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WILD RICE PRODUCTION AND PLANT DEVELOPMENT RESEARCH-1992 

E.A. Oelke, T.M. Teynor and M.J. McCiellan1 

The 1992 growing season was cooler than normal (61-90) at Aitki!l, Grand Rapids and 
Crookston especially during the months of April and July (Tables 1 and 2). The total 
1992 growing degree days (GOD) for the three locations averaged 286 less than for 
the long term (61-90) average. This difference was even greater when compared to 
1991 . The total 1992 GOD for these locations averaged 759 less than for 1991 . This 
is the first year for reporting the growing season temperature at Waskish. The records 
for this location are not always complete so no comparison can be made for the 1991 
and 1992 years but compared to the long term average Waskish in 1992 was actually 
slightly warmer; however, April and August were cooler than normal (Table 2). 

Table 1. Growing degree daysa comparisons for 1991 , 1992 and normal (61-90). 

Aitkin Grand Rapids 
Month 1991 1992 Normal 1991 1992 Normal 

- - - - - - - - - - - - - - - - - - - - - - - GDD - • - - - - - - - - - - - - - - - - - - - -

April 223 92 127 201 75 130 
May . 581 502 417 591 509 434 
June 774 670 646 802 607 674 
July 837 647 779 788 644 858 
August 880 700 683 907 680 768 

Total 3295 2611 2652 3289 2515 2864 . 

aMaximum + minimum temp. 40°F; data from Mark Seeley, Soil Science Dept., U of MN 
2 

1Professor, Special Assistant and Research Plot Coordinator, respectively. 
Department of Agronomy and Plant Genetics. 
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Table 2. Growing degree daysa comparisons for 1991 , 1992 and normal (61 -90). 

Waskish Crookston 
Month 1991 1992 Normal 1991 1992 Normal 

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

April M 66 103 212 91 151 
May M 493 369 635 584 488 
June M 625 518 866 642 743 
July M 656 642 853 669 926 
August 870 I 415 563 961 720 867 

Total 2255 2195 3527 2706 3175 

aMaximum + minimum temp. 
2 

40°F; data from Mark Seeley, Soil Science Dept., U of MN 

Total precipitation for the 1992 growing season was less at Aitkin and Crookston while 
it was higher at Waskish and Grand Rapids than the long term (61-90) average 
(Tables 3 and 4). At Aitkin and Crookston precipitation was considerably lower in 1992 
than for 1991 while at Grand Rapids it was higher. 

Generally the 1992 cool growing season was favorable for wild rice. The plants tillered 
well and had a high kernel number on the panicles resulting in good yields. In 
addition, the cooler temperatures were not as favorable for development of brown spot 
leaf disease. 

Table 3. Precipitation comparisons for 1991, 1992 and normal (61-90)a. 

Aitkin Grand Rapids 
Month 1991 1992 Normal '1991 1992 Normal 

• __ - - - - - - - - - - - - - - - - - - - - - Inches - - - - - - - - - - - - - - - - - - - - - -

April 2.60 2.41 2.30 2.42 1.13 2.10 
May 5.27 1.30 2.88 2.79 1.19 3.04 
June 5.16 2.66 4.09 3.10 4.78 4.11 
July 4.64 3:93 4.14 4.66 4.78 3.89 
August 1.79 4.69 3.83 2.12 5.69 3.59 

Total 19.46 14.99 17.24 15.09 17.57 16.73 

aoata from Mark Seeley, Soil Science Dept., U of MN. 
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Table 4. Precipitation comparisons for 1991 , 1992 and normal (61-90)a. 

Waskish Crookston 
Month 1991 1992 Normal 1991 1992 Normal 

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

April M 1.45 1.70 3.10 0.98 1.45 
May M 1.58 2.33 3.74 1.97 2.45 
June M 2.32 4.25 4.36 4.30 3.44 
July M 4.13 3.42 3.22 1..86 2.77 
August 2.33 . 6.05 3.32 0.94 3.58 2.88 

Total 15.53 15.02 15.36 12.69 12.99 

aoata from Mark Seeley, Soil Science Dept., U of MN. 

Total paddy wild rice production in Minnesota was more in 1992 compared to 1991 
mostly because of higher per acre yields (Table 5}. California production was also 
higher compared to 1991 due to a combination of more acreage and higher per acre 
yields. 

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

Production Production 
Year Minnesota California Year Minnesota California 

1968 36 0 1980 2320 400 
69 160 0 81 2274 500 
70 364 0 82 2697 880 
71 608 0 83 3200 2500 
72 1496 0 84 3600 2500 
73 1200 0 85 4200 7900 
74 1036 0 86 5100 9000 
75 1233 0 87 4200 4200 
76 1809 0 88 4000 3500 
77 1031 0 89 3978 4000 
78 1761 100 90 4800 4200 
79 2155 200 91 5300 5500 

92 b 5900 7500 

a1968-1982 Minnesota values from Winchell and Dahl and 1983-1992 from Minnesota 
Department of Agriculture: California values from Marcum, Cooperative Extension 
Service, University of California. bEstimated value for 1992. 

The total value of the 1992 crop is estimated at $9.74 M compared to $9.01 M fqr 
1991. The increase is due to increased production. The highest value was in 1986 
when production was the second highest and prices were more per pound than in 
1992 (Table 6). 

3 



Table 6. Processed wild rice harvested and value from cultivated fields in 
Minnesota 

Year Production Price Value 

1,000 lb $/lb $Millions 

1968 36 3.30 0.12 
1969 160 2.55 0.41 
1970 364 2:80 1.02 
1971 608 2.70 1.64 

1972 1,496 2.30 3 .44 
1973 1,200 2.05 2.46 
1974 1,036 2.37 2.46 
1975 1,233 2.50 3.08 

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

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

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

1987 4,200 1.50 6.30 
1988 4,000 1.65 6.60 
1989 3,978 1.65 6.56 
1990 4,800 1.70 8 .16 

1991 5,300 1.70 9.01 
1992a 5,900 1.65 9.74 

"Estimated values for 1992. 

Research 

The 1 992 research focused on obtaining grain samples for 2,4-D residue analysis, 
burreed control, crop rotation and photoperiod effect on plant growth and development. 

Weed Control 

Giant Burreed 

The effort to control giant burreed was concentrated on fall and spring applications of 

4 
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herbicides. The trials were conducted in a paddy at Grand Rapids that was planted in 
1987 with giant burreed. The paddy was never tilled but flooded each year to allow 
good establishment of giant burreed. 

Combination of fall + early summer herbicide applications: On August 19, 1991 giant 
burreed plants were trimmed with a hedge trimmer leaving a 30-inch stubble to 
simulate normal combine harvest. · Plot size was 20 x 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 using a total volume of 30 gal/A. 
Glyphosate (Roundup) was fall applied (August 19) at 1/2, 1 and 2 lb ai/A followed by 
an early summer (June 2) application of 1/2 lb ai/A onto the previous fall applied 1/2 lb 
ai/A, and 1 lb ai/A onto the previous fall applied 1 and 2 lb ai/A rates. One set of the 3 
fall rates did not have any additional glyphosate applied to them in the early summer. 

On June 2, 1992 before the late summer applications of glyphosate, there was little 
evidence of injury at the 1/2 and 1 lb ai/A rate but about a 50% control at the 2 lb ai/A 
rate. Compared to the 1990 fall applications, the 1991 fall applications were not as 
effective. Very little growth of giant burreed was observed in the spring of 1991 after 1 
or 2 lb ai/A of glyphosate were applied the previous fall; however, only the 2 lb ai/A 
rate reduce~ the growth of giant burreed the following spring. The additional 1/2 and 1 
lb ai/A did not have much effect on giant burreed when observed at the end of the 
growing season. 

Early summer applied herbicides: Two formulations. of glyphosate (Roundup and 
Rodeo) at 1/2, 1 and 2 lb ai/A and imazapyr (Arsenal) at 1/2 and 1 lb ai/A were applied 
on June 29 to giant burreed before flowering. The Rodeo formulation was applied with 
a surfactant (X-77) at the rate of 1 quart/A. The herbicides were applied in the same 
manner as described as above. The plot size was 10 x 10ft and replicated three 
times. Table 7 gives the giant burreed control ratings on August 5. 

Table 7. Giant burreed injury ratings 5 weeks after treatment, 
1992, Grand Rapids. 

Herbicide Rate Injury 

lb ai/A rating 

Roundup 1/2 1 
1 1 
2 2 

Rodeo+ X-77 1/2 1 
1 1 
2 2 

Arsenal· 1/2 7 
1 7 

Control 0 1 

LSD .05 2 
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Based on visual control ratings made near the end of the growing season, early 
summer applications of Roundup or Rodeo did not effectively control giant burreed. 
However, Arsenal gave very good control but this compound is not cleared for cropland 
use. 

Based on several years work on giant burreed control, fall plowing, or flooding if 
feasible, will reduce giant burreed infestation but not give effective control. A fall 
application of Roundup at 2 lb ai/A after harvest will give reasonable control but the 
best way may be to keep badly infested fields out of wild rice for a year, flood in the 
spring, allow burreed to develop, drain and treat in late summer with 2 lb ai/A of 
Roundup. 

Common Waterplantain 

· The project participated in the IR-4 (Interregional Research Project No. 4) Minor Crop 
Use Research Program to obtain the magnitude of 2,4-D residue on wild rice. Tl:lis 
work was supported by IR-4 and the Minnesota Cultivated Wild Rice Research and 
Promotion Council. 

2,4-D amine residue: In order to obtain full registration of 2,4-D for use in wild rice it is 
necessary to obtain grain and hull residue data to see if any 2,4~0 remains in the 
edible grain after processing. We contacted IR-4 to help us develop the protocol and 
field research standard operating procedures. Rhone-Poulenc Ag Company supplied 
us with a gallon of specially analyzed (GLP) 2,4-D amine for our use. 

The Franklin variety was planted on May 19 into paddy no. 7 and the woods paddy at 
Grand Rapids. The two paddies were separated by trees with the woods paddy 
serving as the untreated area. Ten blocks, each containing 28 rows spaced 1 ft apart 
and 20ft long, were planted into paddy no. 7. Five blocks, each containing 28 rows 1 
ft apart and 10 ft long, were planted into the woods paddy. On July 9, when wild rice 
was 25 in. tall and in the mid- to late-tillering stage, 1/4 lb ai/A of 2,4-D was applied to 
4 blocks in paddy no. 7 and 1/2 lb ai/A of 2,4-D was applied to a different set of 4 
blocks in paddy no. 7. The two treatments were separated by 2 untreated blocks. 2,4-
D was applied with a hand-held C02 pressurized sprayer using 30 psi and 30 gallons 
of volume per acre. Four 20ft rows were treated at a time. No injury to wild rice at 
either rate of 2,4-D was observed during the growing season. 

On August 31 three of the four blocks from each 2,4-D treatment (paddy no. 7) and the 
check (woods paddy) were hand harvested and the threshed grain immediately taken 
to St. Paul where it was placed into a freezer for later processing. The original intent 
was to harvest 40 days after treatment; however, the cool weather delayed maturity 
and thus the first harvest could not be taken until 53 days after treatment. Even at this 
date the recovery was only around 15%. The last block of each treatment was 
harvested on September 11 when percent recovery was around 30. The grain 
samples were removed from the freezer and dried in a forced air dryer until it reached 
240° F. The grain was immediately hulled while still hot with a small laboratory rubber
roller huller. The chaff was removed by air and collected. The parched grain and 
chaff were returned to the freezer and on October 15 the samples were removed and 
shipped to the Pesticide Analytical Laboratory, N.D. for 2,4-D residue analysis. The 
results will be forwarded to IR-4 who will send the analyses along with a detailed 
record of our procedure to EPA. 

2.4-D control of common waterplantain: 2,4-D at 1/4, 1/2, 3/4 and 1 lb ai/A was 
applied to a pure stand of common waterplantain when all the leaves were fully 
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emerged from the water (June 22) and also when the flowering stem (scape) was 
beginning to elongate. The experiment was conducted in the University paddies on the 
Vometa Wild Rice Farm. The plot size was 5 x 10 ft and the experimental design was 
a randomized complete block with three replications. The herbicides were applied with 
a hand C02 pressurized sprayer at 30 psi at a total volume of 30 gal/A. Table 8 
presents the injury ratings, plant number and dry weights of common waterplantain 
after treatment with 2,4-0. 

Table 8. The effect of 2,4-D amine applied at 4 rates and 2 dates to 
common waterplantain. 

Herbicide 

2,4-D amine 

2,4-D amine 

Rate Injury-

lb ai/A rating 

Plant 
number 

/50 tf 

Total 
dry weight 

lb/A 

- - - - - - - 6/22 (leaves fully emerged from water) - - - - - -
1/4 5 10 338 
1~ 7 7 275 
3/4 10 0 0 
1 10 0 0 
0 1 18 636 

LSD .05 2 4 280 

- - - - - - - - - - - - 6/27 (scape elongation) - - - - - - - - - - -
1/4 4 12 384 
1/2 6 5 312 
3/4 7 4 169 
1 9 0 0 
0 1 19 726 

LSD .05 2 12 340 

•4 weeks after treatment; 1 =no injury and 1 O=complete kill. 

The control of common waterplantain was better at the earlier date when all the leaves 
of each plant were fully emerged from the water compared to a week later when the 
flowering stem was elongating (Table 8). As in previous trials, the 1/4 and 1/2 lb/A 
rate gave 50 to 70% control and complete control was obtained with higher rates if 
applied early. 

The full label for use of 2,4-D amine in wild rice will be for the 1/4 lb ai/A rate even 
though complete control of common waterplantain is not obtained at this rate. The 
reason for this is that in the past we have seen some injury to wild rice at higher rates. 
This year in our residue trial however we did not see any wild rice injury at the 1/2 lb 
ai/A rate. 

Crop Rotation 

The six 2-acre paddies which were in a 2 year rotation system during 1990 and 1991 
on the Vomela Wild Rice Farm near Aitkin were again utilized to compare continuous 
wild rice with rotating wild rice with either fallow, canota or alfalfa. All six paddies were 
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in wild rice production in 1991. In the fall of 1991 all paddies were rotovated. Paddies 
1, 3 and 5 were seeded to wild rice and fertilized with 250 lb/A of 1-5-40-55. Both 
were incorporated and then 19 gallons of 22-7-0 were injected. In the spring, before 
these paddies were flooded, 80 lb/A of P20 5 were broadcast onto the surface on a 40 
ft strip on the east side of each paddy. 

In the spring of 1992, paddies 2, 4 and 6 were divided into the same three strips as 2 
years ago. The one strip that was left fallow all summer in 1990 was left fallow again 
in 1992; this was also the case for the alfalfa and canpla strip. Before planting canola, 
variety Global. these strips were fertilized with 130, 20 and 100 lb/A of N, P20 5 and 
K20; and before planting alfalfa, variety Nitro, these strips were fertilized with 130, 20 
and 100 lb/A of N, P20 5 and ~0. The fertilizer was incorporated before planting 
alfalfa and canola on May 19. Canola was seeded at the rate of 12 lb/A with a 12-ft 
press-wheel drill with 6 in. spacing between rows. Alfalfa was seeded at the rate of 15 
lb/A with a Brillion seeder. 

We obtained a good stand of canola with an average of 9 plants per fr at harvest and 
a yield of 1072 lb/A. The cool season was more favorable for canola than the warm 
summer of 1990 thus the yield was about 300 lb/A higher in 1992. Also this year, 
canola harvest did not occur until after wild rice harvest, therefore it did not interfere 
with wild rice harvest as it did in 1990. Alfalfa stands were only fair and with cooler 
temperatures. growth was slow; consequently smartweeds crowded out much of it, 
thus no yields were taken. 

Unfortunately, wild rice in paddies 1, 3 and 5 was completely destroyed by crayfish. 
Evidence for this was clearly established since small enclosures, constructed by 
McDonald and Gunderson to keep out crayfish, had wild rice growing in them. In 
addition, we placed metal rings into the flooded paddies and water-seeded wild rice 
into them and outside an area surrounding the rings. Wild rice survived within the 
rings but not on the outside. McDonald and Gunderson also caught many crayfish in 
traps placed into the paddies. Based on these experiments, the results showed clearly 
that a high population of crayfish can completely destroy stands of wild rice. 

Plant Development 

Effect of Photoperiod on Plant Growth and Development. This study was conducted, 
analyzed and written by Tim Teynor. temporary researcher on the project. 

Introduction: Three species of wild rice (Zizania palustris, Z. aquatica, and Z texana) 
are native to North America and in the past 25 years this crop (Z. pa/ustris L. Dore) 
has increased in commercial importance in the U.S.A. and Canada. A better 
understanding of the adaptation of Zizania species to environmental conditions is vital 
for the improvement of this crop's productivity in its native regions and new production 
areas. Research on the adaptation of wild rice has been conducted previously in 
Minnesota by Elliott (1974), Elliott et al. (1974), and Oelke et al. (1980, 1981, 1982) 
This study was conducted to determine the effect that different photoperiods or 
daylengths at a constant day and night temperature had on plant growth and 
development of native Zizania species. A major goal was to investigate the effect that 
different daylengths had on the flowering response. This knowledge would permit 
researchers to synchronize flowering times between different species or cultivars with 
different maturities, which would allow pollinations between species or cultivars and 
result in the faster development of adapted, productive cultivars. 
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Materials and Methods: Plants were grown in two growth chambers at a constant day
night temperature of 18°C. One chamber had an eight-hour photoperiod or short-day 
(SO) treatment supplied by cool-white fluorescent lamps with a high light level (i.e., 
photon flux density) of 390 J.LmOI m·2 sec·1

• The other chamber had the same 8 hours 
of daylight (08:00-16:00), but with a four-hour night interruption (22:00-02:00) using 
incandescent lamps with a low light level of 23 J.lillOI m·2 sec·1 to provide a long-day 
(LD) photoperiod of 18 hours. Two seed sources of Z. palustris, one from Ontario, 
Canada and the cultivar K2 from Minnesota, and seed lots of Z. aquatica from northern 
Florida and Z. texana from southcentral Texas were evaluated. The K2 and Z. 
aquatica were replanted about four and six weeks after the first planting respectively, 
due to very poor germination. Seed of Z. texana germinated poorly and did not 
provide a sufficient number of plants to evaluate. 

Flowering data were collected for the number of days from planting (start of SO or LD 
treatments) to the boot stage (DTB), awn emergence ~DTA), full emergence of all 
female florets from the boot or leaf sheath (DTF), and full emergence of all male florets 
from the boot (DTM). Plant data recorded for Z. palustris were the heights of the flag 
leaf (FLHT) and panicle (PHT) on the main stem, and the numbers of: tillers (TIL), 
panicles (PAN), leaves on main stem (LFMS), and female florets (potential grain yield) 
on the main stem (FFL). Dry weights of the main stem (MSW), tillers (TW), and whole 
plant (PWT) were also collected. Similar data were recorded for nonflowering plants of 
z. aquatica, which were heights of the tallest leaf (FLHT), number of tillers (TIL), and 
leaves on the main stem (LFMS). Plants remained in growth chambers until the 
flowering was completed or the termination of the experiment (235 days after first 
planting), if no flower development was observed. 

Results: Photoperiod had a significant effect on plant growth and development for Z. 
palustris and Z. aquatica at a constant 18°C. The average flowering times for seed 
sources of Z. palustris were earlier in SDs than in LOs (Table 9}. The Canadian seed 
source and .K2 responded somewhat differently for flowering times in different 
photoperiods {Figure 1 }. The average flowering time for the Canadian wild rice was 
earlier unqer LOs and slightly later under SDs when compared to K2 (Table 1 0). 

Conclusions: Plant heights for the flag leaf and panicle were taller for plants grown 
under LOs (Table 11 }. · The average number of tillers, panicles, and the leaves and 
feniale florets on main stems were usually greater in LOs (Table 12), but in SDs, the 
response of K2 and the Canadian seed source were more similar (Figure 2}. This · 
luxuriant vegetative growth in LOs was also indicated by plant dry weights (Table 13). 
Plants of Z. aquatica did not flower in either photoperiod by the end of the study, which 
was 185 days after planting. Data collected for three common plant characters in both 
species also showed that the most vegetative growth occurred usually in LOs (Table 
14). The relative performance of the three seed sources for these characters was also 
somewhat different in the SDs and LOs (Figure 3). 

