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WILD RICE PRODUCTION AND SEED RESEARCH - 1991 

E.A. Oelke and M.J. McClellan 1 

The 1991 growing season was much warmer in all wild rice growing areas than 1990. The 
total growing degree days (GOD) averaged 579 more than for 1990 (Table 1 ), and 
averaged 61 0 GOD more than the 50-year averages ("normal"). The temperatures were 
particularly warm during the early part of the growing season (April and May). Much of the 
high average temperatures were caused by the much warmer night temperatures. 

Table 1. Growing degree daysa comparisons for 1990, 1991 and normal. 

Aitkin Grand RaQids Crookston 
Month 1990 1991 Normal 1990 1991 Normal 1990 1991 Normal 

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

April 64 220 114 30 197 107 82 240 132 
May 331 575 414 335 581 381 468 652 438 
June 726 775 677 719 795 634 818 904 710 
July 808 826 871 831 828 817 907 985 900 
August 766 896 785 810 898 733 963 1022 850 

Total 2695 3292 2861 2725 3299 2672 3238 3803 3030 

aMaximum temQ. + Minimum temQ. - 40°F; data from Mark Seeley, Soil Science Dept., 
2 Univ. of Minn. 

Total precipitation was higher compared to 1990 (Table 2). It was also higher than normal 
except for Aitkin. The warm night temperatures and ample moisture especially in the 
Aitkin area may have caused the increased fungal brown spot compared to 1990. With 
the use of fungicides per acre yields were better than expected. 

1Professor and Senior Research Plot Technician, respectively. Department of 
Agronomy and Plant Genetics. 
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Table 2. Precipitation comparisons for 1990, 1991 and normal.a 

Aitkin Grand RaQids Crookston 
Month 1990 1991 Normal 1990 1991 Normal 1990 1991 Normal 

- - - - - - - - - - - - - - - - - - - - -- - - GOD - - - - - - - - - - - - - - - - - - - - - - - - - _ 

April 2.94 2.60 2.27 2.12 2.42 1.99 2.22 3.10 1.39 
May 1.39 5.27 3.39 .96 2.79 3.16 0.71 3.74 2.20 
June 5.25 5.16 3.83 4.51 3.10 3.79 5.83 4.36 3.61 
July 2.13 4.58 4.79 3.23 3.79 4.12 0.48 2.87 3.17 
August 2.18 1.79 4.19 2.14 2.02 3.38 3.01 ___JM 3.04 

Total 13.87 19.40 18.47 12.76 14.12 16.44 11.25 15.01 13.41 

aoata from Mark Seeley, Soil Science Dept., Univ. of Minn. 

Total paddy wild rice production in Minnesota was more in 1991 compared to 1990 mostly 
because of higher per acre yields (Table 3}. California production was also higher 
compared to 1990. 

Table 3. Minnesota and California paddy wild rice productions (1 000 processed 
pounds}. 

Year 

1968 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

Production 
Minnesota California 

36 
160 
364 
608 

1496 
1200 
1036 
1233 
1809 
1031 
1761 
2155 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100 
200 

Year 

1980 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 

Production 
Minnesota California 

2320 
2274 
2697 
3200 
3600 
4200 
5100 
4200 
4000 
3978 
4800 
5200 

400 
500 
880 

2500 
2500 
7900 
9000 
4200 
3500 
4000 
4200 
5500 

a1968-1982 Minnesota values from Winchell and Dahl and 1983-1991 from Minnesota 
Department of Agriculture; California values from Marcum, Cooperative Extension 
Service, University of California. 

The total value of the 1991 crop is estimated at $9.28 M compared to $8.16 M for 1990. 
The increase is due to increased production and price. The highest value was in 1986 
when production was the second highest and prices were more per pound than in 1991 
(Table 4). 
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Table 4. 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 1.75 9.28 

Research 

The 1991 research focused on weed control, crop rotation, Spodnam effects on seed 
shattering, and effects of drying wild rice seed before storage on seed viability and 
storeability. The research was conducted on plot land and in laboratories of the University 
of Minnesota, at Grand Rapids and St. Paul, and on specially designed research paddies 
on the Vomela Wild Rice Farms near Aitkin. 

Weed Control Research 

Giant Burreed 

The weed control effort was concentrated on the attempt to control giant burreed with fall 
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and summer applications of herbicides. Giant burreed was established by planting 
rootstocks into a paddy at Grand Rapids in the spring of 1987. The paddy was flooded 
each year to allow the giant burreed to become well established. 

Fall applied herbicides: On August 21, 1990, which is the normal time to harvest wild rice, 
the giant burreed plants were trimmed with a hedge trimmer leaving a 30-inch stubble. 
This is the normal height of the stubble left after harvesting wild rice with combines. The 
upper part of the giant burreed leaf was beginning to die back; however, this was removed 
by trimming and the remainder or lower part of the leaf was still green. The plot size was 
1 0 by 20 ft and the experimental design was a randomized complete block with three 
replications. The herbicides were applied with a hand C02 sprayer at 25 psi at a total 
volume of 30 gal/A. 

The herbicides applied were glyphosate (Roundup) at 1/2, 1 and 2 lb ai/A and 2,4-D amine 
and MCPA with and without crop oil at 1 and 2 lb ai/A. Some visual injury was evident 
from the herbicides six weeks after treatment. The phenoxy herbicides with and without 
crop oil had very little effect on giant burreed growth the next spring. Glyphosate at 1/2 lb 
ai/A also had very little effect, however there was very little regrowth in the spring at the 1 
and 2 lb ai/ A. 

Summer applied herbicides: The herbicide imazethabenz (Assert) at 1/8, 1/4 and 1/2 lb 
ai/A, imazethapyr (Pursuit) at 1/16 and 1/8 lb ai/A, imazapyr (Arsenal) at 1/2 and 1 lb ai/A 
and glyphosate (Roundup) at 1/2 and 1 lb ai/A were applied on July 8, 1991 to giant 
burreed when the oldest shoots were mature. The herbicides were applied in the same 
manner as the fall treatments. The plot size was 10 x 10 ft and replicated four times. 
Table 5 gives the giant burreed injury ratings on August 15. 

Table 5. Giant burreed injury ratings on August 15, 
1991, Grand Rapids. 

Herbicide ·· Rate Injury 

lb ai/A rating 

Assert 1/8 1 
1/4 1 
1/2 1 

Pursuit 1116 1 
1/8 1 

Arsenal 1/2 4 
1 7 

Roundup 1/2 4 
1 6 

Control 0 1 

LSD .05 2 

2 1 = no injury, 10 = complete kill. 
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Assert and Pursuit had no visible effect but Arsenal and Roundup severely injured giant 
burreed. Soil cores with rootstocks were collected in September from each treatment and 
the soil washed from the rootstocks. The rootstocks were stored at 38° F for 3 months to 
release dormancy and then planted in the greenhouse. After 30 days, viability of the 
rootstocks were observed. Table 6 presents the percent viability of the rootstocks in the 
greenhouse. 

Table 6. Percent viability in the greenhouse of giant 
burreed rootstocks after summer treatment with 
herbicides, St. Paul, 1992. 

Herbicide Rate ViabiUty 

lbai/A % 

Assert 1/8 100 
1/4 100 
1/2 100 

Pursuit 1/16 100 
1/8 100 

Arsenal 1/2 0 
1 0 

Roundup 1/2 50 
1 25 

Control 0 100 

LSD .05 6 

Based on fall injury ratings from summer herbicide treatments and rootstock viability tests 
in the greenhouse, it appears that Arsenal would be a good herbicide for controlling giant 
burreed. However Arsenal is not cleared for use in crop land, thus Roundup would be the 
next choice. The 1 lb aj/A reduced rootstock viability by 75%. If a field is badly infested 
with giant burreed it may be desirable to keep the field out of wild rice, but flood field and 
allow the giant burreed to develop, drain the field and treat with at least 1 lb aj/A of 
Roundup. 

2.4-D Amine: Since it appears that MCPA will not be re-registered for aquatic use we are 
pursuing a full label for 2,4-D amine for use in wild rice. In order to obtajn additional data 
we applied 2,4-D amine to a mixture of wild rice and common waterplantain at Grand 
Rapids and Aitkin. It was applied at 1/4, 1/2, 3/4 and 1 lb ai/A with a hand C02 sprayer at 
25 psi at a total volume of 30 gall A. The plot size at both locations was 18 x 20 ft and 
replicated four times. At Grand Rapids the plots were treated when wild rice was at the 
mid to late tillering stage, while at Aitkin 2,4-D was applied at the mid and late tillering 
stage. Common waterplantain was in the early flowering stage. Table 7 presents the 
injury ratings to wild rice and yield data from Grand Rapids while Table 8 presents the 
data from Aitkin. 
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Table 7. Injury ratings to wild rice 10 days after application of 2,4-D amine and 
grain yield at harvest-Grand Rapids. 

Rate 

lb ai/A 

2,4-D amine 1/4 
1/2 
3/4 
1 

Control 0 

LSD .05 

Wild rice injury 

Ratingb 

1 
2 
4 
6 
1 

1 

lb/A 

820 
642 
502 
326 
736 

203 

a40% moisture. b1 =no injury, 10 =complete kill. 

Table 8. Injury ratings of common waterplantain and wild rice, plant height of wild rice 
and dry weight of common waterplantain and wild rice after treatment with 
2,4-D amine at two dates-Aitkin. 

Chemical 

2,4-D amine 

Control 
LSD .05 

2,4-D amine 

LSD .05 

Injury ratinga 
WP WR 

Rate 7/3 8/20 7/3 8/20 

lb ai/A 

Plant 
height 

WR 

em 

Plant dry wt. 
WP WR 

- - - - lb/ A - - - -

- - - - - - - - - - - - - - - - - - - - - - - - - 6/14 - - - - - - - - - - - - - - - - - - - -
1/4 4 8 1 1 17 4 0 5146 
1 /2 5 9 1 2 170 56 5663 
3/4 6 9 2 3 165 66 4982 
1 6 9 3 3 167 120 4900 
0 1 1 1 1 168 2015 4302 

2 3 1 1 NS 412 1242 

- - - - - - - - - - - - - - - - - - - - - - - - 6/18 - - - - - - - - - - - - - - - - - - - - -
114 6 9 1 2 158 40 3076 
1 /2 7 1 0 2 3 160 0 3240 
3/4 7 1 0 3 3 162 0 3158 
1 8 1 0 4 5 145 0 2668 
0 1 1 1 1 165 1909 3267 

2 2 1 1 NS 252 NS 

a1 = no injury, 10 = complete kill. 

At Grand Rapids with a limited infestation of common waterplantain, 2,4-D rates higher 
than 1/4 lb ai/A reduced wild rice yield. At the first date at Aitkin, with a much heavier 
common waterplantain infestation, total wild rice plant dry weight was higher than the 
control, even at the high rate. However at the second date even though common 
waterplantain was controlled, total plant dry weights of wild rice were not better than the 
control probably due to wild rice injury at this later date. Wild rice was in late tillering with 
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some plants in the boot stage. Applications of 2,4-D should be made before wild rice is in 
the boot even though better common waterplantain control can be obtained when common 
waterplantain is fully flowering. 

Sustainable Agriculture 

A Sustainable Agricultural Grant was obtained by George Shetka and the University of 
Minnesota from the Minnesota Department of Agriculture to initiate research for comparing 
continuous wild rice production to rotating wild rice with another crop or fallow every other 
year. The experiment was established in the six 2-acre wild rice research paddies on the 
Vomela Wild Rice Farm near Aitkin. All six paddies were in wild rice production during 
1989. After wild rice harvest all six paddies were rotovated. Three of the paddies were 
fertilized in the fall for wild rice production in 1990. Two hundred fifty pounds of 1-5-40-5S 
were applied before rotovating; while 19 gallons of 22-7-0 were injected after tillage. 

1990 Results 

In the spring of 1990, the three paddies that were not flooded, were divided into three 
strips. One strip was left fallow all summer, one strip was planted to alfalfa, variety 'Nitro,' 
while the third strip was planted to two varieties of spring canola. One variety of canola 
was a medium maturing variety, 'Legend', while the other was a very early variety, 
'Parkland.' The Legend seed was supplied by Interstate Seed Company and Parkland 
seed by Dr. Downey of Canada. The canola and alfalfa strips were fertilized with 15 lb/A 
of P and 100 lb/A of K. In addition, the canola strips received 100 lb/A Nand the alfalfa 
strips 20 lb/A N. The fertilizer was incorporated with a field cultivator before planting. 

Seeding was delayed until May 21 because of wet fields. The canola was seeded at the 
rate of 11.5 lb/A with a 12-ft press-wheel grain drill with 6 inch spacing between rows. 
Alfalfa was seeded at the rate of 19 lb/A with a Brillion seeder. 

One of the three 2-acre wild rice paddies was lost to crayfish, thus yields were only 
obtained from two of the paddies. The wild rice was harvested with the grower's combine 
on August 22. Also, wild rice plant density was high in one of the other paddies resulting 
in lower yields. The average wild rice yield at 40% moisture was 595 lb/A which was 
lower than expected even with two applications of Tilt (Table 9). Part of the reason for low 
yields may have been due to lack of nitrogen which was evident in one of the paddies with 
the higher plant density, and to diseased plants. 

We were successful in establishing both canola and alfalfa in the peat soil. Both grew well 
except for small areas that were too wet. We hand harvested small areas of both crops. 
The remainder of the crop was incorporated into the soil in the fall. The Parkland canola 
flowered very early resulting in short (30 in.) plants and low yield (Table 9). This variety is 
too early for the Aitkin area. The Legend canola variety was taller (40 in.), later and 
yielded more than Parkland. However, the yield was still not as much as needed for 
economical canola production. We feel, however, that earlier planting could result in better 
yield. We had to delay planting because of some seepage from the adjacent flooded 
paddies. Also smartweed was present in canola which might be reduced if canola were 
planted earlier. 

We were able to establish a good stand of alfalfa; however, in one paddy smartweed 
reduced the growth of alfalfa. We were able to reduce the smartweed competition some 
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by mowing the smartweed just above the alfalfa on July 20. We harvested 3 X 20 ft areas 
on August 28 to obtain an estimate of alfalfa yield. We obtained 0.65 ton per acre (Table 
9) with good quality (Table 1 0). It might be possible to obtain one cutting of hay from the 
alfalfa and still allow for enough nitrogen to be added to the soil for next year's wild rice 
crop. The alfalfa was tilled into the soil on September 19. 

Table 9. Wild rice, alfalfa and canota yields in crop rotation experiment
Aitkin, 1990. 

Canolab 
Wild ricea Legend Parkland 

Alfalfac 
Nitro 

- - - - - - - - - - - - - - - - - - - - - - - - lb/ A - - - - - - - - - - - - - - - - - - - - - - -

595 792 303 1294 

a40o/o moisture. bPiants/ff for Legend = 19.6 and for Parkland = 12.1. 
cPiants/ft2 = 15.4; harvested on 8/28. 

Table 1 0. Alfalfa quality when harvested on August 28. 

CP ADF NDF DM p Ca K Mg 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - o/o - - - - - - - - - - - - - - - - - - - - - - -

14.3 42.3 54.5 93.5 .32 1.25 3.06 .35 

1991 Results 

All six 2-acre paddies were in wild rice in 1991. All six paddies were fall fertilized with 50 
lb/A P20 5, 20 lb/A ~0 and lb/A 20S. Two of the paddies that had wild rice in 1990 were 
fall fertilized with 60 lb/A Nand the third, that was lost to crayfish in 1990, had 30 lb/A N 
applied in the fall. Also in the fall, the strips that were fallow in 1990 had 30 lb/A N 
applied while the canola strip has 60 lb/A N applied. The alfalfa strips had no fall N 
applied. The three paddies that were rotated in 1990 were seeded with 30 lb/A of wild 
rice. 

During the 1991 growing season the three continuous wild rice paddies had an additional 
50 lb/A N applied by air, plus 6 oz of Tilt on July 5. Malathion, one lb/A ai., was also 
applied by air on July 25 to the three paddies in continuous wild rice. No fungicide, no 
top-dress N or insecticide was applied to the three paddies which were rotated out of wild 
rice one year. 

The paddies were harvested on August 19. A combine strip about 450 ft long was 
harvested from each treatment. Severe blackbird losses occurred before harvest even 
though we tried to keep them away. It is difficult to control them for a small isolated area. 
We estimate about a 67% loss. Table 11 presents the disease ratings {obtained from R. 
Nyvall) and yield for the different treatments. 
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Table 11. Wild rice leaf disease ratings and yield, 1991. 

o/o of flag leaf diseased on Wild rice grain yield 
Previous crop 6/20 7/5 7/25 40 o/o moisture 

- - - - - - - - - - - - o/o - - - - - - - - - - - - - - - lb/A - - - - - -

Wild rice .05 .75 4.48 40~ X3 = 1206 b 
Alfalfa .10 .60 12.11 201 x3 = 603 
Canola .10 .97 12.48 184 X 3 = 552 
No crop (fallow) .12 .72 9.75 222 X 3 = 666 

LSD .05 NS NS 7.49 182 

aActual yield. bCalculated yield based on 67% loss due to blackbirds. 

