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WILD RICE PRODUCTION RESEARCH-1994 

E.A. Oelke, D.G. LeGare and H.J. Schumer1 

The total number of growing degree days in 1 994 for the wild rice growing season 
was greater than for 1993 at all four locations, Aitkin, Grand Rapids, Waskish and 
Crookston (Tables 1 and 2). The average number of growing degree days in 1994 
across all locations was 2829 compared to 2660 for 1993, thus the 1994 season 
was warmer than 1993. At Aitkin and Grand Rapids, April, May and June were 
warmer than 1993 while July and August were cooler. At Waskish and Crookston, 
April , May, June and July were warmer than in 1993 while August was cooler. 
June 1994 was particularly warmer than 1993 at Waskish and Crookston. 
Comparisons with the long term averages (normal) indicates that Aitkin and 
Waskish were warmer in 1994, while Grand Rapids and Crookston were cooler in 
1994. 

Table 1. Growing degree days3 comparisons for 1993, 1994 and normal (61-90) . 

Aitkin Grand Rapids 
Month 1993 1994 Normal 1993 1994 Normal 

- - - - - - - - - - - - - - - - - - - - - - - GOD - - - - - - - - - - - - - - - - - - - - - -

April 53 114 127 67 114 130 
May 413 494 417 395 496 434 
June 616 726 646 605 726 674 
July 778 762 779 807 800 858 
August 794 673 683 834 720 768 

Total 2654 2769 2652 2708 2856 2864 

"Maximum + minimum temp. - 40°F; data from Mark Seeley, Soil Science Dept. , U of 
MN 

2 

1 Professor, Department of Agronomy and Plant Genetics, Assistant Scientist, 
Department of Agronomy and Plant Genetics, and Research Plot Coordinator, North 
Central Experiment Station, Grand Rapids, University of Minnesota, respectively. 
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Table 2. Growing degree days• comparisons for 1993, 1994 and normal (61-90). 

Waskish Crookston 
Month 1993 1994 Normal 1993 1994 Normal 

- - - - - - - - - - - - - - - - - - - - - - - GOD - - - - - - - - - - - - - - - - - - - - - -

April 78 83 103 92 106 151 
May 366 442 369 465 531 488 
June 563 724 518 612 782 743 
July 731 756 642 767 802 926 
August _.TIU 692 563 824 774 867 

Total 2519 2697 2697 2760 2995 3175 

"Maximum + minimum temg. - 40°; data from Mark Seeley, Soil Science Dept., U of MN 
2 

Total precipitation was less in 1994 compared to 1993 at Aitkin and Waskish but 
more in 1994 than in 1 993 at Grand Rapids and Crookston. The higher amount of 
rainfall in June at Grand Rapids and Crookston accounted for much of the increase 
compared to 1993. Compared to the normal (61-90) averages. Aitkin was the only 
location that had less rainfall in 1994 than normal. The other three locations were 
all considerably wetter in 1 994 compared to normal. 

Table 3. Precipitation comparisons for 1993, 1994 and normal (61-90)". 

Aitkin Grand Rapids 
Month 1993 1994 Normal 1993 1994 Normal 

- - - - - - - - - - - - - - - - - - - - - - - -Inches - - - - - - - - - - - - - - - - - - - - - -

April 2.63 4.69 2.30 2.82 2.91 2.10 
May 6.47 3 .11 2.88 3.07 2.20 3.04 
June 5.43 4.82 4.09 3.83 10.66 4.11 
July 5.45 2.27b 4.14 7.63 4.04 3.89 
August 3.38 __.1_,_11 3.83 3.87 1.84 3.59 

Total 23.36 16.03 17.24 21.22 21.65 16.73 

"Data from Mark Seeley, Soil Science Dept., U of MN. b Precipitation for July taken from 
nearest DNR rain gauge in Aitkin County, township 47, range 27, section 26. 
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Table 4. Precipitation comparisons for 1993, 1994 and nornial (61-90)". 

Waskish Crookston 
Month 1993 1994 Normal 1993 1994 Normal 

- - - - - - - - - - - - - - - - - - - - - - - -Inches - - - - - - - - - - - - - - - - - - - - - -

April 1.36 1.07 1.70 0.32 1.76 1.45 
May 1.90 1.76 2.33 1.58 1.87 2.45 
June 6.94 6.36 4.25 3.71 7.11 3.44 
July 5.05 6.92 3.42 4.77 5.73 2.77 
August 5.05 3.34 3.32 3.06 __Ll1 2.88 

Total 20.30 19.45 15.02 15.02 18.18 12.99 

"Data from Mark Seeley, Soil Science Dept., U of MN. 

Total cultivated wild rice production in Minnesota was the same in 1994 compared 
to 1993 (Table 5). California production was less in 1994 compared to 1993 partly 
because of fewer acres. 

Table 5. Minnesota and California paddy wild rice production• (1 000 processed pounds). 

Production Production 
Year Minnesota California Year Minnesota California 

1968 36 0 1981 2274 500 
69 160 0 82 2697 880 
70 364 0 83 3200 2500 
71 608 0 84 3600 2500 
72 1496 0 85 4200 7900 
73 1200 0 86 5100 9000 
74 1036 0 87 4200 4200 
75 1233 0 88 4000 3500 
76 1809 0 89 3978 4000 
77 1031 0 90 4800 4200 
78 1761 100 91 5500 5500 
79 2155 200 92 6100 7500 
80 2320 400 93 5300 7500 

94 b 5300 5000 

"1968-1982 Minnesota values from Winchell and Dahl and 1983-1993 from Minnesota 
Department of Agriculture; California values from Marcum, Cooperative Extension 
Service, University of California. bEstimated value for 1994. 

The total value of the 1994 crop is estimated at $8.74 M, the same as for 1993. 
The highest value was in 1986 when production was the fourth highest and prices 
were more per pound than in 1994 (Table 6). 
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Table 6. Processed wild rice harvested and value from cultivated fields in 
Minnesota 

Year Production Price Value 

1,000 lb $/lb $Millions 

1968 36 3.30 0.12 
1969 160 2.55 0.41 
1970 364 2.80 1.02 
1971 608 2.70 1.64 

1972 1,496 2.30 3.44 
1973 1,200 2.05 2.46 
1974 1,036 2.37 2.46 
1975 1,233 2.50 3.08 

1976 1,809 2.70 4.88 
1977 1,031 4.35 4.48 
1978 1,761 5.10 8.98 

1979 2,155 5.01 10.80 
1980 2,320 4.47 10.37 
1981 2,274 3.79 8.62 
1982 2,697 3.41 9.20 

1983 3,200 3.35 10.72 
1984 3,600 3.30 11.88 
1985 4,200 2.97 12.47 
1986 5,100 2.60 13.26 

1987 4,200 1.50 6.30 
1988 4,000 1.65 6.60 
1989 3,978 1.65 6.56 
1990 4,800 1.70 8.16 

1991 5,300 1.70 9.01 
1992 6,100 1.70 10.37 
1993 5,300 1.65 8.74 
1994" 5,300 1.65 8.74 

"Estimated values for 1994. 
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Research 

The 1994 research focused on a simulated hail study conducted at the North Central 
Experiment Station at Grand Rapids. 

Simulated Hail on Wild Rice 

Introduction: Since wild rice became a cultivated crop, it has been insured against hail 
loss for a total liability of $13,764,00 according to the record of the National Crop 
Insurance Services. Two years of previous research in 1980 and 81, indicated that 
leaf removal before flowering and leaf removal in combination with stem breakage 
during flowering and grain fill can substantially reduce grain yield. Yields were 
considerably reduced even when leaves were removed at the floating leaf growth 
stage . Since these studies were conducted 13 and 14 years ago, some current data 
was needed to make an assessment of the potential for damage to wild rice from hail. 

Materials and Methods: Wild rice, variety K2, was planted with a cone plot planter on 
May 11, 1994, at the University of Minnesota, North Central Experiment Station at 
Grand Rapids. After planting, the paddy was immediately flooded to a depth of 6 
inches. Individual plots consisted of 4 rows, 1 foot apart and 1 0 feet long, with each 
treatment replicated 4 times. Before planting the plot area was fertilized with 50 lbs/A 
of Nand 40 lbs/A of K20. The fertilizer was incorporated into the soil with a rotovator. 
Plots were also top dressed with 30 lbs/A of N (urea) at flowering. Plant population 
was approximately 2 plants per square foot. 

To simulate hail damage, 33, 67 and 100% of each leaf blade in a plot was cut off 
with a scissors at seven plant growth stages. Leaf tissue was removed at the floating 
leaf, aerial leaf, tillering, flowering, milk, soft dough, and 30% dark growth stages. 
At the last four growth stages the same percentages of stems were also bent to a 90 
degree angle (not broken off) just below the panicle. Thus at the last four stages, the 
plots had both the leaves and stems injured. At these last four growth stages an 
additional set of plots were "beaten" with fresh willow branches until reaching 
approximately 50% leaf defoliation. There were a total of 26 treatments including the 
control. The treatment dates of the seven growth stages were: floating leaf, 6-9; 
aerial leaf, 6-23; tillering, 7-7; flowering, 7-20; milk, 8-4; soft dough, 8-16; and first 
dark 8-31 . The treatments were made approximately every 2 weeks with the last one 
made the day before harvest. An 8 foot section from the center 2 rows was harvested 
for grain and straw yield. 

Results and Discussion: Table 7 presents the results from the 1994 trial. Table 8 
presents t he yields and percent yield reductions, compared to the control, for the 3 
years of trials. The 1994 results differed considerably from 1 980 and 19S1 when the 
treatments were made at the first four growth stages. Yield reductions did not occur 
in 1994 except when 100% of the leaf blades were removed at the tillering growth 
stage. Treatments made at the flowering, milk and soft dough stages resulted in 
similar yie ld reductions as in the 1980 and 1981 trials. However, the results of the 
treatments at the 30% dark stage were different compared to 1980 and 1981. No 
significant yield reductions were obtained from the leaf removal at 30% dark in 1994. 
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This probably was because the treatments were made the day before harvest rather 
than at first dark kernel stage as was the case in 1 980 and 1981 . 

In all three years of testing, 1 00% leaf removal reduced yields the greatest when it 
occurred at flowering. In most cereals, yield losses are noted with plants that are 
stressed during this critical time. 

The "beating with a willow branch" treatments at the last 4 stages were added 
treatments in 1994. The attempt with this treatment was to more accurately simulate 
hail injury. Significant yield losses occurred at all four growth stages with the highest 
losses at the soft dough growth stage. At the flowering and milk stages, the beating 
treatment had a lesser effect on yield loss than the 100% leaf removal with no 
difference between 1 00% leaf removal and beating at the milk growth stage. At the 
soft dough stage, the beating treatment had a much greater effect, reducing yield 
nearly twice as much as the 100% leaf removed. At the 30% dark stage, beating the 
plants reduced yield by 60% whereas leaf removals had no effect. A possible reason 
for the increased effect of the beating treatment on yield reduction is that the beating 
not only removed the leaf material but it also damaged or stripped the seed from the 
panicles and panicles off the stems. The 100% leaf removal and stem bending took 
away much of the ability of the plant to produce photosynthate and deliver it to the 
panicles, but the panicles themselves were not damaged, leaving the already developed 
grain intact. 

In summary, it is very evident from the 3 years that leaf removal, combined with stem 
bending, even 33% of each leaf blade removed and 33% of the stems bent, will result 
in yield loss at the flowering, milk and soft dough stages of growth. Although beating 
plants with willow branches may seem unique, it appears to cause damage and yield 
losses that reflect that of a hail storm. During the critical grain filling period, 
maintaining good healthy leaf tissue and stems are very important in the production 
and movement of photosynthate to the grain. The milk stage of plant growth was the 
most vulnerable to yield reductions f rom the various treatments. 

The yield data is not as conclusive when leaves were removed before flowering. In 2 
of the 3 years, yield losses did occur but in 1994 this was not true. In most small 
grains (wheat, barley, oat etc.) plants usually recover from early leaf losses. 

With the 3 years of data we can begin to develop a relationship of plant injury to yield 
loss which will be useful in determining losses from hail. However, it would be wise 
to repeat the experiment plus expand the effort to simulate wind losses at the later 
stages of growth. The Federal Crop Insurance Program is changing, thus having 
comprehensive information on plant injury and yield loss will be valuable. 
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Table 7. Influence of removing 33, 67, and 100% of leaves on wild rice plants at 7 stages of growth plus 33, 67, and 
100% of stems broken at last 4 growth stages. Independent plots beat with a willow stick at last 4 stages of 
growth. -Grand Rapids, MN -1994 

50% Straw De-
Growth Leaf Plant Stem Panicle Plant Flower dry Grain hulled Recov 
Stage removal number number number height date weight weight grain -ery Hulls 

% tfe tfe /plant em DAP 8 lbs/A lbs/Ab lbs/A % % 

Floating 33 1.9 8.2 4.4 179 75.3 3625 1700 879 51.6 20.9 
leaf 67 2.0 7.8 3.8 173 77.5 3423 1611 827 51.3 21.4 

100 2.1 8.6 4.1 169 77.0 3493 1750 898 51.4 21.3 

Aerial 33 1.9 8.5 4.3 176 76.0 3573 " 1600 844 52.7 19.3 
leaf 67 2.1 9.6 4.5 170 75.8 3535 1641 858 52.3 19.8 

100 2.2 10.0 4.4 173 77.0 3619 1738 900 51.7 20.7 

-...! Tille ring 33 2.0 9.2 4.3 171 76.0 3748 1846 969 52.5 19.6 
67 1.8 8.5 4.6 159 76.3 3196 1545 815 52.8 19.1 

100 2.0 9.2 4.5 148 75.0 2156 1159 605 52.1 20.2 

Flowering 33 1.8 7.9 4.1 165 76.5 3184 1520 794 52.2 20.0 
67 2.0 7.8 3.6 151 75.0 2593 1176 605 51.5 21.1 

100 2.0 6.8 3.1 131 73.8 1835 420 208 49.2 24.8 
Be ate 2.0 8.0 3.6 153 74.0 2644 1093 561 51.2 21.6 

Milk 33 1.9 7.4 3.7 170 75.5 3180 1117 563 50.5 22.7 
67 1.7 7.7 4.4 160 76.8 3484 1090 548 50.3 22.9 

100 1.8 7.6 4.2 159 76.0 2635 575 275 47.5 27.2 
Be ate 2.0 7.7 3.1 146 75.8 3495 695 339 48.6 25.6 



Table 7. (continued) 

50% Straw De-
Growth Leaf Plant Stem Panicle Plant Flower dry Grain · hulled Recov 
Stage removal number number number height date weight weight grain -ery Hulls 

% Iff Iff /plant em DAPa lbs/A lbs/Ab lbs/A % % 

Soft 33 1.9 8.1 4.1 164 75.5 3354 1509 785 52.0 20.4 
dough 67 1.9 8.2 4.1 165 75.5 3327 1216 616 50.7 22.4 

100 2.0 7.1 3.4 174 76.5 2317 772 375 48.5 25.7 
Be ate 2.0 7.7 2.9 165 75.5 3768 250 104 41.1 37.2 

33% 33 2.1 8.1 3.7 169 74.8 3546 1472 766 52.1 20.3 
Dark 67 2.0 7.5 3.7 169 76.0 2971 1434 750 52.3 19.8 

100 2.2 7.7 3.4 175 75.8 2795 1427 739 51.8 20.7 
Be ate 1.8 7.4 4.1 150 75.5 3006 555 271 48.8 25.3 

(X) 

Control 0 1.9 7.0 3.7 169 74.0 2753 1400 737 52.6 19.4 
LSD 0.3 1.5 0.7 13 1.8 640 263 135 1.8 2.7 
(0.05) 

a Days after planting. 
b Corrected to 40% moisture. 
c Plots beat with weeping willow tree branches to a point of approximately 50% leaf defoliation. 



Table 8. Influence on yield of removing .33, 67, and 100% of leaves on wild rice plants 
at 7 stages of growth plus 33, 67, and 100% of stems broken at last 4 growth 
stages. Independent plots were beat with a willow stick at last 4 stages of 
growth. -Grand Rapids, MN -1994 

Grain yield reduction 
Leaf Grain yield at harvest compared to control 

Growth re-
stage moval 1994 1981 1980 Ave. 1994 1981 1980 Ave. 

% ----------------1 bs/ A a ------------- ----------------~o----------------

Floating 33 1700 848 1169 1239 (21)b 19 20 6 
leaf 67 1611 712 1216 1180 (15) 32 17 11 

100 1750 657 558 988 (25) 37 62 25 

Aerial 33 1600 752 1216 1189 (14) 29 17 11 
leaf 67 1641 888 1423 1317 (17) 15 3 0 

100 1738 497 1335 1190 (24) 52 9 12 

Tille ring 33 1846 872 1415 1378 (32) 17 3 (4) 
67 1545 783 1508 1279 (1 0) 25 (3) 4 

100 1159 648 867 891 17 38 41 32 

Flowering 33 1520 800 1482 1267 (9) 23 (1) 4 
67 1176 897 1116 1063 16 14 24 18 

100 420 272 288 327 70 74 80 75 
Be ate 1093 1093 22 22 

Milk 33 1117 640 1415 1057 20 39 3 21 
67 1090 672 994 919 22 36 32 30 

100 575 328 831 578 59 69 43 57 
Be ate 695 695 50 50 

Soft 33 1509 880 1195 (8) 16 4 
dough 67 1216 912 1064 13 13 13 

100 772 440 606 45 58 52 
Be ate 250 250 82 82 

First 33 1472 808 1140 (5) 23 9 
darkd 67 1434 657 1046 (2) 37 18 

100 1427 583 1005 (2) 44 21 
Be ate 555 555 60 60 

Control 1400 1045 1463 1303 0 0 0 0 
LSD 0.05 263 256 585 

a Corrected to 40% morsture. 0 Grain yreld INCREASES compared to control ( ). 
c Plots beat with weeping willow tree branches to a point of approximately 50% leaf 
defoliation. d Data from 1994 was taken at 33% Dark. 
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USING A CHLOROPHYLL METER AND SOIL SAMPLING 
WITH AMMONIUM ANALYSIS FOR IMPROVING N MANAGEMENT 

P. R. Bloom1 

Much of the fertility work over the last 3 years has been concentrated on 
development of methods for rapid on-farm determination plant and soil N status. 
This has resulted in the development of a chlorophyll meter method to assess the 
N-status of plants and a soil sampling method, with on-farm ammonium analysis, 
for assessing rapidly available N in flooded soils. Information gained from these 
methods early in the season are very useful in determinging topdress applications 
to correct for the losses of fall applied N. 

The 1995 season will likely be a season that will demonstrate the usefulness 
of these tools. The fall of 1994 was warm and soil freeze-up was delayed which 
should result in high losses due to nitrification of fertilizer N. Details on how to use 
the two methods are given in the first two sections of this report. 

The last section of this report presents the new K application guidelines used 
by the University of Minnesota Soil Test Laboratory. These recommendations for 
K20 application to wild rice were intended to be incorporated in University 
recommendations in 1993, but due to an error, this was not accomplished. They 
will be incorporated in the recommendations for 1995. Growers using laboratories 
other than the University should use the ppm value reported and the 
recommendations contained in this report. 

Using a Chlorophyll Meter to Improve N Management in Wild Rice 

A hand-held chlorophyll meter (SPAD 502, Minolta camera Co, Lit.Df can 
be used to assess the N-status of rice from panicle initiation to late boot stage of 
growth. The meter measures the amount of light absorbed by the green pigments 
(mainly chlorophyll) in rice leaves. Because the amount of chlorophyll is closely 
related to leaf N content, the meter provides information similar to that provided by 
conventional leaf sampling and laboratory determination of leaf N content. This 
information can be useful in deciding how much topdress N should be added. 

Advantages of the meter over conventional leaf analysis are ability to assess 
plant N status in the field (saving the time required for sample drying and analysis) 
and the ability to determine N status at many separate locations in a field. 
However, the meter has limitations. The intensity of green color of a leaf can 

1Professor, Department of Soil Science, University of Minnesota. 