Postscript Some of the Z. aquatica plants flowered eventually after the study ended. 
Plants were kept in the growth chambers in the same SDs or LOs for an additional six 
weeks and then moved in late September to a greenhouse with natural daylengths. A 
few plants started to reach the boot stage after four weeks in the greenhouse, or about 
8.5 months after the seed was planted. 
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Table 9. Average flowering times of Z. palustris for number of days to boot stage 
(DTB), awn emergence (DTA), emergence of all female florets from boot 
(DTF), and emergence of all male florets from boot (DTM) in long- (LD) and 
short-day (SD) photoperiods at constant 18°C. 

Flowering Time 
Photoperiod DTB DTA DTF DTM 

LD 84.5 85.3 90.2 99.2 

SD 66.7 67.7 70.1 74.5 

LSD(O.OS) 1.5 1.6 1.6 1.8 

Table 10. Flowering times of Canadian lake (C) and Minnesota '1<2' wild rice (Z. 
palustris) for average number of days to boot stage (DTB), awn emergence 
(DTA), emergence of all female florets from boot (DTF), and emergence of 
all male florets above boot (DTM) in long- (LD) and short-day (SD) 
photoperiods at constant 18°C. 

PHOTOPERIOD 
Flowering LD SD 
Time c K2 LSD(O.OS) c K2 LSD(O.OS) 

DTB 75.0 94.0 2.2 69.0 65.0 2.2 
DTA 76.0 95.0 2.4 70.0 66.0 2.2 
DTF 82.0 98.0 2.1 72.0 68.0 2.3 
DTM 94.0 104.0 2.4 76.0 73.0 2.7 

Table 11 . Average plant heights (em) of the flag leaf (FLHT) and panicle (PHT) on the 
main stem for Z. palustris in long- (LD) and short-day (SD) photoperiods at 
constant 18°C. 

Plant Height 
Photoperiod FLHT PHT 

LD 81 .0 111.0 

SD 46.0 68.0 

LSD(O.OS) 3.5 4.9 
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Table 12. Average numbers of: tillers (TIL), panicles (PAN), leaves on main stem 
(LFMS), and female florets on main stem (FFL) for Z. palustris in long- (LD) 
and short-day (SO} photoperiods at constant 18°C. 

Plant Characters 
Photoperiod TIL PAN LFMS FFL 

LD 2.6 2.5 4.8 62.0 

so 1.0 1.8 4.1 15.0 

LSD(o.os> 0.3 0.3 0.2 5.6 

Table 13. Average plant dry weights (g) for the main stem (MSW}, tiller(s) (TW), and 
whole plant (PWT) for Z. palustris in long- (LD) and short-day (SO) 
photoperiods at constant 18°C. 

Plant Dry Weights 
Photoperiod MSW TW PWT 

LD 3.0 2.3 5.3 

SD 1.4 0.7 2 .. 1 

LSD,o.os> 0.3 0.5 0.6 

Table 14. Average height (em) of the tallest leaf (FLHT) on the main stem, number of 
leaves on the main stem (LFMS), and tiller number (TIL) for seed sources 
of Z. aquatica (A) from Florida and Z. palustris from Canadian lakes (C) and 
Minnesota cultivar K2 evaluated in long- (LD) and short-day (SO) 
photoperiods at constant 18°C. · 

Plant Characters 
Seed 

Photoperiod Source FLHT LFMS TIL 

LD A 130.7 9.5 1.4 
c 84.8 4.0 3.7 
K2 77.0 5.7 1.4 

LSD(O.OS) 5.7 0.5 0.5 

SD A 83.6 9.1 2.4 
c 45.6 4.0 1.0 
K2 46.8 4.2 1.0 

LSD(O.OS) 6.5 0.7 0.7 
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CONCLUSIONS 

This study has provided a better understanding of the effect that SO and LO 
photoperiods at a constant temperature of 18°C have on flowering in wild rice species: 

1) Plants of Z. palustris flowered earlier in SOs than in LOs, which indicates that this 
species may be a quantitative SO plant for flowering under these environmental 
conditions. No flowering response was observed for Z. aquatica under either 
photoperiod after 185 days. 

2) The average flowering times and some other plant characters observed for the 
Canadian seed source and K2 were slightly different relative to each other in each 
photoperiod. The performance differences observed for seed sources in different 
photoperiods (i.e., environmental interactions) indicated the need to develop 
cultivars with broader environmental adaptation for a uniform, stable productivity. 

3) The K2 had less plant-to-plant variation for flowering times (better uniformity) than 
the Canadian wild rice and produced more female florets {potential grain yield) 
under either SDs or LOs. 

4) Plants of Z. palustris evaluated in LOs were usually taller, had more tillers, 
panicles, and female florets than plants in SDs. A similar response was commonly 
observed for vegetative characters of Z. aquatica in these photoperiods. 

The ability to control flowering times more precisely will result in the effective 
development of improved cultivars with broader adaptation and higher yields in current 
and new production areas. Future research should examine the effects of different 
light levels, photoperiods, and day-night temperatures on plant growth and 
development. 
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Seed Storage and Viability of 
Zizania texana and Zizania palustris 

Tim M. Teynor and Ervin A. Oelke1 

Texas wild rice (Zizania texana Hitchc.), a perennial 
aquatic grass, is native to a 2.5 mile length of the San 
Marcos River within the city of San Marcos in southcentral 
Texas. This species is endangered due to its limited 
habitat or range, decline in plant numbers over the past 60 
years since it was first identified by Hitchcock (1933), and 
low seed production in native stands. Flowering will occur 
throughout the year if subfreezing temperatures do not occur 
frequently. Fresh seed has been reported to have dormancy 
(Power, 1990). Seed that was removed from plants and stored 
immediately in water with a low oxygen concentration started 
to germinate in about three weeks. In addition, freshly 
harvested seed that was stored in cold (3°C/37~) water for 
four months was reported to germinate quickly in four days 
when placed in water with a low oxygen concentration. · 
Dormancy may be due perhaps to embryo immaturity or presence 
of growth inhibitors within the seed. However, the slow 
germination may have been the result of an inappropriate 
oxygen concentration or temperature of the water, or an 
impermeable seed coat; and not due to an endogenous 
(internal), physiological dormancy. 

The major objective of this study was to investigate whether 
seed viability of Texas wild rice was affected by drying 
seed to different moisture contents. Another goal of 'this 
study was to determine whether seed will germinate 
immediately after removal from dry storage when placed in 
water at a temperature of 20°C (70~). The presence of 
dormancy in fresh seed of this species is similar to Z. 
pa~ustris that must have dormancy requirements satisfied 
prior to germination by stratification for three months in 
cold water. 

Materials and Methods 

Seed of Texas wild rice was aquired from Southwest Texas 
State University (Power, 1990). The wild rice used for 
cultivation (Z. pa~ustris) served as a control treatment or 
reference standard in the first run of this experiment, 
since previous seed-storage research used this species. The 

1Special Assistant and Professor, respectively. 
Department of Agronomy and Plant Genetics, University of 
Minnesota. 
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second run of this experiment used two sources of z. 
palustris due to an insufficient amount of seed for Texas 
wild rice. A seed source ('K2(l)C6') that was very dormant 
and another source ('K2') with less dormancy were used. 

The different seed moisture contents evaluated in the first 
run of this study were obtained from five storage 
treatments. The initial samples collected for whole-seed 
moisture content (MC) determinations and germination tests 
came from cold, hydrated storage except for the cold, · dry 
conditions used for K2(1)C6 in the second run. Three 
replications (separate containers) were evaluated for each 
storage treatment. The first treatment consisted of cold 
(3°C), hydrated conditions, which have been used usually for 
stratification (Oelke et al., 1990). The cold water was 
aerated continuously with an aquarium aerator to obtain a 
high oxygen content to prevent the germination of Texas wild 
rice. The second treatment involved air drying the seed for 
seven days in the laboratory at an ambient air temperature 
of 21°C. The air-dried seed was then placed in sealed vials 
and stored at 3°C until needed for MC determinations and 
germination tests. 

The three remaining treatments involved seed storage in 
sealable containers or chambers with different relative 
humidities (RH) that were placed in an incubator at a 
constant 21°C. Seed samples were put on filter paper that 
was placed on fine stainless steel wire mesh (Kovach and 
Bradford, 1992) . The first storage treatment with RH 
chambers was a control treatment that used fresh seed with a 
MC of 35% placed over deionized water for 24 and 42 days 
pr~or to the MC determinations and germination tests. The 
other two RH treatments stored seed over saturated salt 
solutions of magnesium chloride (MgC12 ) for 24 days and 
sodium chloride (NaCl) for 42 days to produce relative 
humidities within the chambers of approximately 33 and 75% 
respectively. The expected moisture contents for seed in 
the MgC12 and NaCl treatments were approximately 7% and 20% 
respectively. The second run of the study used the same 
three RH storage treatments and cold (3°C), hydrated 
storage. An additional treatment, a cold (3°C), dry storage 
environment, was used only for the highly dormant K2(1)C6. 

Seed viability was measured.by germination tests that ran 
usually for 21 days at 2l°C. For the germination tests of 
z. palustris, 15 seeds per replication were used in the 
first run of the experiment. Seed of Z. texana (seven seeds 
per replication) was germinated in deionized water with a 
low oxygen concentration (<1.0 ppm) that was achieved by 
bubbling nitrogen gas through water in a five gallon 
container. Germination tests in the second run used 25 
seeds per replication. The pericarps or seed coats of 
ungerminated seeds were scarified or slit above the embryo 
after 14 days if very little or no germination had occurred, 
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and incubated for another 21 days to check for viability of 
the seeds, which may have been dormant. Ungerminated seeds 
in samples with good germination were not scarified until 
after 21 days. Seed was considered to have germinated when 
the coleoptile had grown longer than the length of the seed. 
The whole-seed moisture contents were determined by drying 
seed for six hours at 130°C in a forced-air oven. Moisture 
content determinations used 15 seeds per replication in the 
first run and 25 seeds per replication in the second run . 
Data were recorded for the whole-seed MC, germination 
percentage prior to scarification, and total germination 
percentage that included germinated seeds before and after 
scarification. 

Results 

The Texas wild rice showed poor viability after the various 
storage treatments with a range of 0 - 19% germination 
(Table 1). The germination for Z . palustris in the first 
run was usually much better in all treatments with a range 
of 0 - 99%. However, neither seed source germinated after 
the air-dry treatment. The control treatment in RH chambers 
and cold, hydrated storage resulted in the best germination. 

The K2 and K2(1)C6 seed evaluated in the second run usually 
showed a very large increase in germination after 
scarification (Table 2) . Germination percentages were again 
lower in seed from treatments that produced the lowest 
moisture contents. Cold, hydrated storage resulted in the 
highest germination percentage for K2 . The cold, dry 
treatment for K2(1)C6 resulted in a higher germination 
percentage before and after scarification than the cold, 
hydrated storage. The K2(1)C6 had the best viability of any 
seed source after the air-dry treatment. 

Conclusion-s 

Texas wild rice seed was not tolerant of dessication since 
viability ceased for any treatment when the MC went below 
the initial MC. The age of the seed, which was nine months 
old, may have contributed to the absence of or low 
germination that was observed before and after scarification 
in germination tests .. Some seed may also have been immature 
and unable to germinate. The apparent satisfaction of 
dormancy requirements, or lack of dormancy in this species, 
may have contributed also to the poor seed viability that 
occurred after_treatments which lowered the MC. Dormancy 
was clearly present in K2(1)C6 due to the great increase in 
germination after scarification. The K2(1)C6 consequently 
showed a better tolerance to desiccation and a greater seed 
vigor than had been observed with K2, which was harvested 
four months before the experiment and had less dormancy. 
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vigor than had been observed with K2, which was harvested 
four months before the experiment and had less dormancy. 

The K2 and K2(1)C6 seed evaluated in the second run also 
showed low to high levels of dormancy based on the increase 
in germination after scarification {Table 2·) . Dormancy was 
apparently stronger in the K2(1)C6, and this condition might 
explain its higher germination percentages than were 
observed for K2 after the storage treatments that lowered 
the MC. The better viability of seed stored in cold, dry 
conditions showed that seed vigor could be maintained 
without storing seed in water. However, dormancy must be 
released with cold, hydrated stratificaition. The drying 
rate of seed in the different storage treatments as well as 
the final MC appeared to affect seed viability. The rapid 
drying of seed in seven days for the air-dry storage may 
have been a cause of the poor vigor that resulted after this 
treatment in both runs of the experiment. The slower drying 
rate of seed in the RH · chamber for the MgC12 and NaCl 
treatments may have resulted in the higher survival at lower 
moisture contents. The storage duration may also have 
affected the seed viability as indicated by germination 
percentages of K2 in the control treatment at 24 and 42 
days. 

Future research should investigate the effect of different 
storage treatments on the viability of Z. texana seed at 
various moisture contents, if a sufficient quantity of seed 
can be obtained. The perennial growth habit of Texas wild 
rice ma.y be a character that plant breeders would desire to 
incorporate into a future cultivar of Z. palustris for paddy 
cultivation or in habitat improvement of wetlands for 
waterfowl. 
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Table 1. Seed moisture content (MC) and germination 
percentage (Germ.) obtained after completion of 
five ·storage treatments for Zizania texana and z. 
palustris in first run of experiment. 

Seed Storage 
Source Treatment 

Z. texana 

Initial 
Air-Dry 
MgC12 -RHY 
Control-RHx 
NaCl-RB 
Cold-Hydrated 

z . palustris 

Initial 
Air-Dry 
Control-RH 
MgC12 -RB 
Control-RH 
NaCl-RH 
Cold-Hydrated 

Storage 
Duration 
(days) 

0 
7 

24 
42 
42 

>42" 

0 
7 

24 
24 
42 
42 

>42 

MC 
(%) 

39 . 7 
12.0 
13.4 
27.5 
16.0 
50. 6v 

39.5 
11 . 5 
29.2 
12.2 
29.8 
15.7 
36.2 

Germ. z 

(%) 

16.0 
0.0 
0.0 
9.5 
0 . 0 

14.0 

24.0 
0 . 0 
0.0 
0 . 0 
3 . 0 
0.0 

41.0 

Total 
Germ . 
(%) 

16.0 
0.0 
0.0 
9.5 
0 . 0 

19 . 0 

61 . 0 
0 . 0 

90.0 
27.0 . 
93.0 
63.0 
99.0 

zGermination percentage prior to seed scarification . Total 
Germ. includes scarified seeds that germinated . 

YRH= relative humidity chamber. 
xNo control treatment for 24-day duration due to 
insufficient seed. 

"Seed was stored in standard storage conditions of 3°C water 
for about 6 months after harvest, but the samples used were 
placed in incubator ~or 42 days prior to MC and Germ. 
tests. 

vsome seed was cracked and had imbibed water. 
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Table 2 . Moisture content of seed (MC) and germination 
percentage (Germ.) obtained after completion of 
storage treatments for two seed sources of z. 
paltistris in second run of experiment. The 
'K2(1)C6' seed was very dormant and 'K2' had less 
dormancy. 

Seed Storage Storage MC Germ. z Total 
Source Treatment Duration (%) (%) Germ . 

(days) (%) 

K2 Initial 0 36.0 68.0 95 . 0 
Air-Dry 7 10.3 0 . 0 0.0 
Control-RHY 24 35 . 9 23.0 85.0 
MgC12-RH 24 10.9 2.7 27.0 
Cold- Hydrated >24x 33.8 56.0 89 . 0 
Control-RH 42 18 . 3 5 . 0 32 .. 0 
NaCl-RH 42 14.3 3.0 29.0 
Cold-Hydrated >42 34.9 56.0 99.0 

K2(1)C6 Initial 0 30 . 0 0.0 61.0 
Air-Dry 7 10.1 1.0 17.0 
Control-RH 24 43.0 1.0 60.0 
MgC12-RH 24 12 . 3 0.0 24.0 
Cold-Hydrated 24w 33.9 1.0 65 . 0 
Cold-Dry >24w 26.0 5.0 79.0 
Control-RH 42 16.4 0.0 69.0 
NaCl-RH 42 14.1 0.0 44 . 0 
Cold-Hydrated 42 33 . 2 0.0 40 . 0 
Cold-Dry >42 25.7 14.7 69.0 

z,ySee Table 1. 
xseed was stored in 3°C water for 6 months after harvest, 
but the samples that were used remained in 3°C water in an 
incubator for 42 days prior to MC and Germ. tests. 

wseed source stored dry at 3°C for at least 30 days after 
the winter-to-spring harvest of plants in greenhouse 
before start of the second run of experiment . Samples 
remained in .3°C water for treatments with 24- and 42-day 
durations, and those for cold-dry treatment remained in a 
dry condition . 
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PREDICTION OF TOPDRESS NITROGEN BY SOIL AND PLANT SAMPLING 

Paul Bloom 
Department of Soil Science 

Laboratory and field investigations in 1990 and 1991 showed that fall applied nitrogen 
is subject to rapid losses due to nitrification, even when the soil temperature at application 
is less than 500F. Field investigations in 1991 suggested that extractable soil ammonium 
sampled early in the season can be used to determine the quantity of plant available N 
carried over from the previous fall. This would allow growers to determine if topdress 
is necessary to make up for lost N. Also, in 1991 we showed that the SPAD 502 
chlorophyll meter (Minolta Corp.) migltt be a valuable tool in assessing the N status. 

Field and laboratory studies were undertaken in 1992 to further investigate the utility of 
using extractable soil ammonium along with SP AD data and plant tissue N for the 
assessment of soil and plant N status and the prediction of the need for topdress N. A 
laboratory study was needed because the procedure used for handling soil samples in 1991 
resulted in high values if the samples were not analyzed within a day of sampling. 

Laboratory Study of Soil Sample Preservation 

A 2 molar (concentration) solution of potassium chloride was added to all soil samples 
taken in the field. This solution serves as a preservative and an extraction solution. 
When samples are delivered to the laboratory it is only necessary to separate the soil from 
the solution by flltration and analyze the solution for ammonium. The problem that was 
noted in 1991 was that the ammonium concentrations increased with time after sampling 
because microbial mineralization of ammonium from the soil organic matter was not 
sufficiently inhibited by the potassium chloride solution. The laboratory study was carried 
out to determine what bactericide agents would be the best to preserve the samples for 
transport to the laboratory. We hoped that we could find a chemical agent that was a 
good enough preservative to allow growers to send samples to a laboratory without 
putting the samples on ice. · 

Several organic toxins plus the heavy metals barium, cadmium and mercury were tried. 
The best inhibitor was merthiolate, added to the potassium chloride solution. This is the 
same compound that is used to inhibit infection in wounds, but we used it at much higher 
concentrations. The results in Table 1 show that merthiolate decreased the rate of 
ammonium released from the soil extracts during storage but only with refrigeration is the 
rate decreased sufficiently to make the sample stable enough for the expected 3-5 day 
delay from time of sampling until laboratory analysis. (Note: In peats 1 ppm is 
equivalent to 6 lb/ac of N.) Thus, unfiltered samples could be sent to a lab, but they 
would have to be on ice. This requires insulated shipping containers and much higher 
shipping costs. 
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Effect the addition of 0.025% menhiolate and refrigeration on the change 
in measured ammonium in a flooded wild rice paddy peat soil added 50-
50, by volume, to a 2M potassium chloride (KCl) solution. 

time= 0 5d 7d 12d 

2MKC1 0.9 3.3 4.9 8.6 

2MKC1 0.9 2.2 2.9 4.7 
+ merthiolate 

2MKC1 0.9 1.1 1.1 2.1 
+ merthiolate 
+refrigeration 

Analysis using a commercially available field kit offers an alternative to growers. We 
tested a field kit that requires sample filtration, addition of a coloring agent, and a visual 
color measurement. Comparing the resultant color in the vial with a color strip gives the 
c;oncentration. With our samples the laboratory and the field kit results were about the 
same. This procedure requires extra work by growers, but the results are immediate. The 
cost of the kit is $90, but 250 samples can be analyzed. An additional $30-40 for filter 
funnels, filter paper and other supplies are needed. We intend to compare field kit results 
obtained by growers with lab analyses during the 1993 season. 

On-farm Evaluation ofSoil Ammonium, SPAD Chlorophyll 
Meter and Plant Tissue N for Predicting Topdress N 

Sampling Methods 

Soil and plant samples were obtained at five sites on grower's fields. Soil and plant 
tissue samples were taken in the first half of June along with SPAD meter readings. The 
plants were in the paniCle initiation growth stage and only 1 to 2 ft. tall. At this stage, 
the quantity of N taken up represents only a very small pari the total taken up over the 
season. Sampling was repeated in early July at the late boot growth stage (less than 5% 
flowers). Fields were chosen to represent a range of Nand tillage management systems. 

