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were filled with moistened vermiculite and planted with four
wild rice seedlings each. The trays were filled with water
and kept in a greenhouse at 20-24 C. Two grams of fertilizer,
21-7-7 "acid special" (Peters Fertilizer Products, Allentown,
Pa.) was added to the water in each tray. Supplemental
fluorescent light (130 uE m-1 s-2) was supplied at 1l2-hour
intervals. Seedlings were inoculated when the floating leaves
appeared (usually 14 days after germination). An aqueous
suspension of B. oryzae conidia (ca. 10°conidia /ml) was
sprayed on the plants with an air brush. Inoculated seedlings
were placed in a dew chamber at 20 C and 100% relative
humidity for 40 hr, then returned to the greenhouse.

Results and Discussion:

Fungal brown spot infection was visible on inoculated
leaves after two or three days. Disease reactions were
observed and recorded after 10 days to allow for maximum
lesion expansion. Disease reactions were divided into three
classes:

Resistant = Circular, dark brown necrotic spots < 3 mm
diameter.
Intermediate = Oblong, light brown necrotic spots with dark

brown margins 3-5 mm diameter.

Susceptible Diffuse areas of 1light and dark brown

necrotic tissue > 5 mm diameter.

The reactions of Zizania spp.,interspecific hybrids, and
Zizaniopsis milaceae , are presented in Table 1.

Resistance was observed in several Zizania species,
including the cultivated variety Meter. The resistance was
less distinct when young aerial leaves are inoculated, and
could not be distinguished in adult plants. Perhaps
resistance 1is expressed only in seedlings, or perhaps the
pathogen is better adapted to the aerial leaves. It is
possible that a subtle type of resistance, such as a slower
rate of lesion expansion, persists in adult plants. This
would be obscured by heavy inoculum loads.

V1R
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There appears to be no exceptional resistance to FBS in the
collection screened in this study. It should be noted that
the size of this collection was exceedingly small when
compared with the size and number of wild Zizania populations.
Additional collections, especially from regions where the
pathogen is prevalent, should be obtained and evaluated.
Zizaniopsis milaceae, a perennial relative of Zizania, was

immune to B. oryzae in these tests. Attempts to cross
cultivated wild rice to Z. milaceae were unsuccessful. The

immunity of Z. milaceae may represent a non-host reaction
which cannot be transferred to Zizania species.

Table 1. Reactions of Zizania species and hybrids to
infection with Bipolaris orvzae.

Name Number and
reaction class®

Z. aquatica subbrevis 48,21
Z. aquatica aquatica 11s
Z. aquatica adquatica 18

(Wading River Ecotype)

Z. palustris palustris 1R, 118

Z. palustris interior 1R, 2I, 9sS
Z. aquatica aquatica x Z. plaustris interior 1I

Z. texana x Z. palustris interior 1R, 1I

Z. texana x Z. agquatica aquatica 1s

Z. palustris interior 'Meter! 4R, 12I, 230S
Z. palustris interior 'Voyager' 3I, 1458
zizaniopsis milacea 10 immune®

a

R= resistant, I= intermediate, S= susceptible
No evidence of infection



45

Literature Cited:

Johnson, D. R. and Percich, J. A. 1988. A laboratory method
for evaluation of wild rice (Zizania palustris) germplasm for
resistance to fungal brown spot caused by Bipolaris oryzae.
Phytopathology 78: 1616.

Wahl, I., Anikster, Y., Manisterski, J. and Segal, A. 1984.
Evolution at the center of origin. pp. 39-77 IN: The Cereal
Rusts. Vo | W. R. Bushnell and A. P. Roelfs, eds.
Academic Press, New York.

INFLUENCE OF (+/-) ABSCISIC ACID ON SOMATIC EMBRYOGENESIS IN
TISSUE CULTURES OF WILD RICE (Zizania palustris) (D. R.
Johnson) .

Introduction: The ability to initiate callus from
organized plant tissue and regenerate plants from callus is
essential for use of somaclonal variation and in vitro

techniques ' in plant improvement. In wild rice (Zizania
palustris L.) the initiation and maintainence of callus
cultures has been achieved (Percich et al., 1988) bhut

regeneration of plants has been difficult. Plant regeneration
from tissue cultures of all monocotyledonous plant, especially
those in the family Gramineae, has only been moderately
successful. Regeneration can occur by organogenesis or
embryogenesis, but the latter process 1is most desirable
because it is more 1likely to result in the production of
complete plantlets. Reports of plant regeneration via
embryogenesis have been numerous since it was first reported
by Green and Phillips (1975), but some cereal cultures,
including those of wild rice, rarely or never produce somatic
embryos.