Rotating wild rice with other crops (alfalfa or canola) was not sufficient to prevent severe 
infection of fungal brown spot disease. The infection percent of the flag leaf on July 25 
was considerably less when Tilt was applied in the continuous wild rice paddies (Table 
11 ). 

Yields-cwere nearly double from the continuous wild rice paddies compared to the alfalfa, 
canola or fallow rotations. There was no difference among the alfalfa-wild rice, canola-wild 
rice or fallow-wild rice rotation systems indicating that alfalfa supplied part of the nitrogen 
(N) needs of wild rice since noN was applied to the alfalfa strips but 60 lb/A was applied 
to the canola strip and 30 lb/ A to the fallow strip. It was assumed that the fallow strip 
would have more available soil N than the canola cropped strip. Thus, alfalfa may have 
supplied about 60 lb/A N. However, all the rotated strips were deficient in N thus a top
dressing of N may have increased the yield. Yields may still have been lower compared 
to the continuous wild rice because of the increased disease and wild rice worm damage 
because of no fungicide or insecticide treatment. 

Alternative Crop-Canola 

Canola (varieties 'Global' and 'Legend') was planted in a fallow wild rice field on the 
Vomela Farm near Aitkin. The field had organic soil, had been in wild rice and rotovated 
in the fall the previous year. In the spring of 1991 , on May 16, the field was subsoiled, 
fertilized and disced before planting canola with a grain drill. The plot area was 72 x 800 
ft. Half of the plot was fertilized with 120 lb N, 15 lb P 20 5 and 60 lb/N ~0 while the other 
half didn't receive any fertilizer. The variety Legend was obtained from Interstate Seed 
Co., Fargo, and Global from Bonis and Co., Lindsay, Ontario. Global seed had been 
treated with Vitavax RS and Thirarn while Counter, 15 lb/A, was added to Legend. The 
seeding rate for both varieties was 1 0 lb/ A and the canol a was planted with a double-disk, 
press-wheel grain drill at a depth of 1-1/2 inches. Each variety was planted in 24 by 800ft 
strips and replicated three times. 

Two 4 x 4 ft areas were hand harvested on August 14 from each Legend treatment and on 
August 21 from each Global treatment. Two 12 x 200-300 ft areas were swathed on 
August 21 and threshed with a combine on September 6. The yields are presented in 
Table 12. 
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Table 12. Plant density, plant height and yield of canola-Aitkin. 

Plant Plant Yield 
Variety Fertilizer density height Combine Hand 

Iff em - - - - - - lb/ A - - - - -

Legend Yes 9.5 56 1009 1423 
No 9.5 31 439 649 

Global Yes 7.6 61 1035 1488 
No 7.8 28 455 652 

The plant density was slightly lower for Global compared to Legend, however the yields 
were similar (Table 12). The fertilized plants were considerably taller and the yield from 
the hand harvested plots were considerably higher than from the combine harvested plots. 
Part of this may have resulted from swathing too late since there was considerable loss 
due to shattering during swathing. Global matured about 1 0 days later than Legend, thus 
Global would be more desirable since its harvest would not interfere as much with wild rice 
harvest. 

Prevention of Seed Shattering 

Experiments were conducted with the chemical Spodnam® to investigate if applying this 
chemical to wild rice during grain fill would reduce seed shattering. It is said that 
Spodnam prevents moisture from entering the ripening grain sheaths thus reducing seed 
shattering. In wild rice, it prevents drying out of the pedicel to which the grain is attached. 

Three trials were conducted, one by Don Barron of Clearwater Rice Co., a second at 
Grand Rapids and a third at St. Paul. At Clearwater Rice, 6 oz. of Spodnam were applied 
by air on August 6 to part of a field. On August 17 a combine strip (16 ft wide) of 1660 ft 
was harvested from the treated and untreated area. Table 13 presents the green weight 
of the grain and recovery percent. 

Table 13. Green grain weight and recovery percent of treated (6 oz/A ai 
Spodnam) and untreated wild rice-Clearwater Wild Rice Co. 

Yield 
Chemical Rate Recovery Green Processed 

oz/A ai 0/o - - - - - - - lb/A - - - - - - -

Spodnam 6 38.2 975 373 

Untreated 0 41.3 869 359 
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At Grand Rapids 3, 6 and 12 oz. of Spodnam were applied on August 20 to wild rice when 
25% of the seeds were dark. The plots were harvested on August 27. Spodnam was 
applied with a hand C02 sprayer at 35 psi at a total volume of 30 gal/ A. Plot size was 6 x 
10 ft and replicated four times. Two pans (6 x 24 in.) were set into each plot to measure 
shatter losses. Table 14 gives the yield and seed losses. 

Table 14. Yield and seed losses when wild rice was treated with 
Spodnam-Grand Rapids. 

Chemical Rate Shatter losses 

oz!A ai seed/pan 

Spodnam 3 101 
6 78 

12 90 

Control 0 111 

LSD .05 NS 

a40o/o moisture. 

Grain yielda 

lb/A 

1276 
1315 
1120 

1375 

NS 

At St. Paul 4 rows of wild rice were planted in 4 x 4 ft boxes on May 15. On August 3, 
when about 2% of the kernels were dark, 3, 6 and 12 oz. of Spodnam were applied to wild 
rice. In addition enough treatments of 3 and 6 oz. were applied so another 3 and 6 oz. 
could be applied to the same plots at the second date. On August 8 another set was 
treated with 3, 6 and 12 oz. of Spodnam plus the second application of 3 and 6 oz. were 
applied to the 3 and 6 oz. treated on the first date. Two 6 x 24 in. trays were placed 
between treated rows to determine seed losses. 

Table 15. Yield and seed loss as influenced by treating wild rice with Spodnam-St. Paul. 

Chemical Rate Date Shatter losses Grain yiel~ 

oz/A ai mo/day seeds/pan lb/A 

Spodnam 3 813 209 
6 193 1053 
12 200 1143 

3+3 813 + 8/8 202 1160 
6+6 813 + 8/8 177 942 

3 8/8 236 1232 
6 244 1275 
12 197 1142 

Control 0 187 976 

LSD .05 55 281 

a40o/o moisture. 
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Based on the three experiments there is no clear evidence that Spodnam under Minnesota 
conditions will significantly decrease seed shattering in wild rice although there was a 
trend for slightly higher yields at Clearwater Wild Rice and St. Paul. · 

Seed Storage and Handling 

Wild rice seed is considered to be recalcitrant, that is, it must have a high moisture content 
to retain its viability. An after ripening period of at least three months in water at near
freezing temperatures (2 C; 35.6 F) is necessary before seed dormancy is released to 
permit germination under appropriate environmental conditions. Seed dormancy is caused 
by an impermeable pericarp and by an imbalance of endogenous growth inhibitors and 
promoters. Long-term storage of viable, wild rice seed in water is difficult. We have been 
conducting seed storage experiments for several years. Below is a summary of the last 
four years of work. 

Two experiments were conducted. The first one was during 1987-89. Seeds of the 
variety 'K2' were air dried at 22 C (72 F) and 40% relative humidity for a period of 12 
days, which resulted in seed moistures ranging from 324 to 85 g kg·1 (32.4 to 8.5%). Each 
day during the 12 days 1 00 g samples were placed into glass bottles. The bottles were 
sealed with silicone sealant and some were placed at -2 and 2 C (28 to 36 F). Bottled 
samples were removed every 90 days for 2 years and the seeds were placed into water 
for an additional 90 days. Viability was measured by germinating the seeds in water at 22 
C for 21 days. Each initial seed moisture content was replicated three times in each 
germination test. 

A second experiment was conducted during 1989-91. A different seed lot of K2 was dried 
in a similar manner as above. However, only seeds with six different moistures ranging 
from 340 to 86 g kg·1 were bottled and sealed during a 10 day drying period. In addition, 
150 g of seeds were placed in perforated plastic bags which were placed into water. The 
bottled seeds were stored at -2 C while the bagged seeds were stored at 2 C. Every six 
months four replicates of seeds were removed from each storage condition and 
immediately checked for germination as in Experiment 1. Some of the seeds stored at -2 
C were stored an additional 3 months in water at 2 C and then again checked for 
germination. 

The objectives were to study the influence of initial moisture content and storage 
conditions on seed viability. The identification of a seed moisture content where viability 
can be maintained at freezing or near-freezing temperatures would allow preservation of 
germplasm collections for breeding research and extend the storage period for seed 
beyond what is now possible using cold-water storage. 

Results- Experiment 1: 

Seed moisture decreased about 20 g kg·1 per day when seeds were dried at 22 C and 
40% relative humidity (Fig. 1 ). The harvested seed moisture of 324 g kg·1 decreased to 85 
g kg·1 during the drying time. When germination percentage was averaged over all seed 
moistures, a similar loss in germination occurred during the 24 months whether the seeds 
were stored at -2 and 2 C (Fig. 2). The germination was consistently higher at -2 C 
compared to 2 C storage conditions. Germination was poorer when seed moisture was 
high (295 g kg-1) when stored at -2 C compared to 2 C; however the reverse was true at 
lower seed moisture (Fig. 3). More seeds remained viable longer at middle and lower 
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seed moisture contents compared to higher moisture contents. 

Germination was not greatly influenced by initial seed moisture when seeds were stored at 
2 C but it did influence germination at -2 C storage (Fig. 4 and 5). The germination 
percentage of seeds stored at -2 C peaked at the moisture range of 140 to 190 g kg-1 

while this was not as evident at 2 C storage. 

Results - Experiment II: 

The best germination occurred at the highest moisture content after 6 months of dry 
storage with 3 subsequent months of wet storage (Table 16). Germination was much 
poorer when seeds were continuously stored in water compared to dry storage for a period 
of time (Table 16). Less than 1% germination occurred immediately after dry storage 
regardless of storage duration (data not shown). 

Table 16. Germination percentage after dry storage at 6 moisture levels for 5, 12 and 18 
months followed by 3 months of storage in water compared to storage in water 
for 9, 15 and 21 months. 

Drying Seed Months dry at -2 C Months in water at 2 C 
time moisture 6 12 18 9 15 21 

hr g kg-1 - - - - - - - - - - - - - - germination % - - - - - - - - - - - - - -

0 340 65.0 47.0 8.0 25.2 0.2 0 
65 250 30.2 28.2 1.8 25.5 1.0 0 
96 200 35.5 33.8 7.5 15.5 0.8 0 

148 150 37.5 32.0 7.8 11.5 0.2 0 
185 110 38.2 15.8 9.5 8.2 0.5 0 
233 80 27.0 16.0 5.5 5.5 0.0 Q 

Mean 38.9 28.8 6.7 15.2 0.4 0 

LSD .05 0 18.1 20.8 NS 5.8 NS 

Conclusions: 

The results of these experiments indicate that wild rice seeds can be stored in a dry 
condition for up to 18 months and still maintain some viability. Storing seeds at -2 
compared to 2 C increases storage longevity especially at 140 to 190 g kg-1 moisture. 
Dormancy is not released by dry storage regardless of storage duration or initial seed 
moisture. It is necessary to store seeds in water for 3 months to release dormancy if not 
artificially induced by pericarp removal or use of chemicals. Periods of dry storage 
followed by some water storage should allow the maintenance of germplasm and seed 
supplies prior to planting for longer periods than with water storage. 
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STABILITY OF FALL-APPLIED NITROGEN AND DEVELOPMENT OF 
METHODS TO PREDICT FLY-ON N 

Paul R. Bloom and William Zanner1 

Soil Science 

FALL NITROGEN 

In the 1990 Minnesota Wild Research Report, we presented a model that can be 
used to better understand the response of wild rice to basal and fly-on nitrogen. 
The model can be expressed mathematically as: 

Nc = Ni + Nm + N,- N, 
where 

Nc = the crop uptake of N associated with an attainable yield (11 0 lbs/ac for a 
top yielding wild rice crop) 

Ni = the initial quantity of mineral N in the profile 
Nm = the estimated N mineralized during the cropping season 
N, = the amount of N fertilizer needed 
N, = N losses due to volatilization and/or nitrification-denitrification reactions 

In the 1990 Report, we also reported on research conducted during the 1990 
growing season that examined aspects of the above equation as they occurred 
during that growing season. The results of that research suggested that the part of 
the equation represented by N, , that is the losses from the system, needed to be 
examined more closely. 

The initial N (Ni), that is, the portion of N in the soil at the beginning of the season 
that was not added as fertilizer is not well characterized. Preliminary data in the 
Wild Rice Report of 1989 suggested that ammonium (NH4 +) produced by 
mineralization in the soil after harvest plus that carried over from a previous crop 
may contribute significantly to nitrogen fertility in the following season. However, 
soil sampling in the fall of 1990 and 1991 produced seemingly contradictory results, 
indicating that we have not developed adequate explanations for processes that 
occur in the field after harvest, 

If we could develop a better understanding of the fate of NH4 + after harvest, 
carryover N could be considered in making fertilizer recommendations. However, 
prediction of fall carryover N is not possible given our current level of 
understanding. This is due to a combination of interactions that occur in paddy 
soils after draining. Figure 1 indicates the important processes that are occurring 
in the fall. As the soil dries, portions become aerobic and the rate of mineralization 
increases, releasing more NH/. Some of this NH/ is immobilized by microbial 
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Figure 1. POTENTIAL NITROGEN TRANSFORMATIONS AND LOSSES IN PADDY 
SOILS AFTER FALL FERTILIZER APPLICATION. 
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activity, but there is a net increase in the quantity of NH/ present. In these 
aerobic portions of the soil, ammonium (NH/ -N) is oxidized to nitrate (N03--N), a 
form that is lost by denitrification that occurs on flooding. The degree of drying, 
and thus the depth to which the soil becomes aerobic, is determined by 
temperature and drainage. Denitrification occurs in areas of the soil that are low in 
oxygen. Due to the high water table during drainage and the slow draining of peat, 
zones of low oxygen are common and once the NH4 + is nitrified to nitrate in the 
aerated portions, it can diffuse to these anaerobic zones and be denitrified to N2 

gas and lost to the air. Leaching can also cause loss of nitrogen but we think that 
this process is much less important than nitrification-denitrification. The extent of 
NH4+ loss thus will be dependent on its conversion to N03- and will be determined 
by a combination of soil temperature, soil moisture, and the aeration status of the 
soil. 

The same soil conditions that result in the loss of mineralized and carryover NH4 + 
by conversion to N03- will also cause the loss of fertilizer N. Gains from 
mineralization and fertilization minus losses from nitrification followed by 
denitrification leave some portion of NH/ in the soil that will be available to the 
plant in the next growing season. However, it is difficult to predict what the net 
effects will be and it is not surprising that the response of wild rice to fertilizer N is 
inconsistent. 

In an attempt to clarify some of the uncertainties about the fate of NH4 + in the 
period between harvest and freeze-up (when biological activity in the soil becomes 
essentially zero), an experiment was devised to examine in the laboratory the 
influence of temperature and soil moisture on rates of mineralization and 
nitrification. The questions we wanted to investigate were as follows. 

What is the potential net increase in NH/ during the 8-10 weeks that follow 
harvest? What is the potential for nitrification of mineralized soil N and fertilizer N 
during the period between harvest and freeze-up? What is the potential for 
nitrification at a soil temperature of ~50°F, which is the temperature used as a 
guideline soil temperature for the application of fall NH4 +? 

Methods 

An incubation study was performed using two peat soils collected from wild rice 
paddies. The peats were collected from the University research paddies in Aitkin 
County (Soil A) and from a paddy at Clearwater Rice in Clearwater County (Soil 
C), and stored in sealed buckets at 40°F in a cooler until the experiment. After 
sieving to remove plant material and to reduce the particle size, the incubation was 
set up with the following experimental variables. 

Incubation temperatures: 40, 45, 50, 60, 72°F 
Moisture conditions: z20 em H20 suction (wet) and z50 em H20 suction 
(moist) (equivalent to a water table 8" and 20" below the soil sample) 
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Four treatments 
1) +NH4 + & 0 N-Serve: NH4 +added as NH4CI at rate of 375 ppm (:::::2x field 

rate) 
2) +N-Serve & 0 NH4 +: N-Serve (a commercial nitrification inhibitor) added 

at rate of 190 ppm (:::::1.7x field rate) 
3) +NH/ & +N-Serve 
4) Control: 0 NH4 + & 0 N-Serve 

At appropriate intervals samples were removed from incubators maintained at the 
above temperatures and analyzed for N03--N and NH/ -N. 

Results and Discussion 

The two moisture conditions used are described as "moist" and "wet". The wet 
condition had visible water glistening on the sample surface, and the moist sample 
was weno the touch but not glistening. It was thought that varying moisture 
conditions would produce different patterns of NH4 + change because oxygen is 
usually limiting in wet circumstances. However, the differences were minor. This 
lack of difference can be seen for Soil C in Figure 2. Moisture differences did not 
result in differences in the patterns of NH4 + change for any treatment for either soil. 

