it is 
possible by selection methods to obtain variants with greater
than normal tolerance. Some non-cultivated plant species haveadapted to survive under extreme conditions of soil salinity, al
kalinity, acidity, drought or temperature extremes. SuchSress-Tolerant species provide agdrmplasm resource for use in systematic
attempts by crossing procedures to introduce tolerance into 
crop species. The following sections outline 	 strategies and 
methods for obtaining crop cultivars with increased stress tol-Plants erance. 

Gcrmplasm Evaluation 
The search for valuable agronomic traits for crop cultivar 

development routinely includes an evaluation of available germ
plasm resources. The search for stress tolerance traits is no 
exception; however, it appears to have been performed to a 
relatively limited extent using a variety of different, and often 
uncomparable systems. Reports indicate that the more 
comprehensive evaluations have been carried out for wheat 
(Triticum spp), (Kingsbury and Epstein, 1984), wheat and bar
ley (Srivestava and Jasa, 1984) and rice (Akbar and Seshu, 
1986) on tolerance to saline conditions. Other evaluations have 
been concerned with identifying drought-resistant lines of rice 
(DeDatta and Seshu, 1982). 

Conventional Breeding 
Conventional breeding methods are being used in at

tempts to produce cultivars with increased stress tolerance. 
These methods include production of F1 hybrids, backcross
ing, progeny testing and selection. The most extensive and 
successful work to date is on rice and wheat breeding for salt 
tolerance. The breeding for salt, drought or other stress toler
ance is usually carried out in conjunction with introduction of 
one or more desirable agronomic traits, such as disease and 
insect pest resistance, which relate to yields. 

In rice, the understanding of the genetics of salt tolerance 
is increasing. From several genetic studies, it has been deter
mined that there are three groups of genes which control Na
and Ca content in the leaves at seedling stage (Akbar et at, 
1985). Another three pairs of genes code for resistance to 
salinity-induced panicle sterility (Akbar and Yabuno, 1977).

The results of conventional plant breeding approaches in
the development of cullivars with stress tolerance have been 
significant but very limited in scope. The cultivars of major 
crop species designated as tolerant to a particular stress ap. 
pear to be productive only within relatively narrow limits at he 
particular stress. Very few highly-tolerant crop cultivars have
been reported, partly because most of them are local land 
races developed by the farmers. 

Selection of Strcss-Tolcrancc 	Traits 

lcd Sclcction 
Stress tolerance is a multigenic trait, but changes in a sin

gle allele can still increase tolerance. Variations in tolerance oc
cur within a plant species, and they can also be induced 
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through mutations. Selection for variants with increased stress 
tolerance is usually accomplished through field screening. Thisis a routine procedure and also a regular part of conventional 
plant breeding procedures. Variability in response to stress oc-
curs not only within a species, but the tolerance can also vary
during the different phases of development. Standard tests are 
based or, the performance of a particular plant during the en-
tire life cycle. Field tests and screening are the ultimate steps
in selection of promising variants, 

"'iSSlC(til.Ure Selection 

The advent of plant tissue culture methods has introduced 
several valuable features that can be integrated into total plant
breeding and substantially amplify and accelerate the process.
The most important features at this stage are the variations 
that occur during tissue culture and the facility of the methods 
Io screen large populations in a small area, Plant cells from 
aiiy species can be cultured aseptically in defined media. Mil-
lions of cells can be grown for several months and then many 
can be induced to produce complete plants. The TCCP found 
that, using presently avaraLe methods, over 127,000 Pokkali 
rice plants could theoretically be produced from tissue culture 
ot one seed after six months (TCCP Newsletter No. 3, 1984).
This figure probably represents only a small percentage of 
possible production if methodological refinement were conlin-
ted 

Another important benefit of tissue culture is that it drasti-
cally increases the mutation rate of plant cells. Such mulations 
are referred to as "somaclonal' variants (Scrowcroft and Lar-

kin, 1983). Up to 20% ot tissue culture-regenerated plants

have new Multatios (Evans of al., 1983), compared to less 

than 0, 1%of plants from seeds. Since desirable mutants occur 

Infregueritly innfeld situations, the increased mutation 
rate froni 

tissue cult1re Is eXtreinely useful in selecting for stress Iler-

ance The strategy helri used is to grow large populations 

Under the influence of stress such as salt. The surviving cells 

ar, tolerant and plants grown frorn 
 such cells are pntentially

tolerant. Such procedures have been successful for obtaining 

plants with increased stress tolerance, disease resistance and
 
useful agronoiic trails. 


\Videcross Breccing 

While aeiipts are being riade to transfer stress tler-
ance traits by conventional breeding methods, most plant 
sources with high stress tolerance are often distantly related 
and inconnpalhlih wili crop species. Widecross breeding roeth-
ods are thus an allernative. The best documented exampli of 
wide cross breedirng Is the production of triicale which is a fiy-
hrid helween wheat (Trficom) and rye (Socale) The chromo 
seones In the hybrid are duplicated to produce a plant with 42 
wheat chroinosomes and 14 rye chromosomes. Such a plant
Is called octaplo triticale. Eventually, the rye chrorliosones 
will )e lust die to differences In the cell cycle between wheat 
and rye ihroiosome sets During the lii e in which chronio 
o e ,li ls both reside in the saiefroii specios niucleus 

transloc(alions of chroirsonr, s(egqrents; occur Thus the final 
pluint with 42 hhromosiii es -- callerd lwxaploidf trit cale - Is 
different fron wheat. Iie chroii iral dhflerences can be 

(leitnnstruitert by chir( rir ,w;)ialhlarnitdinig te'hnriclmes Triticale 
show ; inicreise(t (iseain mi (dstress; hholrince while mritaini-
n(J] many Of lhiW Iraih; ifismelul wheat. 