There are several reports of successful induction of
embryogenesis in cereal tissue cultures using abscisic acid
(ABA) (Maddock et al., 1983, Reddy and Reddy, 1987, Vasil and

Vasil, 1981). Exogenous ABA also prevented precocious
germination of somatic embryoids (Qureshi et al., 1989),
suggesting that ABA promotes embryo maturation. Fluridone

inhibition of ABA synthesis in plants and callus tissues has
been demonstrated, (Henson 1984, Moore and Smith 1984 Raikhel
et al., 1985) but its effect on embryogenesis have not been
reported. This study was undertaken to examine the effects
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of exogenous ABA on embryogenesis in wild rice callus cultures
and to learn if @embryogenesis <can be induced in
non-morphogenic cultures.

Materials and Methods:

Callus cultures. Callus was initiated from mature embryos
of wild rice varieties K-2 and Meter using the methods of
Percich et al. 1987. Breifly, embryos were extracted
aseptically, surface disinfested, rinsed and placed on a
modified Murishige-Skoog (MS) (1962) solid culture medium
ammended with 1.0 mg 2,4-dichlorophenoxyacetic acid (2,4-D).
The embryos were incubated for 30 days at 25 C in darkness.
Necrotic areas and remnants of the original embryo were
trimmed from the calli before transfer to the next medium.

Medium. Abscisic acid (+/-)-cis, trans-ABA 99% was
obtained from Sigma. Fluridone (l1-methyl-3-phenyl5-
([trifluoro-methyl]phenyl)-4-[1H]pyridinone) was obtained from
Ciba-Geigy. Stock solutions were prepared by dissolving the
technical material in 95% ethanol. One liter of the base
culture medium contained the following: MS macro- and
micro-nutrients, MS vitamins, 15 g maltose, 15 g sucrose, 10
ml antibiotic/antimycotic solution (Gibco),l1 mg naphthalene
acetic acid (NAA), 100 mg casein hydrolysate, and 2 g gelrite
(Scott). The test media contained 0.1, 0.2, 0.5 or 1.0 mg
ABA or 1 mg Fluridone. The base medium was used as a control.

Incubation. The established callus cultures were
transferred to 100 x 25 mm petri dishs containing 50 ml of
test medium. Twenty-five plates, each containing three calli
(ca. 2 cm dia) were prepared for each treatment. The plates
were sealed with parafilm and incubated under grow lamps (20
uEm?s”’) in a growth cabinet at 25 C. After 30 days, the
number of somatic embryos/callus were recorded. Healthy
cultures were transferred to regeneration medium.

Results and Discussion: Embryogenesis was significantly
higher in medium containing 0.1 or 0.2 mg ABA as compared with
the control (Table 2). Optimal ABA concentration for
embryogenesis was 0.2, while 1.0 mg was associated with a high
degree of necrosis. No embryogenesis was observed in the
fluridone treatments. Although callus growth appeared to be
stimulated by fluridone, the tissue was mushy, white, and
amorphous.

The results of this study support the hypothesis that ABA
has a significant positive effect on the production of somatic
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embryos in callus cultures of wild rice. There 1is some
evidence that ABA can restore lost embryogenic capacity of
some cultures.

Table 2. Average number of somatic embryos/callus in 75
cultures of Zizania palustris 'Meter' after 30
day incubation on abscisic acid, fluridone, or
control medium.

Treatment Average no. embryos
ABA (mg)

0.1 2.9b

Qo2 4.2a

0.5 0.6c

1.0 0.2¢
Fluridone 0.0
Control 0.4c

Means followed by the same 1letter are not significantly
different at the p = 0.05 level according to Duncan's New
Multiple Range Test.
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Wild Rice
Germplasm Release

H.J. Schumer, North Central Experiment Station
R.E. Stucker, Agronomy and Plant Genetics

Minnesota Agricultural Experiment Station, St. Paul, MN

A germplasm population of wild rice has been developed by selection for pistillate plant type
in the variety M3. Pistillate M3 should be similar to M3 in performance characteristics but
will consist of 50% pistillate plants (all female florets on all stems bearing panicles) and 50%
normal (monoecious) plants which have female florets superior to male florets on the same
panicle. The new population when grown in isolation from other wild rice varieties will
produce a consistent one to one ratio of pistillate to normal plants from seed of pistillate
panicles.

The pistillate plant characteristic segregates similarly to a genetic male sterile system and
the pistillate plants are male sterile in that they do not produce any male flowers. The
population is expected to be most useful to prospective plant breeders who wish to use it in
hybridization systems, but the trait offers intriguing possibilities for increased yield because
of the increased number of female florets relative to normal plants.