2Available for about $1200 from Spectrum Technologies, Inc. (phone 800-248-8873). 
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change with age even after a leaf is fully developed. Variety differences can affect 
meter readings as can environmental conditions such as temperature and sunlight. 
Plant diseases and nutrient deficiencies other than N can also affect meter readings. 
Also, meters are not identical and different meters can vary a few units when 
measuring the same leaf. Meter readings mean little by themselves and must be 
calibrated for each location and each season. 

Establishing Reference Areas 

In each region of the farm that varies from other parts of the farm due to 
variety, microclimate, or soil, establish areas you know will be adequately fertilized. 
Fertilize in the fall using normal practices but in the spring, soon after germination 
or during the floating leaf stage, apply about 50 lb/ac N in the form of urea. By 
comparing average meter readings in the reference areas to those in the rest of the 
field, N sufficiency and the need_ for topdress N can be determined. 

The best indication of the success of N fertilizations is obtained by meter 
readings taken several times during the season. If only one reading is obtained, it 
is best to sample at panicle initiation (plants about 2 ft out of the water) to early 
tillering. This is early enough to correct much of the negative effect$ of inadequate 
carryover of fall applied N. If the plants are found to have adequate Nat this stage 
only one topdress of about 35 lb/ac of urea-N at the late boot to early flower stage 
is needed to assure maximal yield. If the plants are deficient, additional 
topdressings are needed. 

How to Sample 

1. Turn on meter and follow the manufacturer's instructions for calibration. 

2. Take the most recently fully unfurled leaf on the primary tiller. If in doubt as to 
which leaf to sample, take an older leaf. Leaves add chlorophyll as they develop 
and partially developed leaves will give low readings. Older leaves tend to be a bit 
greener but the error of choosing an older leaf, when it is not necessary, is much 
less than picking an immature leaf. Do not pick leaves with discoloration or necrosis 
caused by insects, disease, toxicities, or non-nitrogen nutrient deficiencies, as these 
will give false readings. Do not sample plants that are standing alone surrounded 
by open water. 

3. Pick a leaf at the base and within a few seconds, insert into meter or read the 
leaf on the plant. Leaves must be read in the field one at a time as they are picked, 
rather than collected in a bunch and read later. 

4. Make a reading at approximately one-half of the distance from the leaf tip to be 
base avoiding the midrib. During the reading, shade the meter with your body so 
as to keep direct sunlight from possibly influencing the measured value. 
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5. Delete any obviously odd values (using the meter's delete button) and either take 
another reading in a different spot on the same leaf or discard the leaf and pick a 
new one. Outlier (extreme or odd) values may be caused by positioning of the 
meter's head over the leaf's edge, mid-rib, or discolored areas of the leaf. 

6. The meter can store up to 30 numbers. Additional readings will be stored by 
"bumping off" earlier stored values, beginning with the first one. Therefore, after 
reading 30 leaves, press the meter's AVERAGE button and write in a notebook the 
displayed value. Thirty leaves may be adequate for evaluating areas of a field, but 
to monitor whole fields, it is suggested that separate readings be collected for parts 
that are known from previous experience to behave differently. 

Interpretation of chlorophyll meter readings 

After recording average meter readings from the bulk field and reference 
areas in each field, an N sufficiency index can be calculated as follows: 

Average Bulk Reading 
Sufficiency Index = ---------------------------------------------- x 100% 

Average Reference Strip Reading 

For example 1, we sampled 3 places in the field at panicle initiation and obtained 
the following N sufficiency index values of 96.8. A sufficiency index greater than 95 
percent indicates that N is not deficient and only one topdress is needed at late boot 
to early flower stage. In example 2, we sampled a field with inadequate N 
fertilization which had an N sufficiency index of 88%. The recommended action is 
two topdresses as indicated in Recommendation Table. 

Worksheet Example 1. 
Field: Paddy 2S Date: June 22 
Growth stage: Panicle Initiation 

Location 1 
Location 2 
Location 3 

Average 

Bulk Average 
Field Reference 
Reading Area Reading 

36.7 
37.1 
38.0 

37.3 

39.5 
38.1 
37.9 

38.5 

Action: one topdress 

N 
Sufficiency 

Index 

96.8% 
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Worksheet Example 2. 
Field: Paddy 2N Date: June 22 
Growth stage: Panicle Initiation 

Location 1 
Location 2 
Location 3 

Average 

Bulk Average 
Field Reference 
Reading Area Reading 

34.0 
33.5 
33.8 

33.8 

38.4 
38.9 
37.9 

38.4 

Action: two topdress applications 

N 
Sufficiency 

Index 

88% 

Recommendations for Samples at Panicle Initiation 

N Sufficiency Index Recommendation 

95-1 00 % One topdress at late boot to very early flower 

85-95 % One topdress at mid-boot followed by another 
at very early flower 

less than 85% Severely deficient. One topdress immediately 
followed by one at mid-boot and another at early 
flower. 
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Your Data 

Field: _______ _ 

Growth Stage: Bulk 
Field Reading 

Location 1 

Location 2 

Location 3 

Average: 

Action: 

Date: _____________ _ 

Reference 
Area Reading 

N 
Sufficiency Index 

Using In-Paddy Soil Sampling to Improve 
N Management of Wild Rice in Peat Soils 

The quantity of readily available ammonium N in peat paddies can be 
assessed by analysis of soil samples taken early in the season. This allows for 
calculation of the quantity of ammonium-N that is readily available for crop 
development. This information is more useful than plant N or chlorophyll meter 
readings for deciding how much topdress N to apply, but sampling and analysis 
requires more effort. 

Peat soils in continuous paddy production can supply 30-40 lb/ac by 
mineralization of N in the organic matter. However, wild rice needs about 70 to 90 
lb/ac to produce a high yield. Thus, fertilization is needed for maximal production. 
The recommended fertilization for continuous wild rice is 50 lb/ac applied in the fall 
(incorporated to at least a 4" depth) and if the conditions are favorable for carryover 
of fall applied N to the next spring only one topdress of about 35 lb/ac at late boot 
to early flower is needed. For first year paddies rotated out of fallow or upland crop, 
the fall application can be reduced to 25 lb/ac. Often, however, large losses can 
occur for fall applied N. 

Losses of fall applied N are caused by the process of conversion of 
ammonium and urea N to nitrate. This nitrate is completely converted to nitrogen 
gas and is lost to the atmosphere when paddies are flooded. Because the 
conversion to nitrate in the fall is slower at low temperature, fall N must be applied 
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at soil temperatures that are less than 50°F. However, even at 40°F, much of the 
added N can be converted to nitrate if there is a delay in soil freezing. The only 
economical way to prevent conversion of fall applied N to nitrate is to flood within 
2 or 3 days of fertilizer application. Unfortunately, in most instances, this is not 
practical. 

The advantage of soil sampling over plant analysis using the chlorophyll 
meter or laboratory analysis of plant samples is that soil ammonium-N values 
represent the reserve of N for future growth whereas plant analysis indicate the N 
the plant has taken up in the past. When analysis is done using the kit described 
below, data are available within hours. The disadvantage of the soil analytical 
method that it is currently restricted to peat soils and involves considerable labor. 

Sampling in minerals soils, where fertilizer is applied using a band applicator 
or injection, is not useful because most of the fertilizer is concentrated near where 
the band was placed. In mineral soils the fertilizer doesn't spread much after 
application as it does in peats. During sampling it is difficult to get a good average 
value for a field. In mineral soils where fertilizer is surface spread and plowed 
down, soil sampling might work well, however, not enough data have been taken 
under these conditions to make recommendations. 

Soil sampling and analysis involves considerable labor. Samples are taken 
with a 3" diameter coring device that works like a posthole digger. Sampling is best 
done using a boat. Once samples are taken and a potassium chloride solution is 
added, the samples are only stable for a few days, even if refrigerated. After 
filtering, the solution is stable and could be sent to a commercial laboratory but a 
kit is available for doing the analysis on-site. This involves some labor and a bit of 
practice to get good results but the results are available immediately. 

Sampling and Analysis 

1 . Soil Sampling 

Samples should be taken before tillering from the top 1 0-12" of the soil using 
a 3" diameter sampler that is constructed to operate like a post-hole digger. 
Samplers can be constructed from a one-foot section of 3" PVC waste pipe 
sharpened at one end and split lengthwise. Handles are made from 1" electrical 
conduit and the two halves are linked with two chain links. For details, call Russ 
Remermo, Kelliher, MN; (218) 647-8786. (Sampling of mineral soils where 
fertilization N has been spread uniformly can be done with a 1" PVC pipe using a 
smaller diameter pipe, with an end cap, as a ramrod to remove the soil core.) 

Each sample should consist of 6-1 0 cores taken randomly in the area of 
interest. Collect samples in a 5-gallon bucket minimizing the transfer of excess 
water to the bucket. Mix the soil well and take 50 milliliters (ml) of soil and transfer 
it to a 250 ml (8 oz) wide-mouth plastic bottle. The 50 ml soil sample is most easily 
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Folding Filter Paper for Filter Funnels 

1 Fold paper in half 

I 

I 
I 

I 
I 
I 

.. 

2 Fold in half again but 
don't line up corners 
exactly. This gives better 
tilt ration. 

3 QJen the filter paper into a funnel shape. 
The dashed lines are overlaps from the paper. 

17 



measured using a 50 ml plastic syringe with the needle end removed (obtain from 
Dr. Paul Bloom). Push soil into the syringe until the plunger is at the 50 ml mark. 
Use a knife or other straight edge to scrape the soil flat across the end. Push the 
sample into a bottle. Add 50 ml potassium chloride solution using a graduated 
cylinder and shake vigorously. Take the sample back to the shop or kitchen and 
filter within 24 hr. If filtering must be delayed, the samples must be refrigerated. 
Filtering must not be delayed by more than 5 days. 

2. Filtering 

Filter samples using slow speed 15 centimeter diameter filter papers. Fold 
filter papers as shown in attached diagram and place in filter funnels. Shake the 
bottles and let stand to settle for at least 10 min. Pour solution slowly into filter 
funnel and collect filtered solutions in small bottles. Many samples can be filtered 
at the same time once using a wooden rack with holes drilled to hold the filter 
funnels. The filtered samples are stable and can be safely stored for two weeks. 
The samples can be sent to a laboratory for ammonium analysis or analyzed using 
an ammonium analysis kit. 

3. Analysis 

Analysis can be done using the Aquaquant®14423-1 kit in any clean space 
with a temperature between 68 and 86°F. A location near a sink is helpful for 
disposal of solutions and for cleaning equipment. Follow the manufacturers 
instructions except take a 2 ml of filtered sample and add 3 ml of distilled water. 
This dilution is necessary because peat extract samples tend to be in the high 
concentration range for the kit but better results are obtained at lower 
concentrations. The multiplication factor used in step 4 accounts for the dilution. 
Also, the analysis works better when the potassium chloride is diluted. After mixing 
with distilled water, the solution must be 68 to 86°F. If the solutions taken from the 
field are cold or the distilled water is cold, they should be allowed to warm before 
beginning the analysis. It is important to carefully observe the ?-minute minimum 
time after adding the 3B solution. The samples, however, are stable for up to 10 
or more minutes following the ?-minute time for color development. However, over 
time the color will fade. Use distilled water in the blank tube for the color 
comparison. 

Use a 5 parts per million (ppm) ammonium test solution (obtain from Dr. Paul 
Bloom) which when added to 3 ml of water will give a 2 ppm concentration to check 
your procedure (the reading should be 2 ppm). The reaction can be done in small 
bottles rather than the tubes supplied in the kit and at the end of the reaction time 
the sample can be poured into the glass tube in the kit for the color comparison. 
This allows for analysis of batches of four or more samples at one time which 
greatly shortens the time for analysis. 
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Details of Analytical Method for the Aquaquant Kit 

Instructions are included in the Aquaquant kit but they can be confusing to 
read. The instructions below parallel the abbreviated instructions on the back of the 
plastic coated strip .that has the color comparison circles on one side. These 
instructions also parallel the pictoral instructions on the front of the strip. 

a) Using the large syringe put 5 ml of distilled water in one of the glass tubes. 
This is the 11blank11

• Add 3 ml of distilled water to the other tube plus 2 ml of 
sample using the large syringe. Between samples clean the syringe by 
rinsing at least three times with distilled water. If you choose to analyze a 
batch of samples using small bottles, add 3 ml of distilled water and 2 ml of 
sample to each bottle. 

b) Add 0.6 ml of solution 1 B using the small syringe. This can be easily 
withdrawn from the bottle after inserting the syringe into the fitting on the top 
of the bottle, and inverting the bottle; mix by swirling. 

c) Add one microscoop of 28. Cap and shake to mix. Let sit 5 min. 

d) Add 4 drops of solution 38; cap and mix. Let sit at least 7 min. but no longer 
than 17 min. 

e) Slide the color comparison strip into the slot in the bottom of the plastic tray. 
Also, push the foam plastic part of the tray so the holder for the glass tubes 
is hanging over the end of the tray. This gives better lighting for the color 
comparison. Place the blank tube in the holder over the side with colored 
dots and the sample in the other side. Take the tops off the tubes and slide 
the color strip back and forth until the color in both sides matches as you are 
looking down at the strip through the tubes. The concentration of the sample 
is then indicated by the concentrations given in the arrow for the NH4-N 
(ammonium N ppm). The correct arrow is the one pointing directly at the 
foam plastic part of the kit. A zero value should be indicated when the most 
yellow dot is below the blank tube. The ammonium-N values are in the 
second row from the top of the comparison strip. If the color you observe is 
between two of the color circles, you may want to record a value between the 
values for the adjacent circles. 

4. Calculation of Available Ammonium in the Soil 

Multiply your result from the kit analysis in ppm by 15 to get lb/ac of N 
(multiply by 6 for mineral soils). If the sample is sent to a laboratory for 
analysis, without dilution, multiply by 6. (For mineral soils, multiply by 11 
when using the kit or 4.5 when getting laboratory results. This assumes a 
sampling depth of 1211

• If there is a plow pan at less than 1211
, multiply by a 

factor of depth/12.) 
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5. Recommendations 

Recommendations for topdress applications of 35 lb/ac of urea N are given 
in the table below. Soil test values less than 10 lb/ac mean that essentially 
no fertilizer N has carried over from the fall application and the plants are 
likely to be very deficient at the time of sampling. This requires immediate 
action to avoid yield losses. 

I Recommendation for Topdress N 

Soil Test Value, ppm Recommendation for Topdress 

Greater than 50 lb/ac None needed 

30-50 lb/ac One at very late boot to early flower 

10-30 lb/ac One at mid-boot and one at very early flower 

Less than 10 lb/ac One immediately 
One at mid-boot 
Another at early flower 

How To Get Needed Supplies 

Most of the supplies needed for sampling and analysis can be obtained from 
Curtin Matheson Scientific Inc. (CMS) and from Paul R. Bloom (PRB). Addresses 
and phone numbers are given below. Costs given with some items are only 
approximate. 

Soil Sampling 

a) Potassium chloride solution ion (2 M). Add 150g (6oz) of potassium chloride 
to a 1 liter bottle and fill with distilled water and dissolve. Potassium chloride 
is available in 1000g bottles from CMS (423-320, $22). A one liter bottle can 
be obtained from PRB. Alternatively, use a carefully cleaned 2 liter soda 
bottle cleaned and rinsed with distilled water. Add 300g (12oz) of potassium 
chloride. 

b) Eight wide mouth 250 ml (8oz) bottles polyethylene (CMS, 252-345, $18) 

c) Polyethylene 50-ml syringe with end cut off (PRB, free) 

d) One 50-ml graduated cylinder for measuring potassium chloride solution 
(CMS, 051-490, $7) 
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Filtering 

a) Six filter funnels (CMS, 109-561, $12) 

b) One hundred filter 15cm filter papers (CMS, 196-113, $6) 

c) Twelve 60-ml bottles for filtered samples (CMS, 298-1900, $7) 

d) Wash bottle for cleaning tubes with distilled water (PRB, free). 

Analysis 

a) Aquaquant 14423-1 ammonium analysis kit (CMS, M14423-1, $92). One kit 
can be used for 250 analyses. 

b) 5ppm standard ammonium (PRB, free). 

Addresses and Phone Numbers: 

Paul Bloom 
Department of Soil Science 
439 Borlaug Hall 
1991 Upper Buford Circle 
St. Paul, MN . 55108-6028 
(612) 625-4711 

Curtin Matheson Scientific, Inc. 
7677 Equitable Dr. 
Eden Prairie, MN 55344-3676 
(612) 934-1793 

Potassium Recommendations for Wild Rice 

Wild rice can utilize large amounts of potassium and like other small grains, 
it is thought that moderately high plant K is useful for producing healthy plants that 
are more disease resistant. The new recommendations are given in a table below. 
The old University of Minnesota soil test recommendations did not adequately 
recognize the importance of K, and did not differentiate between mineral and peat 
soils. Peat soils do not have the mineral reserve that is not measured by the soil 
test in mineral soils. Thus, at the same soil test value, more K must be applied to 
peats. With annual soil test records, growers can refine fertilization additions to 
maintain soil tests in the range of 80-120. If the annual addition of K results in soil 
test values are greater than 150 then less should be added. If soil test values are 
less than 80, more should be added. 
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Recommendations for Potassium Fertilization 

Soil Test K 

0-50 
51-100 

101-150 
151 + 

Mineral Soil 
Addition of K20, lb/ac 

80 
50 
30 

0 

Acknowledgement 

Peat 

120 
90 
40 

0 

Much of the material on the use of the chlorophyll meter was taken from the 
following extension publications of the University of California, Davis and the 
University of Nebraska. 

Peterson, T.A., T.M. Blackmer, D.O. Francis, and J.S. Schepers (1993). Using a 
chlorophyll meter to improve N management. G93-1171-A. Cooperative 
Extension, University of Nebraska, Lincoln. 

Pettygrew, G.S., C.M. Wick, J.F. Williams, S.C. Scordaci, D.M. Brandon, and J.E. 
Hill. 1994. Assessing rice nitrogen with a hand-held chlorophyll meter. 
Agronomy Fact Sheet Series 1994-3. University of California, Davis. 
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WILD RICE BREEDING AND GERMPLASM IMPROVEMENT 

Raymie A. Porter, AI W. Grombacher, Bruce J. MacGregor, and Henry J. Schumer1 

Variety Trial 

As in past years, variety trials are an important component of the breeding project. In them 
we test new potential cultivars against released cultivars. We are especially interested in 
how Franklin continues to perform, especially in terms of shattering resistance. We continue to 
test pistillate entries for yield, and this year we tested some pistillate population hybrids, as 
well, to observe whether hybrid vigor is significant in this type of hybrid. 

Materials and Methods 

Although we planted variety trials in two locations, only one location yielded data this year-
Waskish (Rennemo farm). As usual, we planted each entry in 4-row plots, with 12 inches 
between rows and 36 inches between adjacent plots. Rows were 10 feet long, and alleys 
were 6 feet wide to allow maneuverability with the binder (plot harvester). Pre-plant fertility 
was consistent with the rest of the production paddy: 120 lb/A of potassium, 30 lb/A of 
phosphorus, and 50 lb/A of nitrogen as urea. One topdress equivalent to 30 lb/A of N as 
urea was applied to all plots by hand at late boot-early flowering. 

Table 1 lists the entries harve~ted along with the results of the trial. Sunshine is a new entry, 
being a selection from K. Petrowske, who developed Petrowske Bottlebrush. The other 
checks originally came from the sources listed in parentheses, and are being grown out in iso
lation at NCES as a seed source for the following year's trials in order to maintain consistency. 
This is being done in response to the suggestions of the Crop Variety Review Committee 
and other University breeders. Several of the entries in this year's variety trial were hybrids 
of two distinct pistillate populations. The hybrids were formed in 1993 by interplanting one 
parent in an isolated stand of the other and roguing out normal (male-fertile) plants, leaving 
only pistillate plants to be pollinated by the surrounding population. Reciprocal crosses were 
made in this fashion between either K-1 Pi or K-2 Pi as one parent and PM3(E)C3 as the 
other parent. In addition, a cross of non-pistillate K-1 with PM3 had been reselected in the F2 
and F3 generations for pistillate plants. We would expect this population, PM3 x K-1C4 F4, 
to show little (if any) heterosis (hybrid vigor) by the F4 generation, even though it should 
have about 50% pistillate plants like the F1 hybrids. 