The peat soil samples taken in June were obtained using a post hole digger (about 5 in. 
dia.) with 4 cores per field. We attempted, as much as possible, to sample to a depth of 
10 in. In July, a peat sampler was assembled using an 11 in. section of 3 in. PVC 
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wastewater pipe. This allowed us to more easily obtain samples representative of the top 
1 ft. , the zone that supplies almost all of the N to the plants. We would have liked to 
take more cores in each field, but in most of the fields we waded into the fields and it 
was difficult to carry all the necessary equipment and a bucket large enough to hold more 
than 4 cores. In mineral soils we used a coring device made from 1 in. PVC wastewater 
pipe, and collected 6 cores per field. The soil cores were thoroughly mixed in a bucket, 
and a 50 millimeter (ml) sample was taken with a plastic plunger device made from a 50 
ml lab syringe. The soil was put in a plastic bottle with 50 ml of the 2 molar potassium 
chloride solution containing merthiolate. After mixing, the bottle was put in an ice chest. 
In some fields where N was injected, samples every 10 in., for a distance of 90 in. across 
the injector bands, were collected to assess fertilizer N variability due to banding. We 
needed to get an idea how many cores are necessary to get an accurate measure of the 
N stored in the soil (per unit acre). 

A SP AD 502 meter was used to assess the relative level of chlorophyll in the plants. 
Meter readings were taken on the latest mature leaf, which was usually the leaf just below 
the top emerging leaf. In June SPAD readings were not taken for some of the fields in 
the Aitkin area. Plant samples were taken in June for N in analysis. In early July (late 
boot) and in mid-July (at early grain fill) samples were taken for N analysis and for 
analysis of mineral elements. In some fields, plant leaf samples were obtained from the 
flag leaf, the second leaf, and the third leaf from the top of the plant for comparison with 
total plant N. 

Soil N Variability across Fertilizer Bands 

Soil sampling across fertilizer bands (in June) in fields with fall injected N (Fig. 1) 
showed that the concentration of N was greater in the region of the bands than between 
the bands. The variation was especially apparent· in mineral soils. In a mineral paddy 
injected with 28% UAN, the peak concentrations, corresponding with the center of bands, 
were 100-fold greater than between the bands (Fig. lA). This variation across a field 
means that the number of samples needed to establish the quantity of extractable 
ammonium in a field is much too great to be practical. Thus, the proposed soil sampling 
method is not appropriate for mineral soils with banded N. 

Variation due to N banding is not as great in peat paddies (Fig IB, IC, and lD) with 
maximal variations of about 10-fold. It appears that 6 to 10 soil cores per sample should 
be sufficient to give enough precision for soil testing in peats. 

Change in Extractable Soil N, SPAD Readings and 
Plant Tissue N Panicle Initiation to Late Boot 

The soil N data in Table 2 show a wide variation in N that is readily available to plants, 
even though the growers had applied N in the fall at quantities ranging from 30 to 60 
lb/ac. Values in the range of 3-7 lb/ac are the minimum that is seen with the extraction 
procedure and represent essentially zero readily available N. There will always be some 
ammonium N that will be extracted from the living microbes in the soil. In paddies with 
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Table 2. The change in extractable soil N, · SP AD chlorophyll readings, and plant tissue N with time. 

June July June July Mid-July 
Time of NH4 NH4 Plant Plant Plant June July 

Fertilizer flooding lb/ac lb/ac N,% N,% N,% SPAD ~ 

Manomin 
105 Surface Spring 24 w· 2.4 2.2 1.3 nd 32.5 

Am.sulfate 
108 Am.sulfate Spring 34 9* 2.7 2.5 1.3 nd 32.6 
202 Plowdown Spring 50 28* 3.4 3.5 1.3 nd 36.0 

Am.sulfate 
1-SW Disk, Fall 55 16* 3.0 2.6 1.2 nd 34.4 
Shallow Am.su1fate 
peat 

5-SW Disk, Spring 34 18* 3.6 2.8 1.6 nd 37.6 
Am.sulfate 

Vomela 
21 28% Spring 51 49* 4.4 4.2 3.0 nd 40.4 
16 28% Spring 34 47* 4.0 4.0 2.1 nd 37.2 
18 28% Spring 39 20* 3.9 2.9 2.5 nd 36.4 
Shallow peat 

Gully 
9-5 NE . Anhydrous Spring 28 7 4.5 2.9 2.1 35.6 36.1 
9-5 SE Anhydrous Spring 35 9 4.8 3.0 2.9 37.4 37.2 
H-l,edge Anhydrous Fall, late 7 7 3.4 2.2 2.8 31.6 35.8 
5-10 Dry band Fall 17 23* 3.6t 1.9t 1.2t 39.6 33.3 
V-2 Anhydrous Fall, Immed. 63 5 4.2 nd 2.5 37.3 37.7 
0-2 Dry band Spring 40 6 4.2 2.9 2.4 38.1 37.7 
Washkish 
V-ll Urea Plowdown Fall 49 15 4.3 . 3.6 2.0 33.9 38.4 
D-12 Anhydrous Spring 9 3* 3.8 2.5 1.4 31.2 . 34.3 
V-4 ·28% Spring 27 7 4.6 2.9 1.8 nd 34.4 
D-17 Urea Disk Fall 35 7* 4.0 2.4 1.8 28.7 35.5 
D-4 None, Upland Spring 76 28 4.8 2.9 2.0 37.7 38.5 

Crop 
Clearwater 
3 Anhydrous Spring 49 nd . 4.4 3.2 1.4 37.6 38.0 

21 Anhydrous Fall, late 12 4* 3.4 2.9 1.4 30.0 36.4 
UofM Anhydrous Spring 91 78 4.3 3.2 2.8 39.5 42.2 

* Topdress added before July sampling 
T = Variable growth, hard to get a representative sample 
nd = Not dytermined 
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Figure 1. Variation in extractable ammonium N in the top 
foot of soils fall banded with N fertilizer. 
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essentially zero readily available N, plants must rely only on theN that is made available 
by mineralization of soil N, a process that can't keep up with theN demand for a high 
yield crop. The highest values were obtained for the newly cleared paddy at Clearwater 
used for seed increase of the new Franklin variety (30 lb/ac fertilizer N applied in the 
fall), and the paddy at Washkish that was rotated out of 4 years of ryegrass. The next 
highest extractable N was in a paddy that was flooded within hours after the N was 
applied. Laboratory data suggest that flooding soon after N application is a good way to 
preserve theN. · 

In some fields where fall flooding was used, the extractable N was not any greater than 
for fields that were floocled in the spring. This is due to the time delay between N 
application and flooding. Laboratory data suggests that even at temperature less than 
50°F, losses in the range of 5-10 lb/ac per day can be expected. The loss rate will be 
slower under colder, wetter conditions. Ideally, fall flooding should be within 2-3 days 
of fertilizer application, and the soil temperature at an 8-in. depth should be at a 
maximum of 50<>p (the colder, the better). Unfortunately, for most fields, it is very 
difficult to flood within 2 or 3 days of N application. 

The variability in extractable N on fall fertilized fields confirms the previous conclusions 
that the problem of erratic results of N fertilization is due to the high loss rates in the fall. 
This suggests that nitrification inhibitors might be useful to help prevent losses. Trials 
on two fields suggested that the effectiveness of inhibitors may be very limited. Also, 
of the two inhibitor compounds available, one is not allowed on wild rice and the other 
may soon be under similar regulation. 

The limited observation of paddies with plowed down urea gave better results than 
expected. In the past, we have recommended that it is preferable to use banding and that 
incorporation by plowdown is a second choice. However, limited data suggest that 
plowdown may be as effective as banding. The data do show that dlsking is the least 
preferable method of incorporation of N. Disking on the Manomin farm gave results 
better than expected but application was done when the soils were cold and quite wet (no 
tile drains). 

Whole plant N decreased from the frrst sampling to the second even in soils with high 
extractable N at both sampling times. This was expected because as plants mature, stems 
with low N content become a very significant part of the plant. The June data suggest 
that a minimum of about 4.0-4.2% N is needed to guarantee maximal production. The 
late boot data suggest a minimum of about 2.9 or 3.0% is needed. This value is lower 
than the deficiency limit we have seen in previous seasons (3.3-3.5%). The difference 
is likely due to the unusually cool weather. Nitrogen research on potatoes in Minnesota 
in 1992 showed a similar lower deficiency limit in 1992. 

The SPAD readings increased during the growing season even for the paddies that were 
clearly N deficient This was due to the greater thickness of the leaves later in the 
season. A SP AD meter measures the leaf color by shining a light through the leaf, and 
thus, it is affected by leaf thickness. The June SPAD readings were correlated with the 
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plant N, although the data show quite a ·bit of scatter (Fig. 2). There was even more 
scatter in the July data. The recommended procedure for using the meter is to compare 
results in only one region (similar weather conditions) at the same growth stage, using 
the same variety. The readings should then be compared to a check plot that is known . 
to be adequately fertilized. If field readings drop below 95% of the check reading, N 
deficiency may be a problem. Thus, if a grower compares the measurements with a 
check plot for each variety, the correlation of SPAD reading with plant N will be much 
better than what we found across different parts of the state with different varieties. 

Our meter readings suggest a minimum of about 34-35 in June and a minimum of 37-38 
at late boot. Since each meter is unique, our readings may not be the same if we had 
used another SPAD 502 meter. Also different readings are expected in different seasons 
in response to different weather eonditions. 

Prediction of N Status At Late Boot Using June Data 

At panicle initiation in June, soil N, SPAD readings and plant tissue N were all predictive 
of plant N at late boot for the paddies where topdress N had not yet been applied (Fig. 
3). Typical of plant soil testing predictions, the plots show a lot of scatter in the data. 
It is clear, however, that fields with high early soil N, plant N, and SPAD readings in 
June have high plant Nat late boot. The plots confmn the deficiency limits suggested 
above for plant N and SPAD reading. The limit for Soil N is about 50 lb/ac. 

Leaf Sampling at Late Boot 

The plant samples taken at boot stage or later may not be as representative of a paddy as 
samples taken earlier because the size of the plants usually limits the number of samples 
taken. Because of genetic deferences in plants and the soil variation across a paddy, it 
is preferable to take as many samples as possible. An alternative to whole plant sampling 
is leaf sampling. In selected paddies, at late boot, we took samples of the whole plant, 
flag leaf, the second leaf from the top, and the third leaf from the top. We found that the 
flag leaf N did not correlate with whole plant N (Fig. 4A), but the N in both the second 
(Fig. 4B) and third leaves (Fig. 4C) did correlate well with whole plant N. The best 
correlation was with the third leaf. This shows the importance of sampling mature leaves. 
At this growth stage the flag leaves are still maturing, and it is well known that leaf N 
contents increase in with maturation. If the deficiency limit for the whole plant samples 
is 2.9%, the correlation between the second and third leaves and whole plant N suggests 
that the lower limit for leaves is 3.8%. This is not greatly different than the deficiency 
limit we observed early in the season (4.0-4.2%). This points to another advantage for 
leaf sampling - greater stability over the season. This makes interpretation of the results 
at different growth stages easier. 
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Figure 2. The change in SPAD reading with plant tissue N; A) in 
June at panicle initiation and, B) in July at late boot. 
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Figure 3. Correlation of plant N in early July (late boot) with N 
status in June (panicle initiation): A) SPAD; B) soil N; and C) 
plant N in June. 
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Figure 4. The variation in whole plant in early July with; A) 
flag leaf N, B) N in the second leaf from the top and, C) N in the 
third leaf from the top. 
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Possible Mineral Deficiencies 

Field observations and tissue analyses suggest that severe mineral deficiencies were not 
encountered in the paddies we sampled. In some paddies, however, mineral analysis 
values were low enough to cause some concern for reduced growth or at least possible 
future concern. Data evaluation is difficult because we do not have data from 
experiments on the response of wild rice to the addition of mineral elements; thus, we are 
forced to use the data for white rice. The data in Tables 3 and 4 are for some major and 
minor nutrient elements from plant samples collected at late boot and in mid-July (early 
grain fill). The mid-July data includes results of the analysis of a sample from a natural 
stand on the Mississippi River near Grand Rapids. Also included in the tables are the 
deficiency limits for white rice established by Dr. Yoshida at the International Rice 
Research Institute. 

The magnesium (Mg) data are all very close to the deficiency limit for white rice and 
some of the Aitkin paddies (only one low Mg paddy is shown) and the natural stand had 
low enough concentrations to be considered deficient. The analysis at late boot were not 
greatly different from those at early grain fill, indicating that growth stage was not 
important in determining the results. Wild rice may well have a lower requirement for 
magnesium than white rice but evaluation of possible Mg deficiency on low Mg soils is 
needed. 

Relatively low potassium (K) was measured in some of the paddies and in the natural 
stand. The low values in the paddies are well above the deficiency limit for white rice, 
but given the benefits of high K to plant health in small grains, we think it is prudent to 
maintain relatively high tissue K. The paddies that warrant the most attention are those 
with less than 3.0% K at late boot with the concentrations decreasing to 2.1% or less at 
the later sampling time. The large decrease suggests a depletion of the available K. 

At all of the sites, copper (Cu) analyses were less than the limit for white rice, even in 
paddies where rice was very healthy. The problem with copper is that the tissue 
concentration decreases greatly over time so the timing of Cu analysis is important. The 
requirement of wild rice must be lower than for white rice, but in several paddies, 
particularly in the newly developed U of M seed increase paddy on the Clearwater Farm, 
and on one of the paddies in the Wash.kish area, the copper is so low that the possibility 
of copper deficiency should be investigated. 

Tissue iron (Fe) was low on the Clearwater farm and in the Wash.kish area. Again, it 
is not clear whether these relatively low values are indicative of deficiency in wild rice. 
One of the problems may be in the analytical technique since the method used for our 
samples does not necessarily recover all of the tissue Fe. 

Relatively low Zn (zinc) near the deficiency limit for white rice was measured for some 
paddies in the Gully area. This situation should be investigated further. The natural 
stand also had lower Zn. There were no great differences between the two sampling 
dates, suggesting that the time of sampling is not very important. 
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Table 3. . Major mineral nutrient elements in selected samples from fields where N status was 
monitored. 

P,% K,% Ca,% Mg,% 

Early Mid Early · Mid Early Mid Early Mid 
July July July July July July July July 

Aitkin 
1-SW .36 .32 2.9 3.2 .36 .36 .11 .10 

5-SW .38 .33 2.9 2.1 .37 .37 .12 .15 

18 .54 .50 4.2 3.6 .32 .41 .12 .15 

Waskish 
V-7 .54 .41 2.3 1.7 .33 .32 .14 .14 

D-4 .51 .41 3.7 2.7 .26 .28 .12 .12 

V-11 .56 .48 3.0 3.1 .37 .28 .13 .12 

Clearwater 
UofM 
Paddy .44 .55 2.4 2.7 .43 .32 .14 .14 

Gully 
0-2 .56 .56 3.9 4.0 .29 .38 .13 .14 

B-7- .56 .56 3.2 3.4 .55 .40 .15 .14 

Natural 
Stand 25 0.91 .27 .091 

Deficiency 
White Rice 0.1 1.0 .15 .10 
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Table 4. Minor mineral nutrient elements in selected samples from fields where N status was 
monitored. 

.Fe, ppm Zn, ppm Cu, ppm B,ppm 

Early Mid Early Mid Early Mid Early Mid 
July July July July July July July July 

Aitkin 
1~SW 66 80 35 32 5.7 2.1 5.1 4.6 

5~SW 74 73 38 40 6.0 1.5 6.4 5.2 

18 116 185 28 41 4.8 2.0 6.7 7.5 

Waskish 
V~7 48 52 34 43 2.6 1.1 4.4 4.4 

D~4 124 52 26 29 3.3 1.8 5.6 5.3 

V-11 62 59 36 43 2.5 1.8 4.4 5.7 

Clearwater 
UofM 
Paddy 58 1.5 13 21 1.1 .83 5.6 5.1 

Gully 
0-2 97 111 42 32 3.6 3.4 5.3 7.2 

B~7 234 103 15 12 2.7 1.9 8.6 10.0 

Natural 
Stand 77 15 3.4 6.0 

Deficiency 
White Rice 70 10 6 3.4 
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Phosphorus (P) was low in the natural stand but not in the paddies. Results from the 
paddies showed that P varies widely, apparently in response to different histories in P 
fertilization but the time of sampling was not very significant. In many paddies the P 
appears to be much higher than needed for high production. 

The other elements, including manganese (not shown), seem to be in the adequate range. 
In previous years we have seen some indication of possible manganese deficiency in the 
Aitkin area. We also analyzed a few samples for molybdenum and found adequate 
values. We did not analyze for sulfur; an element that has been of some concern to the 
growers in the Aitkin area . . 

Recommendations for Topdress N Fertilization in Peats 

Early top dressing in response to very low soil N is important. Early soil and plant 
sampling can be used to assess early N status. Using a boat, it is relatively easy to get 
samples that are representative of large areas. A large bucket (5 gal pail) can be used to 
accumulate many soil core samples and a large number of plant samples can be obtained. 
The ammonium analysis kit can be used to give immediate soil N results. Ideally, SPAD 
data should be obtained along with soil N and plant tissue samples. The SP AD data 
should be compared to the data for a plot at the same maturity that is known to have 
excess N. If the soil N is less than 50 lb/ac, the tissue N less than 4.0% or the SPAD 
reading is less than 95% of the reference plot, topdressing with 30 to 40 lb/ac, at early 
to mid boot, should be considered. If the plant N and SP AD readings are very much 

. lower than the deficiency limit, or the soil N is less than 20 lb/ac, immediate topdressing 
should be considered. This should be followed by another topdressing at early to mid
boot. Experience has shown that because of the poor efficiency of topdress N, it is 
difficult to topdress paddies with very low N to give top yields. However, early 
intervention will maximize the possibility of getting a high yield. 

Most paddies should · also be treated with a topdress application at early flower (some 
growers prefer a slightly later application). Most peat paddies at this stage are running 
low on readily available N and more N is needed to assure that the top leaves continue 
to be green and healthy and continue photosynthesis through grain fill. For paddies with 
soil N (at late boot) greater than about 25 lb/ac, a late topdress is probably not needed. 
However, the only paddies where high soil Nat late boot is routinely expected are newly 
cleared paddies or paddies that have been in upland crops for several years. SPAD 
readings and tissue N can be used to adjust the quantity of topdress N applied but for 
most paddies that are not deficient at this stage, 30 to 40 lb/ac of topdress N should be 
sufficient. Further studies of topdressing are needed before better recommendations can 
be made. On paddies where lodging has been a problem, more moderate applications of 
Nearly in the season will decrease stem elongation and help minimize lodging. In this 
case, slight early deficiency might be appropriate. 

Good late season water management is needed to assure effective use of the late season 
N. Water depth can be decreased once the canopy is closed and weeds are no longer a 
problem. Drainage below the soil swface, however, should be delayed as late as possible. 
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Wild rice is very inefficient in water utilization, and water is needed to inhibit the 
oxidation ammonium N to nitrate. Late growth is especially important for a crop like 
wild rice because the tillers do not mature simultaneously. 

Response of Pistillate Crosses to Topdress N on a 
Mineral Soil at the North Central Experiment Station 

Dr. Porter at the North Central Experiment Station has a program for the investigation of 
the yield potential and general agronomic characteristics of pistillate plants (see the Plant 
Breeding Report). As part of that program, a study of the yield potential of 5 crosses 
with a pistillate selection of M3 was initiated on a mineral soil at Grand Rapids. Normal 
M3 was included for comparison. A basal application of urea, 50 lb of N per ac, was 
rototilled in just before flooding and planting in late May. Four topdress treatments, 0, 
30, 60 and 90 lb/ac of urea-N were compared (three replications per treatment). The 
treatments were added in 30 lb/ac increments at late boot, early flower, and mid-flower. 
The 30 lb/ac treatment was added at early flower; the 60 lb/ac treatment at late boot and 
mid-flower; and the 90 lb/ac treatment at boot, early flower and mid-flower. The paddy 
was also treated with additions of K, Zn, B Mn and P fertilizers. Soil samples taken in 
the fall of 1992 showed that the breeding paddies had low K and boron (B) as well as a 
suggestion of low Zn. Small additions of Mn and P were also recommended from the 
soil test results. 