This population is not intended for commercial use as a variety and should not be used as
such without approval of the Minnesota Agricultural Experiment Station.

Description

Pistillate M3 is medium in height, medium to late in maturity and should have high yield. It
will segregate in a one to one ratio for the pistillate plant type. Since pistillate plants do

not produce male flowers, yield potential of the population should be greater than that of

M3 in highly productive environments. Seed of the germplasm population will be maintained

by the North Central Experiment Station, 1861 East Highway 169, Grand Rapids, MN 55744,

Seed in quantities of up to one pound should be available by September 1, 1989.

1k o IS L
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ELECTRONIC MOISTURE METER EVALUATION FOR GREEN WILD RICE

&

SPACING/SINGULATING WILD RICE KERNELS FOR SIZE ANALYSIS

Cletus E. Schertzl, James J. Boedicker? and
Michael C. Lueders3

Introduction

The topics investigated by Agricultural Engineering during
1989 were:

1) Evaluation of an electronic moisture tester for its
capability to indicate moisture content of green wild
rice.
and

2) Investigation of methods for spacing/singulating kernels

in a sample of wild rice to permit accurate sensing of
kernel dimensional parameters for use in analyzing the
sample for kernel size distribution.

lect ic Moist Met Evaluat; : : Wild
Rice

A DICKEY-john Forage Moisture Tester was evaluated for its
capability for indicating moisture content of green wild rice.
The DICKEY-john Forage Moisture Tester is an electronic
instrument developed for high moisture forage and grain over a
moisture content range of 20 to 60% Mwb.

To evaluate the accuracy of this meter to indicate moisture
content, meter readings were taken on individual samples of
green wild rice at various moisture contents as the samples
were allowed to dry naturally. Four separate trials (A, B, C
and D) were conducted to evaluate the capability of this
tester to indicate moisture content of green wild rice. A
different supply of wild rice was used for each trial.

1 & 3 Department of Agricultural Engineering
2 North Central Experiment Station
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Typically for each trial, ten readings were taken at
several times during the drying process. To obtain a
reading, the meter was filled from the supply of wild rice,
the reading observed, the tester emptied and the supply
remixed in preparation to take next reading. Results from
all trials are presented in this report even though trials A
and B were preliminary tests and served to refine the
procedures.

Figure 1 shows a plot of all readings obtained with the
DICKEY-john Forage Moisture Tester in trial C. Readings were
highly consistent in this trial as indicated by the limited
scatter among data points for each moisture content test
level. Table 1 contains a summary of the statistical analysis
of the data plotted in Figure 1 (trial C). The highest
coefficient of variation among the readings at any moisture
content was low, 2.4 percent, thus indicating quantitatively
the consistency achieved in the readings obtained. Similar
consistency was present in the data for the other trials.
Average tester readings at each moisture content level in
trial C can be considered to define a calibration (curve or
table) for the sample of wild rice used in the trial. This
calibration could have been used to estimate moisture content
of the sample at any time during the drying period from one
or more tester readings taken at that time. From the general
shape of the calibration curve and the maximum standard
deviation of 0.98 in tester readings (Table 1), it can be
shown statistically that at least above the 32 percent
moisture content level, a single tester reading would have
been sufficient to estimate moisture content of this sample
to within one percentage point of the actual value, at least
95 percent of the time.

Greater variation in moisture tester response was observed
between trials than within trials. Figure 2 shows plots of
average readings obtained in all four trials (A, B, C and D).
This figure illustrates the difference observed in tester
response between trials. The readings from samples in trials
A, B and D were not identical with the readings from trial C.
Hull content, makeup and content of foreign material, etc.,
can influence the dielectric properties of the materials and
affect the reading from the tester. The data for the four
trials are shown plotted on a common graph in Figure 2.
Information about the green wild rice used and the
environment, in which these four trials were conducted, are
tabulated in Table 2.

Observations and comments regarding the application of the
Dickey—-john Forage Moisture Tester for indicating moisture
content of green wild rice are:

1. For a given sample of green wild rice, the tester
provides consistent readings and thus a consistent
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calibration for that sample that allows the tester to
accurately indicate moisture for the given sample.

2. For any given moisture content level, the variation
among average readings for different samples can exceed
the variation among repeated readings for the same
sample.

3. Temperature of the crop material influences readings
with other crops and is expected to do likewise with
green wild rice. The particular tester used in the
trials is equipped to compensate for temperature, but
this feature was not functioning during these trials.