Flowering date (50% of mainstems with at least some male branches emerging) was noted for 
each plot and averaged to determine relative maturity. Based on this information and on 
observations of the incidence of dark seed in a plot, we harvested the earliest two entries, 
Sunshine and Voyager, on August 24, then the remaining entries on August 29. The latest 
entries were mostly ones containing 50% pistillate plants (except for SSC5, which was later 
than even the pistillate entries). Although we thought these late entries could have benefitted 
from more maturing time, many of the plants were lodging by the time of the second harvest, 
so we harvested all the rest of the plots at the second harvest date. 

1 Research Associate, North Central Experiment Station (NCES), University of Minnesota; Research 
Associate, Dept. of Agronomy and Plant Genetics and NCES, University of Minnesota; Junior 
Scientist, NCES, University of Minnesota; Research Plot Coordinator, NCES, University of Minnesota. 
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Results and Conclusions 

This year we obtained data for processed yield, based on percent recovery as analyzed by 
a private laboratory used by the wild rice growers (Northern Rice Labs, Inc.). Percent 
recovery is multiplied by actual yield to estimate the amount of finished wild rice (i.e., after 
processing). Table 1 shows yield, shattering, and maturity related variables (flowering date 
and moisture) in the six replicates haNested, as well as recovery and processed yield in the 
two replicates used for this analysis. 

Table 1 Yield and shattering losses of wild rice variety trial entries at Waskish, 1994. 

Flowering Processed 
Entry date Yield Shattering Moisture Recovery yield 

days1 lb/A2 %3 %4 %5 lb/A6 
First Harvest 

Sunshine (Petrowske) 78 1024 19 38 42 326 
Voyager (Gunvalson) 79 1091 11 38 43 362 

Second Harvest 
NACH-B (Manomin) 82 1339 18 31 44 542 
K2 (Godward) 82 1364 23 29 46 356 
Franklin (certified) 82 1516 13 30 42 436 
K-1 Pi 7 81 1507 16 29 42 429 

K-2 Pi 7 82 1317 17 29 43 408 

Petrowske BB (lmle) 81 1699 15 31 45 532 
PLAR Pi7 83 1516 17 25 45 396 

PM3 x K-1C4 F4 7 85 1398 15 31 40 406 

PM3(E) x K-1 Pi 7 81 1902 12 29 41 566 

K-1 Pi x PM3(E) 7 84 1293 12 31 39 377 

PM3(E) x K-2Pi 7 83 1416 14 30 40 390 

K-2Pi x PM3(E) 7 84 1636 11 31 40 602 

PM3(E)C3 Pi 7 85 1370 14 30 41 392 

SSC5 87 800 12 34 36 262 

mean 82 1387 15 31 42 424 
LSD 5% 2 341 6 3 4 161 

1 Days after May 1 

2 Adjusted to 40% moisture (mean of 6 reps) 

3 Expressed as a percentage of harvested plus shattered grain (mean of 6 reps) 

4 Grain moisture at harvest--usually related to maturity (mean of 6 reps) 

5 Estimated by Bob Schwab, Northern Rice Labs, Inc. (mean of 2 reps) 

6 Actual yield x percent recovery (measured in only 2 of 6 reps) 

7 Populations containing approximately 50% pistillate plants 
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Not all of the later entries were at optimum maturity at harvest, as indicated by percent mois
ture and percent recovery. Therefore, they probably did not reach their full yield potential by 
the time of harvest. Nevertheless, two of the pistillate entries were in the top three entries for 
yield and were also the top two for processed yield. Franklin yielded about 180 lb/A less 
unprocessed grain than Petrowske Bottlebrush, and about 400 lb/A less processed grain 
than PM3(E) x K-1 Pi. In this year's trial, Franklin's shattering losses were not the lowest, 
probably because of differing maturity of entries. Sunshine, Voyager, and SSC5 were har
vested slightly earlier than optimum maturity as indicated by higher percent moisture and 
lower yield, probably resulting in less shattering losses relative to other entries. 

Table 2 shows that the actual proportion of pistillate plants in pistillate hybrids and their 
parents ranged from 40 to 51%, and that yield ranged from 1293 to 1902 lb/A (at 40% mois
ture). When yield of each hybrid is contrasted to the mid-parent mean, only one F1 hybrid's 
contrast shows a significant difference (i.e., increase in yield associated with the hybrid)-
PM3(E) x K-1 Pi. The difference is large (32% or 4631b/A). We expected the reciprocal of this 
F 1 hybrid (K-1 Pi x PM3(E)) to also show positive heterosis, but it showed a 10% decrease. 
As expected, the only F4 of a hybrid (PM3 x K-1C4 F4) showed no residual heterosis. The 
F1 hybrids with K-2 Pi as a parent have positive values for heterosis (5 and 22%) but they 
are not significant. So, although evidence for heterosis is not consistent, there is an indication 
of heterosis in at least one of the F1 hybrids. These hybrids will be tested again in 1995. 

Table 2 Yield of wild rice population hybrids and their parents, and heterosis of hybrids 
with respect to the mid-parent mean--Waskish, 1994 

Pistillate Mid parent Yield 
Entry plants Yield yield difference Heterosis 

%1 lb/A2 lb/A2 lb/A2 %3 

K-1 Pi 46 1507 
K-2 Pi 51 1317 
PM3(E)C3 Pi 45 1370 
PM3 x K-1 C4 F4 46 1398 1439 -41 -3 
PM3(E) x K-1 Pi 48 1902 1439 463 32 ** 

K-1Pi x PM3(E) 40 1293 1439 -145 -10 
PM3(E) x K-2Pi 48 1416 1344 72 5 
K-2Pi x PM3(E) 44 1636 1344 292 22 
1 Calculated from whole-plot counts in 2 reps 

2 Adjusted to 40% moisture (mean of 6 reps) 

3 (Hybrid yield - Midparent Yield) + Mid parent Yield expressed as a percentage 

- Statistical contrast of hybrid vs. parents is significant at the 0.01 level 

Table 3 shows the comparison between Franklin and three other currently grown cultivars 
during a four year period, in seven trials at four different locations. Franklin's yield was ex
ceeded slightly by Petrowske Bottlebrush, but Franklin had significantly less shattering loss 
than the other three entries. This confirms the information given upon release of Franklin de
scribing it as "more shattering resistant than K2 or other currently grown varieties, especially 
retaining more seed_ when harvest is delayed." 
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Table 3 Yield and seed shattering losses of wild rice varieties, 1991-94. 

Grand 1991-94 
Rapids1 Waskish1 Clearbrook 1 Aitkin1 Avera~e1 

Entry Yield Shat Yield Shat Yield Shat Yield Shat Yield Shat 

lb/A2 %3 lb/A2 %3 lb/A2 %3 lb/A2 %3 lb/A2 %3 

Franklin 1450 12 1284 14 1319 16 1819 13 1417 13 
K2 1449 21 1143 23 1391 21 1488 22 1350 19 
Petrowske 1571 25 1254 31 1249 27 1862 14 1430 24 

bottlebrush 
Voyager 1210 18 865 29 1110 32 1854 11 1175 23 

LSD 5% 139 3 118 3 116 3 363 6 128 3 

From Va(ielal Trial~ Qf Sele~led Fa!ID QrQc~. 1995 EdiliQD. Minnesota Report 235-1995. 
Minnesota Agricultural Experiment Station. 

1 Means of trials at Grand Rapids in 1991 and 1992; Clearbrook, 1992 and 1993; Waskish, 
1992 and 1994; Aitkin, 1993; and all7 trials, respectively. 

2 Adjusted to 40% moisture 
3 Expressed as a _percentage of harvested plus shattered grain 

Controlled Pollinations 

A large amount of our research time and effort this year went into crossing and selfing plants in 
the field and in the greenhouse. We have been making-improvements in the materials and 
techniques made in these controlled pollinations. The new pollination bags and improved 
methodology are described below. 

Materials 

Past efforts to practice controlled pollinations in the field have met with little success. In the 
past the breeding personnel normally used a long pleated bag (18 in. by 2 in. by 1 in.) which 
had been treated for moisture repellence. Although this type of bag was long enough to con
tain the entire panicle in most cases, we observed that the bag would collect moisture from 
rain or dew. This moisture-laden bag would weigh the panicle down as it elongated, causing 
the stem to bend or break over into the water and making the panicle essentially useless. We 
tried lighter-weight glassine bags because they were smaller, were made of thinner paper, 
and were more water-proof. However, we observed two problems: first, the paper of the 
bags would still soak up water, but would be slower to dry out; second, stigma exsertion 
would sometimes be delayed, possibly due to accumulation of heat and humidity inside these 
relatively impermeable bags. These two problems made pollination difficult to carry out. 

Last winter we made prototypes of a new smaller bag formed from lighter paper which was 
left untreated and was therefore more breathable than either of the bags used before. The 
bag was long enough (10 in. by 2 in.) to include a few male branches if selfing were desired, 
but it was not pleated, reducing the weight. The untreated thinner paper would not soak up 
as much water and would dry out more easily, reducing the time the panicles were weighed 
down and allowing pollinations in the field to begin earlier in the day. 
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Once we had tested a large number of the prototypes in the greenhouse and were satisfied 
with the dimensions we had the bags custom made by Lawson Pollination Bags. We then 
proved them on a larger scale in our field pollination activities. 

Methodology 

We have also changed the methods of controlled pollinations using of the new bags. The 
changes are oriented toward increasing efficiency of pollinations (enabling more crosses to be 
made), and increasing the number of seeds per pollination (improving reliability). The new 
methodology is summarized below. 

Crossing: When the plant is still in the boot stage, we place a lightweight pollination bag 
over the boot and flag leaf. This prevents outcrossing because once the panicle emerges, 
stigmas are exserted from the pistillate (female) florets and may be subject to pollination un
less protected. When the pistillate part of the panicle has emerged fully into the bag, we 
exclude the staminate (male) florets from the bag before they open and shed pollen. Thus, 
only the pistillate branches remain in the bag. The opening of the pollination bag is folded 
over and stapled to seal it off. Stapling through one of the pistillate branches inside the bag 
enables the bag to remain in place through the wind and rain. We then identify the individual 
plant by marking the family number (or row) and plant number on the bags with a permanent 
marker or pencil. The pistillate portion of the panicle will be ready to be pollinated within 5 
days after the stigmas are exserted from the florets--the sooner after exsertion, the better. 

We bag panicles to be used as a pollen source in the afternoon before the pollination. Since 
the pollen is short-lived, the foreign pollen should lose its viability by the time the fresh pollen 
is collected from the bagged panicle. The pistillate inflorescence is clipped off or folded over 
inside the bag in order to make room inside the bag for most or all of the staminate branches. 
The row and plant number are recorded on the bag. 

After the morning dew has evaporated, the pollen is collected by shaking or tapping the 
bagged panicle over small cups placed under the opening, or by inverting the bagged panicle 
and shaking the pollen into the bag itself, which is then removed to carry the pollen to the 
female. The pistillate bag is not removed for pollination in order to minimize its exposure to 
incidental pollen in the air, especially pollen from staminate florets of the same panicle which 
are usually opening by that time. Instead, the pistillate bag is slit with scissors at the top, the 
pollen is poured in, and the top of the bag is folded over and stapled shut as soon as 
possible. The pollen source is then recorded on the pistillate bag. 

Selfing: For self-pollinations, we leave some staminate branches inside the bag instead of 
excluding them as described above. We staple the bag shut with some male florets inside. 
Once staminate florets begin to shed pollen, we usually invert and shake (or tap) the bagged 
panicle to facilitate pollen travel inside the bag from male florets to female florets. 

Results 

Using the prototype bags in the 93-94 greenhouse season, we were able to make 459 
crosses and selfs which resulted in at least one seed. The actual number or weight of seeds 
was not recorded. Using the new custom-made bags and new crossing methodology, 
breeding personnel made 528 controlled crosses which resulted in at least one seed, and 888 
selfs. Figures 1 and 2 show the distribution of the number of seeds resulting from a sample of 
56 of the crosses and 56 of the selfs. The 56 representative crosses resulted in an average 
of 37 seeds, ranging from 2 to 124 for any given cross. The 56 representative selfed plants 
produced an average of 39 seeds per panicle, ranging from 1 to 133 seeds per panicle. In 
both cases, a majority of the pollinations resulted in 20 or more seeds (32 of the crosses and 
37 of the selfs). Although no data are shown for seed set using the old pollination methods, 
nevertheless the results we show are indicators that successful pollinations can be made with 
the improvements. Twenty or more seeds is enough for a breeder to work with in most 
cases. Even one seed resulting from a self or a cross can be useful to a breeder. 
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Figure 1 Frequency distribution of number of seeds resulting from 56 crosses of 

plants from diverse populations--1994 field nursery. 
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Figure 2 Frequency distribution of number of seeds resulting from 56 selfs of 

plants from diverse populations--1994 field nursery. 
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Disease Ratings (With R. Nyvall) 

We continue investigating disease resistance in wild rice populations. This year we concen
trated on disease ratings of half-sib families inoculated with Bjpolarjs spores at the Aitkin 
research site at the Vomela farm. This site has provided a good environment for disease 
development in the past, but we still inoculated in order to achieve uniformity of infection. 

Materials and Methods 

We planted 160 half-sib families of the population MK-1 at the Aitkin site. Row spacing alter
nated between 1 0 inches and 20 inches. Rows were 6 feet long with 4 foot alleys. Each 
row-plot was a different family which was replicated twice. The families were divided into 5 
sets of 32 families each, each set planted as a contiguous block, so that the experiment could 
be analyzed as a "Sets-in-Reps" design. This allowed for variability within replicates to be 
separated out by blocking into sets. Plants at the late boot to early flowering stage were 
inoculated once with Bipolaris oryzae spores at dusk on July 31. Spore concentration was 
100,000 per ml in a 0.05% gelatin solution as a "sticker." Inoculation was carried out using a 
C02 sprayer, covering as many leaves as possible in each row. Families were rated on 
September 1 in two ways. First, each family-row was rated for average lesion length, esti
mated in mm. Then each family was given a subjective evaluation for the strength of the 
chlorotic halos around the lesions--a 1-5 scale was used, 1 meaning absence of chlorotic halo 
and 5 meaning very pronounced halos. Because of earlier plant mortality, only 79 families 
which had plants to rate in both reps. These were used in the analysis. 

In addition to the MK-1 families, 180 families of Petrowske Bottlebrush (Clearwater's 'P2') 
were grown in a similar "Sets-in-Reps" design, with 5 sets of 36 families. These were inocu
lated on the same date as the MK-1 families, except that a mixture of Bipolaris oryzae and 
Bipolaris sorokiniana spores was used. The concentration was 50,000 spores per ml of each 
species. Plants were rated for lesion size on September 2 as described above. 

Results 

The analysis of halo rating showed no significant differences among the ratings. Table 4 
shows the results of the analysis for lesion size in the MK-f families. All sources of variation . 
were significant, but most importantly, families within sets were found to be significantly differ
ent from each other. Since there was a significant difference between sets, variability within 
the replicates was great enough to discourage comparisons between families of different sets. 

Table 4 Analysis of Variance of lesion size ratings among MK-1 half-sib families 

Sum of 
Source df squares Mean square F-value P-value 

Rep 1 1.759 1.759 5.380 .0231 
Set 4 5.689 1.422 4.349 .0033 
Rep x Set 4 4.346 1.086 3.322 .0147 
Fam (Set) 74 44.804 .605 1.852 .0044 
Error 74 24.199 .327 

Based on the mean squares, we calculated heritability (narrow-sense) to be 56%, which is 
moderate. However, the estimate of additive genetic variance upon which heritability is 
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based may be inflated by any genotype by environment effect, since the experiment was 
carried out at only one location. From the same analysis, we calculated the expected gain 
from selection among half-sib families to be approximately 0.25 rating units (or mm) per cycle. 
To our knowledge, these are the first estimates of heritability and gain from selection for Fungal 
Brown Spot Disease rating. Now that we have a reliable methodology for inoculating and 
rating wild rice families, we hope to continue to investigate this trait for heritability, expected 
and actual gain from selection, while concurrently carrying out our recurrent selection program 
in several populations for resistance to these diseases. 

Thirteen of the 79 families rated in both replicates were also rated by Jason Brantner for 
sensitivity to the toxin ophiobolin. However, there was a very low correlation between his 
ratings and either lesion size or halo rating in the field (J. Brantner, personal communication). 

The analysis of Petrowske Bottlebrush families showed no statistically significant differences 
among families. Nevertheless, we selected the best 17 of 89 families (average rating of 2.5 or 
less) and harvested the seed for a second cycle of selection. 

Shattering Testers 

We continue to devote a large share of our time in the winter greenhouse to developing tester 
lines which have one or the other major shattering gene. This winter we have planted 129 
nonshattering S3 lines which are derived from 18 S2 nonshattering lines, as well as 1 02 
shattering S3 lines which are derived from 10 S2 shattering lines. All the current lines origi
nated from 8 So parent plants. 

Once these tester lines are identified, they can be crossed to plants of a population or culti
var, and progeny can be evaluated to identify which lines from the population or cultivar are 
free of both shattering genes. In order to identify the tester lines, we are crossing different 
nonshattering lines to each other and observing the progeny. If the crossing of two pheno
typically nonshattering lines results in shattering progeny, the lines are complementary. We 
are currently evaluating 37 progeny from 5 such crosses made in the 93-94 greenhouse 
season. So far, none of the crosses has identified complementary lines, but new combina
tions are being made this season. In addition, we plan to increase and test some of these 
noncomplementary crosses (i.e. all nonshattering) to accelerate the release of a cultivar which 
is fixed for at least one of the shattering genes. 

In conjunction with this work, we will continue to work with Dr. Phillips' laboratory to identify 
RFLP markers which are associated with the shattering genes. Either or both of these two 
ways of identifying shattering genes should prove useful in future efforts to develop and 
release cultivars which lack major shattering genes. Populations lacking these shattering 
genes may also prove easier to improve for quantitative shattering resistance. 

Nondormancy 

We are also continuing to select for nondormancy as we carry the trait by backcrossing from a 
Florida Zizania aguatica population to z. palustris cultivars. We are completing the fifth back
cross generation, which should result in a population which contains 97% Z. palustris genes 
while still showing the nondormancy trait. So far, we have made over 1 00 backcrosses in the 
94-95 greenhouse season, many of which are BC5, but some of which are BC2, BC3, and 
BC4, as well. 

30 



Germplasm Collection and Preservation 

Last summer, several teams from the breeding personnel were armed with canoes, poles, and 
special permits, and sent to collect seed from 9 natural stands in the Grand Rapids area: 
Laura Lake, Big Rice Lake, Moose Lake, White Elk Lake, Bowstring River, Rice Lake, Prairie 
Lake, Dora Lake, and Squaw Lake. In addition to collecting bulk seed from throughout each 
stand, we also collected seed from plants with unusual characteristics, such as nonshattering, 
in hopes of finding new genes for nonshattering, or other new traits. Also, in several of these 
stands, the teams collected subsamples from different parts of the stand in order to compare 
the genetic differences within the stands with the differences among stands. These will be 
evaluated in field plots next year. A sample of seed from each collection was sent to Dr. 
Chris Vertucci of the National Seed Storage Laboratory in Ft. Collins, CO, in order to begin a 
pilot germplasm preservation project. When wild rice germplasm can be successfully stored 
to preserve viability over a long term, a repository of genes will be available for future 
breeding efforts. 

Dr. Porter and Dr. Oelke have also collaborated with Dr. Vertucci in her research on Zizania 
seed storage. Using 'Franklin' and 'Johnson', she has developed a 'phase diagram' which 
identifies possible combinations of moisture content and temperature for optimum long-term 
storage. Details of this work can be found in the paper cited as follows: 

Vertucci, C.W., Crane, J., Porter, R.A. and Oelke, E.A. 1994. Physical properties of water in 
Zizania embryos in relation to maturity status, water content and temperature. Seed Science 
Research 4:211-224. 