Because the fertilizer N was rototilled rather than banded, the coring method of soil 
sampling could be used in this mineral soil. Samples taken in mid-June, before the plants 
had taken up significant quantities of N, showed that the 50 lb/ac of basal N was still in 
the soil. In fact, the mean value obtained for 15 samples was 50.0 ± 15 lb/ac. By late 
boot, just before the application of the frrst increment of topdress urea, the extractable soil 
N had decreased to 31 ± 13 lb/ac. The lowest values observed were about 15 lb/ac. The 
soil N values at late boot were not as low as observed in most peat soils that had 50 lb/ac 
early in the season. There are three reasons for this: 1) the loss of N from mineral soils 
is slower than in peats, 2) mineral soil particles can bind anunonium ions more tightly 
(i.e., making them less available) than can peat soil particles, and at the same 
concentration of extractable N, the N is less available in a mineral soil, and 3) the 
diffusion of N to roots is slower in mineral soils than in peats so that in portions of soil 
not well exploited by roots, the N concentration can remain relatively high. This explains 
the high variability in extracted N and the inability of the plants to draw the soil N down 
to the 5 to 7 lb/ac values seen in peats. 

The plant Nat late boot was 3.0 ± 0.39. The high variability was due to high N along 
one side of the paddy, indicating better soil conditions in that part of the paddy. In the 
better part of the paddy, N values were 3.0 lb/ac or higher. The values were all less than 
3.0 in the remainder of the paddy. The 3.0 value is the approximate deficiency limit we 
observed in grower's paddies. This suggests that the 50 lb/ac of basal N was barely 
sufficient for high production wild rice, and that a higher basal N, perhaps 75 lb/ac, 
should be considered. 
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Tissue analysis for mineral elements showed that the mineral fertility was as high as that 
in the best of the grower's paddies. The B levels were about twice the highest value for 
a grower's paddy. This is likely due to the fertilization with B. Copper values were 2 
to 4 times that found in production paddies which is a reflection of high native available 
copper in this relatively low organic matter mineral soil. 

High yields were obtained, especially for the pistillate crosses. Figure 5A shows the 
harvested yields (green), and Figure SB shows the potential yields (corrected for the 
quantity of grain lost due to shattering). The highest harvested yields, obtained with 3 
topdress applications (90 lb) were 3300 lb/ac for the two crosses that were the most 
responsive to topdress N. Two of the crosses only responded to the first topdressing, and 
one appeared to have a negative response to topdress, possibly due to delayed maturity. 
The highest yield for M3 was 2000 lb/ac. 

SPAD readings were taken on the flag leaves during grain flU (Fig. 5C), a time when the 
flag leaves are mature and the flag leaves are contributing much of the photosynthesis in 
the wild rice plants. All of the crosses, as well as M3, showed a significant increase in 
SPAD reading with increasing topdress N, even in the crosses that were not very 
responsive in yield. The added nitrogen was taken up by the plants. Figure 5C also 
illustrates the varietal deference that can be seen in SPAD readings and why much better 
results are obtained when responses are compared within one variety. 

An overview of the yield response and SPAD data suggests that the first two additions 
of N, at late boot and early flower, were more effective than the addition at late 
flowering. Perhaps an even earlier addition would also have been effective. 

Plant samples were taken at harvest for analysis to determine the total amount of N and 
other elements taken up during the experiment. Unfortunately, only a limited number of 
plants in border rows were available for analysis, and the results were quite variable. 
However, we were able to obtain some values that gave us a better idea of theN and K 
needs of a wild rice crop. The mean of the highest N taken up in each replication was 
breeding time was 65 ± 10 lb/ac. This is considerably less than the value obtained by 
Dr. Grava more than 10 years ago. Dr. Grava used the older selections of wild rice 
which produce much more foliage (that was rather high inN) than the plants evaluated 
in this study. The total uptake of N is small compared to the total of 140 lb/ac that was 
added to the 90 lb/ac topdress treatments. This is an illustration of the poor efficiency 
of N fertilizer, especially topdress N. 

The total uptake of K over the experiment ranged from about 170 to 200 lb/ac for the 
highest yielding plots. Fertilizing for this potential· uptake of K, especially on peats, will 
require higher K recommendations than are currently used. 

Recommendation for N Fertilization of Breeding 
Trials at the North Central Experiment Station 

More basal N should be applied. This may reduce some of the necessity for topdress N. 
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Figure 5. The response of M3 and five crosses with pistillate 
M3; A) harvested yield, B) potential yield (corrected for 
shattering) and, C) flag leaf SPAD. 
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Further evaluation of basal and topdress N rates is needed, but for next year it seems 
reasonable to make a uniform increase of basal N to 75 lb/ac with at least one topdress 
at early flower. There is some concern for lodging in some of the pistillate crosses. This 
must be a concern for taller selections with heavy heads. Plant and soil N monitoring 
should be continued. 
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WILD RICE BREEDING 

Raymond A. Porter, Henry J. Schumer, and Bruce J. MacGregor1 
North Central Experiment Station, Grand Rapids, MN 

Activities in 19~ inclu?~ variety trials, a pistillate fertility trial, population improvement, 
and other breeding actiVities. Bruce MacGregor was added to the project in August of 
1992, and a search for a postdoctoral associate to initiate work on molecular genetic 
mapping resulted in the addition of Dr. Alan Grombacher in January of 1993. 

A n~w shattering-resistant cultivar, Franklin' (formerly K2(2)C4), has been developed by 
proJect personnel. It was released in 1992 on the basis of variety trial results from 1990-
?2. · I~ was n_amed in ~onor of Franklin ~osbau and carries the following description: 
Med1um he1ght, med1um to early maturity. More shattering resistant than K2 or other 

currently grown varieties, especially retaining more seed when harvest is delayed. u 

Yariety Trials 

We conducted variety trials in 3 locations in 1992-Grand Rapids, Gully (Gunvalson-lmle 
farm), and Waskish (Rennemo farm). A fourth trial was planted at the Vomela farm site, 
but was presumed destroyed by crayfish-no plants emerged after flooding. 

Methods. Gully and Waskish trials were planted in the fall of 1991. Twenty entries 
were planted in 6 replicates at each location (see Table 1 for description of entries). 
Plots were four 10-foot rows with 15 in. between rows and 30 in. between plots. In 
June, volunteer plants growing between rows were thinned out. The density of 
volunteers was estimated to be 0.5 plantsfft2 before removal. Since these were on-farm 
trials, the water and fertility management were consistent with each grower's normal 
practices. 

Prior to the onset of seed shattering, plastic troughs were placed between the center 
two rows to catch shattered seed. Estimates of shattering losses per acre were based 
on the area of these troughs, which was about 13% ofthe harvested area of the plot. 
Seeds were collected from the troughs and plots rated for lodging immediately prior to 
harvest. Only plots with at least 2 plantslft2 were harvested (96 of 120 plots at Gully 
and 106 of 120 plots at Waskish). The earliest 8 entries were harvested first, then the 
remainder a week later. Lodging had become severe by the second harvest at 
Waskish, but the binder was able to harvest the center two rows. The center two rows 
were harvested with a two-row grain binder and threshed with a Vogel thresher. Also at 
the second harvest, the border rows from the plots of the first harvest were harvested 
and threshed to estimate their yield under greater shattering pressure. Most of the stem 
debris was removed from the threshed samp\es us\ng a shaker-sieve seed cleaner. 
~\na\ samp\e included seeds and other materia\ which passed through a 9/64 by 314 
inch slotted sieve, but not through a 1/14 by 1/2 inch sieve. rresh samples wer~ . 
weighed, then dried and weighed again to determine dry we1ght and percent mo1sture, 

. h Plot Cootdinator and Jun\or Scientist 
1 Research AssOC\8.te. Researc • 
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yields were adjusted to 40% moisture. In the case of samples from border rows, 
delayed yield estimates were reduced by 21% to adjust for the border row effect. · 

Table 1 Description of variety trial entries 

Entry 

FSSR-C6 

K2 (Godward) 

K2 (Vomela) 

K2(1)C5 

K2(2}C3 Pi 

Franklin 

NACH-B(Man.) 

NR(Manomin) 

NW(Manomin) 

Voyager (lmle) 

M1 (Manomin) 

M3(Manomin) 

Petrowske(CW) 

Petrowske(G-1) 

PM3 x FSSA-C4 

PM3 x 1<2(1 }C4 

Description 

Frost-selected shattering resistance population (6 cycles of selection) 

Developed by Kosbau brothers; from T. Godward's farm, rotated to new paddies 

Developed by Kosbau brothers; from Vomela farm seed field 

K2-derived population "1" selected 5 cycles for shattering resistance 

1<2-derived population "2" selected 3 cycles for shattering resistance, then selected 
for pistillate plants; this F2 population should have 25% pistillate plants 

1<2-derived population "2" selected 4 cycles for shattering resistance; released by 
Minnesota Agricultural Experiment Station in fall of 1992; previously K2(2)C4 

Netum-derived, selected by A. Hedstrom (Manomin Development Co.) for 
bottlebrush, shattering resistance 

Netum-derived, selected by A. Hedstrom for red flower, shattering resistance 

Netum-derived, selected by A. Hedstrom for white flower, shattering resistance 

Selected for earliness, shattering resistance. Released by U of M in 1983 

Developed by Manomin 

Developed by Manomin; usually contains less than 1 0% pistillate plants 

Selected by K. Petrowske for healthy, vigorous bottlebrush plants; reselected by 
Clearwater farm for shattering resistance 

Selected by K. Petrowske for healthy, vigorous bottlebrush plants; reselected by 
Gunvalson-lmle farm for bottlebrush, shattering resistance 

F2 of Pistillate M3 crossed to FSSR-C4; 25% pistillate plants expected 

F2 of Pistillate M3 crossed to K2(1)C4; 25% ·pistillate plants expected 

PM3 x K2(2}C3 · F2 of Pistillate M3 crossed to K2(2)C3; 25% pistillate plants expected 

PM3x SS-C2 

SS-C4 (short) 

SS-C4 (tall) 

PM3-P 

F2 of Pistillate M3 crossed to SS-C2; 25% pistillate plants expected 

Selected for sturdy stem, 4 cycles; short plants, last 2 cycles only 

Selected for sturdy stem, 4 cycles; tall plants, last 2 cycles only 

Pistillate M3 continuously selected for pistillate plant type, which reaches a maximum 
frequency of 50%; released as germplasm by U of M in 1988 

The variety trial at Grand Rapids was conducted similarly, with the following exceptions. 
Twenty .entries were planted in six reps, but three entries were discarded because of 
poor germination. Sixteen of the seventeen entries corresponded to the entries at the 
other two locations (Table 1). Plots were planted and flooded on May 14, 1992. Each 
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plot consisted of four 1 0-foot rows with 12 in. between rows and 24 in. between plots. 
Preplant fertilizer was applied as a blend of N-P-K-S-8 at the rate of SD-0-40-20-3 lb/A. 
In addition, urea was topdressed once at early flowering at a rate of 30 lb/A of N. The 
date on which 50% of mainstems t)ad emerged was noted for each plot. The average 
date was then used to determine the relative maturity of entries for harvest decisions at 
all three locations. The date of appearance of the first head in a plot, as well as 1 Oo/o 
flowering date were also noted .. The difference between 50% heading date and first 
head appearance date was calculated and analyzed as flowering range. Plant height 
and length of seed bearing portion of normal panicle types were also measured. In 
addition to estimating shattering in the manner described above, seed tensile strength 
was measured--the in-line force required to break the seed free from the panicle. Five 
mature seeds were measured on each of five tagged plants per plot. Panicles had been 
tagged at head emergence in order to compare plants of the same maturity. 

Maturity of all plantings was probably delayed by cool weather. Even so, entries were 
not as mature at harvest as in past years, as evidenced by higher grain moisture and 
lower shattering losses (see Table 2}. We presented yield and shattering data from the 
first harvest to the Crop Variety Review Committee in support of the final release of 
'Franklin' . We harvested the first entries slightly early (see first group, Table 1) in order 
to have time to analyze data, present it to the committee, and release Franklin before 
the seed increase was harvested on September 8. 

Results and Discussion. Table 2 shows the yield and shattering averages for each 
location, as well as the means across all three locations for yield, shattering, grain 
moisture at harvest, and lodging. Means reported were adjusted in the analysis to 
account for missing plots. The first 8 entries listed were all harvested on the first date, 
and had lower shattering losses than the later ones. This makes comparisons between 
entries with different harvest dates for shattering resistance inadvisable, at least for this 
year's data. Furthermore, shattering comparisons between entries within the first 
harvest group should be avoided, since differences were usually less than the LSD, and 
since shattering at the optimum harvest date may not reflect relative losses at a later 
harvest date, as we will show below. Voyager should have been ~arvested in the early 
group at all3 locations, but was missed in the first harvest at Waskish and Gully, which 
increased its overall shattering loss. 

Yields at Grand Rapids were highest (over 2000 lb/A on the average), followed by Gully 
and Waskish. Some factors which may have been responsible for the higher yield at 
Grand Rapids are: bird netting, soil fumigation (eliminating weed problems); better plot 
establishment resulting in higher plant populations, longer period of flooded growth 
(paddy was not drained until about 1-2 weeks prior to harvest), and less lodging, 
especially among the later entries. 

M1 and M3 had high shattering losses and lower yields at all locations. The highest 
yielding entry was NACH-8, which outyielded even the elite experimental populations in 
the same maturity group. In fact, it was the highest yielding entry overall. Most of the 
other entries (including later-maturing ones) were grouped between 1200 and 1500 lb/A. 
Franklin fell into·this group, showing it to be respectable in yield, but not the highest. 
However, we did not expect it to yield the highest under conditions of low shattering 
losses. Rather, it was selected to retain more seed through a later period of seed 
maturity, outyielding other varieties when shattering losses are high. 
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Lodging was high at Waskish, especially among the later entries, averaging 2.5 overall 
(on a 1-5 scale) compared to 1.7 for Gully and 1.4 for Grand Rapids. PM3 x K2(1 )C4 
lodged the most (2.8), possibly related to a greater plant height (see Table 3). The short 
and tall versions of the SS-C4 population had been selected for stem sturdiness for 4 
cycles, but were still in the middle range of lodging overall, with SS-C4 (short) having a 
slight advantage. The least lodged entry was FSSR-C6, which made sense considering 
how it was selected. Plants were tagged as they emerged from the boot but selection 
was not applied for seed retention until at or after frost. By that time, many plants which 
were prone to lodging had already gone down, since they were well past maturity, 
leaving only standing plants to select from. Since plants were color coded with tags for 
flowering date, unconscious selection for late maturity was presumably avoided. 

Table 2 Yield, shattering, and moisture of grain from variety trials at 3 locations 

Adjusted Yield {Shattering~ Mean over 3 locations 
Entry G. Rapids Gully Waskish Yield Shat. Moist. Lodg. 

------------------lb/Aa (%b)---------·-------- lb/Aa o/ob o/oc scored 

FSSR-C6 1722 (5) 1091 (13) 808 (16) 1209 11 42 1.1 
K2 (Godward) 1537 (17) 1020 (22) 
K2 (Vomela) 2257 (7) 1198 (17) 823 (23) 1424 16 37 1.3 
K2(1)C5 1984 (6) 1148 (15) 982 (22) 1373 14 40 1.7 
K2(2)C3 Pi 2317 (4) 
Franklin 1882 (7) 1266 (16) 1051 (16) 1402 13 39 1.3 
NACH-B(Man.) 2169 (6) 1508 (16) 1436 (14) 1702 12 39 1.7 
NR(Manomin) 1957 (7) 1450 (14) 1189 (16) 1526 12 40 1.8 
NW(Manomin) 2222 {5) 1190 (16) 1044 (18) 1487 13 43 1.9 
Voyager (lmle) 2024 (4) 954 (41) 639 (46) 1208 30 37 2.3 

M1 (Manomin) 1753 (20) 762 (42) 513 (51) 1006 38 38 2.3 
M3(Manomin) 1455 {31) 439 (51) 331 (66) 746 49 39 2.2 
Petrowske(CW) 917 (37). 684 (55) . 
Petrowske(G-1) 2174 (17) 1183 (35) 934 (38) 1425 30 36 2.1 
PM3 x FSSR-C4 1065 (24) 728 {28) 
PM3 x K2(1 )C4 2345 {11) 1275 (27) 684 (41) 1436 26 37 2.8 
PM3 x K2(2)C3 1188 (26) 815 (39) 
PM3xSS-C2 2062 (9) 1484 (22) 998 (26) 1514 19 37 1.9 

SS-C4 (short) 1967 (14) 1460 (20) 926 (26) 1451 20 39 1.8 
SS-C4 (tall) 2338 (11) 1212 (21) 806 (28) 1450 20 35 2.1 
PM3-P 2075 (9) 1285 (16) 761 (28) 1374 18 39 2.0 

Trial mean 2041 (10) 1181 (24) 859 (31) 1358 21 39 1.9 
LSD(5%) 432 (5) 314 (7) 223 (9) 198 4 3 0.4 

a Adjusted to 40% moisture. b Seed shattering expressed as a percentage of harvested plus shattered 

grain. c Moisture on a fresh-weight basis. d 1 to 5 scale where 1 = all stems upright, 5 = all stems 
lodged. 
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Table 3 shows other characteristics of the entries in the Grand Rapids variety trial. 
Entries were not greatly different for flowering date, perhaps because the earlier entries 
were delayed by the cool weather. The flowering range (from first head to 50% 
heading) was somewhat related to maturity--the correlation between the two was 0.65 
(r2 = 0.42). The later flowering entries tended to have a greater flowering range. 
However more than half the flowering range variability among entries was not explained 
by its positive correlation with maturity. The presence of both higher- and lower-range 
entries among the early group means that there is probably genetic variability for 
selection of a narrower-range variety independent of flowering date itself. The range of 
seed maturity at harvest is probably a reflection of this flowering range, as well as the 
lack of flowering synchrony among tillers of the same plant. 

Table 3 Maturity, size, and seed retention traits of Grand Rapids variety trial entries 

Entry 50% flowering Panicle Shatt. Tensile 
flowerin9 ran9e Height length loss strength 

days a daysb inc ind %e gram sf 

FSSR-C6 80 9.7 72.1 6.6 5 119 
K2 (Vomela} 80 7.7 73.4 6.4 7 113 
K2{1)C5 81 8.7 74.0 6.1 6 130 
K2(2)C3 Pi 81 9.5 72.9 6.9 4 143 
Franklin 79 9.2 74.4 6.7 7 127 
NACH-.B(Man.) 81 8.3 71.1 7.2 6 123 
NR(Manomin) 81 8.0 72.4 7.6 7 98 

· NW(Manomin) 81 8.3 70.6 7.0 5 105 
Voyager (lmle) 80 8.8 69.9 7.2 4 98 

M1 (Manomin) 83 9.2 72.2 7.2 20 71 
M3(Manomin) 81 8.7 70.7 7.2 31 82 
Petrowske(G-1) 82 8.2 71 .8 7.2 17 109 
PM3 x K2(1)C4 82 8.0 75.4 7.3 11 103 
PM3 x.SS-C2 83 9.2 n.o 7.0 9 94 

SS-C4 (short) 84 10.2 73.9 7.3 14 93 
SS-C4 (tc,ill) 84 10.0 79.1 7.1 11 110 
PM3-P 88 10.8 68.6 7.5 9 110 

Trial mean 82 9.0 72.9 7.0 10 108. 
LSD(5%) 2 ns 4.0 0.7 . 5 31 

a Ti!Tle from flooding until 50% of mainstems show male branches. b Time from appearance of first head 
in plot until 50% flowering. c Height to tip of panicle of the tallest tiller of a plant. d Length of seed 
bearing portion of normal, monoecious panicle. e Seed shattering expressed as a percentage of 
harvested plus shattered grain (Waskish and Gully data averaged). f Force necessary to remove seed 
from panicle, mean of 5 plants, 5 seeds per panicle 
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The tallest entry was SS-C4 (tall), · which had been selected only 2 generations for tall 
plants. The short version of this population was more than 5 inches shorter than its tall 
counterpart, but was still slightly above the mean. Voyager was also short, as expected. 
Pistillate M3 was short and had a delayed maturity, probably due to the high frequency 
of transplants necessary to fill in the plots of this variety in particular. PM3 x K2{1 )C4 
and PM3 x SS-C4 were 4.1 inches and 4.4 inches taller than the mean of their · 
respective parents, possibly an indication of remnant hybrid vigor still present in the F2 
generation. However, there were no significant increases in yield associated with these 
or the other hybrids, PM3 x FSSR-C4 and PM3 x K2(2)C3. 