Figure 2 also shows that the N-Serve was successful in preventing the loss of 
most of the added NH4+. Since N-Serve stopped losses, it is possible to estimate 
mineralization in the (+N-Serve & 0 NH/) treatment by plotting the accumulation of 
mineralized N with time. By plotting a line through the linear portion of the graph 
of NH/ against time, we can estimate from the slope of the line the NH/ 
mineralized per day , Nm in our model. This gives us an estimate of 0.2 lb/ 
acre/day at 40°F up to 1.4 lb/acre/day at 72°F for a typical peat in the top 16". By 
plotting the rates against temperature we can estimate fall mineralization if we 
have an average fall soil temperature. Using 1990 temperature data this gives us 
an average rate of 0.6 lb/acre/day, so assuming harvest on August 15 and 
freeze-up on November 1, mineralization would contribute :::::45 lb N/acre in the top 
16" at Aitkin. This amount agrees with some other estimates for peat soils (Reddy, 
1987). 

Mineralization (Nm in our model) was estimated at 80 lbs N/acre in the top 15" from 
laboratory data of Meyer, Bloom, and Grava (1989). This quantity taken together 
with the fall mineralized N could supply the total N needed for a high yielding crop 
(11 0 lb/ac) if no losses occur. This is not the case because there are mechanisms 
(N,) operating that convert NH4 + to forms that are lost from the system. In the fall 
the main concern is with the nitrification of NH/, because the N03--N formed is 
lost when the paddies are flooded. 

Figure 3 indicates how rapidly NH4 + (both mineralized and fertilizer N) is converted 
to N03- even at 40°F. The concentration of N03- increases at all temperatures for 
both soils as NH4 +decreases and then N03- reaches a maximum. The 
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Figure 2: SOIL A, COMPARISON OF MOISTURE CONDITIONS 
AND EFFECTIVENESS OF N-SERVE AT 40°F. 
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concentration of NH/ continues to decrease even when N03- does not increase 
because some N is being lost from the system by denitrification. 

We found the expected relationship between temperature and NH4 + decline. At 
72°F, Soil A reached ::::0 by 9 days after initiation of the experiment and Soil C by 
13 days. At 40°F, Soil A reached ::::0 by 28 days after initiation of the experiment 
and Soil C by 35 days. Soil C was always slightly later than Soil A in reaction 
patterns. As was the case with mineralization, there is a portion of the graph of 
NH4 + against time that shows a linear loss of NH4 + with time. The slope of this plot 
of NH4 +concentration against time give us the NH4 + lost per day, and from this 
loss we can estimate loss on a field basis. On a field basis, NH/ loss rate from 
the plow layer for Soil A was ::::4.3 lb/acre/day at 40°F and ::::5.6 lb/acre/day at 50°F. 
In Soil c the loss rate was ::::4.6 lb/acre/day at 40°F and ::::5.9 lb/acre/day at 50°F. 
These rates will be approached when rototilling or disking is used because fertilizer 
is well mixed with the soil. Any practice that tends to concentrate the fertilizer in 
zones in the soil and minimizes contact between soil and fertilizer will decrease 
nitrification rates. Band application is preferred but plowdown using a moldboard 
plow is better than rototilling. 

Conclusions 

The results of this experiment point out the importance of the portion of our model 
that is identified as N,. Wild rice has always shown variable responses to fertilizer 
nitrogen, but it has not been obvious if this problem is due to genetics or to some 
other variable. This experiment suggests that nitrification may result in the loss of 
fall applied and fall mineralized N from the system and may play a large role in 
determining the quantity of N (Nc) that is available for plant growth. 

There are always difficulties when laboratory experiments are extrapolated to a 
field scale, but the conditions used are common in the field. This experiment 
represents circumstances where there is adequate oxygen, and the soil is not 
saturated with water. The depth to which this is true may vary from field to field, 
but is certainly true from the surface to some depth in a soil that is dry enough for 
fall tillage. Therefore, loss of NH4+ due to nitrification and subsequent 
denitrification is potentially high in this system. In a dry fall, soils will be drier than 
these experimental conditions, and potential losses in the field are thus even 
greater. 

Net mineralization (which contributes to N) can be estimated but NH/ -N from soil 
organic matter is also subject to nitrification and can be lost by the same 
processes that affect fertilizer N. 

The scale of potential loss suggests that adoption of management practices that 
will limit nitrification would be important in ensuring the efficient use of fertilizer 
nitrogen by wild rice. Some of the recommendations that follow are not new, but 
assume increased importance given the N losses estimated here. 
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Any application method which results in applied NH4 + in greater contact with the 
soil will increase the potential for nitrification and subsequent loss. Banding is 
therefore recommended. 

Application of NH/ should be postponed until as late as possible in the fall, 
especially in dry years. Temperatures in the zone of application must be taken into 
account because in the fall soil temperatures increase with depth (see the 1990 
Wild Rice Report). 

Fall flooding after fertilizer application to the paddies at or just below field level 
would stop almost all nitrification losses. This is not the time of highest water 
availability, but it is not necessary to have standing water on the paddies. Water in 
the ditches sufficient to maintain water at field level would be adequate. 

Wells et al. (1989) reported that nitrification inhibitors have the potential to prevent 
NH/ loss in white rice fertilizer management. _The results of this experiment 
suggest that it may be worthwhile to explore the use of nitrification inhibitors in 
fertilizer management of paddy wild rice. 

PREDICTION OF FLY-ON N 

A 1991 field monitoring and sampling method study was initiated to investigate 
ways theN status of plants and soils can be used to predict the need for fly-on N. 
The techniques used were plant tissue analysis, assessment of leaf chlorophyll 
using a SPAD 502 meter made by the Minolta Corporation and soil sampling for 
extractable N during the growth period using a sample field coring tube. The 
SPAD meter was developed in Japan for use in white rice and has been used in 
Texas on white rice. It is also currently being evaluated all over the country for 
use in other crops. The coring device, made from 1 in. plastic drain pipe beveled 
on the end with teeth cut into the bevel, was designed to take core samples from 
the top 1 0 in. of soil. 

Methods 

Sampling at the boot stage was conducted in order to predict fly-on N needs by 
late boot or early flowering when the crop has a high demand for N. Whole plant 
samples were taken for N analysis and we obtained soil cores to about 18", usually 
with 6 cores per sample site. We did encounter problems with compression of the 
soil within the coring tube and in some cases we are not sure if the sampling 
occurred to the intended 10 in. depth. 

The soil samples were mixed in a plastic pail and 100 milliliters of soil were 
transferred to a sample bottle and mixed with 100 milliliters of a solution containing 
140 grams per liter (2M) potassium chloride as preservative (to prevent further 
mineralization of soil N). Chlorophyll readings were made on the most mature fully 
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opened leaf of thirty plants. The meter can store up to 30 readings and report an 
average value. 

Samples at later times were obtained at the Clearwater Rice farm and at the 
University paddies at Aitkin. For these samples, chlorophyll readings and plant 
tissue analysis were obtained using flag leaves of the main tiller. 

Results 

Chlorophyll Meter 
The chlorophyll meter readings were strongly correlated with plant tissue N. The 
graph of SPAD meter units at the boot stage approximates a straight line (Figure 
4). At low N there was less scatter in the plot than at high N. At meter readings of 
<32 and plant N <2.8% the plants were generally visibly yellow and some were 
severely stunted. At higher N the differences in color were not readily discernible 
by eye and the meter helped to separate the greenest plants from the plants that 
were not quite so green. 

The correlation of plant N with meter reading would have been better had we been 
able to analyze genetically similar plants. The researchers who have used the 
meter suggest that meter readings be compared for the same variety. Also 
environmental conditions can make a difference. Probably the best way to use a 
meter is to have a highly fertilized check plot with the variety being evaluated, on 
the same farm. Then the measurements on the farm can be calculated as a ratio 
to the value for the high N check plot. Researchers in Nebraska suggest that a 
SPAD value of <95% of the high N check plot might indicate N deficiencies. 

The healthy green-looking plants had a wide range of N contents, from 3.0 to 
4.3%. The data, however, generally support the 3.3-3.5 deficiency limit we have 
suggested for this growth stage. Lower N usually indicates insufficient N in the soil 
at the beginning of the growing season. Again, differences in environment and 
variety can cause differences in plant response to N. 

Soil N 
We discovered during the summer that the potassium chloride solution was not 
completely effective in inhibiting mineralization of N. To evaluate the magnitude of 
the problem we took samples obtained on July 18 from the University paddies and 
did·a study of the increase in extractable N with storage time. Our results (Table 
1) show that with storage at room temperature the samples had very significant 
increases in NH/ in a few days of storag~ and that the rate of NH/ release 
increased with time over the 9-day storage. With refrigeration, significant increases 
occurred but the magnitude was much less than at room temperature. 
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Figure 4: CORRELATION OF PLANT-N WITH 
CHLOROPHYLL METER READINGS. 
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Table 1. Effect of time of storage on measured N in core samples of paddy peat 
soils from the University paddies at Aitkin. 

Sample 

1 
2 
3 
4 

Storage temperature 

room temperature 
refrigerator 
room temperature 
refrigerator 

Storage time, days 
1 5 9 
- - -- - - - N, lb/ac- - -- - - -

20 
10 
13 
10 

35 
16 

.23 
13 

70 
18 
60 
18 

The potassium chloride solution is normally considered to be sufficient to inhibit the 
microbes that mineralize soil organic nitrogen but apparently under flooded 
conditions some of the microbes tolerate the high salt content. The samples 
obtained by the project personnel were all analyzed within 2 days of sampling. 
These include all samples obtained in late June and all samples obtained from the 
University paddies. The values obtained for these samples are probably only 
slightly higher than the true values. The soil N values obtained for the Clearwater 
farm in July were for samples shipped by mail at room temperature. The values 
for these samples are significantly higher than the true values. 

Compounds that are more effective than potassium chloride in inhibiting 
·mineralization are available but most of them are highly toxic. We need to find an 
effective inhibitor that is not highly toxic to humans. 

Evaluation of variability in one field at the University paddies indicated that the 
extractable N measurements may have quite high variability. Three samples taken 
on July 3 from paddy 1 had a range from 1 0 to 28 lb/ac with an average of 17. 
Further work is needed to determine optimal sampling schemes. 

Most of the samples obtained in late June contained much less N than necessary 
to produce a top crop of wild rice (Table 2 and Table 3). The soil N, however, was 
correlated with tissue N at the University paddies (p >90%) even though there was 
a lot of scatter in the data (Figure 5). Previous research by Dr. Grava showed that 
with high yielding wild rice 110 lb N/ac of N is taken up by the plants and 40% is 
taken up by the boot stage. This leaves 66 lb/ac to be taken up by the crop from 
boot to maturity. In the 30 days, before drainage, that follow the boot stage a deep 
peat (>15 in.) could mineralize 23 kg/ha. The NH/ in the soil plus the newly 
mineralized N are subject to losses of about 25% by nitrification/denitrification. 
Thus the N needed is: 

66 -· 23 

0.75 

28 

= 571b/ac 



Table 2. Plant N1 chloro~h~ll readings with the SPAD meter and extractable soil N. 
Whole 

Previous Fall N SPAD Plant Soil N SPAD Leaf Soil N SPAD Leaf Soil N SPAD Leaf Soil N Yield 
Grower crop lb/ac Field Units N,% lb/ac Units N,% lb/ac Units N,% lb/ac Units N,% lb/ac lb/ac 

- - - - - - 6/26 - - - - - - - - - - - 7/8 - - - - - - - - - - - - 7/17 - - - - - - - - - - - 7/29 - - - - -

Clearwater 

Potatoes 55 . 4W 38 3.7 (3.2) 1 16 42 3.0 (3.2) 54 44 3.6 (3.3) 18 42 3.1 n.d.5 n.d. 
Wild Rice 55 8W 37 4.3 (3.0) 30 45 3.4 (3.8) 44 44 3.7 (3.5) 17 44 3.2 n.d. 1200 
Wild Rice3 0 15W 33 3.0 (3.0) 19 35 2.4 (2.9) 35 41 3.2 (3.1) 21 38 2.8 n.d. n.d. 

- - - - - - 6/18 - - - - - - - - - - - 7/3 - - - - - - - - - - - - 7/18 - - - - - - - - - - - 7/25 - - - - -

University of 
Minnesota 

(\,) Wild Rice4 50 1 43 3.7 26 47 4.5 17 44 4.0 20 42 3.6 6 473 
~ Fallow 30 2A 39 3.1 14 42 3.8 19 39 3.4 10 n.d. n.d. n.d. 106 

Alfalfa 0 28 41 3.4 35 45 4.1 11 n.d. 3.6 12 n.d. n.d. n.d. 127 
Canol a 30 2C 36 3.0 13 43 3.6 13 37 3.6 10 n.d. n.d. n.d. 91 
Wild Rice 50 3 41 4.1 27 44 4.8 21 n.d. 4.0 n.d. 44 3.9 11 320 
Fallow 30 4A 39 3.4 15 37 3.7 7 nd.2 n.d.2 n.d.2 37 3.2 3 273 
Canol a 30 48 40 3.1 35 42 3.8 6 " " 37 3.3 5 206 
Alfalfa 0 4C 40 3.5 9 38 3.5 5 " " 32 3.3 6 220 
Wild Rice 50 5 41 3.7 42 47 4.6 9 " " 40 3.6 5 384 
Canola 30 6A 38 4.1 32 46 4.7 ·18 " " 41 3.5 5 271 
Alfalfa 0 68 43 4.1 61 48 4.8 28 " " 38 3.4 5 258 
Fallow 30 6C 43 4.1 30 48 4.8 12 " " 40 3.2 4 294 

1 Commercial laboratory analysis 
2 Sampling terminated by a thunderstorm 
3 Was to be a potato field; Flooded 4110/91 
4 No wild rice came up in 1990, drained early, replanted in the fall of 1990 



Table 3. Plant N, chlorophyll readings with the SPAD meter, and extractable soil N 
in late June. 

Leaf N 
Field Fall N SPAD Whole Soil N 

Grower location lb/ac Units Plant lb/ac 

- - - - - - - - - -6/26- - - - - - - - - -

lmle and 9-1 40 34 3.4 18 
Gunvalson 9-2 60 33 2.6 22 

9-31 green 80 40 3.0 63 
9-31 yellow2 80 28 2.0 13 

- - - - - - - - - -6/27- - - - - - - - - -

Renemo D-17 60 36 2.7 20 
V-7 42 30 2.0 11 
V-7 green strip 42 38 2.7 n.d. 
D-1 0 green strip 60 36 2.9 10 
D-10 yellow 60 27 1.9 9 

- - - - - - - - - -6/21 - - - - - - - - - -

Manomin 108 35 37 4.1 41 
109 35 38 3.8 25 
1288 mineral3 ·0 31 2.7 20 

- - - - - - - - - -6/21- - - - - - - - - -

Vomela good, mineral 42 3.8 14 
very yellow, mineral 30 2.5 14 

1 shallow peat 
2 in tillage wheel tracks 
3 top dress 40 lb/ac on 6-18 
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In a shallow peat or mineral soil where the potential for mineralization is less we 
estimate the N requirement to be 67 lb/ac. All of the sites with the exception of the 
mineral soil, the center areas of some of the University paddies and the 9-3 site at 
the lmle and Gunvalson farm had peat of > 15 in. 

The greatest extractable N measured was in the shallow peat at site 9-3 on the 
lmle and Gunvalson farm where the plants were very green. In a nearby area 
where compaction by the tractor inhibited diffusion of fertilizer N into the soil the 
extractable N was much lower. This area had been given extra fall nitrogen (80 
lb/ac) because of the shallow nature of the peat. The quantity of N at the sampling 
time under the green plants was high but still a bit short of our estimate of the 
need for nitrogen. At all of the other sampling sites we concluded that the 
extractable N was far short of meeting the po~ential plant uptake. 

We developed top-dress N recommendations assuming that the efficiency of fly-on 
N was 50%. We have no data on the efficiency of top-dress urea in wild rice but 
the studies in white rice suggest 50% efficiency or less. Thus for deep peat we 
recommended · 

(57- Soil N) (.75) 

0.5 
= 1.5(57-Soil N) 

The 0:75 factor is used to avoid double. counting for the loss of mineralized or 
extractable N. Thus if 35 lb/ac of soil N is measured the recommendation for fly
on N is 33 lb/ac and if only 10 lb/ac of N is measured then 70 lb/ac of top dress is 
needed. In the latter case the N would need to be applied as two fly-ons with at 
least a week between, to avoid excessive losses. At the University paddies only 
the continuous wild rice paddies (1, 3 and 5) were scheduled for fly-on as part of 
the rotation study. Those paddies had an average soil N of 32 lb/ac and, 
therefore, according to the formula would need a top dress of 38 lb/ac. In actuality 
50 lb/ac of Urea N was flown on these paddies on July 5. 