We will continue to collaborate with Dr. Vertucci's lab to develop reliable seed pre-treatment 
protocols and storage conditions for maintaining maximum seed viability. 
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WILD RICE MOLECULAR GENETICS 1994 REVIEW 

Dr. A.W. Grombacher, J.S. Kenny, R.A. Porter, and R.L. Phillips1 

Field work involved the construction of mapping populations and the collection of necessary 
DNA quantities for the RFLP procedures. Two types of mapping populations were formed: 
1) the open pollinated maternal populations using bottlebrush and pistillate plants open 
pollinated to lake and paddy populations, and 2) controlled crosses between shattering lake 
plants and nonshattering plants from known cultivars and University of Minnesota 
populations. During the summer of 1995 we will grow out the open pollinated populations 
and create F 2 immortal populations that will enable the populations to be carried through in 
future years for mapping purposes. The controlled cross populations will be selfed in the 
paddies in 1995. 

Evaluation of plant color traits and their relationship to the pistillate character began in 1993. 
The traits of interest were awn, palea and lemma, sheath, collar, and stem colors (colors 
meaning purple versus green or colorless). Preliminary evidence indicated a potential 
relationship between purple coloration in one tissue and the pistillate character in University 
of Minnesota populations. Several populations were evaluated for color and head type in the 
paddies at Grand Rapids. The evaluation of the color traits and head types is ongoing, and 
DNA analysis should begin when Dr. Wayne Kenard comes on board in March of 1995. 

Mr. J.S. Kenny undertook a paddy evaluation at Grand Rapids of the current cultivars and 
populations grown in the state. His evaluation includes recording the variation in agronomic 
performance across cultivars and populations. He will report his findings in a winter quarter 
research class. 

A preliminary field evaluation of shattering, head type, and color traits were undertaken to 
see if any relationship existed between the three. Three populations were evaluated and no 
relationship was seen. 

DNA extraction technology was a major emphasis of the lab oriented part of the program. 
Wild rice is difficult in DNA extraction terms, because the plants are full grown when sampled 
_in order to get a sufficient quantity of DNA for the RFLP procedures. A technique of Dr. Bai 
Chai Wu's was modified and has proven to give clean DNA in good RFLP quantities. RFLP 
technology was the second emphasized point in the laboratory. The technique is improving 
in the lab with the help of Dr. Kianian and Dr. Bai Chai Wu. The interesting RFLP result was 
the tassel seed 2 probe from com showing a polymorphism on a pistillate population blot. 
Tests for an association between tassel seed genes in com and the pistillate trait in wild rice 
will be performed soon. 

Dr. Alan Wall Grombacher left the project at the end of November 1994. Dr. Wayne Kenard 
will replace him in the spring of 1995. Dr. Grombacher took a position as the Pioneer Hi
Bred LTD of Canada Research Manager for Canota (B. campestris) breeding in Western 
Canada and Scotland. 

1University of Minnesota and the North Central Experiment Station. 
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SURVIVAL AND PRIMARY INOCULUM SOURCES OF 8/POLAR/S ORYZAE 
AND 8. SOROKINIANA, CAUSAL ORGANISMS OF FUNGAL BROWN SPOT 

OF CULTIVATED WILD RICE 

Jason Brantner, Graduate Assistant, Robert Nyvall, Professor, James Percich, 
Professor, and Dean Malvick, Research Associate, Department of Plant 

Pathology, University of Minnesota Twin-Ciities 

Introduction and objectives 

The survival and primary inoculum sources of Bipolaris oryzae and B. 
sorokiniana in cultivated wild rice (Zizania palustris L.) fields have not been 
documented . Infested crop residue and grass hosts on dikes have been 
suggested as possible sites of survival and sources of primary inoculum (3,4 ). 
The focus of this research was to determine the survival of B. oryzae and B. 
sorokiniana in Minnesota wild rice paddies and identify possible sources of 
primary inoculum. 

The four main research objectives were to determine the following : 

1. Survival of B. oryzae in wild rice residue and seed under various soil 
moistures. 

2. Survival of B. oryzae and B. sorokiniana in wild rice residue and seed in 
Minnesota cultivated wild rice fields. 

3. Survival of B. oryzae and B. sorokinana conidia in paddy water. 

4. The role of infested wild rice residue, seed, and dike grasses as primary 
inoculum sources. 

The results of these studies will , hopefully, aid the cultivated wild rice grower in 
identifying cultural practices that may reduce the primary inoculum of B. oryzae 
and B. sorokiniana by preventing or significantly reducing their survival. 

Survival of B. oryzae in wild rice residue and seed in organic and inorganic 
soils at various soil moisture conditions 

Introduction 

Survival over winter of B. oryzae was determined in wild rice residue fragments 
and seed incorporated in and on the surface of organic and inorganic soils when 
flooded, at moisture holding capacity (MHC), and dry. 
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Results and discussion 

• Under flooded conditions Bipolaris oryzae did not survive over winter in 
residue or seed regardless of the soil type or placement of the residue/seed 
(Table 1). 

• At soil MHC, B. oryzae did not survive in residue or seed when buried in soil, 
but did survive on the soil surface (Table 1 ). 

• Under dry soil conditions, the fungus survived whether buried or on the 
surface of either soil (Table 1 ). 

Survival of B. oryzae and B. sorokiniana in wild rice residue and seed in 
Minnesota paddies 

Introduction 

Survival over winter (September, 1992 to April 1993) of B. oryzae and B. 
sorokiniana was determined in wild rice residue incorporated in soil and on the 
soil surface in two wild rice paddies near Aitkin , Minnesota. The following year, 
survival was determined in wild rice residue and seed in, on, and above the soil 
in a wild rice paddy near Grand Rapids, Minnesota from October, 1993 to 
August, 1994. 

Results and discussion 

• Neither B. oryzae nor B. sorokiniana survived in either year in the residue 
samples incorporated in or on the soil sur:face in the paddies. 

• Bipolaris sorokiniana was recovered from 5% of residue raised above the soil 
surface during the second year. 

Survival of B. oryzae and B. sorokiniana in wild rice residue over winter can be 
prevented by incorporating the residue into the soil and/or fall flooding fields. 
Neither pathogen survived in wild rice residue or seed buried in or on the soil 
surface in field studies. This lack of survival of the fungi is most likely due to 
microbial degradation of the infested wild rice residue. Buried or flooded residue 
was difficult to recover due to extensive degradation. The fungi survived best in 
residue on the surface of dry soil, or raised above the soil surface where the 
residue was buffered from continuous moisture and microbial degradation. 

Large residue mats formed by combine discharge during harvest prevent much 
of the residue from coming in contact with the soil and remain largely intact into 

34 



the spring if the residue is not incorporated. In addition, wild rice plants at paddy 
margins and dike edges may escape harvest and incorporation, allowing survival 
of the pathogens. 

Survival of 8. oryzae and 8. sorokiniana conidia in paddy water 

Introduction 

Survival of B. oryzae and B. sorokiniana conidia was determined in autoclaved 
paddy water. The water containing the conidia of each pathogen was incubated 
in the laboratory at -15, 5, 15, and 22 C for up to 24 weeks. The survival as 
determined by spore germination was evaluated after each requisite incubation 
period. 

Results and discussion 

• Conidia of B. oryzae retained germ inability at all temperatures for 24 wk in 
one experiment (Figure 1 ), but lost germ inability by 2 wk at -15 and by 24 
wk at 5 C in a repeated experiment. 

• Conidia of B. sorokiniana retained germinability at all temperatures for 24 
wk in both experiments (Figure 1 ). 

Conidia of both pathogens present on residue in the spring may be able to 
survive for long time periods when paddies are flooded in the spring with cold 
water. 

Infested wild rice residue and seed as primary inoculum sources of 8. 
oryzae and 8. sorokiniana 

Introduction 

The ability of infested wild rice residue incorporated in, on the surface of, and 
raised above the soil, and infested seed to serve as inoculum sources for fungal 
brown spot infection was determined in a wild rice paddy near Grand Rapids, 
Minnesota. The inoculum source treatments were placed in the field in the fall 
(October, 1993) and disease progress for each treatment assessed the following 
growing season (May- August, 1994). 
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Results and discussion 

• Disease progress was low for all inoculum source treatments (Figure 2). 

• The area under the disease progress curve for plots with infested residue 
raised above the soil surface was significantly different (p=.05) from the 
control. 

• None of the other inoculum source treatments resulted in disease 
progress curves with areas significantly different from the control. 

Infested residue when buried or placed on the soil surface and infested seed 
could not be demonstrated to serve as a primary inoculum source. The ability of 
these inoculum treatments to infect wild rice plants may be limited both by their 
survival through the winter, and by the barrier to inoculum dispersal provided by 
the flooded conditions of the paddy soil. Inoculum sources that are not in contact 
with soil or flooded survive better and are not limited by this barrier. Therefore, 
only infested residue above the soil and floodwater surface contained a viable 
and infective inoculum source. In wild rice paddies, this raised inoculum source 
could come from wild rice plants along dikes or from upland hosts on dikes. In 
addition, residue in large mats formed by combine discharge during harvest, if 
not incorporated into the soil, may float when fields are flooded allowing 
production of conidia which could be either wind blown or rain splashed to wild 
rice plants. 

Detection of airborne conidia as a primary inoculum source 

Introduction 

Rotorod Samplers (model 92, Sampling Technologies, Inc., St. Paul, Minnesota) 
were used to determine the presence or absence of conidia of B. oryzae and B. 
sorokiniana over wild rice paddies during the 1993 and 1994 wild rice growing 
seasons. The sampling rods were collected and observed for the presence of B. 
oryzae and B. sorokiniana at regular intervals. 

Results and discussion 

• During the 1993 and 1994 growing seasons, airborne conidia of B. oryzae 
and B. sorokiniana were present, but very low numbers were trapped. 

The presence of airborne conidia from upland hosts on dikes or surrounding 
areas was not well supported by sampling with the rotorod spore sampler. The 
low number of conidia trapped in this study does not eliminate airborne conidia 
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from grass hosts as a possible source of primary inoculum. Samplers could only 
detect the presence of conidia in a small proportion of the possible sites of 
production. The airborne conidia may come from small patches of infected dike 
grasses which would be difficult to detect with such a small number of samplers. 

Development of fungal brown spot symptoms on wild rice grown from B. 
oryzae infested seed 

Introduction 

Wild rice seed infested with B. oryzae by four different methods was sown and 
development of fungal brown spot symptoms assessed to determine if infested 
seed can serve as a primary inoculum source of B. oryzae. 

Results and discussion 

• Regardless of the type of wild rice seed inoculation technique, there was 
no development of fungal brown spot symptoms in plants grown from B. 
oryzae infested seed. 

The role of infested seed as a primary inoculum source of B. oryzae was not 
supported. 

Survey of possible survival sites and primary inoculum sources for B. 
oryzae and 8. sorokiniana 

Introduction 

Samples of previous crop residue and dike and area grasses having lesions 
characteristic of fungal brown spot were collected during the 1992, 1993, and 
1994 growing seasons and isolated from to identify survival sites and primary 
inoculum sources. In addition samples of common grasses on paddy dikes and 
surrounding areas were collected, identified, and compared with host range lists 
for each pathogen. 

Results and discussion 

• Bipolaris oryzae and B. sorokiniana were both found rarely in previous 
crop residue and dike grass samples collected (Table 2). 
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• Six grass species growing on paddy dikes and surrounding areas were 
identified (Table 3). One, Agropyron repens (L.) Beauv. (Quackgrass) , is 
a known host of B. sorokiniana (1 ). 

• Numerous other grass species that are known hosts of B. oryzae and/or 
B. sorokiniana are present in Minnesota (1 ,2,5) (Table 4). 

During the 1993, and 1994 growing seasons, the presence of B. oryzae and B. 
sorokiniana was low in both previous wild rice crop residue and dike grass 
samples. However, the number of sites and samples was very small in 
comparison with the actual art:~ount of previous crop residue and grasses present 
in and around wild rice fields. Although low in frequency, both pathogens were 
found in at least one site of previous crop residue and dike grasses during the 
three growing seasons. Thus, both previous crop residue and dike grasses can 
serve as survival sites and inoculum sources for B. oryzae and B. sorokiniana. In 
addition, all three sampling sites of previous crop residue that yielded either B. 
oryzae or B. sorokiniana were in fields in which the residue had not been 
incorporated in the fall , further emphasizing the importance of residue 
incorporation. 

Only one of the six grass species, Agropyron repens (L.) Beauv. , collected from 
paddy dikes is a known host of B. sorokiniana (1 ), and none are known hosts of 
B. oryzae. However, it is possible that some of these species are unknown hosts 
since both fungi attack such a wide variety of grasses. Numerous other species 
of wild and cultivated grasses that are known hosts of B. oryzae and B. 
Sorokiniana are found in Minnesota and may be present on or near paddy dikes 
but were not among the species collected. Avoiding the use of grasses on paddy 
dikes may be an important practice to reduce possible survival sites and 
inoculum sources. 
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Figure 1. Percent germination of conidia of Bipolaris oryzae and B. sorokiniana 

after incubation in sterile paddy water at various temperatures. Data from the 

first experiment shown. 
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Table 1. Survival of Bipolaris oryzae in wild rice reresidue and seed incorporated 

in and on the surface of organic and inorganic soils at various residue levels 

Surface Incorporated 

Soil conditions Re~due Seed Residue Seed 

Flooded organic OY 0 0 

Flooded inorganic 0 0 0 

Organic at MHC 24 0 0 

Inorganic at MHC 0 43 0 

Dry organic 15 10 30 

Dry inorganic 17 0 0 

x Initial infestation was 94 and 66% for residue and seed, respectively. 

Y Percent of 30 fragments or seed yielding conidia of B. oryzae. 

41 

0 

0 

0 

0 

67 
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Table 2. Presence of Bipolaris oryzae and B. sorokiniana in previous wild rice 

crop residue and dike grasses 

Year 

Sample 

1992 
Residue 

Grass 

1993 
Grass 

1994 
Residue 

Grass 

Fragments 

observed 

50 
860 

390 

240 
200 

Fragments yielding 

B. oryzae B. Sorokiniana 

5 0 
8 29 

0 0 

2 2 
0 2 

42 



Table 3. Grass species commonly found on wild rice paddy dikes in Minnesota 

Scientific name 

Agropyron repens (L.) Beauv. 

Eragrostis cilianensis (All.) Lutati 

Muhlenbergia frondosa (Poir.) Fern. 

M. schreberi J.F. Gmel. 

Panicum capillare L. 

P. dichotomitlorum Michx. 

x Known host of Bipolaris sorokiniana 

43 

Common name 

Quackgrassx 

Stinkgrass 

Wirestem Muhly 

Nimbleweed 

Witchgrass 

Fall Panicum 



Table 4. Known hosts of Bipolaris oryzae and/or B. sorokiniana in Minnesota 

Scientific name 

Agropyron trachycaulum (Link) Malte. 

A vena sativa L. 

Bromus inermis Leyss. 

Dactyl is glomerata L. 

Digitaria sanguinalis (L.) Seep. 

Elymus canadensis L. 

Festuca elatior L. 

F ovina L. 

F rubra L. 

Hordeum jubatum L. 

Hordeum vulgare L. 

Lolium perenne L. 

Phalaris canariensis L. 

. Phleum pratense L. 

Poa compressa L. 

P. pratensis L. 

P. trivia/is L. 

Secale cereale L. 

Zea mays L. 

Y Gangopadhyay, 1983 and Ocfemia, 1924 

z Berkenkamp, 1971 
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IN VrrRO SENSITIVITY OF B/POLAR/5 ORYZAE AND B. SOROK/N/ANA TO 
PROPICONAZOLE 

Jason Brantner, James Percich, and Robert Nyvall, Department of Plant 
Pathology; University of Minnesota Twin-Cities 

Introduction 

Propiconazole ( 1-[[2-(2,4-dichlorophenyl)-4-propyl-1 ,3-dioxolan-2-yl]methyl]-1 H-
1 ,2,4-triazole, Tilt, Ciba-Geigy, Greensboro, NC) is the only chemical registered 
to control fungal brown spot (FBS) of cultivated wild rice in Minnesota making 
resistance to propiconazole in B. oryzae and B. sorokiniana an important 
concern. Mancozeb was used successfully for FBS control from 1974 to 1988, 
but was withdrawn by the manufacturer (5). 

The degree of selection pressure, nature of the pathogen, fitness of resistant 
strains, and mode of action of the fungicide are important factors in the 
development of fungicide resistance (3,8). Selection pressure may be high in 
some Minnesota paddies where propiconazole (Tilt) is applied two times each 
growing season. Resistance will build up more rapidly in pathogens with 
abundant sporulation (3). Both B. oryzae and B. sorokiniana sporulate 
abundantly on infected wild rice plants. Resistance to fungicides is often 
correlated with reduced pathogen fitness (3). However, there were no significant 
correlation's between fitness and resistance to propiconazole in Pyrenophora 
teres (9). Site-specific fungicides are more vulnerable to resistance than multi
site fungicides. Propiconazole is a systemic, site-specific, sterol biosynthesis
inhibiting (SBI) fungicide. 

Development of resistance in SBI's is best described by a directional selection 
model (8,1 0). In this model, the initial population consists of one unimodal 
sensitivity distribution, and continued fungicide use leads to a slow shift in the 
population toward lower sensitivity (8, 1 0). Reduced sensitivity to propiconazole 
in field populations of Rhynchosporium secalis through a gradual shift of 
unimodal population resulting in decreased fungicide efficacy has been reported 
(6,7). Determination of both baseline sensitivity of populations, and the amount 
of natural variation in fungicide sensitivity in populations is important in assessing 
sensitivity shifts (2,4). The objectives of this study were to 1) obtain baseline 
sensitivity data for B. oryzae and B. sorokiniana to propiconazole, and 2) assess 
the extent of variation in propiconazole sensitivity existing among isolates of B. 
oryzae and B. sorokiniana from Minnesota wild rice paddies. 
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Materials and ·methods 

Isolates of B. oryzae and B. sorokiniana were obtained from diseased wild rice 
plants from central and northern Minnesota and maintained on potato dextrose 
agar (PDA). The sensitivity of B. oryzae and B. sorokiniana to propiconazole 
was determined by measuring growth of the fungi in potato dextrose broth (PDB) 
amended with the fungicide. Treatments consisted of four replicated broth 
cultures I isolate I fungicide concentration and the experiment was repeated 
three times. Propiconazole at 0, 0.1, 1.0, and 10.0 pglml active ingredient (a.i.) 
was amended to PDB before autoclaving. The amended PDB flasks were 
inoculated with mycelial plugs (5 mm) from 6-day-old cultures of B. oryzae and B. 
sorokiniana grown on PDA at 22-24 C under ambient laboratory light. Broth 
cultures were incubated five days at 22-26 C under ambient laboratory light on a 
platform shaker at 110 rpm. The mycelium was collected by vacuum filtration, 
dried 1-2 days at approximately 35 C, and weighed. Data are reported as 
percent inhibition from control (non-amended) in order to correct for differences 
in growth rates between isolates. 

Results 

Growth inhibition of B. oryzae isolates in PDB at 0.1 and 1.0 pglml propiconazole 
was 7-37% and 81-99%, respectively (Table 1). Mean percent growth inhibitions 
of B. oryzae isolates at 0.1 Jlglml were not significantly different at p=.05 (Table 
1 ). Significant variation in propiconazole sensitivity did occur among isolates of B. 
oryzae at 1.0 pglml (Table 1 ). Propiconazole at 10.0 Jlglml completely inhibited 
growth of all B. oryzae isolates except one (N7) with inhibition of 96%. 

Growth inhibition of B. sorokiniana isolates in PDB at 0.1 pglml propiconazole 
was 31-82% (Table 2). Significant variation in propiconazole sensitivity occurred 
among isolates of B. sorokiniana at 0.1 pglml (Table 2). Growth of all isolates of 
B. sorokiniana was completely inhibited by 1.0 and 10.0 pglml propiconazole. 

Isolates of B. oryzae were significantly less sensitive (p=.05) to propiconazole 
than those of B. sorokiniana. Mean growth inhibition for isolates of B. oryzae and 
B. sorokiniana was 25 and 62%, respectively, at 0.1 pglml propiconazole and 89 
and 99%, respectively, at 1.0 pglml. 

