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FIGURE 2. The TCCP has produced large numbers of rice, proso millet, oat, wheat, and pearl miliet plants from tissue cultures. Rapid pro-

pagation of rare, useful cereal plants by tissue culture methods is now possible.

so that selection for stress tolerance could proceed with a
reasonable probability of success. This demonstration was
important because for over a decade tissue culture of ce-
reals had been hampered by the lack of effective methods
for regenerating plants at reasonable frequencies and for
long durations from populations of culturca cells. As is de-
tailed in this report the TCCP has continued. during its first
two years, to radically improve regeneration technology for
cereals. Because of this work, selection for stress-resistant
variants has been able to proceed rapidly.

Background

A survey of availabie data indicates that the chief en-
vironmental factors limiting food poduction in the world are:

1. Drought and excess salts which affect
around 25% of the world's arable land.

The percentage of the world's arable land
which is subject to salt and drought stress is
variable according to the estimator but seems
to be around 25% (Carter 1975). Even 25% of
the world’s rice hectarage suffers from drought

at sometime during the growing season
{O'Toole and Chang 1979, USDA Agricultural
Statistics 1976). The usual answer to problems
of drought and salinity has been irrigation. At
present around 15% of the world's cultivated
land is under irrigation (FAO Prod. yearbook.
1977, vol. 31, United Nations) (Fig. 3). This fig-
ure is only an averare; in some countries
100% of the agriculture comes from irrigated
plots. The problem with irrigated agriculture is
twofold.

a. Already, 80° of the readily available wa-
ter is used in agriculture (Flowers et al
1977). This means tI at increasing the
hectarage currently irrigated will require
massive engineering projects to increase
the available water supply. Ground water
supplies, particularly in dry regions relying
heavily on irrigation, are dwindling rapidly.
The Ogallala aquifer in the central United
States is a particularly well-studied exam-
pie of a rapidly dropping, soon to be ex-
hausted water table (High Plains Associ-
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FIGURE 3. Irrigation systems of various types can increase food prodiiction in arid regions. However supplies of water are limited, systems
are expensive to install and maintain, and salinity tuildup in the soil limits the useful lifetime of any system.

ates 1979). In short, increasing the irrigat-
ed hectarage is practical neither in terms
of available water nor in terms of the cost
required to bring in new supplies.

b. All irrigation systoms from those in an-
cient Sumer over 4000 years ago (Jacob-
sen and Adams 1958) to those currently
in use gradually add salts to the soil
(Casey 1972). Careful management can
retard salt buildup but not eliminate it.
Thus all irrigation systems have a limited
useful lifetime.

2. Soil acidity (bringing aluminum, manganese,
and other toxic metals into the soil solution)
which affects around 25% of the world's ar-
able land.

Excess soil acidity is a problem in regions of
the world in which drought is not a problem
(Christianzen 1979) (Fig. 4). Soils become acid-
ic as a result of CO, dissolved in rain water.
Thus when rainfa is high, socil acidity in-
creases. Tris in turit brings usually insoluble
ions {such as alumirum) into the soil solution.
Also the hydrogen ions tend to displace other
cations from binding sites on soil particles. Ulti-
mately, acid soil becomes poor in the nutrients
needed by plants and rich in toxic cations such
as aluminum. The problern is most often scived
by periodic soil liming to reduce acidity. Unfor- : -
tunately, in large areas of the world this solu- FIGURE 4. In regions of high rainfall excess soil acidity and metal

tion is neither practical logistically nor possible toxicity are important agricultural problems. More tolerant plant
financially. varieties are needed for these areas.


















Project Facilities and Administration

The TCCP 15 housed in the Plant Sciences Building in
the main campus of Colorado State University. The project
utiizes 2000 square feet of laboratory and office space in-
cuding a general laboratory. a sterile transfer room and
growth chamber facility. and an autoclave-sterilizat.on area
(Fig 47, p. 23). Greenhouse facilities for testing of whole
plants re located nearby

Field testing of useful stress-resistant plants s not an
n-house goal of the project. Testing of wheat and miliet
plants can be carried out in Colorado. However, since a
waniety of natural environments must be considered the
project will rely on the Internaiional Centers as a primary
focus for field testing. Readers of this report who are in-
terested in posstble participation in tesing gerrmplasm as it
becomes available should contact the project director.

Germplasm for our experiments 15 supplied by the
International Maize ang Wheat Improvement Center (CIM-
MYT) and the Agronomy Department at Colorado State
University for wheat; by the Internaticnal Rice Research In-
stitute (IRRH: by Dr. Neil Rutger. Department of Agronomy
and Range Science. University of California at Davis and by
Dr. M.S. Balal. Ministry of Agriculture, Giza. Egypt for rice;
and by Dr. Bill Stegmeir, Kansas State University, Ft. Hays
with the advice of the International Crops Research Insti-
tute for the Semi-And Tropics (ICRISAT) for millet.