The higher fertilization of the continuous rice paddies was reflected in high 
chlorophyll meter readings, high tissue N, and higher yields (Table 2). 
Unfortunately, as discussed in the report from the Department of Agronomy, the 
yields (green) were greatly reduced by blackbird damage. Our observations, 
however, suggest that the continuous wild rice paddies were healthy with a high 
yield potential. 

The well fertilized continuous wild rice had less than one-half the incidence of 
brown spot compared to the rotation plots. This gives further evidence supporting 
previous suggestions that the incidence of brown spot is linked to N nutrition. The 
results at this site show that fly-on N was necessary in the summer of 1991 and 
that the suggested formula may provide a reasonable estimate for top dress N. 
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At the Clearwater Rice farm, paddy 8W had the highest N status and generally the 
highest chlorophyll meter readings (Table 2). There was some disagreement 
between the University of Minnesota tissue analyses and the commercial lab 
analyses although the relative values for each sampling time were generally the 
same except for the samples taken on June 26. Only at this time were the 
samples for the different labs taken at different times (commercial lab sampling 
delayed by 2 days). The 8W paddy had excessively low N for the commercial lab 
analysis. Our fly-on recommendation formula suggests the fly-on N should have 
been 40 lb/ac for 8W and 60 lb/ac for the other two paddies. Actually, 30 lb/ac 
was flown-on on July 6 with a second fly-on of 27 lb/ac on paddy 15W on July 17. 
Paddy 15W had not been fertilized in the fall and the chlorophyll meter reading and 
tissue N were low. The single application of 30 lb/ac on paddy 8W resulted in the 
greenest plants with the highest tissue N and a yield of 1200 lb/ac (green). 
Unfortunately, yields are not available for the other paddies but observations 
suggest that paddy 15W did not produce as much as 8W or 4W. From the results 
at this site, we can speculate that the suggested formula may over-estimate the top 
dress N needed, at least at that site, and that it may not be possible to get a top 
yield even with 2 top dress applications if no N is applied in the fall. The high 
recommendation may be due to the very high yield >2000 lb/ac in the Grava study 
that was used as a source for the regional N value. 

The N content of the soils at the lmle and Gunvalson site were all <20 lb/ac except 
for the shallow peat (9-3) which had a fall application of 80 lb/ac (Table 3). The 9-
3 green sample had surprisingly low tissue N given the high chlorophyll reading 
and high soil N. The yellow plants in the tractor tire tracks were very stunted and 
apparently suffered from the lack of N diffusion into the compacted soil. Both 9-1 
and 9-3 were in areas that were moldboard plowed. The stand was thinner than 
at 9-2 where a chisel plow was used. The lower plant N at 9-2 might be due to the 
higher plant density. The plant tissue N would suggest that all of the plants were 
short of N even the very green plants at 9-3. However, SPAD meter readings 
indicated that the green plants at 9-3 were not deficient in N. 

Because of the low soil N and relatively low plant N the growers chose to top dress 
paddy 9 twice leaving part of 9-1 with only one application. The tissue N analyses 
for samples taken August 1 were 2.8 % for 9-1 with one top dress, 3.1% for site 2 
with 2 top dresses and 3.4% for site 3 with 3 top dresses. No yield comparisons 
were made but estimated yield was quite high, 1100 lb/ac (green). 

The V-7 and D-7 data illustrate problems encountered with fertilizer applicators 
where pronounced green and yellow strips were observed (Table 3). No great 
difference, however, was observed in the soil N. Apparently even in the green 
strips plants were beginning to exhaust the soil N. 

Paddy 128B at the Manomin farm shows what can happen when no fall N is 
applied to a mineral soil (Table 3). Plants in this paddy were severely stunted. In 
paddies 108 and 109 the plants were green and healthy with relatively high soil N 
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in paddy 108 despite a relatively low quantity of fall applied N. These paddies 
remained quite wet throughout the fall which inhibited nitrification losses. In 
general, however, most growers reported that their paddies were quite dry in the 
fall of 1990 which provided ideal conditions for nitrification losses as discussed in 
the first part of this report. 

Despite the excellent early growth and a fly-on application of N the yield in 1 08 and 
109 was poor. However, the yield was better in strips where gypsum and a high 
silica slag had been previously applied. Chemical analysis of plants obtained from 
a good area and a bad area showed that there was no difference in plant S or 
plant N but that plant Mg in the good area was greater (1400 vs. 1000 ppm) and 
plant Mn was also greater (110 vs. 75 ppm). Analysis of the plants at the boot 
stage showed that in both paddies Mn was only 30 ppm, which is at the deficiency 
limit for white rice. We have analyzed plants from these deep acid peat paddies in 
the past and they consistently have lower Mn than in paddies where yields are 
better. 

The tissue Mg concentration in the poor yielding areas is at the deficiency limit for 
white rice at maturity. However, the early samples did not show any difference 
when compared to the sites with better wild rice yields. 

Manganese and magnesium are impurities in silica slag but we have not analyzed 
the gypsum. Trial strips are needed to determine whether manganese or 
magnesium should be added to these soils. 

Conclusions 

The SPAD chlorophyll meter can be a useful tool to quantify the level of green 
color in wild rice plants. The meter readings are correlated with plant N. A major 
problem, however, is the expense of the meter ($1200). 

Soil sampling at the boot stage can be used along with the meter and/or tissue 
analysis to make decisions about fly-on N. A deficiency limit for N of 3.3-3.5% is 
suggested by the data. The suggested formulas for calculating top dress N are 
rough approximations that may be useful. However, a lower value for crop N 
requirement probably should be used. Further evaluation of the efficiency of top 
dress N is needed to make the calculations more precise and the field coring 
technique needs further development. 

The observations reported suggest that in most cases fly-on N will be necessary 
unless we can figure a way to store more available N in the soil. High fall 
applications with fall flooding may reduce, somewhat, the need for top-dress N. 
Nitrification inhibitors might also help. 

The data also suggest that it might be difficult, if not impossible, for plants to 
recover from the low N contents that result from a missed application of fall N. A 
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second top dressing will help but it might not be sufficient. 

The data from the deep acid peats in the Aitkin area suggest that the possibility of 
magnesium or manganese deficiency should be investigated. 
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WILD RICE BREEDING 

Raymond A. Porter and Henry J. Schumer1 

North Central Experiment Station, Grand Rapids, MN 

In 1991, the breeding project was breeding project personnel collected data in 
Grand Rapids from the Variety Trial and from a separate yield trial involving 
populations with either pistillate or bottlebrush plant-types. In addition, large 
amount of effort went into recurrent selection to improve populations for traits 
such as shattering resistance, yield, disease resistance, stem sturdiness, and 
pistillate head type. We initiated studies, in both the field and the greenhouse, 
to improve methodology of selection for shattering resistance. We also carried 
out crosses and backcrosses with non-dormant Zizania aguatica. 

Variety Trial 

The variety trial was spring-planted at two sites, Grand Rapids and Aitkin. 
However, during flowering, muskrats destroyed many of the plots at the Aitkin 
site, making the experiment at that site unusable. As in previous years, the 
primary purpose of the 1991 variety trial was to compare varieties and 
experimental populations for yield and shattering. 

Materials and Methods. We planted 20 entries in six blocks at Grand 
Rapids in mid-May of 1991, including 6 populations collected from California 
growers• paddies, 8 Minnesota varieties, and 6 experimental populations from 
the U of M wild rice breeding project. 

When plants had reached their maximum growth, we measured the total plant 
height and seed head length. Before seed maturity, we placed 4-inch by 8-foot 
PVC pipes (split lengthwise) in the plots as collecting troughs for shattering 
seed. In each plot we suspended a trough just above the water surface 
between the center rows of each plot. One week prior to the first harvest date, 
when most entries were still heading, the NCES Plant Pathologist, Dr. Robert 
Nyvall, rated 5 flag leaves in each plot for fungal brown spot (FBS) disease 
incidence. Five days later, Dr. Porter rated the whole canopy of each plot for 
total leaf area affected by the disease. 

For each plot, the heading date was used to aid in making decisions about 
harvest. When a variety had approximately 50% mature seed on the main
stems, we harvested that entry with other varieties of similar maturity. Thus, 

1 Research Associate and Research Plot Coordinator, respectively 
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there were 5 harvest dates to account for maturity differences of the 20 entries. 
At harvest, we counted stems and weighed threshed green seed. After drying 
the seed, we weighed the seed again and calculated percent moisture. After 
harvest, we collected shattered seed from the PVC troughs. After drying and 
cleaning this seed, we used the weight to calculate shattered seed on a per
acre basis. We added this to the harvested seed to calculate potential yield. 
We could then calculate percent shattering as a proportion of potential yield. 

Results and Discussion. California entries averaged 546 to 852 lb/A; 
Minnesota cultivars, 155 to 9671b/A (Table 1). Experimental populations 
(selected for shattering resistance, stem sturdiness, and yield) were the top 6 in 
yield (1002 to 1142 lb/A). Their seed shattering losses ranged from 17 to 31% 
of the total grain produced. Minnesota cultivars lost 24 to 42%. Five of the 
California entries reached maturity before frost and lost 27 to 40% of their seed. 
The sixth one (California 5) was still maturing at harvest (61% dry weight). 
California 1 and California 6, which originated from the same Modoc grower, 
resembled K2 in plant height and maturity (although it was slightly later than 
Minnesota growers• K2), but yielded slightly more and shattered slightly less. 
Generally speaking, these four California entries were later and taller, had 
longer but fewer heads per plant. 

The disease ratings for variety trial entries are shown in Table 2. The two 
earliest entries (Meter and Voyager) had the most disease, particularly when 
expressed as canopy leaf area affected or as number of stems with lesions. 
The experimental entries generally did not exceed the average disease level for 
the trial. None of the entries could be described as resistant. •california 1• and 
•california a· expressed FBS disease symptoms which were qualitatively similar 
to most Minnesota varieties. However, in the early stages of disease 
development, we saw large, tan-colored disease lesions in the other four 
California entries, which seemed to enlarge more rapidly than the typical 
lesions on the other entries. These lesions were similar to those previously 
observed by Dr. Percich on the variety Johnson, or on populations with Johnson 
in their ancestry. The appearance of such • Johnson lesions• in these entries 
was not always reflected in above average disease ratings in this experiment, 
but these California entries yielded somewhat less than expected, given their 
late maturity and high yield in California paddies. 

There was a negative relationship between yield of the 20 entries and the 
average disease rating of their flag leaves (r2 = .476), as well as the whole-plot, 
or .. canopy-, rating (r2 = .637), as shown in Figure 1. This suggests genotypic 
differences for disease resistance: less diseased entries generally yielded 
higher. However, the low yield and high disease ratings of the earliest varieties 
probably had a large influence on the correlation. 
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Table 1 Yield, shattering, and other characteristics of 1991 Variety Trial entries, Grand Rapids 

50% Harvest Dry Green Shat. Plant Panicle 
Ent~ {Source} heading date Tillers wt. ~ield loss ht. length 

/plant % lb/Ab %C in. in. 

Meter {lmle) 21-Jul 30-Aug 5.2 64 155 42 62.6 9.1 
Voyager {lmle) 23-Jul 30-Aug 4.6 66 394 32 67.7 9.0 
Netum {Manomin) 27-Jul 30-Aug 5.1 65 453 24 74.8 9.0 

K2{2)C4a 1-Aug 3-Sep 3.3 65 1017 17 78.0 9.0 
K2 (Kosbau) 1-Aug 3-Sep 4.6 66 524 39 74.4 8.7 
K2 Godward Coop 2-Aug 3-Sep 4.0 65 755 31 72.0 8.5 

K2{GHYM)C2a 4-Aug 3-Sep 3.0 64 1002 19 78.3 8.7 

Cal. 1 (Modoc 1) 3-Aug 6-Sep 2.9 66 844 29 80.7 9.0 

K2{1)C58 3-Aug 6-Sep 3.5 67 1081 24 79.9 9.3 

K2(GHYL)C2a 3-Aug 6-Sep 2.7 66 1032 23 79.1 8.7 
M3 (Manomin) 4-Aug 6-Sep 5.0 65 805 39 72.0 8.7 
M1 (Manomin) 4-Aug 6-Sep 3.3 64 673 43 74.8 8.4 
Cal. 6 (Modoc 2) 4-Aug 6-Sep 3.4 65 852 27 73.2 8.8 
Petrowske (lmle 3X) 5-Aug 6-Sep 3.4 66 967 32 72.4 8.7 

Sturdy shorta 6-Aug 10-Sep 3.3 65 1064 31 75.2 8.9 

Sturdyta118 7-Aug 10-Sep 3.6 65 1142 29 79.5 8.9 

Cal. 2 (Burney) 11-Aug 16-Sep 2.7 65 608 40 83.1 9.2 
Cal. 4 (Fall River 2) 12-Aug 16-Sep 2.7 65 619 40 81.1 9.5 
Cal. 3 (Fall River 1) 13-Aug 16-Sep 2.1 65 546 40 82.7 9.7 
Cal. 5 (Fall River 3) 17-Aug 16-Sep 2.0 61 659 14 82.7 9.7 

Trial mean 3.7 65 759 31 76.0 9.1 
LSD5% 1.0 2 214 9 4.3 0.7 

aExperimental population from the U of M breeding project; other populations are collected from 
growers, with source given in parentheses. 

bAdjusted to 40% moisture 
cshattered seed +total yield, i.e. shattered seed + (shattered seed + harvested seed) 
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Table2 Disease ratings and yield of all entries of 1991 Variety Trial, Grand Rapids 

Disease Ratinga 

Entry (Source) Flag leaf Canopy Stems Yieldb 

% lb/A 

Meter (lmle) 28 75 82 155 
Voyager (lmle) 19 65 73 394 

Netum (Manomin) 24 55 53 453 

K2(2)C48 11 40 58 1017 

K2 (Kosbau) 21 52 78 524 
K2 Godward Coop 15 40 55 755 

K2(GHYM)C28 13 38 55 1002 

Cal. 1 (Modoc 1) 19 37 76 844 

K2(1)C58 14 42 48 1081 

K2(GHYL)C2a 12 35 68 1032 

M3 (Manomin) 15 33 40 805 
M1 (Manomin) 10 32 38 673 

Cal. 6 (Modoc 2) 13 38 58 852 
Petrowske (lmle 3X) 13 43 58 967 

Sturdy shorta 14 35 43 1064 

Sturdy tai!S 12 28 62 1142 

Cal. 2 (Burney) 23 43 65 608 
Cal. 4 (Fall River 2) 19 45 78 619 

Cal. 3 (Fall River 1) 19 52 73 546 

Cal. 5 (Fall River 2) 20 33 70 659 

Trial mean 17 43 62 759 
LSD5% 7 16 18 214 

aexperimental population from the U of M breeding project; other populations are collected from 
growers, with source given in parentheses 

bPercent flag leaf area affected, percent of all leaves in canopy affected, and percent of stems 
with lesions, respectively 

cAdjusted to 40% moisture 
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Fig. 1 Disease ratings vs. grain yield of 20 entries in the 1991 Variety Trial, 
Grand Rapids. 

K2(2)C4 Increase 

"t 
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The least shattering entry of the Variety Trial (see Table 1) was the experimental 
population K2(2)C4, which has averaged 1234 lb/A and 13% shattering in five 
trials from 1989-1991 (Table 3). This is superior to any other entry tested except 
1<2(1 )CS. However, in three 1990 trials, K2(2)C3 (the previous cycle of 
K2(2)C4) proved superior to 1<2(1 )C4 when harvest was delayed (see 
Minnesota Wild Rice Research 1990). All but one of the five trials in which this 
population has been tested were on mineral soils (Aitkin is an organic soil). 
Although we do expect the variety to perform well on organic soils, we will 
obtain data from variety trials on two or three more organic soil sites to confirm 
its high yield and low shattering loss. Meanwhile, this population is being 
increased in anticipation of release in the fall of 1992, pending the results of the 
1992 variety trials. 
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TableS Yield and shattering summary for K2(2)C4 and other varieties, 1989-1991 

Yield Trial 

VT-89 VT-90 VT-90 K2-90 VT-91 5-trial 
Entry G. Rapids G. Rapids Aitkin G. Rapids G. Rapids Mean 

lb/ A(o/o shattering) ---

Meter 992 (18) 155 (42) 
Voyager 878 (35) 394 (32) 
Netum 603 (22) 453 (24) 

K2(1)C# 1290 (25) 1310 (26) 930 (3) 1770 (4) 1081 (24) 1276 (16) 
K2(2)C# 131 5 (25) 1 51 0 (8) 800 (12) 1530 (3) 1 017 (17) 1234 (13) 
K2 (Kosbau) 801 (38) 790 (47) 400 (39) 1170 (11) 524 (39) 737 (35) 
K2 (Vomela) 1492 (19) 1330 (38) 420 (33) 
K2(Godward) 1240 (9) 755 (31) 

M1 1066 (35) 673 (43) 
M3 601 (58) 1060 {41) 660 {14) 1490 {9) 805 (39) 923 {32) 
Petrowske BB 1027 (42) 1360 (31) 410 {13) 1410 (16) 967 (32) 1035 (27) 

Sturdy 1410 (7) 1064 {31) 

Trial Mean 1019 (29) 1290 (28) 610 (18) 1310 {12) 759 {31) 998 (24) 
LSD {0.05) 308 530 {10) 430 {12) 340 (4) 214 (9) 

Pistillate and Bottlebrush Yield Trial 

We planted a separate yield trial in Grand Rapids for the purpose of further 
investigating the pistillate and bottlebrush traits. 