Although Franklin was not the highest yielding entry in this year's tests, its seed 
retention strength as measured by the force gauge was high. Only K2(1 )C5 and 
K2(2)C3 Pi (a pistillate version of Franklin). NACH-8 was also high in tensile strength. 
The correlation of tensile strength with actual shattering loss at Grand Rapids was -0.66 
(r2 = 0.43)--higher tensile strength entries tended to be less shattering. However, 57% 
of the variability was not explained by this relationship, probably because of the low 
shattering pressure of the early-harvested entries. 

Table 4 shows the comparison between the optimum harvest {center rows) and delayed 
harvest (border rows) for the first harvest at Waskish and Gully. Although the delayed · 
harvest was represented by border rows, we made every effort to adjust the yields to 
reflect the effect of more space available for border rows. Regardless, we expect the 
performance of border rows to represent the relative performance of the entries, had the 
harvest of the center rows been delayed. FSSR-C6 yielded lowest in the group at 
optimum harvest, but best when harvest was delayed. The performance of Franklin 
relative to the other entries, especially NACH-8, changed dramatically. Although 
NACH-8, NR,.and K2 (Godward) were higher at the first harvest, Franklin was higher at 
the second. Actually, Franklin maintained its yield level while the others dropped below 
it. This reaffirms that the primary advantage of this variety is its longer and greater .seed 
retention, for which it was selected--not higher yield capacity, which was not the focus of 
selection. Nevertheless, there is room for yield improvement in Franklin. The high yield 
of NACH-8 (although this is only one year's data), puts the onus on the breeding project 
to develop a variety that has both higher yield and greater shattering resistance. 

Based on this data, as well as data from 1990 trials at Aitkin and Grand Rapids, we 
recommend that Franklin be utilized in a way that takes advantage of its longer seed 
retention, perhaps freeing growers to harvest other paddies with more shatter-prone 
varieties. We further recommend that Franklin seed be obtained from a reliable, 
preferably certified, source (i.e., from paddies free of volunteer plants), and that it be p_ut 
into paddies in a production system of at least 1 year out of production {2 if possible) for 
every 2 years in production. Following these recommendations should maintain the 
integrity and continued shattering resistance of the variety, and may even improve its 
shattering resistance. 
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Table 4 Yield and shattering of medium-early entries at optimum harvest date and one 
week later (average of Waskish and Gully variety trials) 

Yield at Shattering at Adjusted yield at 
Entry optimum harv. optimum harv. dela~ed harv. 

lb/Aa %b lb/AC 

FSSR-C6 958 14 1047 
K2 (Godward) 1264 19 845 
K2 (Vomela) 1003 20 733 
K2(1)C5 .1074 19 773 
Franklin 1167 16 999 
NACH-B(Man.) 1470 15 888 
NR(Manomin) 1303 15 789 
NW(Manomin) 1117 17 665 

Mean 1170 17 842 
LSD(5%) 200 4 167 

a Adjusted to 40% moisture. b Seed shattering expressed as a percentage of harvested plus shattered 
grain. c Yield of border rows divided by a correction factor of 1.27; adjusted .to 40% moisture 

Pistillate Fertility Trial (in collaboration with Dr. Paul Bloom) 

As a follow-up to recent research on the pistillate head type, we conducted a nitrogen 
fertilizer response experiment using different levels of urea topdress on populations with 
varying proportions of pistillate plants. The experiment's objectives were to 1) deter
mine whether and to what extent pistillate and normal plants responded to increased 
nitrogen by fUiing more grain per head, and 2) determine the,effect of increasing 
topdress nitrogen on overall yield, shattering, lodging, and nitrogen status of the plants. 

Methods. Six populations (see Table 5 for descriptions) were spring-planted in 3 
replicates, with 4 sub-plots of each variety planted adjacent to each other in each rep. 
These four sub-plots were treated in an identical fashion until separated into 4 topdress 
treatments: o, 30, 60, and 90 lb/A of N as urea. The design of the experiment was split
plot with entries as whole plots and topdress treatments as subplots. Each subplot 
consisted of four 1 0-foot rows, with 12 inches between rows within plots and 24 inches 
between adjacent plots. After plants had reached the aerial leaf stage, plots were 

· thinned and tr~nsplanted as needed to obtain relatively uniform stands (PM3 x K2(1)C4 
had a slightly lower population than the others). Topdress treatments began at the late 
boot stage and were split into applications of 30 lb/A at each of 3 times (see Table 6). 

Two weeks after the final application, leaf greenness was measured with a SPAD 502 
chlorophyll meter. Ten pistillate and ten normal flag leaves were measured per plot. 
Shattered seed was collected in troughs as in the variety trials. lodging was rated prior 
to harvest. Plots were harvested by hand, keeping pistillate heads and normal heads 
apart for separate threshing and weighing. The remaining portion of the plants was 
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harvested with the binder, added to the threshings, dried, and weighed. This variable 
(non-grain dry matter) was added to shattered graln and harvested grain dry weights to 
compute total above-ground biomass. Harvested seed and shattered seed estimates 
were combined to calculate potential yield, all three of which were reported on a 40% 
moisture basis. Harvest index was calculated by dividing harvested grain by total 
biomass (dry weights). Number of stems harvested was used to calculate stem density 
and yield per head of each panicle type. 

Table 5 Description of fertility trial entries 

Entry Description 

PM3 x K2{1}C4 

PM3-P 

PM3-N 

PM3 x LaRonge 

PM3xSS-C2 

M3 (Manomin) 

F2 of population hybrid between Pistillate M3 and 1<2(1 )C4; 25% pistillate plant 
frequency expected 

Pistillate M3 germplasm selected continuously for pistillate; 50% pistillate frequency 
expected 

Pistillate M3 selected continuously for pistillate, then one generation for nonpistillate 
plants; 25% pistillate frequency expected 

Fs of Pistillate M3 crossed to a population from LaRonge, Saskatchewan, then 
reselected for pistillate from F2 through F5 generation; 50% pistillate expected 

F2 of population hybrid between Pistillate M3 and SS-C2; 25% pistillate plant 
frequency expected 

Developed by Manomin Dev. Co.; usually contains less than 1 0% pistillate plants 

Table 6 Topdress application schedule for fertility trial 

Application time 

late boot 
early flowering 
mid flowering 

0 lb/ A plots 30 lb/ A plots 60 lb/ A plots 90 lb/ A plots 
------------------------------------ b/ A applied--------------~-------------

0 
0 
0 

0 
30 
0 

30 
0 

30 

30 
30 
30 

Results and Discussion. Tables 7 and 8 shows the means for each entry across 
topdresses and reps, and for each topdress treatment averaged across entries and 
reps. Each contrast listed at the bottom of the table reports the difference between the 
averages of one set of treatments and another set, along with the statistical significance 
of each contrast. Discussion of the various treatments will focus on these contrasts. 

The most noticeable difference between groups of varieties was between the rest of the 
varieties and M3 (Table 7). The potential yield of M3 was 650 lb/A less than the others. 
Shattering was 18% greater, contributing to an even greater difference in harvested 
yield--1000 lb/A. M3 biomass was less, but not.significantly less than the others, in 
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spite of having more stems per ft2 and greater SPAD readings. Harvest index and head 
yield were 10% less and 0.9 g less than the other entries. First, the others contained 
18-42% pistillate stems (see Table 8), and second, M3 shattered a great deal more than 
the others. Unfortunately, the relative contribution of these two factors to the loss of 
yield could not be determined on the basis of these data. 

Table 7 Average yield, lodging, and SPAD readings for fertility trial entries and . 
topdress treatments, and contrast differences between groups of treatments 

Bio- Lodg-
Treatment/contrast mass 

lbfAC 

entry -------------------------------------------- treatment means-----------------------------------------
PM3 x 1<2(1 )C4 2739 2487 9.3 4809 31.2 7.6 2.0 1.7 44 
PM3-P 3099 2814 9.5 5731 29.3 9.5 1.8 1.7 41 
PM3-N 2646 2455 7.3 5021 29.3 8.8 1.7 1.2 43 
PM3 x LaRonge 3016 2796 8.1 5646 29.4 8.3 2.1 1.7 44 
PM3xSS-C2 2928 2672 8.9 5387 29.7 8.7 1.9 1.4 43 

M3 (Manomin) 2229 1640 27.0 5030 19.4 9.7 1.1 1.3 40 

topdress 
0 2493 2217 12.2 4761 27.6 8.3 1.7 1.7 40 

30 2743 2433 12.5 5065 28.5 8.4 1.8 1.4 43 
60 2847 2552 10.9 5575 27.6 8.9 1.8 1.4 43 
90 3022 2707 11 .1 5682 28.4 9.5 1.8 1.4 45 

entry contrast ---- ----------- -------------- -----contrast differences ---- ------------------------------
the rest vs. M3 657*" 1004 ** -18.4 ** 289 10.4 ** -1.1 * 0.9 ** 0.2 3 ** 
50% vs. 25%P 286* 267 * 0.4 617 * -0.7 0.5 0.1 0.3 -1 * 

PM3 Pvs. N 453* 359 2.2 711 * 0.0 0.7 0.1 0.5 * -2 * 
Hybrid vs. nonhyb. 187 125 1.8 n 1.1 -0.7 0.2 0.4 0 
topdress contrast 
nitrogen (linear) 529 *'" 490 ** -1.1 921 ** 0.8 1.2 ** 0.1 -0.3 * 4 ** 

*, ** Contrast signifiCant at the 0.05 and 0.01 level, respectively. a Adjusted to 40% moisture; potential 

yield is harvested yield plus estimated shattered seed losses. b Shattering loss expressed as a 
percentage of potential yield. c Biomass includes total above-ground biomass, including shattered seed; 
expressed on a dry weight basis. d Harvest index is harvested yield as a percentage of total biomass. 
e Seed yield per panicle, dry weight. f 1 to 5 scale where 1 =all stems upright, 5 =all stems lodged. 
9 Mean of 10 pistillate and 10 nonnal flag leaves' SPAD readings in [relative] SPAD units, weighted 
proportionally to the number of stems of each type in the plot 

The second contrast was between the two entries with 50% pistillate plants (PM3-P and 
PM3 x LaRonge) and those with 25% pistillate plants. Entries had been categorized as 
50% or 25% pistillate based on previous data; pistillate plant counts were not made in 
this experiment. However, since pistillate plants generally emerged later, they produce 
fewer tillers (unpublished data, 1991 ). This is probably why there were less than 50% 
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pistillate stems in the entries which should have had 50% pistillate plants. Entries with 
50% pistillate outyielded those with 25% by more than 250 lb/ A and produced over 600 
lb/A more dry matter. However, there were no significant differences in seed shattering, 
harvest index, stem density, head yield, or lodging. Table 8 also shows that there are 
significant differences in yield of pistillate and normal fractions of each plot. Pistillate 
stems yielded 650 lb/A more in ~he 50% pistillate entries, but normal stems 386 lb/A 
less, since the percentage of pistillate heads was 17% greater (and normal heads 17% 
less) in the 50% entries. The 50% entries were not significantly different from 25% 
entries for yield per pistillate plant or yield per normal plant. The 50% entries had a 
slightly higher P/N head yield ratio, but the difference was not significant. 

PM3-P generally compared favorably with PM3-N, but the former was significantly 
greater (at the 5% level} only for potential yield {450 lb/A higher), and biomass (700 lb/A 
more dry matter); PM3-P yielded 430 lb/A more pistillate seed and 70 lb/A less normal 
seed, but these differences were not significant. PM3-N had a significantly higher 
SPAD reading (by 2 units) and lower lodging (by 1/2 unit). 

Table 8 Pistillate and normal yield and panicle frequency for fertility trial entries and 
topdress t(eatments, and contrast differences between groups of treatments 

P fraction N fraction P head Nhead PIN head P head 
Treatment/contrast ~ield ~ield ~ield ~ield :r:ield ratio fr~uenc~ 

lb/Aa lb/Aa gb gb %C %d 

entry ----------------------------treatment means -------------------------------
PM3 x 1<2(1 )C4 687 1800 2.6 1.9 134 23 
PM3-P 1295 1518 2.5 1.5 167 34 
PM3-N 864 1591 2.7 1.5 190 23 
PM3 x LaRonge 1489 1306 2.6 1.7 149 42 
PM3x SS-C2 668 2004 2.6 1.8 147 18 
topdress 
0 856 1541 2.5 1.6 164 27 
30 1073 1584 2.7 1.7 156 31 
60 1002 1681 2.7 1.7 161 27 
90 1071 1769 2.5 1.7 149 28 

entry contrast ------------contrast differences-----------------
50% vs. 25o/oP 653 ** -386 "" -0.1 -0.1 1 17 "* 
PM3 Pvs. N 432 -73 -0.2 0.0 -23 11 
Hybrid vs. nonhyb. -186 311 ,. -0.1 0.4,. -49,. -2 
topdress contrast 
nitrogen (linear) 214 227" 0.0 0.1 -15 1 

*, ** Contrast significant at the 0.05 and 0.01 level, respectively. a Adjusted to 40% moisture; yields of 
pistillate panicles (P) and normal panicles (N) harvested separately; their sum is total harvested yield (see 
previous table). b Seed yield per panicle, dry weight. c Ratio of P head yield to N head yield. 
d Frequency of pistillate panicles (not plants) 
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Hybrid 25% pistillate entries (F2's of PM3 x 1<2(1 )C4 and PM3 x SS-C2) were not much 
different from nonhybrid 25% entry (PM3-N), except that the hybrids produced over 300 
lb/ A more grain from normal plants and 0.4 g more seeds per normal panicles than the 
nonhybrids. More grain from normal panicles resulted in a significantly lower PIN ratio, 
since hybrids produced more grains per normal head while maintaining a similar yield in 
the pistillate heads. 

The linear contrast for nitrogen topdress shows whether there was a significant linear 
response to increasing levels of nitrogen. Potential yield, harvested yield, biomass, 
stem density, SPAD readings, and normal fraction yield all increased significantly as 
topdressed nitrogen increased. Pistillate fraction yield increased (though without 
statistical significance) by over 200 lb/A, but the primary increase seemed to be due to 
the first 30 lb/A of nitrogen. Pistillate yield per panicle did not increase on the average, 
probably due to the fact that increased nitrogen meant an increase in number of 
panicles harvested. The later panicles would likely have produced less grain, 
compensating for any increase in head yield of the other panicles. -

Figures 1 and 2 show the comparison between 50% and 25% pistillate entries' response 
to nitrogen topdressing. The difference between the two types of entries is striking, and 
th~ contrast between them for response to nitrogen, although not presented in Table 7, 
is significant. There was a 930 lb/A increase in total yield associated with the addition 
90 lb/A of topdressed nitrogen to the 50% pistillate entries. Over 600 lb/A of that 
increase came from the pistillate fraction. There was no increase-in pistillate yield of the 
25% entries, although there did seem to be a response of normal plants to the first 30 
lb/A of nitrogen (160 lb/A increase). For the 50% entries, there was an initial drop in 
normal fraction yield in response to the first topdress, followed by an increase with 
subsequent topdresses. The total dry matter (biomass) increased by 1180 in response 
to 90 lb/A of nitrogen. Taking into account that the increase of 930 lb/A grain yield (40% 
moisture) was equivalent to 560 lb/A (dry weight), the 47% of the increase in total 
biomass was due to additional grain. 

To summarize, we saw that there was an increase in yield associated with additional 
nitrogen as topdress beginning at the boot stage. The response (averaged across all 
entries) was associated with significant increases in normal plant yield, biomass, stem 
density, and chlorophyll content of the flag leaf (which was already higher); yield of 
pistillate plants increased, but the linear response was not significant. Entries with 50% 
pistillate plants yielded more and responded better to nitrogen than 25% entries. Hybrid 
entries (in the F2 generation) had higher yielding normal plants than the nonhybrid 25% 
pistillate entry. Lodging was not a problem in this experiment, and actually decreased 
slightly. M3 yielded less and shattered more than the other entries. 

-Cultivar Development and Other Activities 

Zizania aguatica x Z. palustris backcrosses. We have backcrossed to several popu
lations of Z. palustris while selecting non dormant seeds. We now have seed of the 
BC3F1 generation from winter greenhouse crosses, and we are also increasing seed to 
obtain BC 1 F3 seed for further study. 
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Figure 1 Pistillate fraction (left) and normal fraction (right) yield response to topdressed 
nitrogen--comparison of average of 25% pistillate entries with 50% pistillate 
entries. 
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Figure 2 Total harvested yield (left) and biomass dry weight (right) response to 
topdressed nitrogen--comparison of average of 25% pistillate entries with 
50% pistillate entries. 
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Population improvement. We continued selection for shattering resistance in many 
populations. We selected the best 1 0% of plants to obtain seed for the next cycle of 
selection in 1993 for the following experimental populations: K2(4)C5, (M3 x Netum) x 
(Meter x Johnson), FSSR-C7 (known as •Frosty .. ), Petrowske Bottlebrush, and PM3-C3. 
In addition, we selected for stem sturdiness to obtain SS-C5, concentrating mainly on 
the short-plant population. We continued selection for the pistillate trait in PM3-C3, PM3 
x LaRonge, PM3 x K2(1 )C4, PM3 x SS-C2, PM3 x K2(2)C3, K2(2)C3 Pi (F3 seed 
obtained), and 1<2(1 )C4 Pi (F3). We also continued selection for the bottlebrush trait in 
Petrowske Bottlebrush, PB(M)C3, and a Netum population. 

We obtained half-sib seed of a number of populations for use in genetic studies next 
summer, and for evaluation and selection for higher yield and shattering resistance. We 
also obtained seed of outstanding or unusual individual plants. In addition, we have 
obtained selfed seed from a number of plants of Franklin and a few from other 
populations, to begin a larger program of inbreeding. 

Our selection activities were confined largely to Grand Rapids this year. The 
populations planted at Aitkin were destroyed, presumably by crayfish. In addition, 
however, Art Hedstrom allowed us to make selections from his seed field, for which we 
are grateful. 

Hybridization. We have crossed NorCal-3 plants to FSSR-C6, SS-C4, K2{1 )C6, and 
Franklin. We have also crossed two other California populations--a Johnson population 
and an unknown population (•Goose Valle1)--with PM3 x LaRonge and PB(M)C3 in the 
greenhouse. Our goal is to introgress shattering resistance and high yield from these 
populations into Minnesota-adapted populations. We have also crossed 3 Minnesota 
lake populations (Dora Lake, White Elk Lake, and Shovel Lake) to Franklin. 

Other Activities. Because of the cool weather, fungal brown spot disease severity was 
low, so disease ratings were not useful for evaluation or selection. We are increasing 
our inbreeding activities (by selfing or sib-mating), both in the field and in the 
greenhouse, with the goal of obtaining inbred lines for use in new breeding approaches 
and for developing molecular genetic mapping populations for use by Dr. Alan 
Grombacher in molecular genetic studies. We are also continuing to develop tester 
lines for each of two major shattering genes. We hope to be able to tag these genes 
with a molecular markers to permit their elimination from breeding populations, and to 
allow us to select more efficiently for shattering resistance. 
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INTEGRATED MANAGEMENT .OF FUNGAL BROWN SPOT 

University Of Minnesota 
Department Of Plant Pathology 

Saint Paul 

James A. Percich, Dean K. Malvick, and Jason R. Brantner 
Professor, Research Fellow and Research Assistant, respectively 

Introduction. The plant pathology research staff at the 
University of Minnesota in Saint Paul has continued to center 
their research activities on Bipolaris oryzae, the causal 
organism of fungal brown spot (FBS) of cultivated wild rice in 
Minnesota. The individuals responsible for the various research 
areas summarized (Table 1). 

Table 1. Plant pathology staff and their areas of wild rice 
research interest at the University of Minnesota, Saint Paul. 

staff 

James Percich 

.- ''. 

Dean Malvick 

Jason Brantner 

Research areas of interest 

* Germ plasm preservation 
* Wild rice callus culture 
* Disease screening of non-cultivated wild 

rice germ plasm 
* Toxin screening for FBS resistance 
* Propiconazole (Tilt) Registration (In 

cooperation with Dr. R. Nyvall) 

* Hydroponic culture of wild rice 
* Plant nutrition and disease 
* Germ plasm evaluation for FBS resistance 

* survival, early infection and spread of 
Bipolaris oryzae 

Germ plasm preservation and disesase resistance screening. The 
wild rice varieties used in commercial production are 
heterogeneous mixtures exhibiting considerable intervarietal 
variation for morphological traits, but not for reaction to 
fungal brown spot (FBS) disease. The genetic base of these 
varieties may be quite narrow because all were selected from a 
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relatively small collection of non-shattering phenotypes. There 
may be no useful FBS resistance in the currently avail~ble 
varieties. 