4. Performance of the tester with rewetted green wild

- rice, such as in a windrow during curing, was not
investigated in this study. It is not known if the
tester response to surface moisture is different than
the response to internal moisture.

5. Further study is needed to define the band of response
of the tester over expected ranges in "quality"”
characteristics for green wild rice for which the tester
would be considered for application.

_wmmu‘ld—w].

Prior research has shown that computer imaging data is
accurate in assessing the length and mass of individual wild
rice kernels. This ability is useful in determining the value
of kernel size parameters relating to grade of a wild rice
sample. Figures 3 shows the precision with which the
computer imaging can determine the kernel length. Figure 4
shows the capability for computer imaging to indicate the
volume of individual kernels which is typically directly
related to kernel mass.

Interest in developing procedures for reliably evaluating
size in grading of wild rice has fluctuated in recent years.
The interest, at any one time, is perhaps related to the
advantage associated with knowing or not knowing accurately
the size grade specifications for particular lots of wild
rice. The ability to evaluate the size grade, with
reasonable accuracy and free of subjective decisions, is
important so all concerned parties know what it is that is
under consideration in a transaction. To that end, research
is being conducted to have available a method of grading wild
rice according to kernel size distribution.
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The mechanical methods for size grading, used in prior years,
have limitations because of subjective decisions regarding
the setup of equipment, the duration of run, the sizes used
for cutoff, the sample size and the classifying sequence.

To assist with kernel length measurement, developments have
been made to isolate/singulate kernels of wild rice. Space
between kernels permits identification and evaluation of
dimensional parameters of the individual kernels. This
singulation was achieved with the use of a modified vibratory
bowl feeder by: 1) means of height strike-off and narrow
trough as the kernels approach the crest (single file
movement) and 2) increased spacing by free-slide down a
trough of increasing slope onto a conveyor belt.

For purposes of kernel size measurements by image analysis
with kernels in stationary mode, attempts have been made to
establish a single layer of kernels with no kernel-to-kernel
contact by: 1) striking-off or oscillating a sample to form a
single layer and 2) two-dimensional stretching of a special
elastic supporting surface to eliminate the kernel-to-kernel
contact.

Comments about spacing/singulating for the potential
application of computer imaging to size grading of wild rice
are:

1. The approach of moving and singulating the kernels
provides opportunity to sort the kernels in a sample
and weigh the wild rice in each size category.

2. The approach of moving and singulating the kernels
requires that kernel size be determined with kernels in
motion which makes it more difficult to obtain an
accurate measurement than with the kernels in the
stationary mode.

3. The procedure with the kernels in a stationary mode
permits two kernels touching to appear as a single
oversize kernel. This problem can be overcome in two
ways: 1) impose space between the kernels to permit
discernment of individual kernels or 2) program the
software to reject images with selected parameters
beyond specified limits.
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Table 1. Summary results of trial C, evaluating the DICKEY-
john Forage Moisture Tester for indicating moisture
content of green wild rice.

DICKEY-john

Moisture No. Forage Moisture Tester Reading

Content of Std. Coefficient of

% Mwb * Readings Average Deviation Variation, %

48 .4 10 51,5 0.68 1.3
46.5 10 46.2 0.77 116
Al 10 41.3 0.98 2.4
42.0 10 374 0.65 IR
37.8 10 25.9 0.63 2.4
32.3 10 16.5 0.28 157
Bl 7 5 16.5 0<26 7
29.6 5 15.2 0.22 ks

* oven-dry method (215 ©F oven)

Table 2. The recorded information about the green wild rice
and the environment in which these four trials (A,
B, C and D) were conducted in evaluating the DICKEY-
john Forage Moisture Tester.
S fe 4 L F :
- 0 B 5 il
Source I g et Il
Initial Moisture, % Mwb 46 50 50 50
Percent recovery, % 36 31 Sl 31
Room temperature, OF 70 70 72 81
Grain temperature, OF - == 65-69 72-76
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Market Development and Demand for Wild Rice

by

Carmel Nadav and Reynold Dahl#

Since beginning our research on the economics of wild rice at the
University of Minnesota we have compiled data on production, prices and
quantity demanded. Excess production, particularly in the 1985 and 1986
crop years, resulted in increased carryover and depressed producer prices.
Production has stabilized at slightly in excess of 9 million pounds in
each of the past three years (Table 1). Yet, the growth in the supply has
been larger than what the market was able to abéorb, in the decade from
1978 to 1987. Production increased 17 percent annually while for the
same period, sales of wild rice pure and blend reported by SAMI (sales
area marketing inc.), increased annually by 16 and 6 percent respectively.
The combined rate of increase in quantity sold was about 7 percent
annually.