Materials and Methods. We planted 16 entries in six blocks (reps). The 
entries were populations with different proportions of bottlebrush or pistillate 
plants. Entries are described in Table 4 and include two checks: •K2•, from 
which most of the Bottlebrush populations have been derived, and •M3•, from 
which all of the Pistillate populations were developed. The first 9 entries are the 
Bottlebrush group and the other 7 entries are the Pistillate group. 
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Table 4 Description of entries in the Pistillate and 8ottlebrush Trial, Grand Rapids 1991. 

Entry Description 
K2 (Kosbau) K2 check; contains a low percentage of bottlebrush plants (about 10%) 
1<288 (G) K2 selected for bottlebrush, individual plant yield , and shattering 

resistance bv Tomrnv Godward 
Rand(Page) 2X N A population of normal plants randomly selected by Nat Page from several 

arowers' paddies, then reselected for a second time for normal plants 
Rand(Page) 2X 88 A population of bottlebrush plants randomly selected from the same 

arowers' paddies then reselected a second time for bottlebrush 
Pe88(P) 1XN 8ottlebrush variety (originally developed by Kelly Petrowske by recurrent 

selection of healthy, high yielding, shatter-resistant, bottlebrush plants) 
reselected at Petrowske's farm for normal plants 

Pe88(P) 2X 88 Petrowske's 8ottlebrush twice reselected for bottlebrush at Petrowske's 
Pe88(1) 1XN Petrowske's Bottlebrush reselected twice for bottlebrush by lmle and 

Gunvalson then once for normal plants 
Pe88(1) 88/N blend 1:1 mixture of Pe88(1) 1X Nand Pe88(1) 3X 88 
Pe88(1) 3X 88 Petrowske's Bottlebrush reselected 3 times for bottlebrush plants by 

Gunvalson and lmle 

M3 (Manomin) M3 check provided by Manomin Development Corp.; contains a low 
frequency of pistillate plants 

PM32XN Pistillate M3 germplasm reselected at twice for normal plants 
PM31XN Pistillate M3 reselected once for normal plants; expected proportion of 

pistillate (P) plants is 25% 
PM3 PIN blend 1:1 mixture of PM3 1X Nand PM3 2X P; expected proportion is 38% P 
PM32XP Pistillate M3 germplasm; reselected continuously (at least twice) for 

pistillate plants; expected proportion is 50% P 
PM3 x Meter 2X P Pistillate M3 crossed to Meter, then reselected twice for pistillate 
PM3 x LaRonge 2X P Pistillate M3 crossed to a population from LaRonge, Saskatchewan, then 

reselected at least twice for pistillate and non-shattering (was blended 
with some seed of the same population which had been selected for 
normal, then reselected for pistillate, such that the proportion of pistillate 
plants was expected to be 42% 

We planted the trial at the same time as the Variety Trial. As for the Variety Trial, 
we used flowering date to aid in determining harvest date for each entry. When 
all plants had flowered, we counted the number of pistillate or bottlebrush plants 
in each plot. In plots with significant numbers of pistillate plants, we harvested 
and threshed their heads separately from the normal ones in the Pistillate group 
of entries; we likewise kept bottlebrush and normal heads separate in the 
Bottlebrush group. We counted stems of each type to determine the yield of 
each panicle type. We then counted the total number of plants harvested, 
allowing us to determine the frequency of pistillate (P) or bottlebrush (BB) plants 
for each entry. 

Results and Discussion. At harvest, many of the stems were lodged, 
especially the pistillate plants. However, the highest yielding entry was the 
Pistillate M3 germplasm (Table 5). The normal-reselected version of Pistillate 
M3 also yielded high, but it may not have lodged as much, since it had fewer 
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pistillate plants. All the pistillate populations yielded higher than their M3 
relative, although PM3 x Meter was not significantly higher yielding than M3. 
Pistillate panicles had a high seed yield compared to normal panicles within the 
pistillate-selected populations. In the case of Pistillate M3 x LaRonge, pistillate 
plants yielded 71 o/o more than normal plants. However, in Pistillate M3 per se 
the percentage increase was only 11 o/o, probably due to the high normal 
panicle yield in that entry. The average yield of M3 panicles (about 90% of 
which were normal) was only 1.14 g (data not shown in table). The pistillate 
panicles in the other populations bore seed at a much higher level. 

All the BB entries yielded higher than their K2 check, but the difference was not 
statistically significant. Curiously, the highest yielding entries in the BB group 
were the random-selected populations. The normal version yielded essentially 
the same as the BB selected version, as was the case for these two populations 
in the 1990 BB Trial (see Minnesota Wild Rice Research 1990). This is reflected 
in the similar seed yield per panicle for the BB and normal plants of the Random 
BB population. Thus, randomly selected BB plants are not higher yielding than 
randomly selected normal plants, either when comparing BB versus normal 
heads within the 'Rand(Page) 2X BB' population, or when comparing that 
population as a whole with 'Rand(Page) 2X N". By contrast, the Petrowske BB 
populations yielded higher when BB plants were more frequent due to 
selection. Also, the K2 BB selected by Godward was slightly higher yielding 
than the K2 check, and showed a higher yield of BB heads compared to normal 
heads. In fact, in each of the grower-selected BB populations, BB panicles 
yielded 19 to 35% more seed than normal plants in the same population. How 
can these results be reconciled? 

First, these populations were probably not selected for the BB trait alone, as 
indicated in Table 4. Apparently, selecting the best BB plants (not just random 
BB plants) resulted in a population in which high yield per seed head was 
expressed primarily in the BB plants. In addition, we have consistently 
observed that BB plants tend to flower later than normal plants in a given 
population, although we do not have direct data to show this. Later maturity in 
wild rice usually means greater yield, all else being equal. In fact, the BB 
populations tended to flower later, yield higher, and have higher percent dry 
weight than related normal populations. Again this was not true for the Random 
populations. 

Could the higher yield of the BB heads be due to less shattering, perhaps 
because of delayed maturity? In both normal-selected Petrowske BB 
populations, 'PeBB(P) 1X N' and 'PeBB(I) 1X N', the average yield per panicle 
(about 3/4 of which should be normal panicles) was 1.58 and 1.36 g; the K2 and 
M3 checks yielded 1.21 and 1.14 g/panicle (data not shown in table). In the 
Variety Trial, K2 and M3 lost 39% of their seed, but PeBB(I) 3X BB lost almost as 
much (32%). Shattering was not estimated in this trial, so there is no direct 
evidence that BB plants shatter less than normal ones. 

What other explanations are possible? In the random BB population, per
panicle yield of BB and normal heads were essentially equal--and both were 
much higher than for any other population in the BB group. Since it was a 
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random collection from several different varieties, perhaps there was some 
hybrid vigor expressed as the population intermated. Also, since 88 is probably 
male-sterile, and since pistillate certainly is, perhaps selecting only male-sterile 
plants eliminates self-pollination, some of which might occur with male-fertile 
plants. If a significant proportion of seed from normal plants comes from self
pollination, inbreeding depression should be the result, with lower seed yield 
per panicle. Therefore, the pistillate or the bottlebrush trait may give an 
advantage by ensuring that all the seed from those plants is the result of cross
pollination. There is no available data estimating the amount of self-pollination 
of wild rice, or the degree of hybrid vigor (heterosis). 

Another possible explanation is that male-sterile plants may use less of the 
energy produced by photosynthesis for pollen production, so that more is 
available for seed filling than in normal plants. Lacking the appropriate 
physiological studies in wild rice, this is merely speculation. Nevertheless, we 
can say that in some circumstances, bottlebrush heads have higher yields than 
normal heads. 

Table 5 Yield, maturity, and seeds per panicle for 16 entries with pistillate or bottlebrush plants 

Entry 

K2 (Kosbau) 
K2 BB (G) 
Rand(Page) 2X N 
Rand(Page) 2X BB 
PeBB(P) 1XN 
PeBB(P) 2X BB 
PeBB(I) 1XN 
PeBB(I) BBIN blend 
PeBB(I) 3X BB 

M3 (Manomin) 
PM32XN 
PM31XN 
PM3 PIN blend 
PM32XP 
PM3 x Meter 2X P 
PM3 x LaRonge 2X P 

Trial mean 
LSD 

50% 
flowering Total 

date yield 
lb/A 

3o-Jul 681 
1-Aug 703 
1-Aug 902 
1-Aug 891 

31-Jul 710 
1-Aug 846 
1-Aug 693 
3-Aug 768 
4-Aug 790 

4-Aug 559 
6-Aug 1003 
2-Aug 841 
4-Aug 998 
6-Aug 1014 
1-Aug 669 
1-Aug 828 

806 
237 

Drywt. 
% 

66.1 
65.9 
65.7 
66.6 
67.6 
67.7 
65.6 
66.1 
68.1 

66.3 
65.8 
62.7 
67.1 
65.4 
63.5 
63.9 

66.4 
1.6 

Freq. of 
PorBB 
plants 

% 

23.7 

48.8 

56.1 

43.1 
62.8 

12.3 

26.9 
51.5 
53.0 
51.9 
48.1 

P or BB normal 
panicle panicle 
yield yield 

--glpanicle-

1.59 

1.91 

1.78 

1.77 
1.52 

1.91 
1.75 
2.07 
1.69 
2.28 

1.78 
NS 

1.44 

1.90 

1.51 

1.32 
1.37 

1.35 
1.28 
1.92 
1.35 
1.43 

1.46 
0.32 

a(p or BB panicle yield - normal panicle yield) I normal panicle yield. 
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Increase 
in seed/ 
panicle 

19 

1 

24 

35 
26 

49 
37 
11 
27 
71 

29 
NS 



Population Improvement 

In our population improvement activities, we continued emphasizing several 
important traits in a number of populations. Shattering resistance is still our first 
priority, but we are also pursuing disease resistance by screening at the Aitkin 
site. In our breeding efforts, we usually take into consideration yield of 
individual plants (on a subjective basis), as well as several other traits 

K2(1)C5: Selection techniques 

We have been selecting within the population K2(1 )C5 for 5 cycles for 
shattering resistance, adding individual plant yield as a selection criterion since 
cycle 5. This year, we selected using different methods to test the effectiveness 
of the following techniques for determining genetic shattering potential on an 
individual plant basis: 1) panicle tagging at heading to minimize seed maturity 
effects on shattering; and 2) shattering assessment method. For the first of 
these two factors, there were two levels--tagged and untagged. For the second 
factor, there were three methods of determining shattering resistance--seed 
tensile strength at seed maturity (as measured by a force gauge), hand stripping 
at seed maturity, and hand stripping just prior to frost. 

Of 8 blocks of plants used, we tagged 4 at heading and left the other 4 
untagged. We divided each block into 3 randomly assigned plots of shattering 
assessment methods (20 rows each, with two rows in each plot reserved for 
gathering unselected bulk seed). In each plot, we examined grids of about 1 0 
plants each, and chose one plant based on its superiority according to the 
method employed in that plot. We selected about 20-30 plants (yielding about 
one pound of seed) for each each tagging-selection method combination. In 
1992, we plan to plant these seed lots separately, along with the unselected 
bulk population 'K2(1 )C5', and repeat the selection method for each seed lot.. 
Subsequently, we will evaluate the different sub-populations for gains in yield 
and shattering resistance by comparing them with the unselected K2(1 )C5. 

Sturdy C3 

In 1991, we selected Sturdy for a fourth cycle for stem sturdiness. We had 
initiated two sub-populations in 1990 and continued selection in 1991 for either 
tall or short plant height. Within these sub-populations, we selected plants 
primarily for sturdy stems and panicles, and secondarily for shattering 
resistance and panicle yield. Sturdy yielded well in the variety trials of 1990 
and 1991. However, the two Sturdy sub-populations still lose more seed than 
either K2(2)C4 or K2(1 )C5. We will continue to select for stem characteristics 
and high yield, while increasing our emphasis on seed retention. 
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K2(GHY)C3 

We planted this population at both Grand Rapids and Aitkin in 1990 and 1991. 
In both years, we continued selecting the Grand Rapids sub-population for seed 
retention and individual plant yield. In the Aitkin sub-population, we added the 
selection criterion of disease resistance, particularly in 1991 when disease 
pressure was higher. 

Pistillate M3 

We have continued to maintain Pistillate M3 as a germ plasm source for the 
pistillate trait. In addition, we initiated a selection program in 1990 to increase 
its lodging resistance and shattering resistance, while shortening its maturity. It 
has been one of the highest yielding populations in recent yield trials, probably 
due to the pistillate characteristic (see Pistillate and Bottlebrush Trial above). 
However, we need to increase the stem strength of pistillate plants before this 
could be released as a variety. 

Frosty cs 
We have been selecting for shattering resistance in this population by waiting 
until the end of the season (frost date) to select among tagged plants for 
shattering resistance. In 1991, we selected Frosty in this manner for a sixth 
cycle. This population is among the earliest maturing, flowering even before 
Meter~ When we included it in the 1990 variety trial, it was among the highest 
yielding entries. We will be comparing the gain from selection for this method to 
that of other methods in the K2(1)C5 population (see above). 

Others 

We have also selected other populations for priority traits. These include: 
BB(M)C1 for the bottlebrush trait and shattering resistance; a four-way 
population cross for shattering resistance--(M3 x Netum) x (Meter x Johnson), 
now in the F2; M3(M)C3 for shattering resistance and yield; and a population 
selected from the Petrowske Bottlebrush variety for disease resistance. In 
addition, we are selecting in populations initiated through hybridization with 
Pistillate M3 (PM3): PM3 x LaRonge for pistillate heads and shattering 
resistance; PM3 x Sturdy for stem sturdiness; PM3 x Frosty for early maturity 
and shattering resistance; PM3 x 1<2(1 )C4 and PM3 x K2(2)C3 for yield and 
shattering resistance. Also, we have formed new populations by selecting 
pistillate plants from within existing varieties and populations. 
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Zizania aquatics x Zizania palustris Hybrids 

In 1991, we backcrossed Z. aguatica x Z. palustris hybrids to cultivated Z. 
palustris in order to transfer presumed non-dormancy. The BC1 F1 generation 
seed germinated less than a month after harvesting and is currently growing in 
the greenhouse. When these plants flower, they will be selfed and backcrossed 
a second time to Z. palustris parents. Once we have obtained sufficient seed, 
we will initiate genetic studies to determine the inheritance and consistency of 
the nondormancy trait. 
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WILD RICE DISEASE RESEARCH 

Department of Plant Pathology 
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The Saint Paul based wild rice disease research group will be 
focusing on the following areas of investigation in the future: 

1. Continued development and use of wild rice hydroponic media 
for studying the effects of wild rice nutrition on the 
severity of fungal brown spot (FBS), caused by Bipolaris 
oryzae. Also, such a hydroponic medium may be useful in 
stimulating the growth and development of wild rice plants 
regenerated from callus culture (In cooperation with Drs. P. 
Bloom and R. Zeyen, Univ. of Minn. -Twin Cities Campus). 

2. To study the use of toxins to screen current cultivars and 
advanced wild rice breeding material for FBS disease 
resistance (In cooperation with R. Porter, North Central Exp. 
Sta., Grand Rapids, MN). 

3. To investigate the diversity of natural stands of wild rice in 
Minnesota. The ecology and genetic diversity of the two most 
important subspecies, palustris and interior. 

Professor Robert Nyvall, the plant pathologist stationed at the 
Univ. of Minn. North Central Exp. Sta., in Grand Rapids, Minn. will 
now direct efforts for the continued field evaluation of Tilt™ and 
other fungicides for FBS control, field FBS screening and 
evaluation of wild rice introductions (in cooperation with Dr. R. 
Porter), and grower education for disease prevention and 
management. Also, Dr. Nyvall is currently developing a research 
program in the area of biological control of aquatic weeds. 