The most efficient method of improving disease resistance in 
other cereals has been the introgression of resistance genes from 
wild relatives. Resistance to FBS has not been reported in any 
Zizania species, but little screening of germ plasm has been 
reported (Percich, et al., 1989). The greatest diversity for 
genetic traits is thought to occur at the plant's center of 
origin (Wahl, et al., 1984). Thus, variation for reaction to FBS 
may .exit in the wild populations of Zizania palustris and related 
species indigenous to the lakes and rivers of the United States 
and canada (Atkin, 1986; Duvall and Biesborer, 1988). Short 
intervals of pollen viability (Stucker, et al., 1987) and lack of 
insect pollinators (Terrel and Batra, 1982) probably have 
resulted in genetic isolation of geographically isolated lake 
populations. There may be numerous genetically discrete 
populations which should be surveyed in the quest for desirable 
genetic traits. 

Wild rice germ plasm from various lake and river sources were 
collected in 1972 and evaluated for FBS resistance (Elliott, 
1974). However, this important work did not continue beyond 
1975. The loss of this original wild rice germ plasm may have 
been a serious blow to the FBS disease screening effort. 
Developing a germ plasm bank without first identifying and 
establishing a germ plasm preserve is unsound. The first step 
must be germ plasm preservation. Natural stands of Zizania 
aquatica and Z. palustris are disappear·ing rapidly (Biesborer, 
personal communication). Preserving selected germ plasm sites 
will ensure they will be available for future study and 
evaluation. Simply collecting from ecologically challenged sites 
is not enough. The loss past "banked" wild rice germ plasm 
should be a fair warning, if we are willing to learn from 
history. 

Wild rice callus culture. Seed dormancy traits make it difficult 
to produce plants on demand and maintain germ plasm. Seed . 
dormancy can be overcome using in vitro embryo rescue of tissue 
culture medium (Johnson and Percich, 1988), but the method is 
not practical for large scale FBS screening. 

Dormancy has also interfered with induction and maintenance of 
embryo-derived callus cultures. Callus initiated from immature 
or mature embryos of wild rice grows slowly and is much more · 
prone to browning than embryo-derived callus of other cereals. 
Seed dormancy and poor callus growth are both partially mediated 
by the level of endogenous abscisic acid (ABA) in the seed 
(Percich et al., 1989). Methods to reverse the effects of ABA in 
wild rice culture were unsuccessful (Johnson, 1991). It is hoped 
that vigorous callus cultures can be obtained from embryos, since 
no other plant parts are useable as explants. Future success in 
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this effort may depend on using embryos from non-cultivated wild 
rice sources having reduced seed dormancy, such as Zizania 
aquatica andjor, perhaps, Z. aquatica x Z . palustris crosses. · 
Such crosses have been made in Saint Paul and at the North 
Central Exp . sta in Grand Rapids, Minnesota (R. Porter, personal 
communication) . 

Disease screeninq of non-cultivated wild rice. · Cultivated wild 
rice varieties are heterogeneous mixtures which exhibit 
considerable intervarietal variation for morphological traits 
Stucker et al., 1987) but uniformly susceptible to FBS in 
commercial fields (Kohls and Percich, 1987). Varietal germ plasm 
had been evaluated in FBS disease nurseries since 1975, and 
greenhouse screening of commercial varieties for FBS resistance 
had been reported (Percich et al., 1980). However, little 
sustainted effort has been directed towards the screening of 
natural populations of Zizania palustris or Zizania species 
(Johnson, 1991) . 

Non-cultivated wild rice species (Zizania aquatica, z. latifolia, 
z. palustris, and z. texana), interspecific Zizania hybrids, 
commercially cultivated varieties of z. palustris ( 'Johnson' ,'K-
2', 'Meter', 'Minnesota' -1, -3, 'Netum' and 'Voyager') and one 
species of a related genus, Zizaniopsis milaceae, were tested for 
reaction to infection by Bipolaris oryzae, the causal organism of 
fungal brown spot (FBS) (Johnson, 1991). Plants of z. texana and 
the interspecific hybrids were produced via in vitro embryo 
rescue and inoculated in the culture dish by streaking an aqueous 
suspension of conidia on leaves. This method was used to improve 
germination and survival when limited amounts of seed was 
available. Plants from more plentiful seed were greenhouse-grown 
to the floating leaf stage and inoculated again at the second 
aerial leaf and boot stage of development. All inoculated plants 
were . evaluated 10 days and classified as resistant, intermediate 
or susceptible. 

The reactions of Zizania species, and interspecific hybrids are 
shown (Table 2). 

Apparent "resistance" was observed in a few plants of cultivated 
z. palustris 'Meter', non-cultivated z. palustris var. interior, 
z. palustris var palustris. However, the "resistance" became 
less effective when inoculated at the second aerial leaf and was 
indistinguishable from the susceptible when inoculated at the 
boot stage of development (Table 2). 

This preliminary screening for FBS ~as limited in all cases by 
the availability of germ plasm andjor physical limitations of the 
experimental environment (greenhouse, growth chamber or 
laboratory). The results obtained should in no way be a reliable 
guide as to the true status of FBS resistance in non-cultivated 
wild rice. But they serve to illustrate the possibilities these 
germ plasm sources may have. There appeared to be no exceptional 
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resistance to FBS iri the collection screened. However, as 
previously stated, additional wild rice collections should be 
obtained and evaluated. Attempts to cross cultivated wild rice 
to z. milaceae were unsuccessful. The immunity of z. milaceae 

Table 2. Number and reaction class of Zizania species and 
interspecific hybrids 10 days after inoculation with Bipolaris 
oryzae. 

Wild rice species or 
or 

Growth stage at inoculation 
Number of plants and reaction classa 

interspecific hybrid 

Zizania aquatica var. aquatica 
z. aquatica var. subbrevis 

z. aquatica var. aquatica x 
z. palustris var interior 

z. palustris var. interior 

z. palustris var palustris 

z. palustris var. interior 

'Johnson' 

'K-2' 

'Netum' 

'Meter' 

'M-1' 

'M-3' 

'Voyager' 

z. latifolia 

z. texana 

floating 

11 s 
4 S, 2 I 

1 S, 1 I 

9 S, 2 I, 
1 R 

11 S, 1 R 

200 s 

.200 s 

200 s 

230 s 
4 R, 12 I 

200 s 

200 s 

145 S, 3 I 

_c 

1 s 

2nd aerial 

4 s 
2 s 

2 s 

1 R, 1 I 

boot 

4 s 
_b 

200 s 200 s 

200 s 200 s 

200 s 200 s 

230 s 230 s 

200 s 200 s 

200 s 200 s 

143 S, 2 R 145 S 

10 _d 

1 s 1 s 

a Reaction types; R = resistant, · I = immune, s = susceptible 
b Plants did not survive 
c No floating leaves 
d Plants did not flower, no flag leaves were produced. 
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may represent a non-host reaction which cannot be transferred to 
Zizania species (Johnson, 1991). Since FBS does not appear to 
exert severe selective pressure in natural stands of Zizania 
species in the Great Lakes region (Percich et al., 1980), 
effective resistance may be very difficult to identify in these 
populations. 

Toxin screening for fungal brown spot resistance. Screening wild 
rice (Zizania palustris L) ·germ plasm for resistance to fungal 
brown spot (FBS) is complicated and time-consuming. Greenhouse 
studies are limited by difficulty in artificially reproducing the 
aquatic habitat of wild rice; greenhouse grown plants typically 
respond poorly to lighting, nutrients and limited space (Aiken, 
1988; Percich, 1988). In commercial fields the severity of 
naturally occurring epidemics can obscure differences in 
resistance, if it exits, among individuals (Johnson and Percich, 
unpublished data). Development of a simple assay for FBS 
resistance would facilitate wild rice resistance breeding 
programs. 

The toxin ophiobolin was described in extracts from isolates of 
B. oryzae causing brown spot of rice (Oryzae sativa L.) 
(Nakamura, 1958) and has been successfully used in a tissue 
culture selection scheme for resistance to brown spot (Ling). In 
whole rice seedlings, ophiobolin caused greater growth inhibition 
in roots than in shoots. The site of action for the toxin is the 
calcium-modulating protein calmodulin (Nejidat, 1987). · The 
ophiobolin is a non-specific toxin (it produces symptoms on 
plants which are not hosts of B. oryzae). 

·The methodology concerning the detection and possible use of 
ophiobolin to screen wild rice seedlings for resistance to FBS 
has been previously published (Johnson and Percich, 1988; 
Johnson, 1991) . 

A brief summary of ophiobolin's presence in pathogenic isolates 
of B. oryzae and its use on wild rice seedlings to screen for FBS 
is as follows: 

1. Ophiobolin was confirmed in extracts of all 24 pathogenic 
isolates of B. oryzae by 2-dimensional thin .layer 
chromatography (2-D TLC) • Ophiobolin was not detected in 
extracts of three non-sporulating isolates. 

2. Significant inhibition of primary root growth occurred in 
wild rice seedlings incubated in ophiobolin concentrations 
of 10-6 M or higher (Table 3). Seedlings grown in the toxin 
at 10-4 M did not survive for the duration of the 
experiment. Some seedlings survived in lower concentrations 
and in sterile distilled water. 

3. Variation for seedling response to the toxin was evident 
within but not between cultivars. This is . consistent with 
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the facts that wild rice varieties are actually 
heterogeneous mixtures with certain agronomic traits in 
common (Stucker, 1987); Also, there is con~iderable 
intervarietal hybridization because wild rice is obligately 
open pollinated and varieties are often grown in close 
proximity to each other. 

4. There may be considerable useful variation for toxin 
sensitivity in existing varieties, and in vitro screening of 
seedlings with ophiobolin may produce individuals which are 
resistant 'to fungal brown spot (Johnson, 1991). 

Table 3. Average lengths of primary roots of wild rice seedlings 
grown in different concentrations of ophiobolin or water. 

Ophiobolin molar Average primary root growth length (mm) 
concentration 

Netum M-3 Meter K-2 

10-4 2 oax 1 Da 1 Da 2 oa 

10-5 8 Ca 5 Ca 1 ca 2 ca 

10-6 21 Ba 22 Ba 22 Ba 20 Ba 

10-7 26 A a 27 A a 24 Ab 27 A a 

water 28 A a 26 A a 25 A a 29 A a 

x Means in columns followed by the same upper · case letter and in 
rows followed by the same lower case letter are not 
significantly different at the P=0.05 level according to 
Duncan's New Multiple Range Test . 

Hydroponic culture of wild rice. A three year investigation of 
hydroponic culture of wild rice and its application to studies of 
silicon nutrition and FBS was completed in 1992. The methodology 
involved in this study has been previously published (Percich et 
al. 1991; Malvick, et al., 1992) · . . The following is a brief 
summary of some of the important findings of this study: 

1. Five different hydroponic media [Shives, International Rice 
Research Institute Medium, and three modified Hoagland's 
solutions (HS-1, -2, and -3)] were each tested and 
evaluated for their ability to support wild rice growth and 
development. 
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2. First report of the hydroponic culturing of wild rice 
(Zizania palustris var. interior L.) from seed to maturity. 

a. Wild rice root development was normal and abundant. 
Hydroponic nutrient solutions may be a useful "nurse11 

media for plants produced from callus culture. 

b. Plant height (1.4 meters) was approximately 80% of 
plants grown in soil. 

c. Hydroponic wild rice biomass was 40% of plants grown in 
paddies or natural stands; but could be increased by 
an additional 47% when cultured in larger hydroponic 
containers. 

d. Hydroponic wild rice plants flowered and produced 
viable seed. 

3. Wild rice biomass did not significantly increase in silicon
amended hydroponic medium (HS-1) when compared with non
silicon amended HS-1 medium. 

4. Fungal brown spot disease resistance, as measured by leaf 
chlorosis and lesion numbers and size, apparently was not 
increased in wild rice plants growth in HS-1 medium amended 
with silicon when compared with those grown in HS-1 alone. 

a. Previous reports (Bloom and Meyer, 1988; Percich et 
al., 1988) of silicon increasing wild rice biomass, 
enhancing growth and development and FBS disease 
resistance in peat soil demonstrated in hydroponically 
grown plants. The field and greenhouse studies used 
calcium silicate slag in peat soil. The slag may have 
contained other essential micro andjmacro elements and 
enhanced plant nutrition by interacting with the 
biological, chemical andjor physical soil environment. 
These factors alone or in combination may have caused 
the observed increase in wild rice growth and FBS 
disease resistance. 

survival, early infection and dissemination of Bipolaris oryzae. 
Little is known concerning the survival, primary inoculum, early 
infection and dissemination of Bipolaris oryzae, the causal 
organism of fungal brown spot (FBS) of cultivated wild rice in 
Minnesota. A potential research project was initiated by Mr. 
Jason Brantner to investigate these aspects of the pathogen's 
biology during the summer of 1992. 

The project research goals are the following: 

1. How does the pathogen survive over winter? 

2. What is the form and source of the pathogen's primary 
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inocululm? 

3. How is the primary inoculum disseminated? What part(s} of 
the wild rice plant is infected? 

The answers to the above questions will result in a more 
successful integrated FBS management program. For example, 
knowing the source of primary inoculum may enable growers to 
reduce the amount of inoculum before it comes in contact with the 
crop. Understanding when and at what stage of plant development 
the patogen infects may result in more timely and successful 
fungicide applications. 

Propiconazole .(Tilt1'M) use on cultivated wild rice in Minnesota. 
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 was submitted (J. Percich) to 
the Minnesota Department of Agriculture (MDA) on December 17, 
1992. The new registration packet contained additional field 
information {Dr. R. Nyvall, Univ. of Minn. North Central Exp. 
Stn, Grand Rapids) concerning Tilt's ability to control FBS as 
well as additional wild rice economic statistics. If the Section 
18 is approved by MDA and the Environmental Protection Agency, 
the fungicide would be available to Minnnesota cultivated wild 
rice growers during 1993. 
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Control of Fungal Brown Spot 
of 

Cultivated Wild Rice 
by 

Propiconazole (Tdt) 
in 

Minnesota in 1992 

Robert Nyvall 
University of Mimlesota 

North Central Experiment Station 
Grand Rapids, MN 55744 

Applications of Tilt were made on six fields, each divided into four equal areas. The 
ideal field size sought was 30 acres but fields varied somewhat in size. All applications 
were by air. Tilt was applied at either 6 or 8 oz/ A at the boot stage of plant 
development. 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 fo fungal brown spot was measured by number and size of lesions 
on the uppermost leaf of 25 plants and quantified using a modified Oive James Key 
(Septoria leaf blotch). Plants were selected in 5 different areas per treatment (25 yards 
apart), in a straight line, 5 plants at random per area .. Measurements were taken at 
three different times, before the first and second applications and before harvest. The 
disease rating is as follows: 

Rat in~ 
1F 
1 
1+ 
5 
5+ 

25. 
25+ 
50 

Conclusions for 1992: 

Percent of Diseased Leaf Area 
0.5 
1.0 
3.0 
5.0 

10.0 
25.0 
35.0 
50.0 

1. Two 6 oz applications of Tilt returned a yield increase and a resulting profit to 
the grower at all locations. However, disease incidence and severity was minimal 
in 1992 due to the extremely cool growing season; therefore, it cannot be 
concluded, according to the data, that yield increase and profitability was due to 
disease control. One 6 oz application returned a yield increase and a profit in all 
but one location. One 6 oz and 8 oz application returned a yield at 3 of 4 
locations. 
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2. Application of Tilt does delay plant maturity for approximately several days. This 
is advantageous in that the plant appears to put on additional yield but the 
disadvantageous is the grower runs the risk of bad weather that may partially or 
wholly destroy the crop. This happened at one site this year. 

3. It is possible one application of Tilt applied early may cause a reduction in yield 
and an increase in disease for the following hypothetical reason. The wild rice 
plant may be obtaining a form of biological control through microflora on the leaf 
surface. This microflora may be physically or chemically preventing infection by 
FBS causal agents (Bipolaris orjzae and B. sorokiniana ). When Tilt is applied 
once early in the season, the leaf microflora are destroyed and do not reestablish 
to prevent later infection by Bipoalri.s spp. when the effect of Tilt has worn off. 

4. The prophylactic application of Tilt is unsatisfactory for the grower. There needs 
to be a predictive scheme that a grower may use to know when to apply Tilt. 
This predictive s·cheme may be based on number of lesions over two or three 
leaves and when a percent of leaf area is diseased the fungicide is applied (or a 
similar system). 

5. Tilt is a valuable tool for the cultivated wild rice farmer in Minnesota that will 
help to maintain profitable yields. 

6. According to 1992 data Tilt significantly reduced disease severity at the 5% level 
of confidence but yield was not significantly increased. However yield trends 
closely followed reduction of disease incidence. The weather in 1992 was not 
conducive to disease. However the weather in 1992 was very conducive to disease 
development in some areas. Disease severity reduction and yield increase by Tilt 
was highly significant. 

Therefore it can be concluded that in a year conducive to disease development, 
the application of Tilt will significantly reduce disease severity and increase yield. 
However in a year when the weather is not conducive to disease there may not be 
a significant increase in yield or reduction in disease severity by applying Tilt. 
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Table 1. YIELD FINISHED LBS/ A* 

SITE 

1 2 3 4 5 6 

6 oz # 508 550 469 689 @ 

6 + 6 oz 498 632 517 516 

8 oz 464 660 448 554 

Control 456 577 377 476 

# Cooperator did not take yield at harvest due to time constraint 

@Cooperator's plots were destroyed by high winds and rain. 

* Yield may be skewed due to early maturity of control. Therefore, controls may have 
shattered grain and be lower in yield than if harvested at proper time (assuming 
control harvested same time as treatments.) 

Treatments were not significant at the 5% level in 1992; however, trend was obvious. 
Treatments were highly significant in 1991. Farm location was significant at the 5% level 
indication indicating in 1992 yields were dependent on a particular site and probably 
local weather conditions. LSD = 91.3. 

Table 2. FINAL DISEASE RATINGS 

SITE 

1 2 3 4 5 6 

6 oz 1.4 2.0 1.6 1.5 1.9 1.9 

6 + 6 oz 1.3 1.1 1.5 1.3 2.2 1.6 

8 oz 2.1 2.4 1.4 2.1 1.6 2.3 

Control 2.4 2.0 2.1 1.9 3.6 1.7 

Treatments were significant at the 5% level but there was no significance between farms. 
This means that the Tilt treatments significantly reduced disease severity. LSD = 55. 
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Table 3. PROFIT OR (WSS)* 

SITE 

1 2 3 4 5 6 

6 oz # $50.00 ($48.75) $100.00 $236.00 @ 

6 + 6 oz $22.50 $38.75 $145.00 $20.00 

8 oz ($8.87). $84.88 $69.88 $78.63 

# Cooperator did not take yield at harvest due to time constraint. 

@ Cooperator's plots were destroyed by high winds and rain. 

*Assuming a cost of $15.00/ A application at the 6 oz rate and $18.87/ A at the 8 oz rate. 
Growers received $1.65 per pound of finished rice on the farm; $0.40 is subtracted for 
processing, giving growers a net price of $1.25 per pound of finished rice. The 
assumption is also made that a yield less than the control is due to the treatment, 
therefore the cost of grain is figured into the loss at the 6 oz rate at Site 3. 

Therefore, the above figures were obtained as follows: 
1. Control yield - treatment yield = yield difference 
2. Yield difference x $1.25 = gross profit 
3. Gross profit - Co~t of treatment = profit or (loss) 

66 



. . · ---'--- -- · ·-· . ·-· . , ____ .~.:..,. __ .··- -----·-·· - ..• . .. ------ - ----

Crayfish in Minnesota Wild Rice Paddies 

Mike McDonald1
• Carl Richards2

, and Jeff Gunderson2 

1 Department of Chemical Engineering, University of Minnesota, Duluth, MN, 55812 
2Celiter for Water and the Environment, Natural Resources Research Institute, University 

of Minnesota, Duluth, MN, 55811 

Introduction 

Total production of crayfish in the U.S. has been estimated at 112 to 152 million 
pounds annually (Huner 1990). The majority (1 00 million pounds) is cultured in rice 
paddies primarily_ in Louisiana. There is also a significant wild harvest from Louisiana 
waters that annually produces 1 0 to 50 million pounds. Wild caught and cultured crayfish 
from the Midwest and Northeast currently only contribute about another 1 million pounds. 
There are markets for crayfish for food and bait with wholesale prices ranging to as high 
as $25/lb (for bait soft shell crayfish. see McDonald et al. 1992) 

Momot (1991) has suggested that northern coolwater crayfish species are not good 
candidates for intensive aquaculture because they have slow to moderate growth, low 
fecundity, and low juvenile survival rates. However, commercial harvest of wild stocks of 
crayfish could be viable for northern species of crayfish, since coolwater crayfish 
populations are resilient, self-regulating. and can sustain adult harvest rates of 50% 
(Momot 1967, 1978, 1984; Momot and Gowing 1974). 