Project Accomplishments

In its first two years. the TCCP has made significant
progress in utihzing plant tissue culture to increase stress
resistance in major cereals. Prior to the mitiation of the proj-
cct the following work was completed.

1 Using tobacco as a riode! system it was
demonstrated that NaCi tolerance could be
selected in cell suspensions (Nabors et al
1975).

2. Our laboratory was the first in the world to
show that salt tolerance obtained in tissue
culture was carried into whole plants regen-
erated from the cultures and their progeny
(Nabors et al 1980). The tolerance is stable in
that it remains after two whole plant genera-
tions never exposed to NaCl (Nabors and Kros-
kcy 1982)

3. Tissue culture methods for wheat and oats
(as well as other non-cereals) were im-
proved (Nabors 1976, 1979, 1981). Tobacco
was used m the mtial work because it is a
plant which readily produces cell cultures with
high regeneraiive ability.

Cereals. as noted earlier. are easily used to produce
cell cultures; but regeneration from these cultures is typical-
ly of fow frequency and of short duration. To obtain regen-
eraton at all. hand-dissected immature embryos (a time
consuming starting material) had to be used frequently to
obtan callus. Theretore the first goal of the project was to
obtain methods for high frequency. long term plant regen-
eraton from cells denved from easily obtainable tissues.
Progress toward this objective has been rapid, and this
phase of the experiment 1s nearly complete (Heyser and
Nabors 19824, 19820; Heyser et al 1982: Nabors et al
19820, 1982b)

1. For wheat, rice, pearl millet, proso millet,
and oats callus cultures have been obtained
from seedling roots, from seedling apical
meristems, and from immature embryos.
Callus with high frequency, long duration re-
generation has been selected for each plant

ne

for callus derived from roots and immature
emkbiyos. Our regeneration {requencies are ten
to twenty-five times those reported in the litera-
ture. Whereas regeneration typically 1s difficult
to obtain for cereal tissue cultures after two to
three months, our cuitures maintain suitable re-
generation frequencies for ovar one year and
apparently indefinitely. We have concentrated
on obtaining regeneration from seedling root
callus since secds are easily obtaned and cul-
tured compared to immature embryos. The
latier are more used in research reported in the
literature because they give rise to callus which
will regenerate plants more readily using stand-
ard culture conditions.

3. Callus tolerant to 3000, 6000, and 9000 ppm
NaCl has been obtained for each species.
Selection for drought-tolerant and aluminum-
tolerant callus is underway for each species.

4. For rice, over 3400 plants have been regen-
erated from callus cultures, over 200 of the
plants are from cultures tolerant to NaCl
(see Table 2). For wheat and pearl millet over
300 plants have been regenerated, over 30
frorn NaCl-tolerant cultures. For oats over 1000
plants have been regenerated. over 350 from
NaCl-tolerant cultures. For proso millet over
100 plants have been rcgenerated, over 20
from NaCl-tolerant cultures. In each case, all
plants from tolerant cultures and some from
non-tolerant cultures are grown to maturity.

5. As seed is obtained from regenerated
tolerant plants, germination tests are per-
formed to determine if increased NaCl toler-
ance occurs. Seeds showing increased toler-
ance are grown to mature plants which are
again tested for NaCl tolerance. Plants with in-
creased stress tolerance In bhoth tests are used
to obtain seed stock for future field tests. At
present germination and whole plant salinity
testing is just beginning for rice, wheat, peart
millet, and oats.

Methodology and Discussion of Proiect
Accomplishments

General Methodology

For introductory information on project methods,
readers are referred to Rapid Crop Improvement Using
Tissue Culture Technique, Technical Series Bulletin No.
24, Office of Agniculture. Development Support Bureau,
Agency for International Development, Washington, D.C.
20523. April, 1980.

As a basic medium the project uses that of Linsmaier
anu Skoog (1965). This medium is high m both reduced
and oxidized mitrogen; many other similar media woula yield
suitable results. Readers are referred to two excellent
books edited by H.E. Street and T A. T* -pe (see Refer-
ences) for additional media. Our media are adjusted to pH
55 prior to avtoclaving. As shown in fiquie 14 (D, Hoising-
ton and M Nabors. unpublished) agar acts as a buffening
agent for mest media. Iniitiating tssue culture of any
species we reviewed all relevant terature. Then we tested
a number of possibly important growth hormones (auxns
and cytckinmsy at vanous concentrations to determine the
best medum for maamal callus growth and the best medi-
um for growth of callus winch regenerates plants (R callus:
see next section). Optimal tissue culture media tend to be
varety specific. Also the hest medieum for maximal calius
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Feedback Information Sheet

1. Name

2. Organization

3. Areas of Agricultural Concern

4. Would you like to be on our mailing list?  yes no

5. Comments

6. Please send relevant reprints and publications to:

Dr. Murray W. Nabors

TCCP Project

Department of Botany and Plant Pathology
Coloradu State University

Fort Collins, CO 80523 US A