SUMMARY OF RESERACH ACTIVITIES: 

In 1991 The plant pathology research team in Saint Paul focused on 
the continued investigation of hydroponic media for the culture of 
wild rice and the continuation of an emergency registration (a 
specific exemption under Section 18 of FIFRA) for Tilt™ as a 
foliar fungicide to control FBS on cultivated wild rice in 
Minnesota for 1992. 
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HYDROPONZC CULTURE OF WZLD RZCE 

zntroduction: 

Wild rice was grown hydroponically in a chemically defined liquid 
growth medium to flowering for the first time in our laboratory in 
1989. During the past two years we have been working to improve 
plant growth and development. The effects of different nutrient 
solutions, pH levels, and growth chamber conditions have been 
reported ( 1) • 

Wild rice have been grown to a height of 1.3 meters (4 •. 3 ft) with 
flowers and seed heads approaching normal size and appearance. 
These plants had excellent root growth, tillering and produced 
mature seed. Experiments are continuing with the purpose of 
producing larger wild rice plants with normal structure and to 
determine the effects of silicon on growth, yield, and resistance 
to fungal brown spot disease. 

The primary objectives of the hydroponic research project are as 
follows: 

1. Determine if silicon nutrition plays an important role in 
resistance of wild rice t'o fungal brown spot disease, caused 
by Bipolaris oryzae. 

2. Determine minor element needs of wild rice by growing plants 
hydroponically from seed to maturity. 

3 . Investigate the use of a hydroponic culture to promote 
regeneration of wild rice plants from differentiated callus 
culture. 

Materials and Methods: 

Hydroponic culture. Wild rice 'variety' K2 was selected for all 
hydroponic experiments. Seedlings 2 - 3 weeks old were situated 
in small plastic pots containing plastic screen bottoms, and 
positioned in 6 liter (1.6 gal) buckets containing nutrient 
solution. Experiments were performed in growth chambers having a 
16.5 hours photoperiod with light from a mix (60:40) of cool white 
fluorescent and Gro-lux. The relative humidity was maintained at 
94 percent. The day and night temperatures were 22 C (72 F) and 17 
C (62 F), respectively. Nutrient solutions were replaced weekly, 
and the pH was adjusted once each week between solution changes. 
The nutrient solution used most often was a modified Hoagland's at 
pH 5.0. This hydroponic solution was modified from the original 
recipe by reducing the concentration of micronutrients to one
quarter strength and increasing iron 1.4 fold. A nutrient 
solution (pH 5) , developed at the International Rice Research 
Institute (IRRI) was used in some experiments. 
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Silicon amendments. Four different silicon (Si) compounds were 
added to nutrient solutions to determine their effect(s) on wild 
rice growth and fungal brown spot (FBS) resistance. These 
compounds were sodium silicate, meta soluble, technical grade 
(Fisher Co.); calcium metasilicate (Alpha Products); silicic acid 
(Fisher Co.); and potassium silicate, Kasil #1 (The PQ 
Corporation). Each silicon compound was added to obtain a Si 
concentration of approximately 1.5 mM in the nutrient solution. 

Inoculum preparation. Bipolaris oryzae strain 8051 (isolated from 
wild rice in Aitkin Co.) was maintained on potato dextrose agar 
(PDA) in petri plates. The fungal cultures were grown 4-6 weeks at 
24 C (75 F) to allow for the production of conidia (spores). The 
inoculum was prepared by flooding the culture plates with sterile 
water; spores were washed from the plates and suspended in water to 
a concentration of 10,000 spores per milliliter (.03 oz). Leaves 
of wild rice seedlings in the 4-6 leaf stage were inoculated by 
spraying leaves first with 95% ethanol; after evaporation of the 
ethanol the spore suspension was sprayed onto the plants. 
Inoculated plants were immediately moved to growth chamber at 
approximately 22 c (72 F) with 100% relative humidity where free 
water formed on the leaves within 1-2 hours. 

Results and Discussion: 

Wild rice plant growth, e.g., height, tillering, and total biomass 
has gradually increased as we have refined our techniques for 
hydroponic culture. 

Inoculation and infection of wild rice. Obtaining reliable and 
consistent infection of wild rice with Bipolaris oryzae was a 
challenge; but progress was been made in the past year. We found 
treating wild rice leaves with ethanol before inoculation and the 
formation of free water on their surfaces after inoculation to be 
important factors for successful infection of wild rice. 

Infection success under high relative humidity (100%) with and 
without the formation of free water on leaf surfaces was examined. 
It was found that infection was much more successful (approximately 
100 - 200 fold increase) when free water was allowed to formed on 
the leaf surface. 

The ethanol seems to disrupt the hydrophobic waxy layer on the 
surface of leaves thus allowing for increased spread and adhesion 
of the spore suspension to the leaf surface. As a result there was 
a much higher rate of infection by the pathogen. 

An oil (Soltrol 170) for preparation and spraying of spores 
suspensions was also evaluated. This treatment resulted in poor 
infection. 

However, in spite of these improved techniques for inoculation of 
]2. oryzae on wild rice; the results were highly inconsistent among 
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K-2 plants of the same age even when inoculated at the same time. 
Lesion numbers and to some degree lesion size were extremely 
variable between plants and between leaves on the same plant. For 
example, in one inoculation experiment with seven plants (23 total 
leaves), all leaves were sprayed to runoff with a spore suspension 
prepared as described above. Fungal brown spot lesions formed on 
only 8 of 23 inoculated leaves after 5 days of incubation. The 
number of lesions per leaf ranged from 2 to 21. This inconsistency 
of infection success is a significant problem that must be overcome 
if we are to make progress in studies on fungus-plant interactions 
and in identifying and understanding FBS resistance in wild rice. 

Effect of silicon on plant growth and FBS resistance. Results from 
experiments to determine the effect of amendments on growth, 
development and disease resistance of wild rice in hydroponic 
culture are inconclusive at this time. In three experiments, 
silicon amendments had no clear effect on plant size, total biomass 
development, and number or size of brown spot lesions on inoculated 
plants. Silicic acid appeared, in some cases, to promote growth 
more than the other silicon amendments. Whereas potassium silicate 
seemed to inhibit growth compared to unamended Hoagland's solution. 

Much of the difficulty in obtaining conclusive results in these 
kinds of experiments is due to the genetic variability among 
individual wild rice plants. These experiments are labor-intensive 
and expensive in terms of time and space required to complete them; 
therefore large numbers of plants cannot be used to 'smooth out' 
variations due to individual plant variability. Therefore, the 
development of one or more wild rice varieties that are genetically 
andjor phenotypically consistent is critical if we are to make 
rapid progress in understanding the role (s) of plant nutrition, on 
fungal brown spot resistance. 

TILTTM REGISTRATION FOR MINNESOTA WILD RICE GROWERS: 

The systemic fungicide Tilt (CIBI-GEGY Corp) was approved for use 
on cultivated wild rice in Minnesota for the 1990 and 1991 seasons. 
The approval for Tilt's use on Minnesota paddy wild rice was the 
result of a Section 18 request by Dr. J. Percich, · plant 
pathologist, Univ. of Minn. The request was actively supported by 
the Minnesota Paddy Wild Rice Council and the Minnesota Department 
of Agriculture (MDA). The Section 18 was subsequnetly approved and 
granted by the Environmental Protection (EPA) Agency (Registration 
Support Branch, Regulatory Division). 

A Section 18 request for Tilt's use on Minnesota paddy wild rice 
for the 1992 growing season was assembled by Dr. J. Percich in mid 
January. The request package contained published research and 
additional field evaluation data on Tilt supplied by Drs. Percich 
and Nyvall from the 1990 and 1991 growing seasons, respectively. 
The package as sent was approved by the MDA in late January. 
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However, the EPA notified MDA and Dr. Percich that additional 
current (last 5 years) ecomomic information concerning wild rice 
production costs and other information was necessary. On February 
13, 1992 a letter from The Minnesota Paddy Wild Rice Council was 
sent to EPA supplying the requested information. 

Minnesota paddy wild rice industry desperately needs a fungicide to 
control fungal brown spot, caused bX Bipolaris oryzae. since the 
voluntary withdraw of Dithane M-45T (Rhom & Haas), Tilt has been 
the only fungicide available. Since there has been some re
registration of many ethylene bisdithiocarbamate (EBDC) labels, 
perhaps, re-examination of the lost wild rice use permit may be in 
order. 

Tilt has proven itself to be an excellent systemic fungicide to 
control FBS. It is hoped that CIBA-GEGY Corporation is still 
vigorously supporting and moving forward on their attempts to 
achieve additional Tilt labels for wild rice and other crops. 
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Control of Fungal Brown Spot 
of 

Paddy Wild Rice 
by 

Propiconazole (Tilt) 
in 

Minnesota in 1991. 

Robert F. Nyvall 
University of Minnesota 

North Central Experiment Station 
Grand Rapids, Mn. 

Applications of Tilt were made on six fields, each divided into three equal areas. The ideal 
field size sought was 30 acres but fields varied somewhat in size. All appplications were 
by air. Tilt was applied at 6 oz/A at the boot stage of plant development on the two outer 
treatment areas. On one of the outer treatment areas, a second application of 6 oz/ A was 
applied 14 to 17 days later at early flowering. 

Yield was taken by cooperators with at least two combine strips harvested for each 
treatment, collected in a bag and weighed. Percent recovery was also measured. 

Incidence and severity of fungal brown spot was measured by number and size oflesions 
on the uppermost leaf of 50 plants and quantified using a modified Clive James Key 
(Septoria leaf blotch). Plants were selected in a "U" pattern, one plant approximately every 
10 feet. Three measurements were taken, before the first and second applications and 
before harvest, respectively. The disease rating key is as follows: 

Rating 
IF 
1 
1+ 
5 
5+ 
25 
25+ 
50 

Conclusions for 1991: 

Percent ofDiseased Leaf Area 
0.5 
1.0 
3.0 
5.0 
10.0 
25.0 
35.0 
50.0 

1. Two applications of Tilt was effective in controlling FBS of paddy wild rice at all sites 
with yield increases ranging from 77 to 19lb&'A offmished rice. One application was not 
always effective; in this study a yield increase was noted on half the sites (Table 1). 

2. Two applications ofTilt reduced disease severity. Under severe disease pressure, the 
reduction in disease severity is dramatic. One application also reduced disease severity at 
all sites; however disease was not reduced as much as with two applications. Generally 
disease readings are inversely proportional to yield expectations, i.e. the higher the disease 
rating the lower the yield and the lower the disease rating the higher the yield (Table 2). 
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3. Assuming a return to the grower of$1.80/lb offmished rice and a cost of$22.50/A per 
application of Tilt. It was profitable to apply two applications of Tilt at four of six sites in 
1991. One application of Tilt was profitable at 3 of six sites in 1991 (Table 3). 

4. In Minnesota, FBS severity increases mpidly from about the middle of July until 
harvest. Therefore, it is important to have timely applications ofTilt to protect the plants 
during this time. 

5. Application of Tilt appears to delay maturity. In general, recoveries may initially be low 
for Tilt-applied fields, then rise ifharvest is delayed for a day or two. However, during a 
delay increased shattering may occur. 

6. Stressed plants appear to be more susceptible to FBS than healthy plants. Tilt should be 
used in conjunction with good overall agronomic pmctices. Genemlly, it appears that 
paddies should be well fertilized with good weed control. Water should not be taken off a 
field too early to further stress plants. Generally, healthy plants that are well fertilized, not 
in competition with weeds and otherwise not stressed, appea,r to be more resistant to FBS. 

Table 1 Yield Finished Lbsl A 
Site 

1 2 3 4 5 6 

2 applications 528 468 394 52 100 171 
1 application 527 468 350 30 50 140 
Control 476 435 372 33 23 140 

Table 2 Final Disea~e Readings 
Site 

1 2 3 4 5 6 

2 applications .96 1.5 .84 19.5 13.9 17.5 
1 application 1.10 1.8 1.43 29.7 26.3 26.1 
Control 1.71 2.7 6.67 38.8 52.3 29.4 

Table 3 Profit or (Loss)* 
Site 

Applications 1 2 3 4 5 6 
52lbs 33lbs 22lbs 19lbs 77lbs 3llbs 

2 $48.60 $14.40 ($5.40) ($10.80) $93.60 $10.80 

50lbs 33 lbs (22 lbs) (3lbs) 27lbs 0 
1 $67.50 $36.90 ($22.50) ($22.50) $26.10 ($22.50) 

*Assuming $1.80/lb finished rice and a cost of$22.50/A per application ofTilt. 
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MOISTURE PREDICTION 
FROM GRAIN TEMPERATURE DURING PARCHING 

AND 

KERNEL SORTING 
INTO LENGTH CATEGORIES 

C. E. Schertz1, J. J. Boedicker2, M. C. Lueders3, and V. J. Johnson4 

INTRODUCTION 

Research on wild rice by Agricultural Engineering in 1991 was directed 
toward: 

1) Further investigation of temperature/moisture relationships for wild 
rice during parching to better evaluate the potential for using grain 
temperature as an indicator of moisture content as parching nears 
completion, and 

2) Evaluation and additional development of the system for analyzing 
samples of processed wild rice for kernel length distribution 
according to mass in selected length categories. 

MOISTURE PREDICTION 
FROM GRAIN TEMPERATURE DURING PARCHING 

Preliminary research conducted in 1990 showed grain temperature to be 
a potentially useful indicator of moisture content during parching. Further 
research was conducted in 1991 to more fully investigate this concept. 
This work was undertaken in response to a need expressed by 
processors for a reliable way to monitor moisture content during parching 
to prevent overdrying and the associated loss of finished product mass. 

Data Col!ectjon 

Tests were conducted during normal parching operations at three 
different processing plants, designated herein as Plants 1 , 2 and 3. 
Three parcher batches were monitored at Plant 1, four at Plant 2 and 
seven at Plant 3. Monitoring consisted of periodically taking both a grain 
temperature reading and a sample for moisture content analysis. The 
first temperature reading and grain sample were taken about half way 
through the parching process and the last when the parcher operator 
judged the process to be complete. 

1,3,4 Department of Agricultural Engineering, St. Paul 
2 North Central Experiment Station, Grand Rapids 
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Grain samples were obtained with a somewhat funnel-shaped container 
that held approximately two quarts. Temperature readings were taken 
with a thermocouple that was located at the end of a two inch hypodermic 
needle mounted upright in the center of the container bottom. The 
container had a long handle to permit extracting grain samples from at 
least half way back in the parcher. 

At Plants 1 and 2 a special stand was fabricated at the front of the 
parcher to support the sampling container while inserted into the parcher. 
It also helped guide the container into and out of the rotating parcher 
drum without hitting vanes inside the open end of the drum. The stand 
was designed to permit the sampling container to be shifted laterally into 
the cascading grain stream to collect a sample and then back out of the 
stream. After sample collection, the container was left in the parcher until 
the grain temperature reading stabilized, typically about one minute. The 
container was then withdrawn and emptied, a subsample taken for oven
dry moisture content analysis, and the container immediately reinserted 
into the parcher. This procedure also permitted the monitoring of air 
temperature in the parcher. 

At Plant 3, the effective size of the opening in the end of the parching 
drums was considerably smaller than at the other two plants, making it 
necessary to modify the sampling container and to handle the sampling 
device manually. At this plant, the sampling container was immediately 
withdrawn from the parcher upon sample collection, as it was not 
possible to hold the full sampling container in the parcher until the grain 
temperature reading stabilized. A cover was then placed over the· 
container to minimize cooling from air exchange while the temperature 
reading stabilized. No air temperature readings were taken at Plant 3. 

Grain Temperature and Moisture Content Results 

Results for grain temperature versus moisture content during parching for 
the three plants are shown in Figures 1, 2 and 3, respectively. These 
results are similar to those obtained in 1990. The rise in grain 
temperature became increasingly more sharp as moisture content 
dropped below 1 0 percent. 

A comparison of Figures 1, 2 and 3 reveals some apparent differences in 
grain temperature vs moisture content relationships among the three 
processing plants. Grain temperature at Plant 2 was somewhat lower 
than at the other two plants. A likely reason for this difference is that 
parchers at Plant 2 had a larger opening and hence allowed more air 
exchange and associated cooling than those at the other two plants. 

Results obtained in 1991 provide strong evidence that grain temperature 
can indeed be a reasonably accurate indicator of moisture content during 
parching. Figure 4 shows temperature vs moisture content data over the 
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5 to 1 0 percent moisture range for the three processing plants. Also 
shown in the figure is a linear correlation fitted to that data. This line 
predicts moisture content to within one percentage point over this range 
of moisture content, except for one data point. Separate linear 
correlations over this range for data for each respective plant would have 
yielded even more accurate predictions of moisture content . 

It is recognized that temperature vs moisture content relationships can 
vary with differences in parching conditions including not only parcher 
design but also load size, firing rate and other factors. When temperature 
relationships are used to predict grain moisture content during parching, 
it is appropriate that such conditions be controlled carefully. 

It should also be recognized that the moisture content measured was of 
the unhulled grain mass and not strictly of the kernel portion. Since the 
grain mass contains 20 to 30 o/o hulls and chaff which dry faster than the 
inner kernel portion, the actual kernel moisture is higher than the 
indicated moisture. On the other hand, kernels probably continue to lose 
some moisture in processing steps following parching. The net effect of 
these factors on moisture content of the finished product is not known. 