Marry ollier widecrossins have tbeen and (:ar be inade. 
Widecross breeding thins can he a valtiahle tool in introducing 
iore stringent stress tolerance as well as obtaining informatroi 

oerthil gonetics of stress tolerarnce 
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[ laploid Breeding 

In haploid breeding, a hybrid is produced by conventional 
means, then anther culture is carried out to obtain haploid or 
polyhaploid plants. These are treated with colchicine to induce 
chromosome duplication, and thus homozygous diploid plants 
are obtained. Since recombination occurs during meiosis in the 
original hybrid, the homozygous progeny obtained vary widely
in the combinations of genes they have from the original 
parents. This variation can be screened for derived traits such 
as stress tolerance. 

Somatic Cell FIsion I lybrids 

The various breeding and selection approaches now in 
use may not be adequate for all major crops to develop cul
tivars with adequate stress tolerance. The incompatibility bar
riers between the crop species and the stress-tolerant plant 
source may be too great to permit any type of sexual cross
ing. Other methods are now available which permit production
of desirable hybrids of crop species with distantly related 
plants. These include sinatic cell fusion and transfer by
genetic transformation. 

The tusion of plant cells of any two species has become 
a reliable, useful technology, but is limited to the species
which can be regenerated from protoplasts. Protoplasts (cells 
with the walls removed) of two plant sources can be fusedarid give rise to hybrids, which can be grown into complete
plants, These plants express traits derived from both parental
species. Such plants can in turn be backcrossed to the crop
species, and thus permit the transfer of the trait. This ap
proach also can be expected to be used in the transfer of 
desirable salt tolerance to crop plants from halophytes, for ex
ample, which through centuries have acquired the characteris
tics for efficient growth on saline soils. In all cases, however, 
the proloplast to plant technology must be developed prior to 

the use Ol the fusion procedures. 

'I'ransgcnic Plants 

A technology is emerging which permits the transfer of 
single genes for particular traits Ironi one plant to another. Theuse of the nethod necessitates that the gene(s) are known. 
Gene cloning has become standard procedure, and can beused for the isolation and cloning of genes for stress toler
ance. The isclation of genes for heat shock proteins (HS),
which provide protection against high temperature damage, is 
an example of how the methods are being used. The HS pro
ten genes have been transferred from one plant to another 
arid expressed (Key et al., 1981). Similar approaches are being
used at the TCCP to identify salt shock (SS) proteins and clon
ing of the respective genes. TIre reported research has not 
progressed so far as to demonstrate thit the SS proteins had 
any salt stress tolerance function The geiie transfer technolo
ly has been demonstrated in several crop species to give
triisgeriic plants which express the single gene that was 
transferred (Powell, 1986). The progeny of the transgenic
plants also expressed the Injected ferie. One of the best doc
iinented exarmples is the transfer and expression of a gene
that confers resistance Io a herbicide (Kosuge of al., 1966). 



io increase stress tolerance in crop plant cultivars, theAtissue culture process involves several steps:
1. Callus initiation and culture. A large popula-

Tissue 

Culture 


tion at cells sufficient to contain desired mutants or produce 
desired nunbers ot regenerated plants must be obtained. This 
is accomplished by removing a small portion of the plant (an 
explant), aid placing it in liquid or on solid medium. These 

media contain various nutrients and hormones which allow the 
cells to divide and reproduce, eventually forming a large col
lection ot cells (suspensions, it liquid medium; calli, it solid 
medium). Atter one to four months, depending on species and
genotype, this primary suspension callus is large enough to be 
subdivided into identifiable cell types, and transferred to a 
second medium where stress selection can take place. Many 
callus cell types of varying essential regenerability, are pro
duced. 

2. Screening. Stress-tolerant, mutant (variant) cells must 
be identified. Once a sufficiently large callus has been pro
duced, it is ready to be subjected to a specific stress. In the 
case of salt tolerance, the callus will be subdivided and placed 
on a medium containing a level of NaCI sufticient to severely 
retard the growth of non-tolerant cells (overall growth reduction 
should be to about 10% at controls). Ifmutant cells are 
present in the callus, they will grow and divide more rapidly 
than non-tolerant cells and will eventually comprise the majority 
of the population (Simons et al., 1984). It the ;evel of NaCI is 
not sufficient to eliminate non-tolerant cells, these cells may 
divide and regenerate along with tolerant cells. 

During the selection process, other beneficial mutations 
might be identified. In nature, many salt-tolerant plants are also 
drought-tolerant (e.g., Distichlis spicata and Distichlis stticta). 
Thus, ifone is selecting for salt-tolerant mutants in culture, one 
might also discover drought-tolerant mutants. In addition, salt
tolerant plants in nature tend to ue shorter than related, non
tolerant varieties. Therefore, in selecting for salt tolerance, one 
might also be selecting for a resistance to lodging. 

Crucial to the eftectiveness of plant tissue culture as a 
means of decreasing environmental alterations is the genetic 
stability of variant cells. Several types of alterations are possi
ble, for example point mutations and chromosomal alterations, 
and some of these, especially translocations and some dupli
cations, are urstable (Schimke, 1982). Variant stability in the 
absence of stress seems to be related to the length of selec
tion, with at least six months selection required for stability, 
although increased time in culture also increases the amount 
o chromosomal alterations. 

It seems clear from experimentation at the TCCP that 
short periods at stress-seleclion and low selection pressures 
do not entirely eliminate non-tolerant cells from the population; 
thus, both tolerant and non-tolerant plants, as well as theoreti
cal considerations over whether or not regenerated plants arise 
from single cells, are irrelevant ifselection is continued until 
100% of the population consists of tolerant cells. Chimerical 
plants could result from regeneration of mixed groups of toler
ant and nor-tolerant cells. 

Long periods of selection may allow for the occurrence of 
cells with two separate genetic mechanisms of tolerance. Such 
cells would be less affected by reverse selection pressures. 
Recurrent selections at increasing levels of stress may be 
necessary to obtain high enough levels oh stress tolerance to 
be practically useful (Nabors, ct al., 1980). 