The financial stress and the increasing carry over to a level of
nearly equal to one year production, according to one estimate, make
economic information on the growth in the consumer demand of crucial
significance to the wild rice industry.

An analysis of the demand for wild rice was initiated several years
ago by Nelson & Dahl who collected data on several rice categories from
SAMI. The data include nationwide sales at wholesale to retail level,

reported every four weeks period from 1978 through January 1988.

*Carmel Nadav is research assistant and Reynold Dahl is professor,
Department of Agricultural and Applied Economics, University of
Minnesota.
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Table 1. Wild Rice Production and Wholesale Prices, 1968-1989.L1/

Total MN CALIF Grand WholesaleZ/

Total Lake Cult Cult Total Price

(Millions of Process Pounds) $/1b
1968 0.66 0.04 -- 0.7 $3.27
1969 0.4 0.2 -- 0.6 2.66
1970 0.6 0.4 -- 0.9 2.88
1971 0.8 0.6 -- 1.4 2.71
1972 T2 1.5 -- s il 2.34
1973 0.7 10 -- 1.9 A
1974 0.5 1.0 -- 1.5 2.37
1975 0.3 152 -- 5.5 2.5
1976 155 1.8 -- S 2.68
1977 L 1.0 0.01 2.5 4,25
1978 0.5 1.8 0.03 %3 5.15
1979 0.7 2.2 0.07 3.0 501
1980 2.1 b3 .2 4.7 bt
1981 iyl 2.3 0.5 3.9 3.79
1982 0.9 2.8 0.8 %.5 3.40
1983 0.9 IR 1.4 S5 3. 85
1984 5.3 3.6 3.7 8.6 3.30
1985 0.5 551 8.3 13.9 2.97
1986 0.5 B3 10.0 15.8 2.60
1987 1.5 4.2 4.2 9.9 20 0105
1988 1.5 4.2 3.5 9.2 1.50
1989 1.5 3.8 450 9.3

1/ Source: Winchell, E.H. and Dahl, R.P., Wild Rice: Production Prices
and Marketing, University of Minnesota Agricultural Experiment
Station, Misc. Pub. 29-1984.

Nelson, R.N. and Dahl, R.P. The Wild Rice Industry: Economic
Analysis of Rapid Growth and Implications for Minnesota, Univ. of

Minn. Dept. of Agric. and Applied Economics, Staff Paper P86-25, July
1986.

2/ Wholesale prices obtained from large industrial buyers of wild rice.

The objective, was to estimate the responsiveness of retailers to
changes in prices at wholesale level, and to analyze the consumer demand
for wild rice. Unfortunately, the work done by Nelson was not finished

and the authors have continued the research.
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Market Demand and Demand Elasticities

The Meaning of Consumer Demand

Demand is a schedule of different quantities that buyers will
purchase at different prices at a specific time. Consumer income, prices
of other goods, and consumer taste are assumed fixed. It shows the
responsiveness of consumers to the change in price of a good.

To illustrate, consider the following hypothetical demand schedule
with the corresponding demand curve.

Both Table 2 and Figure 1 illustrate the so called law of demand:

the higher the price the less will be purchased. The implications are

clear, changes in price of a commodity at a specific market will result in

a change in the quantity demanded. Changes in other factors such as
consumer incoﬁe, prices of other goods, and consumer tastes will move the
demand curve itself to the right or to the left. For example, an increase
in prices of imported cars will shift the demand for domestic cars to the
right. Likewise, an increase in consumer incomes will shift the demand for
luxury cars to the right. Another factor,consumer taste, is usually
related to habit formation or to availability of new information about the
product that can shift the demand either to the left or to the right

depending on the nature of the information.

Demand Elasticities

The responsiveness of consumers to price changes of a good can be
measured by calculating the price elasticity of demand.
1: Elastic demand curve - is one in which the proportional change in

quantity demanded is greater than the proportional change in price;
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Table-2: Hypothetical demand schedule for
wild rice

Price ($/pound) | Quantity (pounds)
8 50000
7 75000
6 120000
5 260000
4 500000
Figure-1: Hypothetical demand curve for wild rice
PRICE $/pound
8
¢
4
0 100 200 300 400 500 600 700
QUANTITY(000’s of pounds)

: Elastic demand curve - is one in which the proportional change in quantity

demanded is greater than the propertional change in price;

: Inelastic demand curve - is one im which the proportional changes in quantity

demanded is less than the proportional change in price.