Tests conducted in 1991 confirm how sensitive moisture content is to a 
few minutes difference in time when parching is judged complete. In the 
moisture content range below 1 0 percent, the rate of moisture loss in all 
tests ranged from 0.24 to 0.37 percentage points per minute. Stated 
another way, near the end of the parching process, the grain was losing 
moisture at the rate of one percentage point every 3 to 4 minutes. 

Grajn Temperature Measurement During Parching 

For temperature to be useful as an indicator of grain moisture content 
during parching, there must be a practical and reliable way to measure it. 
One idea that has been advanced for measuring grain temperature 
during parching is the use of one or more temperature probes mounted 
inside the parcher in contact with the tumbling grain mass. Such a 
temperature probe was developed and tested in a parcher in 1991 
during normal parching operations. The probe was attached to the end 
of a rigid member that extended about half way into the parcher through 
the upper portion of the front opening and clear of the cascading grain. 
This member was supported from a special frame attached to the front of 
the parcher frame independent of the rotating drum. The probe consisted 
of a length of 1/2 inch OD x 1/8 inch ID tubular steel shafting with a 
thermocouple wire extending through it and the thermocouple junction at 
the end. The probe curved downward and to the left with the tip at 
approximately the 7:30 position in the drum (clockwise rotation when 
viewed from the front) where grain depth was the greatest. About 1 inch 
clearance was provided between the tip and the inner edge of vanes 
inside the drum. The shape of the probe provided both good contact with 
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the grain and also positive cleaning of any material that might become 
caught on it. 

The probe performed as expected with the tip appearing to be constantly 
submerged in the grain. However, both the specific design of the probe 
and the correlation between temperature readings and grain moisture 
content are in need of further investigation. 

Other possible methods for measuring grain temperature that have been 
considered include use of (1) an infra-red temperature indicator, and (2) 
a hand-held sample collector equipped with a thermocouple and 
portable temperature indicator. One or both of these may be investigated 
in the future as opportunities permit. 

KERNEL SORTING 
INTO LENGTH CATEGORIES 

The device described in last years report for evaluating kernel length, 
was tested for accuracy and repeatability in length evaluation of 
individual kernels. This device singulates the kernels permiting them to 
pass single file over a photo sensor (photodiode array) used to evaluate 
length. 

A method has been developed, to work in conjunction with the length 
sensing device, for sorting the wild rice kernels into different containers 
according to specified length categories. The sorting mechanism is 
being tested for repeatability as to number of kernels and kernel mass in 
respective length categories for samples of wild rice. 

Characteristics and qualities considered important for a device to sort a 
sample of wild rice according to kernel length include: 

1. repeatable 

2. accurate 

3. free of operator influence 

4. retains adjustment 

5. minimum setup restrictions 

6. standardized procedures 

The length sensing and evaluation system makes use of a vibratory bowl 
feeder that singulates the kernels from a sample and delivers them 
individually into a glass tube for passage over the photo array. As each 
individual kernel from a sample of wild rice passes over the sensor, the 
computer determines the length of that kernel based on photodiode 
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spacing and the number of adjacent photodiodes receiving light at less 
than the threshold setting. Evaluation is triggered when the trailing end 
of the kernel passes the first photodiode. The sorting device receives the 
kernels from the glass tube after they pass over the sensor and it 
pneumatically deflects each kernel into a container according to its 
specified length category as determined by the sensor and computer 
program. 

Photo Sensor Performance Evaluation 

Performance of the kernel length sensor was evaluated based on. its 
accuracy and repeatability in determining the length of individual kernels. 

For evaluation of accuracy in length determination, individual kernels 
were passed repeatedly (15 to 30 times) over the sensor for 
determination of the length category by the sensor and computer 
program. Prior to evaluation by the sensor, the length of each kernel was 
measured manually to the nearest .0005 inch with a digital caliper. The 
measured length of each kernel was compared to its length category 
determined by the photo array system. Results from this evaluation are 
listed in Table 1. The four left columns (a, b,c & d) of this table contain 
information on the individual kernels and the test procedure as follows: 

a) kernel identification number, 

b) kernel length measured with a digital caliper (arranged in 
ascending order of length within the column ), 

c) difference between measured kernel length and nearest cut-off 
length, and 

d) number of times the kernel was passed over the sensor for 
evaluation. 

The four right columns (e , f, g & h) show the percentage of times the 
sensor evaluated the kernel length to be in each of the length categories 
as follows: 

e) less than 6/64 inch, 

f) 6 to 12/64, 

g) 12 to 20/64, and 

h) 20/64 inch and longer. 

To assist in review of results, the blocks in these columns are shaded in 
proportion to the percentage of passes the sensor and computer program 
indicated each kernel to be in the respective length category. In addition, 
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at appropriate points of ascending kernel length, horizontal lines are 
inserted in the table to represent the cut-off lengths between categories, 
i.e., the relative positions in the table for hypothetical kernels of exactly 
6/64, 12/64, and 20/64 inches long. 

Observations of data in the table and comments about the evaluation are: 

1. All kernels having a length near the middle of the range of the 
category were accurately evaluated for length category. 

2. Kernels having a length near a cut-off length were sometimes 
placed in the incorrect category. 

3. Except for kernel number 2, all kernels that were incorrectly 
categorized in at least one pass over the sensor had a length 
within .028 inch of the cut-off length. Kernel number 2 was a thin 
kernel with a kink near the middle that may have permitted light to 
illuminate photodiodes beneath the kernel as it passed through 
the glass tube over the sensor. 

4. The accuracy with which the sensor determines the length 
category for a kernel is dependent on: a) threshold setting of the 
photodiodes, b) intensity of the illuminating light, c) width of slot 
over the sensor in relation to the width of kernel, and d) sharpness 
or bluntness of the end(s) of the kernel. 

5. Results are better than anticipated, considering that each 
photodiode has a finite width of .039 inches. 

Development of the Device for Sorting Kernels 

Various options were considered for the method of sorting wild rice 
kernels according to length category as they exit from the glass tube after 
passing over the photo sensor. The method selected for initial 
development uses controlled air jets to direct the freely falling kernels 
into collecting containers. Figure 5 shows, in conjunction with the 
vibratory bowl feeder and photo sensor, a schematic diagram of the 
directed air jets and catching tubes to sort the kernels into designated 
length categories. The glass tube over the sensor has a gentle 
downward bend beyond the sensor so that the kernels are moving 
vertically downward as they exit the glass tube. Four small controlled 
horizontal air jets, directed radially inward relative to the vertical glass 
tube are positioned a short distance below the exit end. The directed air 
jets are positioned at 90° intervals in a horizontal plane. The air jets are 
activated and deactivated by solenoid valves which are controlled by the 
computer software. Opposite each air jet is a special tube for catching 
the kernels deflected by the selected jet of air. Each catching tube is 4 
inches in diameter and is positioned upright with a cutout facing the 
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corresponding air jet to receive the deflected kernels. Attached to the 
bottom of each cylinder is a small funnel to direct the kernels into a cup. 

Factors being considered in the development of this means of sorting 
kernels as they come from the sensing photo array include: 

1 . The length of the glass tube beyond the sensor must be long 
enough so that the software can respond to the kernel sensed and 
transfer instructions to the air jets and the jet of air be developed 
before the kernel exits the tube. 

2. The length of the glass tube beyond the sensor must be short 
enough to avoid having more than one kernel in the tube at a time 
and thereby sending conflicting instructions for the air jets. The 
corollary of this is that the frequency of kernels must be low 
enough to permit each kernel to be "sorted" before the next kernel 
reaches the sensor and changes the instructions to the air jets. 

Evaluations of this sorting system are being made by repeatedly running 
samples of wild rice through the system and comparing the number and 
mass of kernels in each length category in successive runs with each 
respective sample. Breakage of kernels has been significant. 
Subsequent runs with the same sample showed an increase in shorter 
kernels and a decrease in longer kernels. One possible reason is that 
the wild rice were extremely fragile. The samples used for tests had 
been stored in the laboratory for some time. Options being considered to 
reduce this problem before continuing with these sorting tests are: to pad 
the catching tubes, to change orientation of the catching tubes, to obtain 
samples that are less susceptible to breakage and to reduce speed of air 
that deflects the kernels. 
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Figure 1. Grain temperature vs. moisture content during parching for Plant 1. 
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Figure 2. Grain temperature vs. moisture content during parching for Plant 2. 
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Table 1. Evaluation of photo array length sensor for accuracy and repeatability. 

(a) (b) (c) (d) (e) (f) (g) (h) 
Difference 

between 

Kernel Kernel Length Passes Percentage of Passes within 

Kernel Length and Nearest over Kernel 
ldent. (measured) Cut-off Length Sensor less than 6/64 to 12/64 to 20/64 & 

No. inches inches number 6/64 12/64 20/64 larger --
11 0.0700 0.0275 19 

20 0.0705 0.0232 28 

Cut-off Length 6/64 (0.09375) inch 

19 0.0950 0.0012 27 
10 0.1145 0.0208 22 

12 0.1405 0.0468 24 
14 0.1490 0.0385 20 

15 0.1805 0.0070 21 
8 0.1865 0.0010 16 

Cut-off Length 12/64 (0.18750) inch 

13 0.1890 0.0015 20 

7 0.2095 0.0220 22 
9 0.2155 0.0280 20 

4 0.2735 0.0390 19 

6 0.2885 0.0240 21 

18 0.2965 0.0160 24 

5 0.3120 0.0005 24 

Cut-off Length 20/64 (0.31250) inch 

16 0.3255 0.0130 22 

17 0.3410 0.0280 20 

23 0.3970 0.0845 26 

22 0.4005 0.0880 21 
2. 0.4185 0.1060 22 

21 0.4185 0.1060 26 

3 0.5125 0.2000 23 

1 0.5600 0.2475 20 

• Thin kernel with a kink in the 
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Wild Rice Utilization Research- 1991 
P.B. Addis and R.J. Epley 

Department of Food Science and 
Department of Animal Science, respectively 

The original wild rice I ground beef research was published in the Journal of Food 
Science in 1991. The research was sponsored by the Minnesota Beef Council 
(MBC) and the Minnesota Paddy Wild Rice Research and Promotion Council 
(MPWRR & PC). The work showed that a very desirable consumer product can be 
made by combining cooked wild rice with raw ground beef. The MBC and MPWRR 
& PC are working with retailers informing them of the benefits of the product and at 
least two retailers are selling the product. 

The project designed to extract and isolate the natural antioxidants in wild rice was 
completed. This research was sponsored by the Greater Minnesota Corporation 
(GMC), MPWRR & PC, and the Minnesota Association of Meat Processors. 
Extracts of wild rice were effective antioxidants in cooked beef. However, yields 
were too low for this concept to be commercially viable. Therefore, the use of wild 
rice in meat products would continue to be as a whole grain-addition or as a 
powder (see below). 

Two studies sponsored by the MBC were initiated in 1991. The first study found a 
high and, more importantly, variable level of rancidity in ground beef products sold 
as hamburgers at retail. This indicates the need for inclusion of antioxidants in 
formulations. Results of the second study are still being analyzed but preliminary 
data indicate that addition of ground wild rice to ground beef products can 
enhance consumer acceptability of ground beef products stored for extended 
periods of time. 

A study to isolate and identify natural antioxidants in wild rice hulls was 
approved/funded by the Agricultural Utilization Research Institute (AURI) and 
MPWRR & PC. That project will begin shortly. Also, we are in preliminary 
discussions with a pork processor regarding a possible AURI- processor- UM 
study utilizing wild rice. 
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Properties of Wild Rice/Ground Beef Mixtures 

P.L MINERICH, P.B. ADDIS, R.J. EPLEY, and C. BINGHAM 

-------------ABSTRACT-------------
Cooked Minnesota wild rice was added at 0, 15, and 30% to low-, 
intermediate-, and high-fat ground beef patties. Proximate analyses of 
raw and cooked patties indicated proportional deereases in cholesterol, 
% fat, % protein, and % ash and inereases in % carbohydrate and % 
moisture, as level of wild rice inereased. Sensory evaluations indi
cated a preference for patties with wild rice over controls (p<0.05). 
Thiobarbituric acid reactive substances were significantly reduced dur
ing storage (p<0.05) by addition of wild rice. Cooking yields were 
significantly higher for patties containing wild rice over controls. 

INTRODUCTION 

PLANT PROTEINS, in particular textured soy protein (tsp) 
and textured vegetable proteins (tvp), were found to be eco
nomical extenders of ground beef patties, lowering levels of 
fat and cholesterol while increasing levels of carbohydrates and 
overall cooking yields (McWatters, 1977; Shaner and Bald
win, 1979; Rhee and Smith, 1983). Lower sensory evaluation 
scores, however, were reported by Bowers and Engler (1975) 
and Smith et al. (1976) for patties containing tvp compared to 
100% ground beef controls. McWatters (1977) concluded that 
sensory qualities were adversely affected by tvp levels as low 
as 5%. Kotula et al. (1976) reported lower thiobarbituric acid 
reactive substances (TBARS) values for ground beef patties 
extended with tvp indicating possible antioxidant effects during 
storage. 

Wild rice is a nutritious food, rich in essential amino acids, 
especially lysine and methionine (Wang et al., 1978). Wild 
rice undergoes unique post-harvest steps that contribute to de
velopment of desirable flavors characterized as smoky, tea
like, and toasted (Withycombe et al., 1978). Wild rice whole
sale prices have decreased significat?tly over the I?ast fe~_years 
due to increased harvests from cultivated fields m add1t10n to 
traditional harvests from lakes and rivers (Oelke and Bee
dicker, 1990). The low wholesale costs of wild rice in com
parison to the cost of ground beef makes this grain an apparent 
economical alternative to traditional tvp extenders of ground 
beef. No information has been reported on the use of wild rice 
as an addition to ground beef. Therefore, the objective of our 
study was to evaluate use of wild rice as an addition to ground 
beef and its effects on overall preference, proximate analysis, 
and cooking yields. 

MATERIALS & METHODS 
Preparation of wild rice/ground beef mixtures 

Low-, intermediate-, and high-fat ground beef (levels targeted were 
10, 20, and 30% fat) were prepared at a commercial meat processing 
plant by blending low-fat (90% lean) beef trim with high-fat (50% 
lean) beef trim from one supplier. The beef trim was first ground with 
a 0.47 em plate and ground a second time with a 0.40 em plate. 

Author Minerich is with Geo. A. Harmel & Company, 1816 4th 
St. N.£, Austin, MN 55912. Author Addis is with the Dept. of 
Food Science & Nutrition, and author Epley is with the Dept. of 
Animal Science, both at the Univ. of Minnesota, 1334 Eckles 
Ave., St. Paul, MN 55108. Author Bingham is with the Dept. of 
Applied S,tatistics, Univ. of Minnesota, 1994 Buford Ave., St. 
Paul, MN 55108. Reprint requests should be addressed to Dr. P. 
B. Addis. 
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Grade-A Minnesota paddy wild rice was hydrated at a ratio of 2/1 
(w/w) water to wild rice by adding about 1 kg wild rice to SL boiling 
water for 55 min. The cooked rice was drained, rinsed with cold water 
several times, drained, and refrigerated prior to mixing with the ground 
beef. Nine wild rice/ground beef mixtures were formulated by blend
ing 0, 15, and 30% cooked wild rice each with low-, intermediate-, 
and high-fat ground beef with a Holly GMG grindlmix/grind blender 
{Hollymatic Corp., Countryside, IL). Salt was added at a rate of 2 g! 
kg (0.2%) to each of the mixtures. 

13.6 kg of each of the nine treatments were formed into 113 g 
patties using a Holly 500 patty machine (about 120 patties/treatment). 
The patties were frozen in a - 36"C spiral blast freezer for about 10 
min. The frozen patties were placed in 7 kg poly-lined boxes and 
stored at -1s•c. 

Sensory evaluation 

Samples were prepared for sensory evaluation after 10 days of fro
zen storage. Random patties from each of the nine mixtures were 
thawed at O"C for 48 hr. Patties were cooked in a household electric 
skillet (Presto, Eau Claire, WI) to internal temperature 70 to 75"C. 
Each patty was divided into four equal pieces to provide each panelist 
with a 20-25g serving. 

Ninety untrained panelists, primarily college age, were sexved three 
plates each containing three samples so that all nine wild rice/ground 
beef mixtures were sampled by each panelist. They were asked to rate 
their overall liking of the samples on a visual analog scale ranging 
from ••dislike extremely" to .. like extremely." 

Samples were assigned to plates in such a way that each plate 
contained a sample at each wild-rice-content level and at .each fat
content-level. This resulted in a partially confounded 32 factorial ex
perimental design (Cochran and Cox, 1957). ANOVA was used to 
interpret data using a specialized statistical program (designed hy co
author C.B.). Marks on the analog scale were referenced to a 9-point 
scale for statistical analysis with ••1" = dislike extremely and .. 9 .. 
= like extremely. 