3. Plant regeneration. To validate theLusefulness of in 
vitro manipulations, plants must be regenerated from long
terni, stress-selected cultures as well as from control cultures. 
In tobacco, cultures have been regenerated after ten years or 
more in culture; however, it has been widely accepted that, for 
most types of cultured cells, the rate at plant regeneration 
gradually declines as the time in culture increases. When the 
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TCCP began work, this was the number one tissue culture 
problem for both cereals and legumes (Nabors et al., 1983).
Results from TCCP experiments have revealed that, in wheat, 
rice, and millet, the length of time plants are regenerable is 
dependent on the ability to maintain E callus in culture. In the 
case of wheat, regeneration has been obtained after twenty
months in culture. Some rice cultivars still produce plants at 
high frequency after four years in culture. Long-term regenera
tion is important because selection for stable variants can re
quire up to twelve months of growth in vitro. In addition, such 
regeneration must be of a high enough frequency to ensure 
that enough plants are produced for seed production and sub
sequent whole plant screening. 

Undesirable chromosomal abnormalities and chromosr me 
loss also increases with lengths of time in culture, thu., the 
correct period of selection before plant regeneration must be 
long enough to ensure stable variants and short enough to 
maintain agronomic chromosomal integrity.

4. Testing of regenerated plants and progeny. 
Plants obtained from stress-tolerant cultures must be shown to 
retain the tolerance and to consistently pass it on to future 
generations. The TCCP lab was the first to demonstrate that 
NaCI tolerance obtained in cells was also apparent in regen
erated plants (Nabors et al., 1980); however, it is possible that 
other resistance, shown in other cultures, will not be passed 
on to regenerated plants. Most in vitro selection procedures 
isolate dominant or co-dominant variants, therefore, a genera
lion of inbreeding may be required to obtain a stable, tolerant 
line of plants. 

It must be demonstrated, through whole plant testing, that 
stress-tolerant plants obtained from cell cultures also show in
creased tolerance during germination, seedling growth, maturi
ty, flowering and seed set. In addition, it is important to deter
mine that tolerance is stable in the absence of stress. The 
Project has found that NaCI-tolerant oat plants obtained from 
cultures retain the resistance through at least four whole plant
generations in the absence of stress. Cultured cells obtained 
trom regenerated, resistant plants also retain salt tolerance 
after sixteen months in non-NaCI-stressed cultures. 

Finally, it must be demonstrated that an increase in stress 
tolerance has not unfavorably altered other desirable charac
teristics. The plants must be returned to the breeder with as 
many good characters as were originally present. 
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EquipmentAppendix III: 
A 	 tissue culture laboratory requires several specialized 

pieces of research equipment in addition to standardReview A lab supplies. Standard lab supplies include glassware
and chemicals used in preparing the media. A pH meter andO f an accurate (0.001 gin) balance are also necessary for media 

TP 

of preparation. Special equipment should include an autoclave for 
the sterilization of media and utensils, a laminar flow hoodGeneral equipped with forced air circulation and filters designed to re
move small (0.3 pm), contaminating objects. Culture vessels 
are needed, such as jars or vials, and petri plates or Erlen
meyer flasks. A cultuie cabinet, ideally a room, with controlled 
temperature and light conditions is also required. Unless seeds 
are the only explant source utilized, a growth chamber or

Tissue greenhouse is needed for growing donor plants.

Culture Explant Sources 
Inlegume and cereal tissue culture, mature seeds are theMe 	od Gmostconvenient explant source to obtain and culture. Eitherthe entire seed can be used as in rice, or the seed can be 

soaked 	over night and the mature embryo removed. With a 
few plants (e.g. corn and soybean), developmentally immature 
embryos, immature leaves, or immature inflorescences are the 
best explants for establishing regenerable cultures. It is impor
tant that plants grown for explants be carefully monitored since 
environmental influences upon the donor plant significantlycan 
(positively or negatively) affect responses in vitro. Growth con
ditions in vivo of the donor plant are especially important if one 
wishes to compare genotypic responses in vitro because dif
ferences observed in culture may be reflections of environmen
tal, and not necessarily genetic, factors. 

General Formulations 
Most TCCP experiments use a solid culture medium con

taining LS (Linsmaier and Skoog, 1965) major and minor 
mineral salts (Table 32), plus 40 mg/I thiamine, 10 g/I myo
inositol, 50 mg/I Fe-EDTA, 2-4% sucrose, 1% agar, and dif
ferent growth hormones, e.g., 2,4-D, KIN, IAA, etc. Stock solu
tions are prepared ahead to facilitate making media (Table 33).
This mqdium is high in both oxidized and reduced nitrogen. 
Other simila, media may yield comparable results. Linsmaier 
and Skoog medium is the same as MS except that the vitamin 
formulation is simpler. (LS contains only Thiamine HCI while 
MS has Thiamine HCI, Pyroxidine HCI, Nicotinic acid and Gly
cine). Deionized water is used in all media preparation and 
rinsing of laboratory equipment. This water has passed through 
a 5 micron filter, then a series of rutin-filled, ion-exchange
tanks, to free the water of debris and "contaminating" ions, 
and then a 2 micron filter. 

Unused media kept longer than one week should be 
stored in a refrigerator to prevent desiccation. This will keep
media in good condition for up to one month. The media are 
adjusted to pH 5.5 with 0.1 N NaOH (or 0.1 N HCI) before 
adding and dissolving the agar and autoclaving. In addition to 
solidifying the medium, agar acts as a buffering agent for most 
media as shown in Fig. 50 (TCCP Progress Report, 1982). 
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Table 32. Salts used inLinsmaier and Skoog (LS). 