Discussion 

The risk of rapid loss of fungicide efficacy appears to be minimal since no 
isolates were resistant to 1 0 pglml propiconazole. However, significant variation 
did occur at lower fungicide concentrations. The continued use of propiconazole 
may lead to a slow shift in populations of both fungi to less sensitivity. Thus, 
continuous selection pressure should be avoided by eliminating unnecessary 
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application of the fungicide and, perhaps, using propiconazole in combination 
with a low risk fungicide (3). The sensitivity to propiconazole of isolates of B. 
oryzae and B. sorokiniana from fields where propiconazole is used consistently 
should be monitored in future years to compare with sensitivities reported here to 
determine if shifts have occurred. The effect of propiconazole on the 
fitness/virulence of B. oryzae and B. sorokiniana is not known. However, B. 
oryzae strains resistant to the phosphatidylcholine biosynthesis-inhibiting 
fungicide edifenphos grew more slowly and sporulated less but were more 
virulent than sensitive strains (1 ). If resistance to propiconazole leading to 
reduced fungicide efficacy does occur, an alternative fungicide with a different 
mode of action will be needed. 
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Table 1. In vitro sensitivity of Bipolaris oryzae isolates to 0.1 and 1.0 Jlglml 

propiconazole in PDB at 22-26 C. 

B. oryzae 
isolate 

N3144 

106 

8051 

121 

N7 

N3151 

N3139 

123 

N3142 

N3146 

N3153 

N3143 

N3150 

N3155 

122 

102 

107 

Percent growth inhibition x 

0.1 ~g/ml 1.0 ~g/ml 

31Y 81 az 

31 85 ab 

15 86 abc 

26 86 abc 

7 87 abc 

32 87 abc 

25 89 bed 

35 89 bed 

12 90 bed 

30 90 bed 

26 91 bed 

37 91 bed 

20 92 bed 

25 92 bed 

30 93 cd 

19 95 d 

17 99 e 

x Mean value of three replicated experiments 

Y Means were not significantly different (p=.05) at 0.1 Jlglml propiconazole. 

z Numbers followed by the same letter are not significantly different at p=.05 

according to Duncan's new multiple range test. 
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Table 2. Sensitivity of Bipolaris sorokiniana isolates to propiconazole 0.1 and 1.0 

Jlglml in potato dextrose broth at 22-26 C. 

B. sorokiniana 

isolate 

N6 

N27 

201 

N4 

205 

206 

N3125 

202 

N3149 

207 

N3122 

Percent growth inhibitionX 

0.1 1-1g/ml 1. 0 1-1g/ml 

31 aY 99Z 

32a 99 

51 b 99 

58 be 99 

65 bed 98 

66 bed 99 

69 cde 99 

71 cde 99 

75 de 99 

76 de 99 

82 e 98 

x Mean value of three replicated experiments 

Y Numbers followed by the same letter are not significantly different at p=.05 

according to Duncan's new multiple range test. 

z All B. sorokiniana isolates were completely inhibited by 1.0 Jlglml 

propiconazole. 
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WILD RICE SEEDLING SENSITIVITY TO OPHIOBOLIN IN EVALUATING 
FUNGAL BROWN SPOT RESISTANCE 

Jason Brantner, James Percich, and Robert Nyvall, Department of Plant 
Pathology, University of Minnesota Twin Cities; and Ramey Porter, University of 

Minnesota North Central Experiment Station, Grand Rapids 

Introduction 

A Bioassay for the rapid and accurate screening of wild rice germ plasm for 
resistance to fungal brown spot (FBS) caused by Bipolaris oryzae is needed. 
Currently there are no FBS resistant wild rice varieties and little germ plasm 
screening has been reported (6,7). Screening wild rice for FBS resistance in the 
field is difficult due to the tall canopy, stand density, variations in soil, and plant 
nutritional (6, 13 ). In addition, it is difficult to provide uniform , successful 
inoculation with the pathogens. Greenhouse screening provides more 
environmental control for successful inoculation, but plants do not grow well due 
to the difficulty in reproducing the aquatic habitat and poor response of wild rice 
plants to lighting and nutrients in the greenhouse (1 ,6, 17). 

Toxins produced by plant pathogens have been used as selecting agents for 
resistance to plant diseases in tissue culture (2,4,9, 18) and plant bioassays 
(5,19,20,23). 

The toxin ophiobolin was originally isolated from B. oryzae grown in culture 
(1 1, 15). Ophiobolin A (C25H3604) is a non host-specific toxin , and one of a 
group of ophiobolins produced by B. oryzae (12). In addition, a different, host
specific toxin produced by B. oryzae has been reported and used as a selecting 
agent for resistance to brown spot of rice (Oryza sativa L.) in tissue culture 
(9,21 ,22). Although the role of ophiobolin in brown spot of rice is unclear (1 0, 12), 
it has been suggested for use in screening rice cultivars for resistance to brown 
spot (12). Ophiobolin is an active inhibitor of the calcium m adulating protein 
calmodulin (8). It caused greater growth inhibition in roots than in shoots of rice 
seedlings {6, 14, 15). 

Ophiobolin was identified in liquid cultures of B. oryzae isolates pathogenic to 
wild rice but not from isolates non-pathogenic to wild rice (6). A root elongation 
assay using ophiobolin was developed for screening wild rice germ plasm for 
FBS resistance (6). Johnson found variation in ophiobolin sensitivity within wild 
rice cultivars but not between cultivars (6). The objective of this study was to test 
a modified root elongation assay using ophiobolin as a technique for screening 
wild rice half-sib families for resistance to FBS. 
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Materials and methods 

A modified root elongation assay (6) was used to determine the sensitivity of 24 
half-sib families of wild rice to ophiobolin. Seeds were dehulled, surface 
sterilized in 0.1% sodium hypochlorite for 5 min, and submerged in water for 3-4 
days to germinate. The water was changed daily to reduce microbial populations 
and oxygen depletion. The most vigorous germinated seedlings were selected. 

A 1.0 pg/ml ophiobolin solution was prepared by adding ophiobolin A dissolved in 
methanol to sterile distilled water (resulting in 1 ,ul/ml methanol). One germinated 
seed and 5 ml ophiobolin solution or sterile distilled water (control) were placed in 
glass test tubes (1.5 x 15 em). Ten replicate tubes of each treatment were 
prepared. Tubes were capped and incubated at 24-26 C under fluorescent light 
(12 hr daylength) for 5 days. Seedlings were then removed and the length of the 
longest adventitious root was measured. Data were recorded as percent of 
control for toxin-treated to adjust for differences in growth rates between half-sib 
families. The experiment was repeated with eight of the half-sib families with 
only 4-6 replicate tubes due to decreased germination of the seed. Results from 
the toxin root elongation assay were compared for correlation with field screening 
results provided by Porter eta/ (Minnesota Wild Rice Research 1994). 

Results and discussion 

Inhibition of adventitious root growth of toxin-treated (1 .0 pg/ml) seedlings was 
43-90% for the half-sib families tested (Table 1 ). Significant differences in toxin 
sensitivity occurred between the half-sib families tested in the first experiment 
according to Fisher's protected least significant difference (p=.05) (Table 1). 
However, the standard deviations were very large (Table 1 ), indicating a large 
amount of variation between individuals within half-sib families. When the 
experiment was repeated with eight half-sib families, inhibition of adventitious 
root growth did not correlate with that from the first experiment (r = -0.198) (Table 
1 ). In addition, standard deviations of the combined data from the two 
experiments were also large (Table 1). The large standard deviations and lack of 
correlation between experiments indicate a great amount of variation exists 
within families, and the experiment is not repeatable. 

The variation within half-sib families and non-repeatability of the experiment is 
most likely due to two problems. First, the germination of seed was very low, 
allowing very low numbers of germinated seed from which to select the most 
vigorous for testing. This led to inconsistency in growth of seedlings both in toxin 
solution and control. Second, the half-sib families are heterogeneous lines with 
the female parent having been selected for agronomic traits other than disease 
resistance. Thus, while they may be more genetically homogenous for the 
agronomic traits they were selected for, they are extremely variable in seedling 
root growth and response to ophiobolin. 
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Response to the toxin in 19 half-sib families of wild rice was not correlated (r = 
0.288) with FBS field screening lesion size ratings obtained from Porter (*) 
(Figure 1 ). Thus, screening with the toxin by this method is not currently 
recommended . 

Due to the high variability within half-sib families, non-repeatability of toxin 
response, and lack of correlation of toxin response with field screening results, 
the mass screening method of Wheeler and Luke (23) may be more successful. 
Using this method, seed of a current cultivar with desired agronomic traits could 
be screened with a lethal concentration of toxin for mutants not sensitive to the 
toxin . This method allows the screening of tremendous numbers of individuals in 
a short period of time and inexpensively (23). 
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Table1. Sensitivity to ophiobolin A in half-sib families of wild rice determined by 

adventitious root growth in toxin-treated and control seedlings. 

Percent inhibition for toxin-treated 

Half-sib family Exp. 1x s.d. Exp. 2Y s.d. Meanz s.d. 

1478 90 13 66 32 84 23 
1453 89 10 43 46 69 38 
1438 87 9 
1475 85 12 51 44 70 33 
1422 83 13 
1448 81 18 
1460 78 16 
1544 77 20 
1424 77 22 
1413 74 21 71 39 73 31 
1469 71 29 
1565 70 26 40 49 60 37 
1471 70 20 
1432 70 17 
1545 68 34 45 23 60 32 
1495 66 20 62 12 65 17 
1464 65 39 
1459 64 39 
1500 60 19 
1563 58 42 
1442 56 18 
1493 53 47 
1494 44 28 64 13 50 26 
1435 43 34 

Fisher's PLSD 24.5 

X Mean of 8-10 replicate tubes 
y Mean of 4-10 replicate tubes 
z Mean of exp. 1 and 2 combined data 
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Figure 1. Scatter plot of ophiobolin A sensitivity of 19 half-sib families of wild 
rice vs fungal brown spot field screening lesion size ratings. 
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Survival of Bipolaris oryzae and B. sorokiniana in wild rice leaf 
residue. 

R. F. Nyvall, J . R. Brantner, and J. A. Percich 

The purpose of this study was to determine under what conditions the causal 
organisms of fungal brown spot (Bipolaris oryzae) and spot blotch (B. 
sorokiniana) survive in infected leaf tissue. This is important in understanding 
where these fungi survive (overwinter) and if this overwintering site constitutes a 
potential source of inoculum to initiate disease during the growing season. This 
study in conjunction with the study to determine the chronological sequence of 
disease will provide information on the survival sites of these two fungi and the 
etiology of the two diseases thereby providing information to recommend 
alternative means of control to fungicides. 

Materials and Methods: 

Treatments: Treatments were inorganic or organic soil that was either dry, at 
field capacity or flooded. Infested leaf fragments were either incorporated or not 
in each moisture/soil treatment. Treatments were placed outside the last week 
of September and sampling was done at 0, 3, 6, and 9 months after placement. 
Nine months was chosen as the arbitrary termination of the study because this 
is normally the time during the growing season when cultivated wild rice leaves 
are beginning to appear. 

Soils: The two soils were obtained from cultivated wild rice fields and 
considered representative of the two soil types in which cultivated wild rice is 
grown in Minnesota. Organic soil was a peat soil (43% organic matter, pH 6.2) 
Inorganic soil was a silt loam ( 3 % organic matter, pH 6.8). Two hundred grams 
of dry organic soil or 270 g of dry mineral soil were placed in a 1 L plastic 
container. Each. plastic container had a 5 mm opening in the cover to facilitate 
air exchange. 

Infested leaf fragments. Leaf fragments (approximately 7 square mm) were 
gathered from plants (in situ) inoculated with a 1:1 mixture of B. oryzae and B. 
sorokiniana ( 10,000 conidialml). Fifty leaf fragments were placed in plastic 
mesh envelopes (7 square em, mesh size 1.5 mm) and placed (incorporated 
into soil or not) in a 1 L plastic container that contained the soil treatments. 

Moisture treatments: Moisture content treatments were then added to each 
plastic container containing soil and infested leaf fragments. Moisture 
treatments were dry soil (dried in convection oven), field capacity (determined 
by Hilgaard method) and flooded (soils covered with approximately 1 em of 

59 



water). Sterile distilled water was added to each appropriate soil treatment as 
appropriate. 

Results and Discussion: 

On the basis of results from I yr, Bipolaris oryzae does not survive does not 
survive in infested tissue in flooded soil. The fungus could not be isolated after 
3 mo from any treatment incorporated in soil but did survive at least 3 mo in the 
not incorporated/flooded in organic soil but not in mineral soil. Bipolaris 
sorokiniana, however, survived at a low percentage in flooded soils but 
primarily not incorporated. This fungus was also isolated from one fragment 
after 9 mo incorporated in flooded soil. At field capacity, B. oryzae survivied for 
9 mo in organic soil in both incorporated and not incorporated treatments but 
only for 3 mo in mineral soil. Again, B. sorokiniana survived at a low 
percentage for 9 mo in all treatments except not incorporated. Bipolaris 
sorokiniana survived for 9 mo in all dry soil treatments; however, B. oryzae only 
survived for 9 mo in mineral soil but was not isolated after 9 mo from organic 
soil treatments. 

Bipolaris sorokiniana survives better than B. oryzae in infested leaf tissue. 
Survival is poor or sporadic when leaf fragments are in flooded or field capacity 
conditions. Both fungi survive under dry soil conditions for longer periods of 
time but under the conditions of this study, B. oryzae did not survive for 9 mo but 
B. sorokiniana did. Survival appears somewhat better in mineral than organic 
matter soil. On the basis of 1 yr data under the conditions of this study, infested 
leaf fragments could potentially serve as a source of inoculum the following 
growing season if they remain in a dry environment such within as a "clump" of 
straw that is protected from the environment in a field that is not flooded. 
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Percentage survival of Bipolaris oryzae and B. sorokiniana in infested cultivated 
a 

wild rice leaves. 

Number of months leaves subjected to treatments 

.Q ~ 2 ~ 

Treatment B.o.B.s. B.o. B.s. B.o.B.s. B.o. B.s. 

Organic soil 
Flooded 

Incorporated 60 43 0 0 0 0 0 2 
Not incorporated 60 43 4 8 0 2 0 4 

Field capacity 
Incorporated 60 43 0 0 0 0 0 8 
Not incorporated 60 43 0 0 4 16 2 8 

Dry 
Incorporated 60 43 52 52 4 2 0 14 

Not incorporated 60 43 48 60 6 14 0 6 

Mineral soil 
Flooded 

Incorporated 60 43 0 0 0 0 0 0 
Not incorporated 60 43 0 4 0 2 0 2 

Field capacity 
Incorporated 60 43 12 4 0 14 0 18 
Not incorporated 60 43 0 4 6 4 0 0 

Dry 
Incorporated 60 43 28 64 0 32 26 6 
Not incorporated 60 43 40 44 12 22 6 10 

a 
Percentage survival is based on 50 fragments per sampling period. 
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Chronological sequence of disease on cultivated wild rice in 
Minnesota in 1994 with special emphasis on fungal brown spot and 
spot blotch. 

R. F. Nyvall, J. A. Percich, and J. R. Branter 

The purpose of this study was to determine what diseases occur on cultivated 
wild rice and when they occur. This is especially important to understand if 
disease symptoms are those of fungal brown spot and spot blotch or some other 
disease. Application of propiconazole (Tilt) has often resulted in erratic results, 
particularly when only one 6 oz application has been applied. Two 6 oz 
applications normally results in yield increase and reduction in disease. 
According to label directions, the first application should be applied at the boot 
stage of plant development, normally in the first or second week in July, with a 
second application 14 days later. Therefore, it is important to know if fungal 
brown spot and spot blotch occur during the boot stage or if observed symptoms 
are caused by other diseases. Ultimately, knowing when diseases occur and 
understanding what disease symptoms are present during stages of plant 
growth will have significance either in the application of propiconazole or 
utilization of other disease control practices. 

Materials and Methods: Sampling areas were four cultivated wild rice fields 
located at Aitkin, Clearbrook, Grand Rapids, and Waskish. Five plants were 
sampled every 3.1 m beginning approximately 25 m from the entrance to the 
field in a "U" pattern. Before the growing season (4/10), samples of leaf spots 
on wild rice residue from fields and standing grass, primarily reed canary grass 
from dike banks, were taken. Approximately 2 mo later (6/8) samples from 
floating leaves and the first aerial leaves were taken. Still later in the growing 
season starting 6/29, diseased cultivated wild rice plants were sampled every 7 
to 1 0 days beginning after leaf development was complete but before boot 
stage of development. At this stage approximately four leaves are present 
above water on the wild rice plant. At each sampling time the flag leaf and the 
lowest green leaf on the plant was sampled. As plants matured, senescing 
leaves were also sampled to determine if both organisms were increasing on 
moribund tissue, thus providing a possible overwintering site. As plants were 
harvested, green and necrotic stubble, comprised of stems, was also sampled. 
Leaf tissue was stored at 5 C for a maximum of 7 days prior to making 
isolations. 

Lesions were placed in running tap water for 1 hr to remove dust and 
extraneous material from surfaces. Samples were then surface treated for 1 
min in a 1 :1 solution of !% NaOHCI and 75 % ETOH and rinsed in sterile 
distilled water. One hundred samples per field were then placed on sterile 
moist filter paper in glass petri dishes and incubated at 26 C at available 
laboratory light for a total of 400 samples per sampling time. Identification of 
causal organisms was done at 5 to 7 days. 

Results: Both Bipolaris oryzae (causal organism of fungal brown spot) and B. 
sorokiniana (causal organism of spot blotch) were isolated at low incidence 
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from over wintered leaf residue in preliminary results {Table 2). However 
neither fungus was detected on grass although incidence of other fungi 
particularly Phoma sp. was high. The predominant diseases on the floating 
leaves was bacterial leaf spot and stem rot. Spot blotch was detected at low 
incidence. Throughout the growing season the diseases anthracnose and 
bacterial leaf spot tended to be the dominant diseases with Phoma leaf spot 
{an unreported disease on wild rice) and stem rot occurring sporadically 
throughout the growing season. Late in the season the disease eyespot was 
common before harvest {not shown on Table 2). 

Both spot blotch and fungal brown spot were not detected on flag leaves until 
the first week of July {Table 1 ). Spot blotch did not become common on flag 
leaves until the end of July and fungal brown spot a week later. Both diseases 
increased in incidence until the middle of August when three of the four fields 
were harvested. Fungal brown spot was more common on the flag leaves, 
suggesting inoculum was coming from sources outside the field. Spot blotch 
appeared to be equally common on lower and flag leaves. Fungal brown spot 
became common on senescing leaf tissue, green and necrotic stubble, whereas 
spot blotch was not common on these plant tissues. 

On 10/25, samples of leaf residue and leaves of mature reed canary grass were 
sampled. Both organisms were found at a low incidence in leaf residue 
whereas B. sorokiniana was commonly found on reed canary grass and B. 
oryzae at a low incidence. This is the first report of B. oryzae being associated 
with reed canary grass. 

Discussion: Preliminary results in 1994 suggest that both fungal brown spot 
and spot blotch occur later in the growing season than previously thought. 
Additionally, disease symptoms on plants early in the growing season are 
caused by other diseases. Therefore, the application of propiconazole earlier in 
the growing season may result in ineffectual control of disease. Tentatively this 
may explain why the first application of propiconazole is frequently ineffective 
but two applications normally are. The disease is not yet prevalent when the 
first application is applied but disease is more prevalent when the second 
application of propiconazole is applied. Secondly, propiconazole may also be 
effective in controlling other diseases that are not specifically listed on the label 
such as anthracnose, bacterial leaf spot and stem rot. 

Knowledge of survival and overwintering of B. oryzae and B. sorokiniana is 
useful in employing other disease control strategies or alternative disease 
control methods. Although it is certain that potentially both organisms could 
survive in infested wild rice residue, no survival is detected when residue is 
submerged under water {see paper on survival). Normal agronomic practices 
such as flooding fields appears to substantially reduce this source of inoculum. 
In the field, survival was only detected in dry residue in non flooded fields. 

The isolation of both organisms from reed canary grass on dike banks 
represents a potential source of overwintering. Although the isolation of both 
organisms was low, production of conidia which serve as the inoculum for 
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disease averaged 5.5 and 75.5 conidia per lesion for B. oryzae and B. 
sorokiniana respectively (Table 3). The larger number of conidia produced by 
B. sorokiniana may explain the earlier appearance than B. oryzae. The 
predominance of disease on flag leaves rather than lower leaves may also be 
explained by most inoculum occurring from sources outside the field such as 
the dikes and being blown over a field rather than originating from residue in 
the field which may result in lower leaves being diseased. 