Cooking yields 

Cooking yields were determined on wild rice/ground beef patty 
mixtures after 48 days and 156 days frozen storage. Patties were 
thawed 48 hr at 1 •c prior to cooking, which was on a Hotpoint Rocket 
12 commercial grill (model number CG 126-1 Hotpoint). Patties were 
cooked 10 min at 163•c to internal temperature 70 to 75"C. Patties 
were turned after 2, 2, 2, 2, 1, and 1 min. on a side. Cooked weight 
was compared to thawed weight of corresponding patties in determin
ing cook yields. 

Chemical analysis of uncooked and cooked mixtures 

Chemical analysis was conducted after 48 days frozen storage. Five 
patties were selected randomly, defrosted 2 hr ~t zs•c, and ~om?g
enized in a model R4Y blender (Robot Coupe, Ridgland, MI) YJeldmg 
a composite. Each composite was analyzed according to the following 
procedures: protein (AOAC 24.027, 1980); moisture (AOAC 24.003, 
1980); fat (AOAC 960.39, 920.39, 1990) ether extraction modified 
using the Soxtec Method [Anon. 1980]; carbohydrate by calculation 
from proximate analyses by difference; pH (AOAC 11.034, 1975, 
with a Beckman pH meter and Orion 701 glass electrode); ash (AOAC 
24.006, 1975); TBARS, according to the distillation method of Tar
ladgis et al. (1960) as modified by Zipser and Watts (1962); and 
cholesterol by a colorimetric method (using kit catalog no. 139-050 
from Boehringer/Mannheim GMBH, Mannheim, Germany). Un
cooked patties were prepared for analysis after thawing 48 hr at 4"C. 
Samples of cooked patties were obtained from the cooking yield study. 
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Table 1-Mean panel scores for sensory analysis of wild rice/ground beef 
mixtures" 

15% 30% 
Fat level Control Wild rice Wild rice Mean 
Low 4.65 5.36 5.74 5.25• 
Intermediate 5.34 5.63 5.71 5.56• 
High 5.02 5.58 5.55 5.38" 
Mean* 5.00b 5.52< 5.66< 
• Each number is a mean of 90 scores. •The mean score for each column Is the mean 

of 270 scores. 1 • dislike extremely; 9 - fike extremely. · 
b.< Means with different letters differ significantly (p<0.05). 

Data were subjected to analysis of variance. Tukey's multiple range 
test was used for mean separation (Gacula and Singh, 1984). 

Evaluation of refrigerated and frozen storage efl'ects 

Low- and high-fat ground beef (targeted for 5% and 30% fat) were 
prepared from one cow carCass in our laboratocy. Beef trim was first 
ground through a 1.27 em plate, blended to approximate the targeted 
fat level, and reground through a 0.32 em plate. Grade A Minnesota 
paddy wild rice was hydrated at 2 parts water to 1 part wild rice by 
weight by boiling in excess water for 55 min. The cooked rice was 
drained, rinsed in cold water several times, drained, and refrigerated 
prior to mixing with ground beef. Each fat level was combined with 
0, 15, and 30% wild rice, resulting in six different mixtures. 

About 0.9 kg of each mixture was placed on a polystyrene tray (3 
trays/treatment), overwrapped in polyvinyl chloride (PVC) film, and 
held at 5"C for 6 days in a household refrigerator (Kitchen Aid, St. 
Joseph, MI) to simulate retail refrigerated storage. About 0.45 kg of 
each mixture was also placed in a linear low densit;y polyethylene 
(ILPE) meat bag (4 bags/treatment), sealed, and held at -18"C for 
3 months to simulate retail frozen storage. 

Total aerobic plate counts were perfonned on refrigerated samples 
at 0, 3, and 6 days storage. 50 g portions of each mixture were blended 
with 450 mL of stenle phosphate-buffered distilled water (Difco). 
Serial dilutions from 1:10 to 1:10,000,000 were prepared using sterile 
phosphate-buffered distilled water. Microbial counts were determined 
using plate count agar (Difco) in duplicate pour plates after 48 hr 
incubation at 35"C. A Quebec colony counter (American Optical) was 
used to count colonies on appropriately enumerated plates. 

TBARS and pH were determined in refrigerated samples at 0, 3, 
and 6 days storage and frozen samples at 0, 1, 2, and 3 months 
storage. TBARS and pH methodology was identical to that used in 
the patt;y analysis. Data were subjected to analysis of variance. Tu
key's multiple range test was used for mean separation (Gacula and 
Singh, 1984). 

RESULTS & DISCUSSION 

Sensory analysis 
Mean scores for overall rating of the 9 wild rice/ground beef 

mixtures indicated a significant difference between samples 
containing wild rice and the 100% ground beef controls (Table 
1). No significant difference was observed due to effects of 
fat levels in ground beef, interactions, or experimental con-

ditions. Since no differences were significant due to effects of 
fat level, sensocy scores for mean values for wild rice were 
pooled to determine a significant difference (p<0.05) between 
controls and samples containing 15 and 30% wild rice. No 
significant difference was observed between samples contain
ing 15% and 30% wild rice (Table 1). 

The increased preference for wild rice/ground beef mixtures 
over 100% ground beef patties was in contrast to results of 
many similar studies with tvp-extended ground beef. Bowers 
and Engler (1975) reported a decrease in overall acceptability 
scores in freshly cooked 15 and 30% soy-extended/25% fat 
ground beef patties as compared to controls. Smith et al. (1976) 
reported none of 7 different sources of tsp enhanced palata
bility at 20 and 30% levels in 20% fat ground beef patties and 
some of the tsp products greatly detracted from overall satis
faction and flavor ratings. McWatters (1977) reported lower 
sensocy scores for 27% fat ground beef patties extended with 
various tsps at levels higher than 5% •. 

The preference indicated for 15 and 30% wild rice extended 
patties was encouraging and is fundamental to the ultimate 
acceptance of this product. The lack of significance between 
low-, intermediate-, or high-fat levels of ground beef indicated 
an opportunity to formulate low-fat products without sacrific
ing overall acceptance. 

Proximate analyses 

With increased level of added wild rice, uncooked wild rice/ 
ground beef mixtures had nearly proportional decreases in % 
protein, fat, and ash by analysis and increases in % carbohy
drate by calculation (Table 2). Percentage moisture increased 
slightly .as moisture level in added wild rice exceeded that of 
beef. No significant effects on pH were observed between 
treatments. TBARS were disproportionately lower as level of 
wild rice increased suggesting possible antioxidant effects. The 
suggested antioxidant effect was more pronounced at low and 
high fat levels compared to the effect observed at intermediate 
fat level. The apparent antioxidant effect was generally greater 
than could be accounted for by dilution of the ground beef 
with wild rice. 

Separate studies were conducted to test the validity of the 
TBARS method. Known quantities of wild rice, water, and 
malonaldehyde were analyzed for TBARS, separately and in 
combination. Results indicated the wild rice did not have an 
effect on TBARS method (data not presented). We concluded 
that the TBARS test method was valid and differences in TBARS 
were due to differing levels of oxidation. 

With increased level of added wild rice, cooked wild rice/ 
ground beef mixtures had nearly proportional decreases in % 
protein, fat, ash, and cholesterol and increases in % moisture 
by analysis and increases in % carbohydrate by calculation 
(Table 3). These results were fairly consistent with those ob-

Table 2-Mean proximate analyses of uncooked wild rice/ground beef patties• 

Fat/Wild rice % 
Low 

O%w.r. 
15% w.r. 
30%w.r. 

lntermed. 
O%w.r. 

15%w.r. 
30%w.r. 

High 
O%w.r. 

15% w.r. 
30%w.r. 

• N = 3 composites (see text) 
b Carbohydrate by calculation 

Protein Moisture 

19.9d 69.0<' 
11.se 69.4d 
15.21 69.3'1 

17.7• 60.1• 
15.51 61.01 

13.7& 62.99 

16.8" 56.7" 
15.7' 59.Qi 
12.81 60.8"' 

• Thiobarbituric acid reactive substances; a measure of rancidity 
d .. Means within a column differ significantly (p<0.05) if letters differ. 

% 
Fat Ash Carbohydrateb pH TSARS, ppm" 

9.9d 1.1d .2d 5.94d 1.66d 
8.8'1 1.00 3.00 5.93d .61• 
7.3' .9' 7.3' 5.94d .36• 

22.0' 1.00 .Od 6.00<' .52• 
18.69 .9" 4.00 5.99!1 .300 
15.5" .8' 7.11 5.97d .27• 

26..21 .9' .Od 5.91d 1.27d 
21.8' .9i 2.7• 5.89d .42• 
18.29 .8k 7.41 5.95d .29• 
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WILD RICE/GROUND BEEF MIXTURES . •. 

Table 3-Mean proximate analyses of cooked wild rice/ground beef patties• 

% 

Fat/wild rice % Protein Moisture Fat 

Low 
0"/ow.r. 26,4• 60.4• 12.5• 

15% w.r. 21.3d 63.4d 10.0d 
30% w.r. 18.9ei 64.0d 8.3• 

lntermed. 
Oo/ow.r. 23.91 56.2of 19.0fh 

15% w.r. 19.4"' 57.8 .. 18.3fi 
30% w.r. 15.7" 58.7•• 16.1• 

High 
0% w.r. 2S.Od 54.6' 19.8" 

15% w.r. 21.0dg 54.3' 19.0fh 
30%w.r. 17.4• 56.~ 17.2&; 

• N•2 composites {see text), patties cooked at 163"C to an internal temperature of 7G-7s•c 
b Carbohydrate by calculation. 
c-i Means within a column differ significantly (p<O.OS) if letters differ. 

100 

so 
"" 
Q 

60 ...:l 
t.l .... 
>< 
0 

40 z ,,... 
1:<: 
0 
0 u 

20 

0 
0 1 5 3 0 0 

Ash 

1.3• 
1.2ed 
1.1 .. 

1.2ed 
1.1def 
.9' 

1.3• 
1.1 .. 
1.Qef 

1 5 

Carbohydrate• pH 

oe 
4.2d 
7.8• 

o• 
3.4d 
8.7• 

oe 
4.6d 
8.2" 

3 0 

6.14• 
6.16ed 
6.20 .. 

6.351 

6.36' 
6.33' 

6.19ed" 
6.21 .. 
6.24• 

II 48days 

~ 156days 

0 1 5 

(n:20) 

(n=26) 

30 

Cholesterol, 
mg/100g 

74.5• .. 
65.Qef• 
54.5• 

79.5Cd 
68.Sdef 
56.51• 

82.0C 
73.0ede 
62.Qef• 

PERCENTAGE OF WILD RICE IN GROUND BEEF MIXTURE 

Fig. 1-Cooking yields from low-fat, intermediate-fat, and high-fat ground beef containing 0, 15, 30% wild rice after 48 days and 156 
days frozen storage. a-t Means differ significantly (p<0.05) if letters differ within storage groups. 

Table 4-Moisture and fat retention by cooked wild rice/ground beef pat
ties• 

Retention, % 

Fat/wild rice o/o moisture fat 

Low 
O%w.r. 64.5 93.0 

15% w.r. 74.6 92.8 
30%w.r. 75.2 92.9 

lntermed. 
O%w.r. 69.0 63.8 

15% w.r. 77.2 80.3 
30"/ow.r. 79.0 87.6 

High 
O"'ow.r. 63.4 49.6 

15% w.r. 63.8 60.6 
30o/ow.r. 68.5 70.1 

• From mean values from Tables 1 and 2 and Fig 1. 

tained on uncooked samples. pH was higher in the intermediate 
fat mixtures. The pH of the low- and high-fat mixtures in
creased as level of wild rice increased. The decrease in TBARS, 
especially in the low- and high-fat ground beef mixtures, in
dicated antioxidant properties similar to those reported in other 
extended meat studies by Kotula et al. (1976), Sangor and 
Pratt (1974), and Ray et al. (1981). 
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Table 5-Mesophilic growth on wild rice/ground beef mixtures held at 
5"CO 

Fat/wild rice o/o 0 

Low 
O%w.r. 2.3 X 10"'> 

15% w.r. 4.1 X 10"'> 
30% w.r. 4.1 X 10"'> 

High 
O%w.r. 9.7 X 1()5b 

15%w.r. 7.0 X 1()5< 
30% w.r. 1.5 X 1()6<1 

n = 2 samplings from one package. 
• Colony forming units/g. 

Storage days 

3 6 

4.1 X 1()61> 2.0 X 107b 
7.4 X 1()6<: 8.9 X 107' 
4.7 X 1()6be 4.9 X 1070 

2.3 X 107b 4.7 X 107b 

9.7 X 1()6<: 3.9 X 107b 
4.0 X 107b 4.4 X 107b 

b.c.d Means differ signifocantly (p < 0.05) if letters differ within columns within fat lev· 
els. 

Cooking yields 

These were significantly higher (p<0.05) for patties con
taining wild rice at both 15% and 30% levels in both studies 
(Fig. 1). Yields were significantly lower (p<O.OS) for each 
sample after 156 days frozen storage compared to samples 
cooked after 48 days frozen storage. The higher cook yields 
could be accounted for by increased moisture retention of the 
low-fat patties extended with wild rice (Table 4). High-fat 
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patties with wild rice were obseiVed to retain higher percent
ages of fat than similar low-fat mixtures. The thawed weights 
of patty mixtures stored for 48 days and 156 days were not 
significantly (p<0.05) different (data not presented). 

Microbial analysis 

Microbial growth rates were similar in 100% ground beef 
and mixtures containing 30% wild rice in both the low- and 
high-fat samples (Table 5). High-fat ground beef with 15% 
wild rice (p<0.05) at 0 and 3 days storage had lower microbial 
growth rates than 100% ground beef. Low-fat ground beef 
samples with 15% wild rice had higher microbial growth rates 
(p<0.05) than 100% ground beef samples at 3 and 6 days 
storage. 

Table 5 indicates a relatively higher initial microbial count 
in high-fat ground beef during the first 3 days. This may have 
been due to higher incidence of surface bacteria on the fatter 
portions of the cow carcass raw material. The lean meat used 
in manufacture of the low-fat ground beef was significantly 
lower in bacteria initially. Both meat blends are favorable growth 
media for microorganisms with or without addition of 15 and 
30% wild rice. 

Our results differed from similar studies by Bell and Shelef 
(1978), Craven and Mercuri (1977), and Draughon et al. (1982) 
in which ground beef extended with soy proteins spoiled sooner 
with higher microbial counts than 100% ground beef after 4-
10 days refrigerated storage. Microbial growth rates were re
ported to increase as level of tsp increased. 

pHandTBARS 

Low-fat ground beef mixtures had vety slightly higher pH 
values during the 6 days refrigerated storage, whereas de
creases in pH were obseiVed in high-fat ground beef mixtures 
during the same time period (one replication, data not shown). 
This decrease in pH may have been due to formation of lactic 
acid from increased microbial growth (indicated in Table 5). 
Different substrates (e.g. protein, fat, carbohydrates, etc.) may 
also have an effect on types of breakdown products that occur 
and organisms that grow on such mixtures. No efforts were 
made to isolate or identify different organisms that grew in the 
mixtures. The pH appeared to increase as level of wild rice 
increased for both low- and high-fat ground beef mixtures. 

pH values for mixtures held under frozen storage conditions 
were generally stable over time (data not shown). The pH 
appeared to increase as level of wild rice increased for both 
low- and high-fat ground beef mixtures. Under frozen storage 
conditions, little microbial growth or chemical degradation was 
expected. Relative stability of pH over time appeared to sup
port this hypothesis. 

TBARS decreased disproportionately as level of wild rice 
increased in low- and high-fat ground beef mixtures held under 
refrigerated and frozen storage conditions (one replication, data 
not shown). All refrigerated and frozen mixtures showed little 
change in TBARS over the storage time (data not shown). Data 
from both studies indicate low TBARS in wild rice/ground beef 
mixtures as compared to 100% ground beef samples, suggest
ing possible antioxidant effects due to addition of wild rice 
(data not shown). 

CONCLUSIONS 

TASTE PANELISTS preferred ground beef patties containing 
15% and 30% cooked wild rice over 100% ground beef patties. 
No preference was indicated between the two levels of wild 
rice. Uncooked wild rice/ground beef mixtures had decreases 
in % protein, fat, and ash and an increase in % carbohydrate 
as level of rice increased. Cooked mixtures had decreases in 
% protein, fat, ash, and cholesterol and increases in % mois-
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ture and % carbohydrate as rice increased. Cooking yields were 
significantly higher in patties containing wild rice, due to higher 
retention of moisture in low-fat mixtures and higher retention 
of fat in high-fat mixtures. Addition of wild rice to ground 
beef had little effect on growth rates of microorganisms in 
either low-fat or high-fat mixtures stored at refrigerated tem
peratures. Disproportionate decreases in TBARS were ob
seiVed in samples with wild rice over 100% ground beef during 
refrigerated and frozen storage indicating possible antioxidant 
effects. We concluded that ground beef, combined with cooked 
wild rice, resulted in a slightly more desirable food product 
with more favorable cooking yields than regular ground beef. 
Possible antioxidant activity of wild rice deseiVes further in
vestigation. 
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