Major Salts 
Compound 	 Final Concentration 
NH4NO3 	 1650 mg/I 
KNO 3 1900 
MgSO 4.7H , O  370 
CaCI2.2H20 	 440 

170KH2PO1 
FeEDTA 	 50 


Minor Salts 
Compound Final Concentration 
MnSO4.H-O 15.6 mg/I 
ZnSO 4.7H20 8.6 
H 6.23BO 3 

KI 0.83 
Na 2MoO,4.2H20 0.25 
CoCI2 .6H2 0 0.025 
CuSO4.5H 20 0.025 

Organics 
Compound Final Concentration 
Thiamine-HCI 0.40 mg/I 
Myo-lnositol 100.0 
Sucrose 20-40 g/l* 

'Concentration varies on crop and cultivar. See individual sections for 
specific concentrations 

Table 33. Preparation of stock solutions. 

Stock 
Solutions Concentration Preparation Storage 
Major salts See Table 32 dissolve in room temp. 

water 

Minor salts See Table 32 dssolve in room temup. 
water 

thiamine 40 mg/I dissolve in refrigerate 
water 

rnyo-inostol 10 g/l 

FeEDTA 5 g/I dissolve in refrigerate 
water 

2,4-D 150 mg/I dissolve inhot room temp. 
water, stir 

KIN 25 mg/I autoclave' room temp. 

IAA 50 mg/I dissolve in hot this stock is 
water, stir prepared daily 

to prevent 
dimmerization 

IBA 100 mg/I dissolve inhot room temp. 
water, stir 

water, slir 

BAP 50 mg/I 	 autoclave or room temp. 
dissolve chemical 
in a few drops of 
INKOH and then 
add water 

TRP 400 mg/I 	 dissolve in hot refrigerate 
water 

*Stock solutions of greater than 50 mg/I will not stay in solution reli
ably. 

5. 
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Fig. 50. 	 The effects of IAA (a weak acid), agar, and autoclaving on 
pH of Linsmaier and Skoog's medium. Autoclaving lowers 
the pH by driving of dissolved NH3. 

Sterilization Procedures 
General surface sterilization methods are as follows: (1) 

explants are placed in 90% ethanol for 30 seconds, (2) fol
lowed by a two-minute wash in a mild soap solution (2-4 drops 
liquid dishwashing soap/100 ml), (3) rinsed thoroughly with dis
tilled or deionized H20, and (4) followed by a 10-30 minute 
wash (stirred vigorously with a magnetic stir bar, under vacu
um) in a 20-50% commercial bleach solution (Chlorox) contain
ing 5.25% sodium hypochlorite. Tween 20, or other detergent, 
is added as a surfactant. The length of sterilization is critical as 
is complete exposure of the surface area of the explant (which 
is facilitated by carrying out sterilization under vacuum). If seed 
lots are heavily contaminated with fungal spores, then a 0.05% 
(w/v) mercuric chloride rinse for 0.5-3.0 minutes 	(under vacu
um, with slirring) is used following the bleach wash. Under 
sterile conditions, the explants are then rinsed three to six 

times with sterile, distilled water. If mature embryos are to be 
dissected out of imbibed seeds, then the sterilized seeds are 
left to soak in sterile distilled water for 12-24 hours. 

Determining Optimal Culture and 
Regeneration Media for a Specific
Crop 

Before initiating tissue cultures of new species, the current 
literature should be reviewed keeping in mind that different cul
tivars of the same species frequently require different hormone 
concentrations. If the information available is insufficient, or not 
reproducible, then it is necessary to determine which growth 
hoimones and concentrations give optimal callus growth and 
Nregeneration. It is essential that a systematic and comprehen
sive approach be used. In determining an "optimal" medium it 
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is necessary to know if growth of total callus, promotion of a 
particular callus type or differentiation is the goal. The resultsfrom one experiment are seldom sufficient since tissue culture
is an inherently variable biological system. Replicate treat-
ments/experiments are essential for assessing with reasonable
confidence what medium is best. 


Determining 
 optimal media and cultural conditions for
callus growth or plant regeneration is best viewed as an N-
dimentional matrix problem in which each axis represents a dif-
ferent medium constituent of cultural conditions. Media experi-
ments should be designed to test one factor at several con-
centrations, or at most, a few factors in combination, each at a
few concentration levels. Large, complicated experiments with
greatly variable biological systems are seldom efficient produc-
ers of reliable results.Although optimal media are often cultivar specific, once a
growth regulator is identified as best it can usually be applied
successfully to other cultivars with r':, ior adjustments in con-
centrations. Different media formulations are required for callus
initiation, callus maintenance, plantlet regeneration, and root ii-
tiation. 

For some model dicots, a medium which is best for callusgrowth and plant regeneration can be easily identified. In ce-
reals, legumes, root crops, etc., the introduction of additional 
substances promoting growth or differentiation complicates the
picture, but may be necessary for determining optimal media, 
The following compounds, growth regulators, and cultural con-
ditions, are commonly regarded as likely candidates to in-
crease growth rates or initiate differentiation: 

1. auxin (e.g., 2,4D, 2,4 5T, NAA, BA, IAA)
2. cytokinin (e.g., KIN, AP, 2ip, zeatin) 
3. light vs. dark
4. temperature 
5. amino acids, particularly glulamine, proline and trypto-phan 

7. light quality 
7. lightquality
8. photoperiod 
9. gibberellins 

10. vitamins11. ethylene 

12. sugar (e.g., sucrose)
13. callus to medium volume ratio 
14. medium conditioning by previous callus 

For growth regulation, both the type and concentration of
growth factors must be considered. Indoleacetic acid, 2,4-D,
2,4,5-T, NAA, and IBA frequently give quite different effects at
equal concentrations. Usually, one of these auxins at a specific
concentration is optimal for callus induction. In practice, deter
mining auxin and cytokinin type and concentration is the mostcritical step in successful initiation experimentation. In TCCP in
vestigations, 2,4-D at low concentrations (0.5 to 2.0 ppm) was 
found to give the best callus growth and response. In addition,
the effect of cytokinin (KIN and BAP) on callus formation is in
vestigated in combination with the best auxin. For many ce
,eals, media manipulations for initiation and maintenance of
certain callus types are necessary only during the first few 
subcultures. 