The papershell crayfish (Orconectes immunis) is native to Minnesota and is widely 
distributed (Helgen 1990). It can become locally abundant in environments such as wild 
rice paddies and fish production ponds. It inhabits ponds. backwaters, and slow moving 
streams; it can tolerate lower dissolved oxygen levels than other species (Bovbjerg 1970). 
During adverse conditions this crayfish has been known to walk considerable distances 
overland and can burrow if water dries up (McDonald et al. 1992). Because of these 
characteristics, 0. immunis is well adapted to paddy rice production strategies. They 
burrow to survive dry and winter conditions; when water floods their burrows in the spring, 
they emerge to feed, grow, and hatch their young. 

In some commercial wild rice paddies near Aitkin, MN, 0. immunis has become so 
abundant that local growers feel that rice production has been reduced. 0 . immunis also 
appears to have commercial market potential and is thought to be environmentally benign. 
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As a result, 0. immunis may offer the best option for aquaculture development in 
Minnesota (McDonald et al.1992). Unfortunately little is known about the 0. immunis 
population dynamics in rice paddies and wild rice production. Consequently, effective 
management strategies that control crayfish populations or enhance the production of 
crayfish in selected areas are not yet available. 

The present study was conducted to identify 0 . immunis life history and 
abundance patterns in rice paddies, to examine their potential to impact the wild rice 
production, and lastly, to evaluate the potential for intensively trapping crayfish from the 
rice paddies to mitigate potential impact and to provide a reasonable supply for a 
commercial harvest operation. 

Methods 

Crayfish Populations in Paddies 

Crayfish standing stock was estimated in several paddies by a variety of 
techniques. Sampling techniques included modified minnow traps, seines, and quadrant 
removal samples. During summer 1992, we continuously trapped one 20 acre paddy to 
examine whether catch per unit effort varied during the trapping season. Traps were 
placed every 30 to 40 feet in the ditch around the paddy. Previous (unpublished) 
experimental trapping indicated that crayfish retreat to the ditch each day after foraging 
throughout the paddy at night. 

Impact of Crayfish on Paddy Wild Rice 

To determine the effects of crayfish on wild rice emergence and growth, we 
conducted a series of experiments using cages that allowed us to control crayfish 
densities. Cages (1 .2 X 1.6 X .6 m)) had an open bottom and consisted of metal stakes 
driven into the paddy bottom and wrapped with 1.2 em mesh plastic netting. A netting 
cover was placed on top of the cages to prevent crayfish from leaving or entering and to 
keep predators out. Cages were placed in two one acre rice paddies that were known to 
have substantial crayfish populations. Nine cages with one of three different treatment 
levels (densities of crayfish) were established in each pond. Crayfish were trapped in the 
surrounding ponds and introduced to the cages. Treatment levels were chosen based on 
knowledge of crayfish densities in similar ponds. The highest treatment reflected the 
maximum density that could be expected in the paddies. The second treatment was 
approximately 25% of the high treatment and the third treatment was a control with no 
crayfish. In one paddy, we stocked the cages with small one year old crayfish (approx. 
5.7 grams) that represent a large proportion of the total crayfish populations in the 
paddies. The cages were stocked at densities of 501m2

, 12.51m2
, and Olm2

• In the second 
paddy, we stocked large crayfish (approx. 14 grams) that were over one year old. This 
size crayfish is considerably less abundant in the paddies compared to one year-old 
crayfish but is still common. The larger crayfish were stocked at 201m2

, 51m2
, and Olm2

• 
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Crayfish were introduced to the cages on June 1 which was 15 days after paddies 
were flooded. Crayfish were trapped continuously for these 15 days to remove any 
crayfish emerging from burrows within the cages. On June 15, the amount of vegetation 

. within each cage was estimated visually and recorded as no vegetation, little vegetation, 
moderate vegetation, or heavy vegetation. In addition, we collected invertebrate samples 
from each of the cages at the completion of the study to determine·whether crayfish 
density influenced the density of benthic invertebrates. Invertebrates were sampled with a 
Ponar sample in each of the cages in mid July. Samples were preserved in 70% ethyl 
alcohol for laboratory analysis. 

Results 

Crayfish Populations in Paddies 

The August standing stock of 0. immunis varied two-fold among three one acre 
paddies stocked with similar numbers of egg bearing females in spring (Gunderson and 
Kapuscinski 1993)(Table 1 ). Qualitative observations in several other production sized 
paddies indicated that crayfish densities varied widely both within and among paddies. 
Catch per unit effort from an intensively harvested 20 acre paddy exhibited two general 
periods(Figure 1 ). During spring and early summer CPUE was lower than late summer 
which corresponded roughly to temperature patterns that season. The increase in CPUE 
was also the result of YOY crayfish entering the catch and declining water levels which 
forced crayfish into the ditches where the traps were placed. No decreasing trend in 
CPUE was observed although approximately 1200 pounds of crayfish .were harvested from 
the paddy. 

Impact of Crayfish on Paddy Wild Rice 

Orconectes immunis had strong impacts on wild rice emergence and growth. 
High density crayfish treatments in both paddies had no rice present at the end of .the 
experimental period (Figure 2). Cages with moderate crayfish densities exhibited some 
rice growth and cages with no crayfish had much higher plant densities. Differences 
between control and crayfish treatments were apparent as early as one week after the 
beginning of the experiment. 

Similar trends were observed with the effects of crayfish density on invertebrate 
abundance. Chironomids accounted for over 90% of the total abundance of invertebrates 
in the samples. Chironomid abundance in moderate and high crayfish treatments was 
significantly lower (p<0.05) than controls (Figure 3)~ 

DISCUSSION 

The density of Q. jmmunis in rice paddies is highly variable both spatially and 
temporally. Within a paddy crayfish abundance was highest in the ditches along the edge 
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of the paddy and decreased to the lowest levels in the center of the paddy. Among rice 
paddies variability may be a function of the management of the paddy (e.g., years since 
fallowing, time of flooding, etc.). It did appear that rice paddies with a high ditch area to 
surface area ratio suffered more crayfish damage. Seasonal variation in relative 
abundance or trapability of crayfish may be due to biotic interactions (e.g., predators, food 
supply) or life history characteristics of the species (Kutka et al. 1992). It may also be a 
function of abiotic factors in the rice paddies, such as dissolved oxygen, low temp~ratures, 
food availability, or water level fluctuation. There also appears to be a between-year 
seasonal variability which may be due to over-winter survival, reproductive failure, early 
life history mortalities, or adult emigration/immigration. At the present time we cannot 
distinguish between the various alternatives to explain the variability in crayfish 
abundance, and it is likely that several of these mechanisms are interacting to produce the 
observed effects. 

Q. jmmunjs significantly _reduced the vegetation within our stocked cages as 
compared to our cages without crayfish. The densities used in the stocked cages are 
likely more typical of the areas. near the ditches. This would be consistent with our 
observations in large paddies where the damage to the rice crop appears to be most 
apparent in the corners of the rice paddies where there is a large ditch area compared to 
the paddy area. Rice damage was caused by crayfish that overwintered in the paddies. 
Females maintain their young for four to six weeks after paddies are flooded, and 
therefore, do not negatively impact the current year's rice crop. In a subsequent 
experiment by wild rice investigators, wild rice was reseeded into exclosures and into the 
open paddy area of an experimental one acre rice paddy. Within the exclosures lush 
stands of paddy wild rice were evident, while outside the enclosures no wild rice emerged. 
We subsequently placed high densities of crayfish (approximately five times greater than 
the high density cages) into the enclosures after the rice became aerial, and observed no 
effects on the rice plants. Therefore, it appears that reseeding after a paddy has been 
damaged by crayfish may be ineffective unless crayfish are removed. Also, it appear~ 
that after the rice plant becomes aerial, the crayfish have little or no impact on the plant. 

As demonstrated by our cage study, crayfish significantly reduce the abundance of 
chironomids. Slnce some chironomid species can have negative impacts on rice by 
consuming portions of the germinating seed and by feeding on parts of the young 
seedlings (Darby 1962, Lange and Grigarick 1970, Peterson et al. 1981 ). the presence of 
crayfish may reduce chironomid populations, and therefore may reduce crop damage. 
However, we did not identify the chironomids in our experiments beyond the familial level 
and do not know whether the common species in the paddies are detrimental to rice 
plants. 

Crayfish damage to rice paddies is highly variable. Currently, we have insufficient 
data to be able to predict which paddies may be impacted within a given year. It does 
appear that small rice paddies may be more susceptible to major crop damage than larger 
paddies. Also, if crayfish abundance (or effects) can be reduced (or minimized) until the 
rice becomes aerial, then there will likely be little subsequent damage to the rice crop. It 

70 



does appear that if a rice crop has sustained major damage by crayfish, immediate 
reseeding is of little use. 

Because we are aware of no crayfish pesticides currently registered for Minnesota 
use (Dave Noetzel, Univ. Minn .• personal communication), future avenues for crayfish 
control sfiould examine changes in rice paddy management and other non-chemical 
control strategies. Alteration of the flooding schedules particularly in the fall might 
decrease the survivorship of adults and young in a paddy. It may also be possible to 
reduce rice damage by offering a crayfish a cheap alternative feed during the critical 
period before rice becomes aerial. Also, since crayfish in wild rice paddies are trapable 
even at temperatures as low as 5° C, it may be possible to trap these crayfish sufficiently 
to reduce their impact on the rice until it becomes aerial. Certainly, if a viable industry can 
be developed to take advantage of the crayfish in the rice paddies {see McDonald et al. 
1992}, then an impetus for intensive trapping of the paddies may become economically 
feasible. 
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TABLE 1. Standing stock of crayfish on August 15, 1991 based on quadrant samples. 

Average Nnmberf Adjusted Nnmben' Number~ Size~ Pounds f:A 
Quadrant Sam:nle Qadra.t Samli,e1 Number!~ Cravfish' ~mmm ~m,yfjshs 

Pond #1 26 28 50 12,700 41/lb. 310 
Pond #2 73 78 140 35,560 79/lb. 450 
Pond #3 22 23 41 10,414 45/lb. 231 

COMBINED 
AVERAGE 40 43 77 19,558 65/lb. 301 

(weighted) (weighted) 

1 Average number of crayfish caught per quadrant sample was adju8ted to include our efficiency (94%) of 
removing crayfish from the sampler. 

2 Number of crayfish estimated to be in the one acre pond. Number/m2 was multiplied by 254 m2
, the 

perimeter of the one acre ponds, one meter from shore. All crayfish were concentrated in this area during 
sampling. 

3 Unadjusted standing stock of crayfish per acre at time of quadrant sampling. 
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Figure 1. August vegetation density score in cages as a function of crayfish density. A 
two-way ANOVA indicated a significant effect due to treatment (p<O.OS, f=11.08). There 
were no significant effect due to paddy (p>O.OS, f=0.08). 
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Figure 2. Density of chironomidae in the benthos of cages with three different crayfish 
densities. ANOVA indicated a significant effect due to crayfish density (p<0.05, f=4.63). 
Abundance data were log transfonned prior to analysis. 
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Figure 3. Catch per unit effort of Orconeotes immunis in one 20 acre wild rice paddy 
during summer 1992. 
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PREDICTING GRAIN MOISTURE CONTENT 
FROM TEMPERATURE PROBE READINGS 

IN A PARCHER 

J. J. Boedicker1, V. J. Johnson2
, and C. E. Schertr 

INTRODUCTION 

Research was initiated in 1990 by Agricultural Engineering to develop a practical way 
to predict moisture content of wild· rice during parching in a rotary drum parcher, 
particularly as the process is nearing completion. This research was undertaken in 
response to a need expressed by· processors for a more reliable method for 
determining when to terminate the parching process to prevent overdrying and the 
associated loss of finished product mass (a 1% lower moisture content results in 1% 
less weight for sale.) Preliminary research at one processing plant in 1990 showed 
grain temperature to be a potentially satisfactory indicator of moisture content in the 5 
to 10% Mwb range. More comprehensive research at three processing plants in 1991 
yielded results similar to those of the previous year, thus providing increased 
confidence in the value of grain temperature as a satisfactory moisture indicator. In 
those tests, grain temperature increased approximately 12 o F for every one 
percentage point drop in moisture content below 10% Mwb. 

For grain temperature to be a usable indicator of grain moisture content in rotary drum 
parching operations, there must be a practical and reliable means for measuring it. 
One possible method involves the use of one or more temperature probes in a 
parcher. Some advantages of this approach include: 1) minimal operator influence, 2) 
potential f()r continuous temperature readout and 3) potential for incorporating signal 
activation and/or burner shutdown when a preset temperature is attained. 

A system utilizing an array .of four stationary temperature probes was installed and 
performance tested in a commercial wild rice parcher in 1992. Objectives were: 

1) To investigate the feasibility of using one or more stationary probes submerged 
in grain to indicate grain temperature during the parching process and 

2) To evaluate the potential for using temperature probe readings to predict grain 
moisture content in the final stages of the parching process. 

1 North Central Experiment Station, Grand Rapids. 
2

•
3 Department of Agricultural Engineering, St. Paul. 
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DESCRIPTION OF TEMPERATURE PROBE SYSTEM 

The temperature measurement system utilized probes nearly identical to the single 
probe tested in a parcher in 1991. Each probe consisted of approximately a 30• 
length of 1 /2" OD x 1 /8" 10 steel •mechanical" tubing with thermocouple wire 
extending through it with the sensing junction located at the tip. All probes were bent 
in the shape of the letter • J• when installed and viewed from the front of the parcher. 

Probes were evenly spaced from near the front (Probe 1) to near the rear (Probe 4) of 
the parcher drum. They were supported with special clamps on square steel tubing 
extending into the parcher through the front opening. This support tube was oriented 
parallel with the longitudinal axis of the parcher drum but above and to the right of the 
axis (as viewed from front) to be clear of falling grain in the Clockwise rotating drum. 
This tube was supported, cantilever-style, from a rigid frame attached to framing at the · 
front of the parcher such that the entire probe and support system was independent of 
the rotating drum. An additional thermocouple was placed at the end of the probe 
support tube to indicate air temperature in and near the rear of the parcher. 

The temperature probes were positioned in planes perpendicular to the drum axis. 
Probe tips were at the 7:30 po.sition in the drum where grain depth was greatest as 
the drum turned. Radial clearance of 1" was provided between probe tips and the 
inner edge of the drum vanes. Objectives in shaping and positioning the probes were 
to provide good grain-to-probe contact and also positive cleaning of any material that 
might "hairpin" or otherwise build up on the probes. Another major concern in 
construction and positioning of the probe and support system was the risk at probe 
damage from tips being Ncaught• by parcher vanes during reversed drum rotation 
while unloading. No such problems were encountered. 

A Campbell Scientific Model 21 X was used for reading and storing temperature data 
that was later transferred to a computer. The datal agger was programmed to read 
and to store temperature data from all thermocouples at 1 0-minute intervals for the 
first hour of the parching process and at one-minute intervals thereafter. A strip chart 
recorder was incorporated into the system to provide a visual indication of how 
temperatures were changing in the parcher. Thermocouple wire used was Type T 
(copper and constantan). Thermocouple wire from each probe was routed along the 
support tube and through the front opening of the parcher to the datalogger. 

TEST PROCEDURES 

Three batches of wild rice (designated as Batches 1, 2 and 3) were parched with the 
temperature probes in the parcher. Parching procedures were in accordance with 
those normally used at the plant. Decisions on when to terminate parching of the 
monitored batches were made by the parcher operator. Batch 1 served as a •shake
down• run to finalize sampling procedures and to check out performance of the data 
acquisition system. Batches 2 and 3 were the actual monitored runs. 
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Sampling for grain moisture content was begun after the first hour of the parching 
process. Grain samples were obtained with a sampling container inserted manually 
through the front opening of the parcher and to the left of the temperature probe 
shanks. Umitations in leverage (to counter the force of falling grain) made it physically 
impossible to sample any farther into the parcher than near Probe 3. Samples were 
taken at 10 to 15-minute intervals and only from near Probe 2 until temperatures 
began to increase sharply near the end of parching. Samples were then taken at one
minute intervals and in repeated sequential order from near the first three probes (1, 2, 
3, 1, 2, 3, ~ .. ) until the operator decided that parching was complete. A subsample 
was taken from each container-size sample, weighed, and later oven-dried for 
moisture content determination. 

RESULTS 

Stationary temperature probes submerged in the grain worked satisfactorily and 
produced readings that predict grain moisture content as parching is nearing 
completion. The presence of the probes and support system caused only minor 
interference to the operator during loading and unloading of the parcher. The amount 
of graih in Batch 3 was substantially greater than in the other two batches. This 
added mass undoubtedly accounted at least in part for the greater parching time for 
Batch 3 and other associated differences observed between Batches 2 and 3. 

Figures 1 and 2 show probe and air temperature readings in the parcher vs elapsed 
time (from·the beginning of the process) during the last 1-1/4 hours of parching for 
Batches 2 and 3, respectively. Parching time for Batch 3 was 1 hr and 35 min longer 
than for Batch 2. All temperature readings increased with time over this 1-1 14 hr 
period and at an increasing rate as parching neared completion. In addition, probes 
indicated successively higher grain temperature with increased depth into the parcher. 
Furthermore, the difference in readings between Probe 1 and Probe 4 also increased 
over this period reaching highs of 32 o F for Batch 2 and 36 o F for Batch 3 at the time 
parching was terminated. Greater cooling effect nearer the front of the parcher from 
convective air exchange through the front opening undoubtedly accounts for some of 
the front-to-rear temperature differences observed. At the end of parching, respective 
probe readings ranged from 15 o to 19 o F. higher for Batch 3 than for Batch 2. Air 
temperature near the rear of the parcher also increased with time in a manner similar 
to the increase in probe readings. Near the end of parching, air temperature readings 
were about 55° F higher than Probe 4 readings in both batches. 

Figures 3 and 4 show grain moisture content at the first three temperature probes vs 
elapsed time in the parcher (first hour excluded) for Batch 2 and 3, respectively. Grain 
moisture content at completion of parching ranged about two percentage points lower 
for Batch 3 than for Batch 2. The rate of decrease in percent moisture (at Probe 2) 
was nearly linear for both batches although the rate for Batch 3 was considerably 

· lower than for Batch 2. For Batch 2, moisture content decreased at an overall 
effective rate of one percentage point every 3.0 minutes; while, for Batch 3 it 
decreased one percentage point every 4.5 minutes. Moisture loss rates decreased 
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slightly in the final stages of parching. During the final few minutes of parching, 
moisture content at Probe 3 was consistently about 1.02 and 0.84 percentage points 
lower than at Probe 1, for Batches 2 and 3, respectively. These results translate to up 
to two percentage points difference in grain moisture content from front to rear of the 
parcher. 

Figures 5 and 6 show the relationships between probe readings and grain moisture 
content at each of the first three probes over the final minutes of parching for Batches 
2 and 3, respectively. Temperature probe readings over the respective ranges in. grain 
moisture content were consistently about 10 o F lower for Probe 1 than for Probe 2 
and about 5o F lower for Probe 2 than for Probe 3 for both batches. Again, these 
differences are undoubtedly due in part to greater convective cooling effects nearer 
the opening at the front of the parcher. A major difference between Batches 2 and 3 
is that for any comparable grain moisture level, temperature readings for all three 
probes were 10 o to 13 o F lower for Batch 3 than for Batch 2. These differences were 
probably due in large part to the substantial difference in load size between . the two 
batches. 

In considering Batch 3 only, despite differences in relationships between temperature 
probe readings and grain moisture content among Probes 1, 2 and 3, all followed a 
similar pattern. Effective increases in readings of the three probes were all within the 
range of 11 .2 o to 12.6 o F per one percentage point drop in grain moisture content 
below the 10% Mwb level. By comparison, the corresponding value found in 1991 
work was 12.3°F per 1% Mwb. The number of available data points below 10% Mwb 
from Batch 2 (Figure 5) was considered insufficient to make a similar comparison. 