Therefore, a possible etiology for both diseases is as follows. Conidia are 
initially produced by both fungi associated with over wintered grass as weather 
permits during the growing season. Because the survival is low, there is a time 
lag before there is sufficient inoculum to cause infection of wild rice. Eventually, 
as the growing season progresses, inoculum increases and disease incidence 
and severity also increases later in the growing season. Possibly the earlier 
flooding of fields has resulted in effective disease control. Experiments are 
currently being conducted to determine if spring flooding of fields is as effective 
as fall flooding . 
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Table 1. Sequence of fungal brown spot (Bipolaris oryzae) and 
spot blotch (8. sorokiniana) on cultivated wild rice in Minnesota in 
1994. 

a 
b Percent of lesions yielding 

Date Source Bipolaris oryzae Bipolaris sorokiniana 

4/10 Leaf residue on soil surface 0.1 0.8 
Standing reed canary grass 0.0 0.0 

6/8 Floating leaf 0.0 0.2 
First aerial leaf 0.0 1.6 

6/29 Lower leaf 0.0 0.0 
Flag leaf 0.0 0.0 

7/5 Lower leaf 0.0 0.0 
Flag leaf 1.0 0.3 

7/18 Lower leaf 1.5 1.7 
Flag leaf 0.2 1.0 

7/25 Lower leaf 2.2 6.5 
Flag leaf 1.5 9.5 

8/2 Lower leaf 1.1 4.3 
Flag leaf 8.0 3.0 
Bottom necrotic leaf 0.0 1.2 

8/15 Lower leaf 3.3 7.0 
Flag leaf 5.0 10.0 
Bottom necrotic leaf 9.7 3.5 
Green stubble 12.7 6.0 
Necrotic stubble 11.2 0.0 

1 0/25 Leaf residue on soil surface 1.0 1.0 
Standing reed canary grass 0.6 6.0 

a 
Percent causal organism of disease isolated from 400 lesions. 

b 
6/8 One to two aerial leaves. 
6/29 Three to four leaves, 50% of plants headed out. 
7/25 One hundred percent of plants mature. 
8/15 Three of four fields harvested. 
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a 
Table 2. Sequence of disease on cultivated wild rice in 

Minnesota in 1994. 

c 
Date Source 

4/10 LR 
SG 

6/8 FL 
UL 

6/29 LL 
UL 

715 LL 
UL 

7/18 LL 
UL 

7/25 LL 
UL 

8/2 LL 
UL 
ML 

8/15 LL 
UL 
ML 
GS 
MS 

10/25 LR 
SG 

a 
A = Anthracnose 
BS = Brown spot 

d 

BLS = Bacterial leaf spot 
PLS = Phoma leaf spot 
SB = Spot blotch 
SA= Stem rot 

b 

A BS 

0 >1 
0 0 

0 0 
22 0 

21 0 
16 0 

16 0 
10 1 

27 2 
18 >1 

25 2 
14 2 

16 1 
13 8 
10 8 

13 3 
12 5 
9 10 
9 13 

14 11 

13 >1 
0 >1 

b 
Percent lesions 

BLS PLS SB 

0 0 1 
0 0 0 

24 0 >1 
24 0 2 

73 2 0 
75 0 0 

62 >1 0 
75 0 >1 

67 >1 2 
72 0 1 

21 0 7 
0 0 10 

7 0 4 
8 0 3 

16 25 1 

7 0 7 
7 0 10 
0 17 4 
0 0 6 
0 0 5 

0 7 >1 
0 0 2 

Percent causal organism of disease isolated from 400 lesions. 
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SA 

0 
0 

40 
9 

2 
0 

0 
0 

0 
0 

0 
0 

2 
>1 

2 

4 
4 
1 

>1 
0 

0 
0 



c 
6/8 One to two aerial leaves. 
6/29 Three to four leaves, 50% of plants headed out. 
7/25 One hundred percent of plants mature. 
8/15 Field harvested. 

d 
FL = Floating leaves 
GS = Green stubble 
LL =Lower leaf 
LR =Leaf residue 
ML =Mature (brown) leaves 
MS = Mature (brown) stubble 
SG = Standing grass 
UL = Upper leaf 

a 
Table 3. Average number of conidia/lesion on reed canary grass. 

Bipolaris oryzae 

B. sorokiniana 

a 

1\b. 

5.5 

75.5 

Based on average conidia/ two and 18 lesions for B. oryzae and B. sorokiniana, 
respectively of 300 fragments. 
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COMPARISON OF FUNGAL BROWN SPOT SEVERITY TO INCIDENCE OF 
SEEDBORNE 8/POLAR/S ORYZAE AND B. SOROKINIANA AND INFECTED FLORAL 

SITES ON CULTIVATED WILD RICE 

R. F. Nyvall, J. A. Percich, R. A. Porter, and J. R. Brantner1 

Cultivated wild rice (Zizania palustris L.) is grown on approximately 6,882 ha in 
Minnesota, contributing over $41.6 million to the state's economy. Fungal brown spot 
caused by Bipolaris oryzae (Breda de Haan) Shoemaker and B. sorokiniana (Sacc.) 
Shoemaker, is the most important disease of cultivated wild rice in Minnesota with an 
estimated annual loss of $2.5 million. Depending upon disease severity, losses may 
vary from slight to 75%. Anecdotal evidence ascribes losses of 100% in fields where 
disease is especially severe. Current control of fungal brown spot can be achieved by 
an application of propiconazole (212 ml/ha) at the boot stage of plant development 
followed by a second application 14-17 days later. 

Overwintering of the causal fungi and dissemination of primary inoculum to the host 
plants are poorly understood. Some researchers have proposed that seedborne 
infections may be important in overwintering and dissemination of these Bipo/aris spp. 
After the first year of the production cycle, the primary mode of sowing for the 
succeeding crop is by seeds that fall from panicles to the soil surface before harvest. 
Cultivated wild rice paddies are then flooded either in the autumn following harvest or 
early the following spring. 

lmle and Kernkamp in 1971 state that Helminthosporium spp. ( = Bipolaris spp.) were 
frequently isolated from cultivated wild rice seed. They stated a certain percentage 
of plants at the tillering stage would have a leaf blight caused from a systemic 
infection by Bipolaris spp. while most of the other plants in the vicinity would appear 
to be disease free. They hypothesized that infected plants somehow survived 
systemic infection long enough to infect other plants in the paddy. However, this 
study was never repeated nor was it published; additionally, Bipolaris spp. are not 
known to be systemic in rice plants. The objective of our research was to determine 
the incidence and origin of infection on seed by Bipolaris spp. This research is part of 
a larger study on the relative importance of seedborne Bipolaris spp. as a means of 
overwintering and source of primary inoculum to infect cultivated wild rice. 

Materials and Methods 

Severity of fungal brown spot on plants in two cultivated wild rice fields each in 1991 
and 1992 were measured by percentage of leaf area covered by lesions on the 
uppermost leaf of 50 plants per field using a modified Septoria disease assessment 
key. Plants from the same fields were rated in 1991 and 1992. Ratings of IF to 50 
were utilized corresponding to percentage of diseased leaf area (IF = 0.5 or flecks and 
50 = 50 + % of leaf area diseased, respectively). One plant was rated for disease 
every 3.1 m in a "U" pattern beginning 17m from the corner of the field. 

1 Professors, Department of Plant Pathology, Research Associate, North Central Experiment 
Station and Research Associate, Department of Plant Pathology, University of Minnesota, 
respectively. 
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To measure the incidence of wild rice seeds infected with Bipolaris spp., 500 seeds 
were randomly selected from each field after harvest in 1991 and 1992 for a total of 
2,000 seeds. Seeds were not dried and were kept at 0°C for 7 days when isolations 
were made. Whole seeds were surface treated by washing for 2 hr in running tap 
water (7°C, untreated with chlorine) , placed in a 1:1 solution (v/v) of 1% NaOCI and 
75% ethanol for 3 min, rinsed in sterile distilled water and placed on moistened 
autoclaved filter paper (Whatman Number 1 or Fisher P5) in 9 em diameter glass petri 
dishes. Seeds were incubated utilizing available laboratory light at 22 to 26°C and 
examined at 5-7 days for growth of Bipolaris spp. with a stereo microscope (X30-60) 
utilizing a fiberoptic illuminator for light. 

To determine which seed structures were infected by Bipolaris spp., an additional 
100 seeds were randomly selected after harvest from each field in 1991 and 1992 for 
a total of 400 seeds. Seed storage, surface treatment, fungal growth and examination 
was similar to the method used for whole seeds except seeds were separated into 
awns, palea or lemma, and caryopsis after 2 hr in running tap water. The seed 
structures then were placed in the 1:1 solution of 1% NaOCI and 75% for 1 min. 

Bipolaris spp. were identified in situ on the seed structures by the following conidial 
characteristics. Bipo/aris oryzae conidia are light to golden brown, fusoid, obclavate 
to almost cylindrical, generally curved with six- to 14-septate and 14-22 x 63-153 um. 
Bipolaris sorokiniana conidia are olive to dark brown, ovate to oblong with tapered 
ends, three- to 1 0-septate and 1 5-20 x 60-1 20 um. 

Results and Discussion 

Severity of leaf infection was greater in field A than 8 in 1991 but approximately the 
same in 1992 with ratings of 52.3 and 1.7; and 3.6 and 2.4, respectively (Table 1 ). 
Generally the number of seeds infected by Bipolaris spp. corresponded to the disease 
severity. The number of infected seeds was higher from the field with the highest 
disease rating and was statistically significant (P = 0.05). Bipolaris oryzae was 
isolated in higher frequency than B. sorokiniana from both fields regardless of the year 
but differences were significant only in field A in 1991 (P = 0.05). 

There was a significant difference in frequency of infection of seed structures 
(P = 0.05). Bipolaris spp. were isolated primarily from the awns and infrequently from 
the palea or lemma (Table 2). No Bipolaris spp. were observed to originate from the 
caryopsis . 

The reason awns are the primary site of infection is likely due to the dense pubescence 
on the awn compared to reduced pubescence or lack of it on the palea and lemma. 
The pubescence apparently acts as a spore trap and also retains moisture from dew 
or other sources longer than other parts of the seed. The trapped spores and retained 
moisture would allow the awn to become infected more rapidly than the rest of the 
seed. 

This is the first evidence for B. oryzae and B. sorokiniana being seedborne on 
cultivated wild rice and located primarily in the external tissues of the seed. We 
conclude that the incidence of seedborne Bipolaris spp. is related to disease severity. 
However it is uncertain if seedborne Bipolaris spp. influences future disease 
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development. Cultivated wild rice paddies are flooded either in the autumn or early in 
the spring. Because the primary method of sowing for succeeding crops is the falling 
of seed from panicles to the soil surface, it is uncertain if Bipolaris spp. survive in or 
on seed submerged under water and eventually produce conidia that serve as inoculum 
for infection. 

Table 1. Comparison of number of wild rice seeds infected with Bipolaris oryzae 
and B. sorokiniana to disease rating in 1991 and 19923 • 

Yearb 
(Field) 
1991 

A 
B 

1992 
A 
B 

No.c seeds infected 
B. Oryzae B. sorokiniana Disease ratingd 

3 Numbers followed by the same letter are not significantly different !E = 0.5) 
according to Duncan's multiple range test. 

bFields A and B in 1991 are the same as fields A and B in 1992. 

clsolation from 500 seeds per field/year. 

dDisease ratings from 50 plants. Severity of fungal brown spot was measured by 
percentage of leaf area covered by lesions on uppermost leaf. 

Table 2. Number of Bipolaris oryzae and B. sorokiniana isolates from 400 
cultivated wild rice seeds in 1991 and 19923 • 

Seed structure 
Awns 
Palea or Lemma 
Caryopsis 

B. oryzae B. sorokiniana 

aNumbers followed by the same letter are not significantly different !E = 0.05) 
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FIRST REPORT OF SCAB ON CULTIVATED WILD RICE IN MINNESOTA. 

R. F. Nyvall, J. A. Percich, R. A. Porter, and J. Brantner1 

Fusarium spp. were isolated from seed of cultivated wild rice (Zizania palustris L.) that 
was dried to 20-21% moisture content following the 1993 growing season. Fusarium 
graminearum Schwabe was isolated most frequently, but F. culmorum (Wm. G. Sm.) 
Sacc., F. moniliforme J. Sheld., F. sporotrichoides (Sherb.), and F. subglutinans 
(Wollenweb. & Reinking) P. E. Nelson, T. A. Toussoun, & Marasas also were isolated. 
Fusarium spp. were not isolated from seed stored in water immediately after harvest, 
the normal procedure to store seed for sowing the following year. Scab has not been 
reported on cultivated wild rice. Therefore, during the 1994 growing season, plants 
in the field were observed at four different locations approximately every 1 0 days, 
beginning at anthesis, for symptoms of infection by Fusarium spp. We observed 
spikelets that were bleached to a tan color and were either sterile or contained 
shriveled and discolored seed. Frequently a pink to orange discoloration caused by 
sporodochia containing conidia, conidiophores and mycelium was observed during high 
humidity conditions. Fusarium graminearum was isolated from 100% of spike lets and 
seed displaying these symptoms. Other Fusarium species were not isolated from 
symptomatic seed in 1994. Conditions for the cultivation of wild rice, especially high 
humidity, are optimum for scab development. To our knowledge this is the first report 
of scab on cultivated wild rice. Cultivated wild rice is now becoming widely used in 
rice mixtures and other food stuffs throughout the United States. Therefore, this 
represents another mode by which harmful toxins that may potentially be produced by 
Fusarium spp. are introduced into the human food chain. 

1 Professors, Department of Plant Pathology, Research Associate, North Central Experiment 
Station and Research Associate, Department of Plant Pathology, University of Minnesota, 
respectively. 
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Fungal Brown Spot of Cultivated Wild Rice is Two Different 
Diseases. 
R. F. Nyvall, J. A. Percich, and J. R. Brantner. 

Since the first disease report in 1961, fungal brown spot of 
cultivated wild rice (Zizania palustris) has been considered as one 
disease. However, the disease is caused by two related fungi, 
Bipolaris oryzae and B. sorokiniana that produce different disease 
symptoms. Bipolaris oryzae produces the toxin ophiobolin but B. 
sorokiniana does not. Bipolaris sorokiniana survives in grasses and 
residue and causes disease earlier in the growing season while B. 
oryzae is thought to survive only in residue but is a better parasite 
and causes disease later in the season. Under optimum conditions 
for disease, B. oryzae predominates but B. sorokiniana is the 
dominant pathogen under less optimum conditions. We suggest the 
name fungal brown spot be retained for the disease caused by B. 
oryzae and spot blotch be used for the disease caused by B. 
sorokiniana. 
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OVERVIEW 

In 1992, about 17,000 acres of wild rice were cultivated in Minnesota paddies. A 
number of waterfowl use these paddies, beginning with spring migrants in April, 
followed by breeding birds in late spring and summer, then fall use by migrants after 
paddies are again flooded in September and October. Wildlife-related studies of 
cultivated rice paddies in Minnesota have been limited to 2 which examined spring 
breeding waterfowl use. However, a number of studies have been carried out on 
water quality and agronomic production practices, mostly conducted by Bemidji State 
University, Minnesota Pollution Control Agency, and the University of Minnesota 
through the North Central Experiment Station at Grand Rapids. This study was 
designed to address primarily wildlife-related issues of cultivated wild rice production 
but that necessitates evaluating other aspects of the paddy environment such as water 
quality, aquatic invertebrates, vegetation besides wild rice, and land use adjacent to 
wild rice paddies. Discussions were initiated in the summer of 1992 with a variety of 
individuals and groups having an interest in wild rice/wildlife issues. Major issues were 
identified and refined into those which needed more information for resource 
management decision making and those which were researchable, given available 
resources of personnel, equipment, study area, and funding. A project was approved 
through the Minnesota Agricultural Experiment Station, and organized through the 
Northwest Experiment Station at Crookston where the principal investigator has a joint 
appointment. The overall project has the following objectives: 

1. To evaluate waterfowl production and use of cultivated wild rice paddies in 
northwest Minnesota. 

2. To inventory invertebrate populations in cultivated wild rice paddies and 
evaluate effects of associated agricultural practices. 

3. To inventory nongame bird use of cultivated wild rice paddies and assess the 
value of paddies as habitat for black terns, American bitterns and Wilson's 
phalaropes. 

The intensive study area is located about 12 miles northeast of Oklee in Polk, 
Pennington, and Clearwater counties. The terrain is quite flat, occurring in the lake 
plain of Glacial Lake Agassiz, with organic soils derived from reed-sedge peat. The 
study centers on a block of land containing about 1600 acres of wild rice distributed 
in about 40 paddies. A variety of idle brushland, pastureland, small grain fields, 
woodlands, and Conservation Reserve Program (CRP) land is distributed throughout 
the study area. Originally the area consisted of poorly-drained lowlands dominated by 
shallow marshes and grass-sedge communities. Better-drained, low ridges in the area 
were dominated by bur oak savannas, and scattered occurrences of oaks with 
intermixed aspen are currently present. The study area is also positioned in a major 
waterfowl migration corridor of the prairie pothole and lake country of western 
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Minnesota, about 40 miles south of the Agassiz National Wildlife Refuge and the Thief 
Lake Wildlife Management Area. It is adjacent to an extensive area of natural wetlands 
on the Red Lake Indian Reservation. 

The major focus of the study is on waterfowl values of cultivated wild rice paddies and 
the results of 2 field seasons are summarized herein with another field season of data 
to be collected in 1995. Invertebrates of wild rice paddies were inventoried in 1993 
and the results are presented herein. Water quality of paddies and at selected sites 
along the Clearwater River was measured using 17 parameters in 1993 with 3 
discharge ditches added to the sampling program in 1994. In 1995, plans are to more 
closely evaluate effects of the design of discharge structures and sedimentation basins 
on levels of dissolved oxygen and suspended solids in paddy discharge waters. These 
data will be combined with those from 1992, 1993, and 1994 for a final report. 

Wild rice paddies were attractive habitat for black terns with 46 nests monitored in 
1993 and 14 in 1994 with about 33% hatching. These data will be incorporated into 
a technical publication in 1995. 

Technical presentations on the study were presented at the annual meeting of 
Minnesota Ornithologists' Union on 4 December 1993; at the Midwest Fish and Wildlife 
Conference in Indianapolis, IN on 7 December 1994; and at the annual meeting of the 
North Dakota Chapter of The Wildlife Society in Bismarck on 2 February 1995. 
Popular reports were published in the Northwest Experiment Station News (Vol. 22, No. 
1. 1994) and Minnesota Science (Vol. 48, No. 3. 1994). A semi-technical progress 
report of the 1993 field season was published in Minnesota Wild Rice Research - 1993 
(Misc. Pub. 82-1994, U of MN Ag. Exp. Sta.). 

Progress reports were presented in 1994 to the Red Lake Watershed District Board 
of Directors in Thief River Falls, the annual conference of the Minnesota Wild Rice 
Council in Grand Rapids, and the Wetland Wildlife Research Group of the Minnesota 
Department of Natural Resources in Bemidji. 
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INVERTEBRATE STUDY OF CULTIVATED WILD RICE PADDIES IN 
NORTHWEST MINNESOTA 

Introduction 

Mary G. Henry and 
Gary A Nohrenberg 

Minnesota Cooperative Fish and Wildlife Research Unit 
Department of Fisheries and Wildlife 

University of Minnesota, St. Paul 

Commercial wild rice production involves several natural resource issues. Rice 
paddies are known to attract large numbers of migrating and breeding waterfowl, as 
well as other birds. Paddies provide a valuable source of food for waterfowl in the form 
of wild rice seeds, and aquatic invertebrates that also occupy the paddies. These 
aquatic invertebrates are critically important in the diets of waterfowl and other 
migratory birds and can also indicate overall water quality. During the rice growing 
season, water that occupies rice paddies may be contaminated by agricultural 
pesticides through run off from adjacent fields, drift during spray operations, or direct 
over spray. Pesticides can be lethal to the aquatic invertebrates that ducklings, 
breeding ducks, and other birds rely on as a food source (Swanson et al. 1979, 
Swanson and Meyer 1979). Subsequent return of water from paddies to rivers, after 
possible exposure to pesticides, raises questions concerning water quality. The 
characterization of invertebrate communities present in wetlands/paddies can indicate 
their ability to support waterfowl and other wildlife as well as serve as an indicator of 
overall wetland/paddy conditions. 