Callus Types 
As previously mentioned, the decision for an optimal

medium depends upon which factor needs to be promoted by
media manipulations. In some early TCCP experiments, it
believed that an increase in total callus mass was 

was 
the desired 

result, and optimal media were chosen on the basis of overall
growth enhancement. It was soon recognized, however, that
the callus quantity was not the only critical factor; callus quality 
was equally important. Hence, media were selected for the 
promotion of particular callus types.

The major callus types recognized by TCCP researchers 
are "embryogenic" (E) and "non-embryogenic" (NE) (Fig. 51).
Embryogenic callus is translucent to opaque in appearance 
and milky white to yellow or yellow greenas compact, nodular regions of non-vacuolatedin color. It appearscells which
produce small somatic embryos. Embryos further develop into
whole plants when cultured on appropriate media. The surface 
of E callus is often shiny. In contrast, NE callus is crystalline
and transparent in appearance, white, tan, brown, yellow or 
green in color, and appears as loosely-packed, friable regions 
of vacuolated cells which produce more callus, roots, or rarely,shoots. These two callus types have been noted by a number
of tissue culture workers (Heyser and Nabors, 1982a, 1982b;
Heyser et al., 1982). The TCCP was the first to quantify the
fact that E callus has a much higher frequency of regeneration
than NE callus (Nabors et al.,
1982).


Inearlier reports with wheat (Nabors et al.,
1982; Heyser
 
et al., 1985) the term "embryogenic" referred to the capacity 
for complete plant formation, and was not necessarily meantto imply that the mode of regeneration was via germination of 
somatic embryos; however, from the overwhelming evidence 
of TCCP results and those of others, it appears that embryogenesis, and not organogensis, is the plant regeneration route 
for cereals. 

In some experiments, the percentage of cultures with E 
callus was the factor analyzed; in other experiments, freshweight amounts of callus types were determined. For some investigators, the frequency of occurrence is more important
than the quantity produced; for others, the reverse is true. For 
any media determination experiment for production of particular callus types, both factors should be scored and analyzed. 

NE 
E 

Fig. 51. Callus culture showing both friable NE callus and compact E 
callus. 
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Table 34. Data quantification using relative callus mass based on size 
(eighteen different clay callus models ranging from .019 g 
to 20.507 g were made. With the smallest as a standard,
the ratio of masses ranged froIm 1.0 to 1079.3. A ratio of1.0 is equivalent to .003 g of soft, friable callus). 

Size Ratio of Callus Mass Size Ratio of Callus Mass 
1 1.0 13 365.7 
2 3.2 14 431.9
3 4.8 15 438.4 
4 7.0 16 580.3
5 16.8 17 817.0 
7 29.1 19 1439.0 
8 58.8 20 1918.7 
9 76.9 21 2558.3 

10 
 142.7 22 3411.1
11 199.4 23 4548.0 

12 261.3 


All the stock solutions are stirred during their preparation. The concer-
tralions used are those which have been determined to provide maxi-
rial solubility without precipitation. Most of these stock solutions will 
keep for several weeks. Hormones and organic supplements are more 
.S;usceptlble to heat, light, and time so may riot keep for as tong a time. 

(rowth N'leasUrements 
For many TCCP studies, callus growth was measured by

the cross-sectional comparison method of Hooker and Nabors 
(1977) (Figure 52; Table 34). More recent experiments have 
used fresh weight measurements of callus. In the first method,
callus size is compared to the size (as measured by cross 
sectional area) of a number of standard clay spheres. By arbi-
trarily setting the mass of the smallest sphere as 1.00, relative 
mass determinations can be made easily. This method is used 
in many TCCP experiments because it eliminates the time con-
suming step of weighing individual calli, and minimizes con-
tarninations risks. Informal studies at the TCCP indicate that an 
experienced technician can obtain comparative measurements 

with this method which are equal in accuracy to those ob-

tained by actual weight measurements for tissues of consistent 

densily. 

Sub-Culture Intervals 
Once callus cultures have been established, the frequen-


cy of transfer and size of the inoculum in relation to the
 
amount of medium can be important factors. Size of the inocu-
uin is particularly important in determining whether or not re-
generation will occur. In general, for all tissue culture proc-
esses --- from initiating callus and suspensioris to obtaining re-
generation - too little or too much inoculum are equally inef-
fective. 

As mentioned earlier, callus type is often the most impor-
tant factor to consider, especially wilh regard to regeneration
potential. It has been determined in TCCP experiments that the 
selective sub-culture of a particular callus type, especially E 
callus, is essential to the long-term maintenance of that callus 
type. If callus types are not separated, then the faster-growing
calli can literally take-over a culture or even exert morphogenic
influences which can cause one callus type to deteriorate into 
a less desirable type, 

Environmental Conditions for
 
CultHLres
 

In the TCCP laboratory, a large (40 x 30 feet) room is 

available for housing cultures. Continuous light is provided toall cultures (unless otherwise stated) by four 40 Watt, wide
spectrum fluorescent bulbs (36 inches in length) mounted on
shelving units. The light sources are approximately 24 cm (9.5
inches) from the shelf, and provide approximately 2000-5000 
lux of light intensity. Air circulation is provided by individual fan
units, or a larger, central air conditioning unit. It has been 
found that air circulation is important for maintainin,- -onstant 
temperatures. The culture room is maintained .etween 
25-280C. Higher temperatures are very detrimental to callus 
growth.

Cleanliness in a culture room is an important but often
overlooked factor. The cull'ire room should be kept relatively 
free of dust, organic matter, and unnecessary materials. Physi
cal isolation from other laboratory space is desirable, and traf
tic through this room should be kept to a minimum. Contam
inated cultures should be immediately removed from the room 
or cabinet, and sterilized before being opened. If a sudden
"bloom" of contamination occurs, inspection for carriers such 
as mites, gnats, etc. should be performed. Mites are difficult to 
see even microscopically and are usually first noticed because 
of the fungal spores they carry when moving from vial to vial.
They can enter even apparently tightly-sealed containers and 
reproduce vigorously and rapidly. If contamination carriers are 
identified, shelf paper impregnated with mild, but effective pes
ticides can be used, provided that air circulation is not imped
ed, Spraying with insecticides in some areas is a necessary, if 
unpleasant, preventive measure for maintaining a culture area 
free from carriers. 