DISCUSSION 

The differences found in temperature probe reading vs percent moisture relationships 
within and between Batches 2 and 3 provide an excellent illustration of how such 
relationships can vary. Besides load size and location in the parcher, they can also be 
influenced by parcher design, firing rate, and probably other factors. Therefore, in 
attempting to use any such relationship to predict grain moisture content in a parcher, 
it is suggested that all dependent variables be either held as nearly constant as 
possible or otherwise taken into account and that all grain temperature measurements 
be taken at the same location(s) in the parcher. 

The observed gradients in temperature probe readings ·and particularly grain moisture 
content from front-to-rear of the parcher during the final stages of parching are cause 
for some concern. This moisture gradient is probably smaller than moisture 
differences among individual kernels within parched batches, as related to differences 
in kernel characteristics such as size and maturity. Nevertheless, it would seem 
desirable to try to limit front-to-rear moisture differences to a practical minimum. 
Possible approaches include parcher modification for more effective mixing or perhaps 
restricting convective air exchange through the front opening. 
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The similarity in the shape of the plot of parcher air temperature to the plots of 
temperature probe readings in Figures 1 and 2 suggest potential for predicting grain 
moisture content based on parcher air temperature aJone. This approach would be 
considerably less direct, however, than predictions based on grain temperature. No 
analysis was done of this approach in this study. · 

Procedures used in 1992 did not permit a direct comparison of the temperature probe 
method for grain temperature measurement to the instrumented sampling container 
method used in 1991. 

Experience gained in 1992 suggests that use of at least one stationary probe in a 
parcher to indicate grain temperature is a viable option for predicting grain moisture 
content in the final stages of parching. How this option would compare to others such 
as infrared methods in terms of cost, convenience and moisture predictive accuracy 
has not been studied. 
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Figure 1. Probe and parcher air temperature readings vs. elapsed time 
in the parcher for the last 1-1/4 hrs of parching for Batch 2. 
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Figure 2. Probe and parcher air temperature readings vs. elapsed time 
in the parcher for the last 1-1/4 hrs of parching for Batch 3. 
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Figure 3. Grain moisture content at Probes 1, 2 and 3 vs. elapsed time in 
the parcher (first hour excluded) for Batch 2. 
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the parcher (first hour excluded) for Batch 3. 
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Figure 5. Temperature readings vs. grain moisture content at Probes 1, 2 
and 3 over the final minutes of parching for Batch 2. 
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ABSTRACT 

Wild rice was extracted with methanol, ethanol, and ethyl acetate. The yields 

of extracts were 3.9%, 1.9%, and .1.0% respectively. The antioxidant activities of the 

extracts were measured by thiobarbituric acid reaction substances (TBARS) values in 

ground beef and by peroxide values (PV) in lard. The methanol and ethanol extracts 

showed a significant antioxidant activity when added to ground beef and lard. Wild 

rice hull extract also showed appreciable antioxidant activity in groun~ beef. 

Pulverized cooked and uncooked wild rice· substantially reduced rancidity in ground 

beef and therefore can be used as an "antioxidant ingredient" for commercial 

applications in food systems such as meat products. 

By using both P-31 and C-13 NMR we can conclude with certainty that the isolate from 

the wild rice extract is phytic acid. 

Key Words: wild rice, hulls, antioxidant, meat, rancidity, warmed over flavor. 
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INTRODUCTION 

There has been a growing demand for natural antioxidants due to reports that 

butylated hydroxy anisole (BHA) and butylated hydroxy toluene (BHT) have toxic and 

carcinogenic effects in animals (Johnson, 1971; Branen, 1975; Ito et al., 1985). 

Previous studies in this laboratory showed that the incorporation of cooked wild rice 

(Zizania aquatica L.) into beef patties could retard the development of rancidity during 

frozen storage and improve sensory scores (Minerich et al.,1991). It was postulated 

that wild rice may contain some natural antioxidant components. Phytic acid is a 

strong chelating agent arid thus possesses antioxidant activity (Graf, 1983; Graf and 

Eaton, 1990). Becker and Lorenz (1981) reported that wild rice contains 2.1 to 2.4% 

phytic acid by weight and so far it is the only documented antioxidant component in 

wild rice. 

In this paper, we present data on the antioxidant properties of different. forms of 

wild rice and its extracts and confirmation of phytate identification by NMR. 

MATERIALS & METHODS 

Materials 

Grade A wild rice (Zizania aquatica L.) and hulls were obtained from New 

Frontier Foods, Inc., Aitken, Minnesota. Foodgrade antioxidants, BHA, BHT, and 

TBHQ, were obtained from Eastman Chemical Products, Inc., Kingsport, Tennessee. 

D-a-tocopherol, containing 67% d-a-tocopherol and 0.5-2% non-a-tocopherols, was 

obtained from Sigma Chemical Co., St. Louis, Missouri. Natural Rosemary 

antioxidant, under the trade name of Herbalox seasoning (type 0), was a gift from 

Kalsec Inc., Kalamazoo, Michigan. 
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Preparation of cooked wild rice, pulverized cooked wild rice, pulverized wild rice, 

and wild rice hulls 

Cooked wild rice (CWR) was obtained by boiling 30 g of wild rice with 300 

mL water-for 1 hr. The unabsorbed water was drained after cooking. The moisture 

content of the cooked wild rice was 75%. The pulverized cooked wild rice (PCWR) 

was prepared by grinding CWR using a Regal LaMachine II Food ProcessQr Model 

LM2 (Regal Ware Inc., Kewaskum, Wisconsin). The wild rice and wild rice hulls 

were pulverized by using an All-Grain Flour Mill Model B-Sox (All-Grain Co., 

Tremonton, Utah). 

Solvent Extraction 

500 g of pulverized wild rice (PWR) or pulverized wild rice hulls were 

extracted with 3-L of solvent (methanol, ethanol, or ethyl acetate) in a 5-L round 

bottom flask at 60-65°C for 2 hr under vigorous agitation and reflux conditions. The 

reflux mixture was filtered and the residue was extracted again with 2 L of the same 

solvent at the same conditions. The filtrates from the two extractions were combined 

and the solvent was subsequently removed using a Wheaton Heidolph rotary evaporator 

Type VV 60 (W. Germany) at 50 to 60°C. 

Evaluation of antioxidant activity 

CWR, PCWR, and PWR were directly added to the beef and thoroughly mixed 

using a household food processor, except for CWR, which remained as whole grains in 

ground beef. All the extracts and the commerCial antioxidants were dissolved in about 

2 mL of absolute ethanol in order to ensure their uniform distribution in the test food 

source. Extra lean ground beef (approximately 15% fat) purchased from a local 

supermarket was thoroughly mixed with the ethanol/antioxidant solution with a 

household food processor. The meat was cooked at 78±2°C for 2 hr with the pouch 
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left open to permit the removal of the solvent. The cooked beef was stored at 4°C and 

thiobarbituric acid reactive substances (TBARS) were determined according to the 

method described by Rethwill et al. (1981). For lard, the solvent was removed by a 

rotary evaporator after mixing with the solutions of additives. The lard was stored at 

60+2°C in an oven for one week and the peroxide values were determined after 

storage by the official method cd 8-53 of the American Oil Chemist's Society (AOCS, 

1989). 

Identification of antioxidant 

Based on results obtained (Tables 2 and 3) it was susspected the antioxidant is 

phytate and another method of extraction and purification was implemented. 

Pulverized wild rice was extracted with 0.5N HCI. The sample (0.5 g) was added to a 

50 mL centrifuge tube (28.5 X 104 mm polyallomer) containing 10 mL of 0.5M HCI 

and stirred to insure removal of air pockets. The tip of the ultrasonic microprobe 

(ultrasonic liquid processor, model W-385, equipped with a 118-in. standard tapered 

microtip · probe; Heat Systems-Ultrasonics, Inc., Farmingdale, NY) was inserted 

halfway into the liquid and the sample was sonicated for 1-1.5 min. (1-sec cycle, 50% 

duty at ~Qergy level 5.0). The alternative to sonication is vigorous mechanical agitation 

for two hours at room temperature. The suspension was centrifuged at I ,500 rpm for 

15 minutes. An aliquot (1-5 mL) supernatant was removed and diluted with 20 mL of 

distilled water, and poured onto an Analytichem silica-based, anion-exchange (SAX) 

column (quaternary amine Bond Elut column, Analytichem International, Harbor City, 

CA). The loaded SAX column was washed with 10 mL of 0.05M HCl, and the resin

bound inositol polyphosphates were then eluted with 2 mL of 2M HCl. The eluted 

sample was evaporated to dryness. The residue was resuspended with one mL of water 

and analyzed by HPLC. 

A PRP-1 5-p.m (150 X 4.1 mm) reversed-phase analytical column (Hamilton 

Co. Reno, NE) was used. The mobil phase was prepared by mixing 500 mL of 52% 

methanol in water, 0.6 inL of 10 N sulfuric acid, 5 mL of tetrabutylammonium 

hydroxide (40% W/W in water), and 2 mg phytic acid hydrolyzate. A refractive index 

(RI) detector was used at a wave length of 190. Sodium phytate was used as a 

standard. 
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The fractions in the wild rice extract that had .the same elution time of the 

standard were examined by NMR for confirmation. The NMR spectra of both P-31 

and C-13 were used. The P-31 spectra were run on a Broker MSL 300 operating at 

121.5 MHz using 85% phosphoric acid as an extemal·reference. The C-13 · (75.5 

MHz) spectra were run on a Broker WM-300 WB. The samples were dissolved in D20 

and placed in a 5 mm probe. 

RESULTS & DISCUSSION 

Confumation of antioxidant activity 

Minerich et al. (1991) reported that the addition of CWR at levels of 15% and 

30% by weight decreased the TBARS of beef patties during frozen storage. These data 

suggest that some natural antioxidants may be present in wild rice. The possibility that 

a portion of the reduction of TBARS as a result of the dilution of beef by the added 

substances can not be excluded since high proportions of wild rice were used. 

Therefore, an experiment was conducted in which water was compared with the CWR. 

That is, the calculation of TBARS values was based on the weight of the beef only in 

order to eliminate the possible dilution effect by the wild rice. As shown in Table 1, 

the addition of 15% cooked wild rice decreased TBA values by almost 50%, while the 

addition of plain water had no effect. These data support the findings by Minerich et 

al. (1991) that the reduction of TBARS values was not due to a dilution of beef with 

inert substances but more likely attributable to antioxidant components in the wild rice. 

It was not surprising that CWR, which only contains low concentrations of antioxidant 

components, was much less effective than the highly pure synthetic antioxidants BHA 

and BHT. 

Isolation of antioxidant components by solvent extraction 

Phenolic compounds are widely distributed in plants (Salunkhe et al., 1989) and 

some of them have been identified as natural antioxidants (P.ratt and Birac, 1979; Wu et 
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al., 1982). Rarnarathnam et al. (1988, 1989) identified isovitexin as a natural 

component in white rice hulls. Although wild rice belongs to a different botanical 

family, it is probable that the antioxidant activity of wild rice may be due to certain 

phenolic compounds and the presence of phytic acid as mentioned earlier. Therefore, 

solvent extractions were conducted in an attempt to isolate the natural antioxidant 

components. Organic solvents of different polarities, i.e., methanol, ethanol, and ethyl 

acetate, were used and the yields of extraction were 3.1 %, 1. 9%, and 1. 0% 

respectively, which is in order of decreasing solvent polarity. All extracts were 

semisolids with a distinct wild rice flavor and were relatively insoluble in oil. Both the 

methanol and the ethanol extracts had a brown color, while the ethyl acetate extract had 

a dark green color, probably because chlorophylls are more soluble in ethyl acetate than 

in methanol or ethanol. Wild rice hulls were extracted with methanol and the yield of 

the extraction was 3.2%. The physical appearance of the extract was similar to the 

methanol extract of the rice. 

Antioxidant efficacy of wild rice and bull extracts 

The antioxidant efficacy of the extracts was evaluated in cooked ground beef by 

the TBARS value test (Rethwill et al., 1981) and also evaluated in lard by the peroxide 

value test (AOCS,1989). The results are shown in Table 2. The methanol and ethanol 

extracts showed similar activity in both beef and lard. On the other hand, the ethyl 

acetate extract had little effect in beef and had a prooxidant effect in lard, which may 

be caused by the presence of chlorophyll, a known prooxidant. No prooxidant effect 

was observed in beef, probably, because beef contains high levels of the prooxidant 

iron. Comj,ared to BHA and TBHQ, the antioxidant activity of the extracts was rather 

low, partly due to the low solubility in oil. It is interesting that the hull extract also 

showed appreciable activity. The fact that wild rice hulls have been treated as waste by 
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wild rice processors makes . it a more economically attractive source of natural 

antioxidants than the wild rice per se. 

Antioxidant activity of different forms of wild rice 

As discussed above, the antioxidant activity and the yields of the extract may 

not be high enough to be of commercial significance. Therefore, an effort was made to 

optimize the antioxidant efficacy of the whole wild rice. Three different forms were 

tested, i.e., CWR, PCWR, and PWR. As shown in Table 3, PCWR was much more 

active than CWR, apparently due to higher contact surface area between the rice and 

the beef lipids. Therefore, a smaller amount of the rice is needed in order to achieve 

the same effect. This is especially desirable when the amount of wild rice added to the 

food product is limited because of cost. PWR also showed substantial reduction on 

TBARS values (down to 0.6) even at a concentration as low as 2.5%. This compares 

to the TBARS values of 0.5 for beef treated with 0.05% Rosemary antioxidant (Table 

3). Wild rice has been shown to increase consumer preference for beef (Minerich et 

al., 1991), therefore, the fact that comparable TBARS values were noted between 

Rosemary and PWR is a significant finding. 

Application of wild rice 

Though many foodstuffs have been found to contain natural antioxidants, the 

concentrations are often too low to be of practical significance. They may be 

categorized as "antioxidant ingredients" and used in a whole or a rather crude form. 

However, it is essential that the presence of the bulk "antioxidant ingredient" should 

not have any undesirable effect on the quality of the food to which it is added. 

Therefore, the functionality of the antioxidant ingredient from wild rice in particular 

food systems deserves further study. 

92 



•-·- - -·--·- • • ·-·- -•-·• :... __ -.:c _...:..:_· .•. 

There has been substantial interest in developing "microwavable" precooked 

meat products as convenience foods. One of the major problems is the development of 

rancidity, or warmed-over flavor, resultin~ from lipid oxidation. Therefore there is a 

significant potential to use wild rice in meat products, not only for the antioxidant 

action but also for the flavor and nutritional benefits (Minerich et al., 1991) . 

. The antioxidant activity of the whole grain CWR is limited by its surface area. 

Secondly, it may affect the appearance of the product and could be misidentified by the 

consumer. Although the extracts are more efficient than the CWR, the cost of the 

extracts might be prohibitive for commercial applications. PCWR and PWR provide 

attractive alternatives for practical applications to utilize the antioxidant and other 

properties of wild rice. It is worth mentioning that since the starch in wild rice has a 

very high water binding capacity (Lorenz, 1981), it is advantageous to use PWR to 

absorb water and water soluble nutrients during the subsequent cooking process. 

However, the rice must be sufficiently cooked because an otherwise undesirable grainy 

texture may result. 

Conflnnation of the antioxidant dentification 

Sodium phytate was used as a standard and showed only one peak by HPLC 

analysis (Fig. 1). Four standards were run covering a range from 0.10 to 0.40 mg/mL 

phytic acid (Fig. 2). Results of the HPLC analysis (Fig. 1) showed that the pulverized 

wild rice samples contain 0.42% of inositol hexaphosphate (IP6) "phytic acid" with 

60.3% of isomer distribution; 0.185% of inositol pentaphosphate (IP5) with 26.5% of 

isomer distribution; 0.067% of inositol tetraphosphate (IP4) with 9.61% of isomer 

distribution; and 0.025% of inositol triphosphate (IP3) with 3.59% of isomer 

distribution. 

The phosphorous spectra of the wild rice isolate (Fig. 3) and of phytic acid 

standard (Fig. 4) show similar chemical shifts for the phosphates. The loss of 

definition of the wild rice isolate spectra is due to the averaging of the multiple isomers 

present in the extract .. The C-13 spectra of the wild rice isolate (Fig. 5) and of phytic 
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acid standard (Fig. 6) show the carbons of the inositol ring. The chemical shifts and 

intensity of patterns clearly match, showing that they correspond to the same 

compound. 

CONCLUSIONS 

The incorporation of CWR resulted in significant reduction of TBARS values in 

cooked ground beef during storage. Solvent extraction using methanol, ethanol, and 

ethyl acetate indicated that the higher the polarity of the solvent, the higher the yield of 

the extract. The methanol and ethanol extracts showed antioxidant activity in both 

ground beef and lard, while the ethyl acetate extract had little effect in beef and even 

prooxidant activity in lard. PCWR and PWR showed much higher antioxidant activity 

than CWR due to increased surface areas and therefore have high potential for 

commercial applications in food systems, especially in meat products. By using both 

P-31 and C-13 ~we can conclude with certainty that the antioxidant isolated from 

the wild rice extract is phytic acid. 
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Table 1-Effect of cooked wild rice on the TBARS a values of cooked ground beef 

stored 10 days at 4°C· 

Treatment 

Beef (control) 

Beef + BHA a (200 ppm) 

Beef + BHT a (200 ppm) 

Beef (85%) + CWR a (15%) 

Beef (85%) +water (15%) 

TBARS, ppm b 

3.5 

. 0.3 ** 

0.5 ** 

1.8 c ** 

a Abbreviations used: TBARS = thiobarbituric reactive substances, BHA = butylated 

hydroxy anisole; BHT = butylated hydroxy toluene; CWR = cooked wild rice. 

hso = +0.1 ppm 

c TBARS values are based on the weight of the beef in order to eliminate the dilution 

effect of the rice 

**Values significantly different (a=O.Ol) from control 
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·Table 2-Antioxidant acti~ity of wild rice extracts in cooked ground beef and in lard a 

Treatment (%) TBARS, beef, ppm b PV a lard, mg/kg c 

Control (no additive) 3.8 d 40.3 e 

BHA (0.02) 0.3 ** 4.3 ** 

TBHQ (0.02) 0.3 ** 1.6 ** 

MeOH a extract (0.02) 3.5 34.0 ** 

(0.05) 2.7 ** 28.2 ** 

EtOH ~ extract (0.02) 3.3 * 43.4 

(0.05) 3.0 ** 29.9 ** 

EtOAc a extract (0.02) 3.6 45.9 

(0.05) 3.5 57.6 

Hull extract (0.10) 2.4 ** 

. (0.20) 0.9 ** 

a Abbreviations: PV = peroxide value, MeOH = methanol, EtOH = ethanol, EtOAc 

= ethyl acetate; see table 1 for other abbreviation used 

b Stored 6 days at 4°C 

c Stored 7 days at 60°C 

d SD: TBARS = ±0.1 ppm 

e SD: PV = +0.2 mg/kg 

*Values significantly different (cx=0.05) from control in the same column 

** Values significantly different (cx=O.Ol) from control in the same column 
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Table 3-Antioxidant activity of various forms of wild rice in beef a 

Treatment (%) TBARS, ppm abc 

Control (no additive) 2.7 

D-a-tocopherol (0.05) 0.3 ** 

Rosemary antioxidant (0.05) 0.5 ** 
CWRa (15/3.75) d 0.8 ** 
PCWRa (5/1.25) d 1.8 ** 

(10/2.5) d 1.0 ** 

(15/3.75) d 0.2 ** 
PWRa (2.5) 0.6 ** 

(5) 0.2 ** 

(10) 0.3 ** 

a Abbreviations used: PCWR = pulverized cooked wild rice; PWR = pulverized wild 

rice; see table 1 for other abbreviations used. 

b SD = + 0.1 ppm. 

c Stored 6 days at 4°C. The TBARS values are based on weight of beef to eliminate the 

dilution effect by rice. 

d Figures in the parentheses are the percentage on a wet/dry basis based on the average 

water content of 75%. 

** Values significantly different (a =0.01) from control 
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Figure l. HPLC chromatogram of wild rice extract and -phytic acid standard 
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FtgUre 2. Standard calibration curve, correlation between integrated values of 

refractive index (RO detector response and concentration of phytic acid. 
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Figure 3. 1ltc Ni\IR phosphorous spectrum of the wild rice extract isolate 
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Figure 4. Tiae Nl\tR phosphorous spcctnun of the phytic acid standard 
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Figure 5. The NMR carbon spectrum of the wild rice extract isolate 
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Figure 6. The Nl\1R carbon spectnun of the phytic acid standard 
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