Invertebrate sampling during the 1993 field season was designed to characterize 
invertebrate communities of cultivated wild rice paddies in a northwestern Minnesota 
study area. The data collected also gave an indication of differences between 
invertebrate communities occupying the ditches surrounding the paddies, and those 
occupying the central water-retaining portion of the paddies. 

Materials and Methods 

A large part of wetlands research focuses on invertebrates because of their sensitivity 
to chemicals and their importance as a waterfowl food source. Accurate 
characterization of aquatic invertebrate communities is dependent on the sampling 
techniques and devices used. Several sampling devices are currently used for aquatic 
invertebrate sampling. Each of these devices is designed for sampling specific types 
of invertebrates and is used in different types of aquatic habitats (Merritt and Cummins 
1978, Kaminski and Murkin 1981, Swanson 1978 & 1983). Because no single type of 
device is capable of accurately sampling all species of invertebrates present, we felt 
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the most successful approach would incorporate the use of more than 1 sampling 
device and method. 

For the purpose of this project, 2 types of sampling devices were used; activity traps 
(ATs), and emergent traps (ETs). Activity traps are suspended in the water column 
where they are capable of capturing nektonic, planktonic, and epibenthic invertebrates. 
These traps are also capable of sampling the nymphs of emergent invertebrates that 
occur in the water column. Emergent traps are specifically designed to capture adult 
aquatic invertebrates emerging from the water surface. 

Using maps provided by Gunvalson farms, 13 paddies were randomly selected for 
invertebrate sampling. Using random numbers, random entry points were determined 
for each paddy sampled. Transects were placed on each of these random entry points 
with 2 ATs and 2 ETs placed on each transect. Half of the traps were placed in the 
ditches and half in the main body of the paddy. For the purpose of our sampling we 
assumed that the main body of each paddy and the perimeter ditches surrounding 
each paddy were homogeneous in structure. Sampling began on 6 May and continued 
until28 July 1993. Activity traps were set for a 24-hour period and collected bi-weekly, 
while ETs were set for a 72-hour period and collected once per week. Invertebrates 
in traps were collected and preserved for later identification. Most invertebrates were 
identified to the taxonomic level of Family. 

Results 

The 1993 field season was marked by cool temperatures and high winds in the study 
area. As a result, the number of invertebrates captured in emergent traps was small, 
and those data are not included in the analysis. Only activity trap samples collected 
from 7 May to 24 June 1993 are analyzed in this report. A listing of the taxa sampled 
during the 1993 field season is shown in Table 1. 

One of the goals of our sampling was to determine if the species composition of 
invertebrates differed in the perimeter ditches versus the main bodies of the paddies. 
To compare species composition, we recorded the total number of families that 
occurred in the ditch traps versus those that occurred in traps located in the main 
bodies of the paddies during the sampling season. Table 2 shows the occurrence of 
all families, both vertebrate and invertebrate, which occurred in the ditches versus the 
paddies for all 13 sites that were sampled. There was no significant difference 
between the numbers of families in ditches versus paddies (paired-t = 0.463, d.f. = 12, 
P = 0.651 ). We also compared the number of invertebrate families only (excluding 
vertebrate taxa), in ditches versus paddies (Table 3). No significant difference (paired
t = -0.529, d.f. = 12, P = 0.606) was observed in the number of invertebrate families 
occurring in ditches versus paddies. 

A second goal of the 1993 sampling season was to determine if invertebrate densities 
differed between ditches and paddies. Total densities of all taxa for the sampling 
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period are shown in Table 4. No significant differences (Wilcoxon's T = 21, P > 0.05) 
in the number of individuals captured in perimeter ditches versus paddies were 
evident. 

Discussion 

In all 3 statistical comparisons: total number of animal families, number of invertebrate 
families, and total number of individuals, no significant differences were observed 
between perimeter ditches and paddies. Temporal differences were not considered 
during this analysis. The cool weather and rains during the sampling season likely 
reduced the invertebrate densities observed during sampling. The cool weather and 
single season of sampling make it difficult to draw strong inferences about total 
densities in the sampling areas. The sampling did however, give an indication of the 
taxa that may typically be found in cultivated wild rice paddies in northwestern 
Minnesota. Further sampling of a similar type would be helpful in identifying 
similarities between invertebrate taxa in commercially harvested rice paddies versus 
naturally occurring paddies and wetlands. 
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Table 1. Animal taxa identified from rice paddies and adjacent ditches in 
northwestern Minnesota during 1993. 

WATER BEETLES 

Dytiscidae 
Gyrinidae 
Hydrophilidae 

MAYFLIES 

Baetidae 
Siphlonuridae 
Caenidae 

SNAILS 

Lymnaeidae 
Physidae 
Planorbidae 

FROGS 

Anura 

WATER BUGS DRAGONFLIES 

Corixidae Libellulidae 
Belostomatidae Aeshnidae 
Notonectidae Haliplidae 

MOSQUITOES MIDGE/FLIES 

Culicidae Chironomidae 
Ceratopogonidae 
Chaoboridae 

MINNOWS LEECHES 

Gasterosteidae Hirudinea 
Umbridae 
Cyprinidae 

SCUDS/FRESHWATER SHRIMP 

Gammaridae 
Talitridae 
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DAMSELFLIES 

Lestidae 
Coenagrionidae 
Pleidae 

CRUSTACEANS 

Talitridae 
Notostraca 
Conchostraca 
Cladocera 
Ostracoda 
Copepoda 

SPIDERS 

Hydracarina 



Table 2. Total number of animal families occurring in ditches versus paddies in 
northwestern Minnesota during 1993. 

No. of families 
Site Perimeter ditch Paddy 

1 11 12 
2 16 20 
3 22 22 
4 20 18 
5 18 18 
6 15 14 
7 22 19 
8 15 19 
9 18 17 

10 20 17 
11 19 19 
12 16 19 
13 17 19 

Table 3. Total number of invertebrate families in ditches versus paddies in 
northwestern Minnesota during 1993. 

Site 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

No. of families 
Perimeter ditch Paddy 

9 10 
16 17 
19 18 
18 15 
15 15 
12 11 
19 16 
14 17 
15 15 
17 16 
16 18 
14 17 
15 18 ---------------------------------
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Table 4. Total densities of all animal taxa in ditches versus paddies in northwestern 
Minnesota during 1993. 

No. of individuals 
Site Perimeter ditch Paddy 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

522 
2964 
663 

3136 
1972 
764 
889 

1078 
1469 
6580 
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611 
890 
706 

815 
4920 
1294 
2741 
7170 
1059 
3711 
1761 
2387 
1298 
1094 
633 
530 



CULTIVATED WILD RICE PADDIES AND THEIR RELATIONSHIP TO 
WATERFOWL IN NORTHWESTERN MINNESOTA- 1994 ANNUAL REPORT 

Introduction 

Jay Huseby, Graduate Student, 
University of North Dakota, Grand Forks, 

and Research Technician, Northwest Experiment Station 
University of Minnesota, Crookston 

The value of wild rice (Zizania palustris) seeds as a preferred duck food has been 
frequently cited. Rogosin (1951) classified wild rice as one of the important duck foods 
in the United States and Canada, and Martin and Uhler (1939) called it one of the best 
known of North American duck foods. Cultivated wild rice is produced in diked paddies 
that are flooded in the spring and drained in late summer. Water levels are maintained 
at about 10 inches throughout most of the growing season (late May- early July). 
Beginning around the second week in July, paddies are slowly drawn down in 
preparation for harvest, which typically begins in early August. Paddies are attractive 
to waterfowl due to abundant invertebrates; wild rice seeds; sago pondweed 
(Potamogeton pedinatus) seeds and tubers; and arrowhead (Sagittaria latifolia) tubers. 
Sorenson (1973) and Johnson (1976) found large numbers of migrant waterfowl, as 
well as many breeding duck pairs, to use Minnesota's cultivated wild rice paddies 
during spring. Data collected during 1993 and 1994 will aid in evaluating wild rice 
paddies and associated upland nesting cover with respect to waterfowl nesting and 
brood rearing values, in addition to spring and fall migrant use. 

Our study area is located in northeast Polk, northwest Clearwater, and southeast 
Pennington counties, about 12 miles northeast of Oklee, Minnesota. It is positioned 
along a major migration corridor of the prairie pothole and lake country of western 
Minnesota. Agassiz National Wildlife Refuge and the Thief Lake Wildlife Management 
Area are located about 30 and 40 miles to the northwest, respectively. The study 
centers on a 1 0-section block of land bisected by the Clearwater River, the water 
source for rice production. This area contains about 1,600 acres of wild rice distributed 
in some 40 paddies. The land is owned and operated by the Gunvalson brothers 
(John, Jim, and Ken) and Paullmle. A variety of idle brushland, pastureland, small 
grain fields, woodlands, and CRP land is distributed throughout the study area. This 
area is representative of the prairie - forest transition area, where about half of the 
cultivated wild rice is produced in Minnesota. 

Methods 

Objective 1: Use of cultivated wild rice paddies by migrant waterfowl. 
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Spring and fall census routes 

Species composition and density (number of birds per flooded paddy acre) were 
recorded along a pre-selected, 5-mile census route. The route included up to 17 
paddies of various size and shape, representing about 780 acres of rice. The census 
was conducted weekly, with counts alternating between mornings (0700 - 1 000) and 
evenings (1700- 2000) when waterfowl were most active. Due to variations in paddy 
size and the potential for ducks to be hidden by vegetation along paddy and island 
edges, data were recorded using a combination of the single point observation method 
and the circuit count (Hammond 1970). Researchers stopped at several observation 
points when observing large paddies to more accurately record bird numbers. Birds 
flushed from cover along paddy edges were recorded as researchers moved from one 
observation point to the next. Spring data collection began in early April, when open 
water first appeared on some of the paddies, and continued to late May, when the 
visibility of waterfowl became restricted by standing rice. Census routes were resumed 
in mid to late September, once fall flooding of some of the paddies along the route had 
begun, and continued through October until paddy freeze-up. 

Paddy food resources 

To estimate paddy food resources available to migrating waterfowl, 240 core samples 
were collected from 3 moldboard plowed and 3 chisel plowed paddies from 1 - 1 0 
October 1993, following cultivation and prior to fall flooding. Soil cores were collected 
from the top 6 inches using a soil bulk density sampler having a diameter of 4 inches 
(1 0.16 em). Beginning at the center of a paddy, 10 cores were collected at 10 meter 
intervals in each of the cardinal directions. Half of the samples from each paddy were 
randomly chosen for analysis. Cores were analyzed in the Soils Laboratory at the 
University of Minnesota, Crookston. Samples were placed in warm water to loosen the 
mostly peat soil, screened through a 2 mm soil screen, then transferred to a clean 
separation tray where food items were separated and tallied. 

Objective 2: Waterfowl production and habitat use of paddies and associated 
uplands. 

Breeding population census 

Local breeding populations were estimated using methods similar to those of the 
Wetlands Wildlife Research Unit, Minnesota Department of Natural Resources, Bemidji 
(Todd Eberhardt, pers. comm.) and the Agassiz National Wildlife Refuge (Gary 
Huschle, pers. comm. ). Census routes were chosen where vehicle access on dikes 
or roads was good. All ducks within a 200 - meter strip from the vehicle into a paddy, 
were counted. Only the length of the 200 - meter strips along paddy edges was used 
in calculating the total area censused. Counts were conducted during the third week 
in May between 0600 and 0930. 
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Nest searching 

Intensive nest searching was commenced during the second week in May, after some 
upland-nesting hens had begun incubation. Nest searches were conducted in one of 
2 ways. Open, upland cover (i.e., CRP land) was searched by dragging a 50-foot 
length of cable between 2 all-terrain vehicles (Klett et al. 1986). Potential nesting 
cover that was inaccessible to cable-dragging was systematically searched by 
researchers on foot, using willow sticks to flush nesting hens. Islands, paddy dikes, 
and brushy areas were searched in this manner. Potential nesting cover was searched 
at 2-week intervals throughout the nesting season. 

Nests were marked 10 feet to the north with a 6-foot willow stake and flagged with 
surveyor's tape. The following data were recorded for nests: date found, location on 
base map, 1 00% visual obstruction reading (VOR) using a Robel pole (Robel et al. 
1970), number of eggs present, and laying or incubation stage when found. 
Information was updated each time a nest was revisited. 

Trapping and marking nesting hen mallards 

After a mallard nest was located, a return visit was made at an estimated incubation 
stage of 20 days. At this time, the hen was flushed, nest data updated, and a walk-in 
nest trap (Dietz et al. 1994) was placed over the nest. The trap was visited about 3 
hours later, allowing the hen time to find her way through the funnel-like opening of the 
trap and resume incubation. The trap was approached rapidly from the direction the 
opening faced, and the hen was usually captured. 

Once captured, the hen and nest trap were immediately removed from the nest site to 
reduce the amount of disturbance to surrounding cover. Processing took place 50 to 
75 yards from the nest site. Hens were leg-banded, then equipped with radio 
transmitters weighing about 3.8 grams (source: Advanced Telemetry Systems, Esko, 
MN). Transmitters were attached at shoulder level along the midline of the back 
following procedures similar to those used by Mauser and Jarvis (1991) and refined 
by Gary Krapu, National Biological Service, USFWS, Jamestown, NO. A stainless 
steel anchor, inserted just beneath the skin, and 3 sutures were used to secure 
transmitters. Average processing time was about 15 minutes per hen. After 
processing, hens were mildly anesthetized using methoxyflurane to reduce the risk of 
abandonment after being returned to the nest (Rotelli and Ratti 1990). Researchers 
quickly left the nest site without flushing the hen from the immediate area. 

Processing newly-hatched ducklings 

Mallard nests were visited near the predicted date of hatch (24- 25 days incubation). 
If the nesting hen had been radioed, this visit would occur while she was absent from 
the nest. During this visit, a more accurate hatch date could be estimated. On the 
predicted date of hatch, the hen was flushed from the nest and the newly - hatched 
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ducklings were processed. The entire brood, or those completely out of the eggs, were 
placed in a container, covered with a towel, and transported away from the immediate 
nest area. All recovered ducklings were web - tagged, and up to 5 randomly chosen 
ducklings were equipped with 1.9 gram transmitters, using procedures similar to those 
described for hens. Never was more than half of the clutch equipped with transmitters. 
After processing, ducklings were returned to the nest bowl and covered with a towel 
until their activity level had dropped to a point where there was minimal risk of 
ducklings leaving the nest bowl before return of the hen. 

Monitoring movement and survival of radio - marked hens and broods 

Once radioed, adult hens were located daily to monitor movements and nest status. 
Locations were determined by triangulation from 2 or 3 points identifiable on base 
maps. Broods were tracked from nests to their first wetland and then located twice 
daily. Broods were tracked either by monitoring individual duckling frequencies, or in 
the case where only the hen had been radioed, by following her frequency. Radio
marked individuals were monitored throughout the summer until fledging, mortality, or 
loss of radio signals. Visual sightings were obtained when possible to verify survival 
of non-radioed ducklings. Data collected on radioed hens and broods were used to 
determine movements, habitat use, and survival of broods. 

Results 

Objective 1: Use of cultivated wild rice paddies by migrant waterfowl. 

Spring and fall census routes 

Census route data collection began the first week in April, when open pockets of water 
appeared on paddies flooded the previous fall. Although little open water was 
available at this time, what was available held large numbers of waterfowl; particularly 
mallards, pintails, Canada geese, and ring-necked ducks. By mid-April, most of the 
fall-flooded paddies contained some open water and pumping had begun to fill other 
paddies. Spring use of paddies peaked between mid-April and the first week in May 
when densities reached 8 - 10 birds per flooded paddy acre (Fig. 1) and up to 18 
different species were recorded during counts (Fig. 2). Species represented by 
greatest numbers during this period were tundra swans, ring-necked ducks, lesser 
scaup, mallards, northern pintails, American wigeons, and blue-winged teal. Also 
present were gadwalls, green-winged teal, northern shovelers, wood ducks, 
canvasbacks, redheads, snow and Canada geese, and American coots. 

By mid-May, many of the more northern breeders (northern pintails, tundra swans, and 
most of the divers) had departed, and waterfowl density began to decrease, stabilizing 
at about 10% of peak spring density (Fig. 1 ). By the beginning of June, the wild rice 
had passed the floating leaf stage of development, restricting visibility, and routes were 
discontinued. Species present at this time were mallards, gadwalls, American 
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wigeons, blue-winged teal, wood ducks, northern shovelers, redheads, lesser scaup, 
and Canada geese. All species, except redheads, were confirmed to nest in the area. 

To estimate fall migrant numbers, the census route was resumed in the third week of 
September, the onset of fall flooding. In early fall, waterfowl began using paddies 
immediately after flooding. Flooding continued until freeze-up with waterfowl use 
increasing as more paddies were flooded (Fig. 1 ). A large influx of birds occurred 
around mid-October, just prior to freeze -up, with densities in excess of 20 birds per 
flooded paddy acre being recorded. Although late fall peak densities were over 
double spring densities, the greater numbers were represented by fewer species, 
primarily tundra swans, Canada geese, mallards and ring-necked ducks. 

Several changes were apparent when comparing 93 and 94 census data. In 1994, 
more species arrived on the paddies earlier in the spring and remained longer than in 
1993 (Fig. 2). Spring density was similar for the 2 years, but during the fall of 1994, 
the large influx of birds occurred almost 2 weeks later than in 1993 (Fig. 1 ). Species 
observed using paddies changed little between years except for American coots, which 
were very abundant on paddies throughout the spring and summer of 1993, but were 
seldom observed in 1994. 

Paddy food resources 

Seeds from smartweed (Polygonum spp.), water plantain (Aiisma plantago-aguatica), 
arrowhead, wild rice, and sago pondweed made up the bulk of vegetative foods found 
in samples. Total weight for each food item was calculated on a per acre basis, with 
fresh (wet) weights multiplied by 0.13 to obtain dry weights (Kantrud 1990). Using 
averages for gross energy of the food items (Reinecke and Owen 1980, Fredrickson 
and Reid 1988), and assuming a 70% conversion efficiency, nutritional value and 
availability of the 4 most common food items was calculated (Table 1 ). Combining the 
4 food items, our samples suggested that, prior to fall flooding, a single acre of paddy 
has the potential to provide 383,962 kilocalories of metabolizable energy for waterfowl 
use. Duck-use-days (DUD's), the number of ducks that could survive on an acre of 
wild rice paddy for 1 day based on food availability, was calculated following Prince 
(1979) and Reinecke (1989). Where: 

DUD's = [food available (g dry mass) 
x metabolizeable energy (kcal/ g dry mass)] 
divided by [ daily energy requirement (kcal/ day)]. 

Based on the energy requirements of mallard ducks (Prince 1979), a single acre of wild 
rice paddy can provide over 1300 mallard use days. 

Objective 2: Waterfowl production and habitat use of paddies and associated 
uplands. 
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Breeding population 

The breeding population of ducks was estimated from a total of 12.2 miles (19.6 km) 
and 13.8 miles (22.2 km) of 200 meter strips along paddy edges in 1993 and 1994, 
respectively. Combining the 2 year's data, 13 species were recorded (Table 2), 10 of 
which were confirmed to nest on the area. Mallards, blue-winged teal and northern 
shovelers made up the bulk of the breeding population, comprising between 86 and 
88% of the total birds counted. Wood ducks, 9.5% of the 1994 breeding population, 
showed a marked increase between the 2 years, representing less than 3% of the 
breeding population in 1993: Densities of breeding birds were 1.1 and . 76 birds per 
acre for the 2 years, which translates into roughly 675 and 480 breeding birds per 
square mile of paddy. Improved water conditions on the western prairies may account 
for the decrease in breeding waterfowl recorded in 1994, compared to 1993. 