If contaminated cultures occur in large numbers and "car
riers are not proven to be the cause, transferring techniques
need to be examine.,. All objncts in the hood should be 
sprayed with 70% alcohol. The immediate working area should 
be kept clean and uncluttered and care taken to prevent
breathing on or touching the callus with a non-sterile surface 
(hands, hair, counter, etc.). Instruments used in the TCCP lab
oratory are no longer flame sterilized, which dulls and ruins for
ceps and scalpels, but are autoclaved in surgical trays
wrapped with heavy cloth. 

Plantlet Establishment in the 
Greenhouse 

Each crop species has unique growth requirements and
 
therefore specific establishment techniques must be refined for
 
individual crops; however, a general plantlet establishment
 
technology 
 has been developed in the TCCP greenhouse
which has application to a wide number of species. 

Regenerated plantlets must have developed sufficient root 
and shoot growth in order to survive in a greenhouse environ
merit. This varies by species, but as a general rule the roots 
should be a minimum of 2 cm in length before transplanting 
will be uniformly successful. 

Tepid water is added to vials of plantlets to begin soften
ing the agar. This is allowed to stand for about 30 minutes.
The softened agar is then loosened using a dull.spatula and 
the plantlets are gently removed from the vials, it is important 
to thoroughly rinse all agar away from plantlet roots with tepid 
water as any agar left on the roots could be a source of con
tamination. Plantlets are carefully separated from the callus tak
ing care not to detach the shoots at the crown. Once individu
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al plantlets are separated, any stressed leaf or root tissue and 
any residual callus is trimmed away before transferring to soil. 

Plantlets of hardy crops with well-developed root systems 
can be planted directly int,pots of a soil or soilless mixture. 
Best results are obtained by placing these plants in a shaded 
area and keeping them moist for a period of five to ten days 
before moving into direct sunlight. Difficult to establish species 
or plantlets with poorly deve:,cped root systems are initially 
transferred into small pots of verrnir:ulite and watered with a di
lute nutrient solution including NAA and IBA (Vitastart(9 1 
T/gal). These are placed in a shaded, high humidity environ
ment for one to two weeks and a:e kept moist until good root 
growth is established. After lhs time, the plantlets can be 
transplanted into a soil or soilless mix. Most of the difficult to 
establish species benefit from being placed back into a shad 
ed, high humidity area for about one additional week. Fertiliza
tion is generally begun after the plants are moved into full sun
light. 

I 2 3 4 5 6 7 8 9 

50 II 12 13 14 15 

16 17 8 19 

20 21 22 23 

CALLUS SCALE (IX) 0. 

Fig. 52. Clay models used to eshmate callus size. 
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P lant cell cultures are ideal systems for selecting vari
ants because at several unique characteristics: (1) alarge population of cells can be readily screened; (2) 

screening generally requires a small space and less time than 
that required for whole plant screening; (3) the nutritional and
physical environments can be strictly controlled; (4) selective 
agents are easily administered, (5) the relatively non
differentiated state at culture systems 'voids the complications
of difterent responses associated with developmental stages; 
and (6) several systems - callus, cell, protoplasts, pollen,
meristem culture - can be employed in selection schemes. 

Another important and now widely recognized characteris.
tic is that plant tissue culture systems are inherently variable. 
Spontaneous or "natural" mutations pre-existing in the explant
donor tissue are one source of variation; the mutagenic influ-
(ence of the culture environment is another. The genetic varia
bhiliy observed in cultured plants regenerated from cells has 
been defined as mutaclonal or somaclonal variation. (Gameto
clonal variation is the genetic variability observed in plants ob
tained from cultured haploid cells.) The degree of variation ob
served is largely determined by the genetic constitution of the 
particular cell population which is regenerated, as well as the 
recovery of tlhe variation in regenerated plants. For example,
callus cultures can exhibit extensive chromosomal observa
tions, but most regenerated plants (from short-term cultures) 
are phenotypically normal. This implies that either the variability
In the callus is riot always recovered during the regeneration 
stage because normal cells are the ones with regenerative ca
pacity, or that observed chromosomal changes do not ad
versely affect regenerated plants.

At this point, it is riot resolved whether the somaclonal 
variants recovered out Of tissue cuiture are different from muta
tions proviously observed by breeders in whole plants. Some 
authors have reported the expression of novel mutations in re
generated plants (Evans and Sharp, 1986), but the majority of 
published reports describe mutations due to, chromosomal
number variation, single gone mutations including dominants, 
serni dominants, arid recessives, mutations resultino from mi
totic crossing over, and mutations in chloroplast DNA (Larkin 
ot at., 1985). 

Despite reports of extensive amounts of heritable soma
clonal variation, mass production of regenerates - some of 
which might be variant - might not be the most efficient 
means of selecting variants with sncifically altered traits. A 
more appropriate means of obtaining mitants is selection in 
vitro: that is, applying some selective agent that permits the 
preferential survival arid/or growth of a desired phenotype in 
an otherwise lethal environment. 

Suspension vs. Callus 

Ideally, suspension cultures are best suited for selection 
procedures since virtually every cell is in contact with the 
selective agunt. II cereal systems, however, reliable regenera
tion of liquid cultures has not yet been achieved, partly be
cause E cells have not been maintained in liquid cultures. 
While suspensions are relatively easy to initiate, the lack of re
generation is a severely limintig factor in their use in selection 
systems. 

The alteriate system is callus cultures. Most callus cul
tures are established using diploid tissues (e.qg, embryos, leaf 
segments), but pollen cultures are also possible. Since pollen
culture is a haploid system, recessive traits can be immediately
recovered in the regenerated plant. In diploids, the progeny of 
regenerates must be screened inorder to olbserve recessives, 
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Selection Schemes 

The length of selection is an important criterion. Since 
selection agents allow for the preferential growth of variants, 
several generation times are required for the few mutant cells 
to become the dominant cell type in the population. In callus 
cultures, this usually involves 10-12 months. Insuspensions, in 
which cell doubling times are usually faster and the selective 
agent is more extensively distributed, three to four months is 
minimum. Some investigators have combined both liquid and 
solid phase selection systems in order to take advantage of 
the more dispersed state of the selective agent in liquids, and 
the regenerative capacity of the callus culture. Long-term cul
tures can be maintained on one concentration level or selec-
tive agent, or increased step-wise over time. The time required
before the selective agent is increased in concentration is usu-
ally determined by the time required for doubling of fresh 
weight of the callus mass. 

An alternate selection rouLte is short-term exposure to very
high, essentially lethal concentrations of selective agents. This 
procedure allows for the survival of those cells which possess 
an altered genotype, and minimizes the risks of selecting cells 
with physiologically adapted phenotypes. Acute exposure also 
minimizes the chromosomal aberrations that accumulate with 
long-term culture. 

The level of a selective agent used must be determined 
empirically; that is, for any crop, E callus must be 
iritiated/maintained on a level of stress which reduces growth. 
The initial reduction in growth should be at least half of the 
controls, w:th 80-90% decrease in growth ideal. In some cereal 
systems that require two to three months for production of sig
nificant quantities of embryogenic callus, it may be more effi-
cient to initiate callus first, then transfer callus to selective 
media. 

(rowth Ncasurcmcnts 
Seleclion for tolerant callus cultures can be measured by 

callus weight or by percent callus weight of controls. Since 
plant regeneration is important, the total number of plants re-
generated or plants regenerated per gram of callus should also
 
be considered. Visual assessment of the callus is also an 
 im-

porfant criteria Ernbryogenic callus must be maintained during

the selective process if regeneration is to be ultimately 

achieved. Cells which are resistant to very high levels of stress 
but cannot be regenerated are of little use to the breeder; the 
breeder wants plants, riot cells! 

l)ircct vs. Indirect Selection 
For most mineral stress selection studies, the mineral can 

be added directly to the culture riedium (e.g., NaCI, AIC! 3, 
ZnCI2 ). Drought tolerance may be co-selected with salt tole 
anice, but otherwise needs to be approached indirectly using a 
compound which simulates osmotic stress, for example, poly-
ethylene glycol (PEG). Similarly, selection for chlorate tolerance 
may be an indirect selection for altered nitrate reductase me-
tabolisrn. Chlorate is a toxic analogue (or substitte) for nitrate, 
which is metabolized (chemically reduced) by the cells to 
chlorite or "bleach", and is thus fatal to cells. Cells which have 
an altered nitrate reduclaso metabolism ---in that only the 
substrate nitrale is very specifically reduced -- will inot reduce 
chlorate arid thus those cells will survive. 

Proline analogues carn be used for selecting cells with al
tered proline synthesis. Proline synthesis is controlled in a 
feedback fashion. A proline analogue can mnriiic proline in a 
sense that it will feedback to the synthesis cycle the informa-
lion that sufficient amounLs of prolinelike material are available, 

and this will shut down the synthetic processes; however, pro

line is an essential amino acid, and analogues will not meet 
specific physiological needs, thus cells will die due to lack of 
proline. Cells with an altered proline feedback system will con
tinue synthesizing proline, even in the presence of analogues 
which would normally shut down synthesis, and thus these 
cells will live in the presence of lethal amounts of analogues. 
The selection of cells which over-synthesize or accumulate 
proline can be used for salt or drought stress studies. Since 
proline accumulation has been associated with salt tolerance, 
this selection method allows for an indirect way of obtaining 
salt-tolerant mutants. 

Salt Tolerance 

Halophytes ("salt lovers") are able to grow in environ
ments where the salt levels normally restrict the growth of 
glycophytes ("non-salt lovers"). Salt tolerance by halophytes is 
divided into those which accumulate salt and those which can 
regulate the ratio of salt to water to maintain the plants proper 
water potential. In the plants which accumulate and store salt 
there is an exclusion of salt to some extent, probably by the 
endodermal layer in the roots. Those plants which regulate the 
osmotic potential do so by swelling to store more water, by 
accumulating organic compounds, such as proline, in the cyto
plasm. or by exuding the salt through the leaves (Salisbury and 
Ross, 1978). 

1)rought Tolerance 

Jonesof al., (1981) have identified three ain classifica
tions of drought resistance: (1) those plants that escape
drought by completing their life cycle while moisture is avail
able; (2) those plants which tolerate drought with high tissue 
culture potential by maintaining water uptake to meet the 
demands or by reducing water loss with stomata control or 
waxy covering of the leaves; and (3) those plants which are
drought-tolerant and have low water potentials in the tissue be
cause they accumulate organic solute or resist protoplast 
desiccation. 

Aluminum Tolerance 

In soil and liquid solutions, Al 3 lowers pH by displacing 
m indi solution p nisml
in so i The h of 

H+ ions from binding sites into the solution. The mechanism of 
toxicity in plants appears to be more complex than this, since 

+3
 many plants can withstand low pH but not AI .Theoretically, 
aluminum ions are taken up by the root and lower the pH in 
the cytoplasm, thereby causing cell death. 

Temperature Stress Tolerance 

Chilling arid freeze injury Must be dealt with by tolerance 
mechanisms. These mechanisris ate poorly understood, but 
the cell wall as well as the plasma membrane play important
roles. High temperature stress can be "avoided" somewhat by
plants, for example, by decreasing respiration or decreasing 
absorption of radiation energy. Tolerance mechanisms are 
known in that plants will synthesize heal shock proteins which 
appear to "buffer" the effects of high ternp:rature. Tempera
turn stresses can be selected for directly by applying cold/hot 
temperatures to cultures. 