Nesting 

During 1993 and 1994, 283 upland waterfowl nests were located while cable-dragging, 
searching potential nesting cover on foot, or incidental to other field work. The peak 
of nest initiation for upland nesting duck species (mallards, blue-winged teal, green
winged teal, northern shovelers and gadwalls) occurred during the middle of May (Fig. 
3). About 40% of all upland duck nests were initiated during a 2-week span (8 May -
22 May), so the peak of hatching occurred during mid-June with ducklings fledging 
during early August. Mallard nest initiation was relatively constant from the first week 
of May to the third week of June, then dropped off rapidly with the last observed nest 
initiated the first week of July. Blue-winged teal nest initiation peaked during the 
second and third weeks of May and gradually tapered off into early July. Most of the 
northern shoveler nests (18 of 21) were initiated during weeks 2, 3, and 4 of May and 
week 1 of June with no distinct peak apparent. Only 1 0 gadwall and 1 green-winged 
teal nests were located, all initiated between the last 2 weeks in May and the first 2 
weeks in June. 

On 29, 30, and 31 May of 1993, the emergent vegetation, [mainly cattail (Typha spp.)], 
along perimeter and interior ditches of about 700 acres of paddies was searched via 
canoe. Overwater nests of 58 American coots, 1 pied-billed grebe and 1 canvasback 
were located. Due to time constraints of other field work, nesting success was not 
determined except for the canvasback nest which was successful. During 1994, no 
American coot nests or broods were observed on paddies. 

Nest success was determined for all waterfowl found nesting on the study area in 1993 
and 1994 (Table 3). Seven species nested in uplands, with blue-winged teal and 
mallards the predominant nesters. To date, 283 waterfowl nests have been located 
and monitored, 111 of which hatched, yielding an apparent nesting success of 39.2%. 
Overall nesting success varied little between years with Mayfield estimates being 
22.7% and 20.5%, respectively. Northern shovelers had the highest success with an 
average Mayfield success of 29.7% for the 2 years while mallards showed the lowest 

88 



success, averaging 7.9%. Because hens and broods were radioed at the nest site, 
mallard nests were visited prior to hatching almost twice as often as nests of other 
species. It is probable that investigator disturbance contributed to the lower nesting 
success of mallards. 

Analysis of 1993 nesting data suggested nest site selection influenced success of a 
given nest. Hens nesting on islands or in large blocks of cover had 41.5% apparent 
success, while those nesting on roadsides, paddy dikes, or other strip cover showed 
only 7.1 % success. Nest success was significantly dependent on nest site selection 
by upland-nesting hens (Chi-square= 11.406, p < .001 ). Investigator influences, in 
addition to nest site selection by hens, were also found to influence nest success or 
failure. Factors such as; whether or not a capture attempt was made on a nesting hen, 
how a nest was located, and the number of investigator visits to a nest all influenced 
the predictability of nest success (t > 2.0, 120 df, p < .05). 

Predation was the main cause of nest failure, accounting for 81% of unsuccessful nests 
in 1993 and 85% in 1994. Predators commonly recorded on the study area and 
suspected to have preyed on duck nests were: Richardson's ground squirrels 
(Spermophilus richardsonii), striped skunk (Mephitus mephitus), raccoon (Procyon 
lotor), mink (Mustela vison), red fox (Vulpes vulpes), and coyote (Canis latrans). 
Abandonment, agricultural practices, and investigator disturbance contributed to the 
remaining losses. 

Capture. processing. and radio tracking mallard hens and broods 

During the 1993 and 1994 nesting seasons, 24 mallard hens were captured on nests 
and tracked for a total of 300 radio days. Average length of monitoring period for 
individual radioed hens was 25.2 days. Eleven of the radioed hens were successful 
in their nesting attempts and we radio tagged 9 of these broods at the nest.. A total of 
48 mallard ducklings were equipped with radio transmitters, with 41 captured on the 
nest at hatching, representing 11 separate broods (9 with radioed hens and 2 with 
unradioed hens). Ducklings processed at the nest site were tracked for a total of 643 
radio days. One brood of radio-marked mallard ducklings was abandoned by their 
radioed hen in early August of 1994 at age 14 days and was observed to be 
accompanied by a green-winged teal h~n on several occasions. 

All 9 radio-marked broods were located on a wild rice paddy within 24 hours of being 
radioed. Distance traveled from the nest to the first wetland varied from a few feet 
(island nesters) to over a mile, with the average distance being about 200 yards. 
About 83% of the radioed ducklings survived their first overland movement, and 42% 
survived to an age of 14 days. Minimum survival beyond 28 days was 22%, and any 
ducklings reaching this age were suspected to have fledged. In 1993, 7 additional . 
ducklings were captured and radioed when they were incidentally encountered on 
paddies with unmarked hens. These duckling were tracked for a total of 17 radio days, 
but none fledged. 
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Broods reaching paddies prior to the emergence of aquatic vegetation (primarily wild 
rice) restricted habitat use to cover along paddy edges or interior ditches. However, 
once developing rice passed the floating leaf stage, broods utilized the entire paddy. 
Broods reared on paddies remained relatively stationary, unless there had been a 
disturbance (suspected predation event or agricultural activity) or paddies were drawn 
down in preparation for harvest. Paddy drawdown began in late July, slowly draining 
paddy interiors. Broods became concentrated in paddy ditches during drawdown and 
increased movements and mortality were associated with this event. 

Summary and Plans for the 1995 Field Season 

Substantial progress was made during the past 2 field seasons in our understanding 
of the relationship between wild rice farming and waterfowl. Wild rice paddies were 
found to serve as attractive stop-over habitat for migratory waterfowl. In addition to 
providing resting areas, paddies contained a considerable amount of food resources 
which can be utilized by migrating birds. 

A considerable number of waterfowl nests were located and monitored in 1993 and 
1994, despite the relatively limited amount of '.'high quality" nesting cover on the site. 
More nests were located in 1994 than 1993, even though more favorable nesting 
conditions farther west were suspected to have reduced waterfowl numbers in our 
area. This suggests a substantial, local breeding population. Familiarity with available 
nesting cover, and a more thorough understanding of apparent preferences and 
nesting chronology of nesting species, should lead to increased efficiency in locating 
nests in 1995. An increased sample size of nests will contribute to a better 
understanding of waterfowl nesting in association with wild rice paddies. 

Brood habitat values of wild rice paddies will be given more attention in the 1995 field 
season. Paddy drawdown occurs at a critical period for some broods reared on 
paddies. Less than 40% of broods from observed nests would have fledged prior to 
the onset of drawdown and 25% of the nests had not hatched when paddy water levels 
began to drop in late July. To fully evaluate effects of drawdown on broods reared on 
paddies, more late-hatching broods will be monitored. 

When considering the benefits that waterfowl derive from cultivated wild rice, one must 
consider the extent to which essential habitat requirements are met. Although 
cultivated wild rice paddies of northwestern Minnesota are intensively managed, 
artificial wetlands, they play an important role in fulfilling some of the needs of 
breeding and migratory waterfowl. 

At the conclusion of the 1995 field season, data will be analyzed to form the basis for 
a doctoral dissertation at the University of North Dakota. 
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Table 1. Wild rice paddy food resources available to migrant waterfowl. 

Metab. energy 
Food item lbs/acre (kcal/acre) 

Wild rice (seeds) 183.4 247,247 
Sago pondweed (tubers) 81.1 110,582 
Sago pondweed (seeds) 11.4 17,424 
Duck potato (tubers) 5.8 8,709 

TOTAL 281.7 383,962 

Table 2. Duck breeding populations associated with wild rice paddies. 

Density (birds/Qaddy acre} Percent comQosition 
Species 1993 1994 1993 1994 

Mallard 0.56 0.36 53.3 47.3 
Blue-winged teal 0.26 0.25 24.8 32.3 
Northern shoveler 0.11 0.05 10.0 6.9 
Wood duck 0.03 0.07 2.9 9.5 
Scaup 0.02 0.02 2.1 2.6 
Gadwall 0.02 0.01 2.0 0.6 
Green-winged teal 0.01 0.3 
Redhead 0.02 1.8 
Northern pintail 0.02 0.01 1.8 0.3 
American wigeon 0.01 0.01 0.4 0.3 
Ring-necked duck 0.01 0.4 
Canvasback 0.01 0.4 
Ruddy duck 0.01 0.2 
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Table 3. Waterfowl nesting in upland cover associated with wild rice paddies. 

1993 
No. hatched/ 

Species No. found 

Blue-winged teal 23/63 
Mallard 13/43 
Northern shoveler 10/14 
Gadwall 2/4 
Canada goose 3/4 
Green-winged teal 
Ring-necked duck 

--------
TOTAL 51/128 
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Figure 1. Density of migratory waterfowl using wild rice paddies, 1993, 1994. 
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COMMINUTED BEEF/BARLEY MIXTURES1 

-
E. A. Katsanidis2, P. B. Addis, and R. J. Epley 

Abstract 

Warmed-over flavor (WOF) is a major problem in meat products. The 
major cause of WOF is phospholipid oxidation. Barley bran is rich in tocotrienols 

(Type I antioxidants). Wild rice is rich in phytate (Type II antioxidant). In order to . 

investigate the antioxidant effectiveness of these compounds, ground beef patties 
containing barley flour with different levels of bran and/or wild rice were prepared, 

stored under refrigerated or frozen storage, either uncooked or cooked. The TBA 
test was used to monitor the development of rancidity. Both barley flour and wild 

rice seemed to have significant effects in retarding rancidity. Barley flour with 

higher bran content was more effective. A consumer panel evaluated the 

acceptability of cooked patties. No significant differences in overall liking scores 
were observed for the various treatments. 

Introduction 

There are several problems related with the production and marketing of 

lean ground beef products. 

From a nutritional standpoint, beef has been associated with increasing 

plasma cholesterol levels and providing iron which could induce lipid peroxidation. 

Although meat is rich in protein, it does not provide any carbohydrates or fiber in 

the diet. 

1This research was sponsored by grants from Minnesota Beef Council, Agricultural 
Utilization Research Institute, Rochester Meats, and the Minnesota Barley 
Research & Promotion Council. 

2 Authors Katsanidis and Addis are with the Department of Food Science and 
Nutrition, and author Epley is with the Department of Animal Science, at the 
University of Minnesota, 1334 Eckles Avenue, St. Paul, MN 55108. 
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These characteristics have been associated with increased risk of CHD and 
some forms of cancer. Although cause and effect has not been established, the 

consumer is still skeptical about eating beef and keeps looking for other 
alternatives that are not always better or healthier. 

Another problem that makes lean products less desirable is that they do not 
have the taste and mouthfeel of the full fat products. By removing the fat, we 

remove a lot of fat soluble volatile compounds that are the major contributors to 

taste and flavor of the meat. Furthermore, low-fat products tend to have a dry and 

firm texture. 
A problem related specifically to cooked meat products is the development 

of "Warmed Over Flavor" (WOF). ~he development of WOF starts very shortly after 
the meat is cooked; this obviously shortens the shelf-life of a precooked meat 

product. The use of vacuum packaging and some powerful synthetic antioxidants 
seems to be effective but creates other problems such as perceived health risks 

from the synthetic antioxidants, labeling problems and increased cost. So far, there 

has not been a completely successful way to prevent WOF. 

Barley is rich on tocotrienols, a form -of vitamin E (Lindsay, 1990). 

Tocotrienols are Type I antioxidants (Aidarkhanov, 19a9). It has been 

demonstrated by our laboratory (Wu, 1994) that wild rice contains an effective Type 
II antioxidant (phytate) that extends shelf-life of raw and cooked beef and pork. It 

was postulated that adding both Type I and II antioxidants to meat would result in 

superior antioxidant protection with a possible synergism. 

Considering all the above, our goal was to develop a product that would not 

develop WOF over a reasonable period of storage time, would have an attractive 

nutritional value and would still be considered desirable by the consumer. 

Materials And Methods 

Since tocotrienols are found mainly in the bran, three different barley flours 

were used, each one containing a different amount of bran. One flour, labeled as 
0% bran, was flour from pearled barley. This means that the bran was _ removed 

from the kernel prior to grinding. The flour labeled as 100% bran was made of 
whole barley, containing all the bran. The flour labeled as 50% bran, was made by 

mixing equal amounts of the two above flours. However, when the flours were 
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analyzed for bran content, it was found that the 0% flour- or pearled - contained 

some bran ( -4.5% of the flour). This is because there are limitations in the process 

of the removal of the bran (pearling process). 

The wild rice was hydrated before it was mixed with the meat. The hydration 

was accomplished by immersing the wild rice in excess of boiling water for 55 

minutes, creating a hydration level of approximately 2:1. 

There were eight different treatments. in this study. The control (10% fat 

ground. beef), three treatments containing ground beef (1 0% fat) and 1.5% of each 

one of the three flours, and the same treatments with 15% added wild rice (see fig. 

1 ). 

Fig. 1. Experimental design 

<--------1.5% Flour -------> 
No Flour 0% bran 50% bran 100% bran 

No Wild Rice X X X X 
Wild Rice X X X X 

Each of the eight treatments - presented above - was stored in four different forms : 

- Raw, Unfrozen (styrofoam trays, PVC) 

- Raw, Frozen 

-Cooked, Unfrozen 

- Cooked, Frozen 

(styrofoam trays, vacuum) 

(styrofoam trays, PVC) 

(styrofoam trays, vacuum) 

The unfrozen product was kept at 20C, and was evaluated after 0, 3, 6 and 9 

days of storage. The frozen product was kept at -230C, and it was evaluated after 0, 

3 and 6 months of storage. The whole study was replicated. 

An impingement oven was used for cooking. This is an oven that has a 

conveyor belt, where the pan carrying the samples is placed and driven through a 

chamber where hot air is blown in a perpendicular direction from top and bottom. 

This is not a typical convection oven. 

The samples to be frozen were vacuum packaged while still hot. This 

method gives a better vacuum when the samples cool down, leaving less oxygen 

available to participate in oxidation reactions. 

The TBA test, as described by Tarladgis et al (1960), was used to measure 

the rancidity level of the samples. This method was selected because it can follow 
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the development of rancidity very well and is very reproducible. Several studies 
have shown that there is a very good correlation between the TSA value and the 

perception of WOF as described by sensory panels (St Angelo et al., 1990). The 

results .were expressed as TSARS or Ihioliarbituric Acid Beactive Substances. 

Consumer panel · 

A consumer panel was used to estimate the acceptability of the products. 

Four treatments were selected for this test: (1) the control; (2) 15% wild rice: (3) 
1.5% barley flour (1 00% bran), and (4) the combination of 15% wild rice and 1.5% 

barley flour. An overall liking test was used. Freshly prepared samples, were 
cooked and presented to the subjects. The subjects were asked to taste each 

sample and express how well they liked or disliked it, by placing a mark on an 11 

em scale. The anchors of the scale were "dislike extremely" and "like extremely". 

The samples were presented to the subjects warm and in a random order. One 

hundred people, mostly students and staff from the Food Science and Nutrition 
Department of the University of Minnesota, were used as subjects. 

The statistical analysis of the data was done using the SYSTAT version 

5.2.1, and was run in a Macintosh Centris 610 computer. 

Results And Discussion 
The TSARS scores are summarized in tables 1-8. The addition of barley 

flour by itself had a very significant effect on the inhibition of rancidity (P<0.001 ). 
The addition of the wild rice also lowered the TSARS scores significantly (P<0.001 ), 

but it was not by itself as effective as the flour. The 100% bran flour, which 

contained the highest amounts of tocotrienols, exhibited the best antioxidant 

properties. The combination of flour and wild rice was the most effective. An 
impressive inhibition of rancidity was accomplished. In all the different storage 

conditions, the TSARS levels of the samples containing 1 00% bran flour remained 

lower than the 0 day control. 
The most impressive results were obtained in the cooked, refrigerated 

samples. These are conditions which normally result in lipid oxidation and the 

development of WOF. Cooked beef patties containing 1.5% whole flour, kept in 
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refrigerated temperature and wrapped in PVC film (oxygen permeable), had 

acceptable TSARS scores even after the ninth day of storage, whereas the control 

had unacceptable TSARS scores beginning on ttte third day of storage (see fig. 2). 

It is reasonable to assume that a great part of the antioxidative potential of 

the flour is due to the tocotrienols; since the flour containing . more bran, and 

consequently more tocotrienols, exhibited higher antioxidant properties. More 

studies are going to be conducted in order to further investigate the antioxidative 

mechanisms. 

Consumer panel 

Although the samples with wild rice and/or barley flour had more desirable 

scores than the controls, the differences were not statistically significant. The 

scores, adjusted in a 1 0 point scale (0 = "dislike extremely", 10 = "like extremely"), 

are shown in table 9. The standard deviation of the scores is relatively high. This is 

because the subjects had different preferences towards red meat in general. Thus, 

there were subjects using only the one end of the scale, and subjects using only 

the other. This very wide distribution in the score did not allow the analysis to be 

very discriminative. However, the results are in agreement with those of Minerich et 

al. (1991 ), who reported that when wild rice is added to ground beef, it improves 

the organoleptic characteristics of the product. 

Conclusions 

We were able to produce a product that had developed significantly less 

WOF over a long period of refrigerated storage compared to 100% beef patties. 

This product could also be considered as a functional food or a neutraceutical, 

since it contains antioxidants that could potentially prevent lipid peroxidation in 

vivo. Moreover, this product has acceptable palatability which will aid marketing 

efforts. 
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T bl 1 TSARS a e . f th vaues or f dct e raw-un rozen pro u . 
no flour 0% bran 50% bran 100% bran 

day 0 0.941 0.782 0.622 0.679 
day 3 1.336 1.077 0.731 0.679 
day 6 1.552 1.148 0.734 0.671 
day9 1.720 1.289 0.735 0.736 

T bl 2 TSARS a e . f h va ues or t e coo ked f d -un rozen pro uct. 
no flour 0% bran 50% bran 1 OOo/o bran 

day 0 2.139 1.231 0.789 0.657 
day3 5.866 3.864 1.529 0.866 
day6 7.961 5.571 2.014 1.007 
day9 9.094 6.745 3.003 1.241 

T bl 3 TSARS a e . f f d va ues or raw- rozen pro uct. 
no flour 0% bran 50% bran 100% bran 

month 0 0.842 0.776 0.638 0.644 
month 3 1.127 0.937 0.626 0.632 
month 6 1.233 0.934 0.657 0.632 

T bl 4 TSARS a e . f k d f d va ues or coo e - rozen pro uct. 
no flour 0% bran 50% bran 100% bran 

month 0 1.147 1.095 0.811 0.686 
month 3 1.866 1.362 0.951 0.753 
month 6 1.762 1.482 0.973 0.839 

T bl 5 Eff ct f th ddT a e . e 0 ea 11on o f 15o/c "ld ' . oWl nee on TSARS f f o raw-un rozen pro duct. 
no wild rice 15% wild rice 

no flour 1.976 0.798 
Oo/o bran 1.451 0.697 
50% bran 0.807 0.604 
100% bran 0.721 0.662 
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Table 6. Effect of the addition of 15% wild rice on TSARS of cooked-unfrozen 
dct _pro u . 

no wild rice 15% wild rice 
no flour 9.546 2.984 
O% .bran 7.026 1.679 
50% bran 2.354 1.134 
100% bran 1.197 0.689 

T bl 7 Eff a 8 . ect o f th ddT ea 110n o f 15o/c 'ld . oWl nee on TSARS f f d o raw- rozen pro uct 
no wild rice 15% wild rice 

no flour 1.382 0.753 
0% bran 1.088 0.677 
50% bran 0.711 0.569 
100% bran 0.655 0.617 

Table 8. Effect of the addition of 15% wild rice on TSARS of cooked-frozen 
odct pr u 

no wild rice 15% wild rice 
no flour 2.012 1.371 
0% bran 1.649 0.977 
50% bran 1.070 0.753 
100% bran 0.807 0.712 

T bl 9 M a e . ean scores an d d .. f h st. ev1at1ons o t e consumer pane . 

Sample Description Score (0-1 0) St. Deviation 

Control (1 00% beef) 5.5 2.5 

Wild Rice (15%) 5.9 2.1 

Flour (1.5%) 5.7 2.3 

Wild Rice + Flour 5.6 2.5 
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