Stress Selection Strategies 
The malority ci stress selection experiments conducted at 

the TCCP have involved NaCI stress, although investigations 
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wilt', AIC13 and PEG have also been accomplished. For any of 
the stressing agents utilized, initial experiments involved a 
stress selection strategy of long-term culture on growth-
restricting levels of agent. Assessment of callus growth in 
long-term cultures is difficult because callus quantities fluctu-
Le. Also, plants regenerated from ong-erm Cultures have in-

creasedas 

comprehensive approach to selecting variants, several strafe-
gies were developed for in vitro use at the TCCP. Each 
scheme has a termination point dictated by the regenerability 
of E callus. It is important that plants are regenerated from 
stressed cultures, grown to maturity in the greenhouse, and 
progeny screened as soon as possible since whole plant 
screening of regenerate progeny is vital for feedback to any in 
vitro method for stress selection. 

Long-tcrn Stress Selection 

Embryogenic callus is rep, atedly subcultured on medium 
containing a rniniuni of 9 g/I NaCI. Regeneration is attempted 
after six passages if the selection pressure is 9 gm/I NaCI, ear-
ierif higher concentrations are used. Total E callus fresh
 
weight is assessed each passige; an approximate equal fresh 

weight amoUnt is subcultured onto fresh medium. Experiments 

are continued only as long as regeneration is possible. 


IA)flg-t,rrn, Step-wvisc Stress Selection 

Embryogenic callus is repeatedly subcultured on medium 

conlaining salt Slep wise increases can be done in two ways: 

(1) salt concentration can be increased every second-third 

passage. This approach requires mininmal quantification since 

only total enbryogenic fresh weights are measured at the end 

of each passage, and an approximate equal fresh weight 

amount subcultured: or (2) salt concentration is increased only 

when a culture doubles its fresh weight. This approach re-

qULIeS more extensive effort in tracking cell lines, and individu-

ally weighing cultures. For either method, selection is contin-

Lied only as long as E callus remains regenerable. The minimal 

initial salt level used is 6 g/l, with 2-3 gin increases used. 


Killcr lcv'cl of Stress Selection 

Embryogenic callus is plated on medium containing lethal 
salt levels (1-2% NaCI) Callus may be small clumps of em-
bryoids or chopped into small pieces. Selection is continued 
as long as F cdllus remains regenerable. To date, regeneration 
has been achieved after up to four passages on medium con-
tanning 12% NaCI. 

li(lUid/Agar ( ,()nl-ination Selection 

Embryogenic callus is added to liquid saline culture medi-
LIM Usually 0.5 g of E callus (separated Iint small clumps, but 
riot chopped) is used to initiate a culture. Every two to four 
days, clumps of callus are plated out on either regeneration 
medium (with or withouLt salt), or saline agar medium (at the 
same or higher salt concentration used in liquid culture). In 
liquid cullure, nediun is poured off and fresh riediun added 
every two to four days. The salt concentration in liquid culture 
is stepped-up 1-2 g every second rnediuni change. To date, 
callus clumps generally do riot remain regenerable past three 
weeks inliquid culture; 9 g/I NaCI has been the highest salt 
concentration tested in liquid culture. 

Suspension Selection 

Embryogenic callus is used to initiate suspensions. 
Suspensions are then maintained at a constant or step-wise 
level of stress. Since long-term regeneraion from cereal
 

suspensions is not often possible, experiments are maintained 
long as the cultures survive. Quantification of cell growth isby fresh weight or packed cell volume. 

Media Preparation 

NaClI 

Although environmental salt stress results from a mixture 
of excess ions, NaCI is used as the selective agent in TCCP 
experiments because Na+ is usually the toxic ion in abun
dance. Media containing NaCI are easily prepared by adding 
NaCI directly to the basal medium prior to autoclaving. 

Ai(1I3 

The readily available form of aluminum, AICI3, is used in 
TCCP experiments. If AICI3 is added directly to the basal medi
um, however, solidification by agar cannot occur because the 
agar is hydrolyzed by the high sterilization temperatures and 
low pH caused by the AIC 3. It the medium is not buffered pri
or to autoclaving, the aluminum will precipitate out of the medi
urn. If the basal medium is autoclaved, and allowed to cool 
slightly, AICI can be added without the agar being hydrolyzed, 
and the medium will gel. The addition of A1C13 to basal medi. 
um requires that certain steps be followed. First, a stock solu
lion 100 times more concentrated than that required in the final 
medium is prepared. The basal medium is then prepared and 
autoclaved along with the separate aluminum stock solution. 
Following striliz.aiion, either before or after the media have 
set, the aluminum is dispensed into the culture vessels at the 
rate of 0.1 ml per 10 ml. If addition of the aluminum is done 
before the medium solidifies, the cultures are ready to use; 
however, if it is added after the agar has gelled, the medium 
must set for 2-3 days to allow the aluminum to diffuse through 
it.Analysis of agar slices confirms that diffusinn of AIC13 oc
curs. 

lE( 

Selection for drought tolerance is accomplished by using 
a high molecular weight osmoticum is the stressing agent. 
Polyelhylene glycol (PEG), of approximately 4000 molecular 
weight, is the osmoticum of choice because it competes with 
the callus tissue for available water in the medium without 
penetrating the tissue. High concentrations of PEG also inhibit 
aar from gelling. 

A two-step method has been developed to prepare PEG 
in solidified media. The first step involves mixing the major 
minor mineral salts, vitarnins, sucrose, and agar. The PEG is 
dissolved in water to make-up the remaining volume. Both 
components are separately autoclaved, cooled slightly, and 
poured together. Alirluots are dispensed into individual culture 
containers. The PEG makes the medium very viscous and 
dispensing is difficult. Very large, pore pipettes must be used, 
or the media can be hand poured into vials previously marked 
for volume. 
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