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WILDRICE GROWING SEASON AND PRODUCTION - 2003 

Henry J. Schumer 

North Central Research and Outreach Center, University of Minnesota, Grand Rapids, MN 

A Brief Refresher on Growing Degree Days 

What are GDD? 
Thanks to the Illinois State Climatologists Office website we have definitions for the two 
methods to calculate growing degree days: 

Growing degree days (GDD) 

Used to estimate the growth and development of plants and insects during the growing season. 
The basic concept is that development will only occur if the temperature exceeds some minimum 
developmental threshold, or base temperature (T base), The base temperatures are determined 
experimentally and are different for each organism. Here are some common bases and their 
targets. 

• 40°F - wheat, barley, rye, oats, flaxseed, lettuce, asparagus 
• 45°F - sunflower, potato 
• 50°F - sweet com, com, sorghum, rice, soybeans, tomato 
• 44°F - com rootworm 
• 48°F - alfalfa weevil 
• 50°F - black cutworm, European com borer 
• 52°F - green cloverworm 

To calculate GDDs, you must first find the mean temperature for the day. This is usually done 
by taking the high and low temperature for the day, adding them together and dividing by two. If 
the mean temperature is at or below Tbase, then the growing degree day value is zero. If the mean 
temperature is above T base, then the growing degree day amount equals the mean temperature 
minus Tbase• For example, if the mean temperature was 75°F then the growing degree day 
amount equals 10, using a Tbase = 65°F. 

In equation form: 

GDD = Ta - Tbase, if Ta is greater than Tbase 

GDD = 0, if Ta is less than or equal to Tbase 

Where: T base = temperature base, usually 65°F 
Ta = average temperature 
Ta= (Tmax + Tmin) / 2 

1 



Modified growing degree days 

Similar to growing degree days with several temperature adjustments. If the high temperature is 
above 86°F, it is reset to 86°F. If the low is below 50°F, it is reset to 50°F. Once the high and/or 
low temperature has been modified if needed, the average for the day is computed and compared 
with the base temperature (usually 50°F). Modified growing degree days are typically used to 
monitor the development of corn, the assumption being that development is limited once the 
temperature exceeds 86°F. 

Illinois State Climatologist Office - (Frequently Asked Questions) 
www.sws.uiuc.edu./atmos/statecli/F AO/degree days.htm#GDD 

Historically the wildrice researchers have used the (T max + T min)/2 - 40°F formula to calculate 
GDD. This has merit because the modified method, with an upper limit of 86°F, pertains only to 
corn grown on nonirrigated fields. Therefore, to maintain continuity with previous reports and 
because we lack the information about the exact point when wildrice experiences heat stress, all 
data will be presented using the simple unmodified formula. 

How are GDD used? 

Figure 1 illustrates growing degree day accumulation during a growing season and the 
corresponding wildrice plant development over time. Wildrice requires between 2300 to 2900 
GDD per season, most literature use a figure of 2600. 

Stages of Development Days Date GDD 
Germination 0 0 

Q < 

1 
Emergence 12 May 138 

0 (1) ! og Floating Leaf 29 468 

"' g ::," . 
~ ~ Aerial Leaf 39 686 
(1) June 

Early Tillering 46 928 

Jointing 68 1394 

Q~ 

1 
Boot 75 

July 
1590 

J] Early Flowering 83 1834 

§' Mid Flowering 91 2078 
~(") 

~ ;:t. <i Early Grain Formation 105 2466 
Maturity 121 

August 
2940 

Figure 1. Wildrice plant development (K2 variety) in Aitkin County. GDD=growing degree days using 40° F as the 
base temperature. Wildrice Production in Minnesota University of Minnesota Extension Bulletin 464 - 1982 p9. 
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2003 Growing Season 

In prior reports on GDD, the normal column represented average growing degree days from 
1960 - 1990. This year the normal figures consist of averages over the last decade, 1992 - 2003, 
which are more reflective of current weather trends. Tables 1 and 2 show the temperature data 
for 2003, which were warmer than normal at Grand Rapids, Crookston and Waskish. This is 
reflected in increased GDD for April and August. 

Table 1. Growing degree daysa comparisons for 2002, 2003 and normalb. 

Month 

April 
May 
June 
July 
August 

Total 
Old Normal 

Aitkin Grand Rapids 
2002 2003 Normal 2002 2003 Normal 

-------------------------------------GDD-------------------------------------
126 169 110 113 168 115 
232 413 427 277 439 434 
772 624 697 777 705 709 
933 811 818 964 903 847 
747 831 778 822 962 823 

2810 2848 2830 2953 3177 2928 
2652 2864 

aMaximum + minimum temp. - 40°F; data from National Weather Service 

2 ( climate.umn.edu/hidradious/radius.asp) 

bTwelve year average 1992-2003 

Table 2. Growing degree daysa comparisons for 2002, 2003 and normalb. 

Crookston Waskish 
Month 2002 2003 Normal 2002 2003 Normal 

-------------------------------------GDD-------------------------------------
April 
May 
June 
July 
August 

Total 
Old Normal 

121 198 119 100 134 
282 476 468 229 433 
844 734 745 738 652 
999 899 869 922 792 
837 977 860 741 836 

3083 3284 3061 2730 2847 
3175 

aMaximum + minimum temp. - 40°F; data from National Weather Service 

2 ( climate. umn.edu/hidradious/radius.asp) 

bTwelve year average 1992-2003 
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Tables 3 and 4 contain the precipitation records for 2003. Crookston and Waskish were not as 
wet as last year, closer to normal; while Grand Rapids was dryer than normal. 

Table 3. Precipitation comparisons for 2002, 2003, and norm.ala. 

Aitkin Grand Rapids 
Month 2002 2003 Normal 2002 2003 Normal 

-------------------------------------inches-------------------------------------
April 3.42 4.03 2.30 0.93 1.49 2.10 
May 2.20 3.23 2.88 1.69 3.35 3.04 
June 3.13 6.70 4.09 4.07 3.25 4.11 
July 8.87 4.31 4.14 4.20 3.50 3.89 
August 3.20 0.95 3.83 6.97 1.20 3.59 

Total· 20.82 19.22 17.24 17.86 12.79 16.73 

aData from the National Weather Service (climate.umn.edu/hidradious/radius.asp) 

Table 4. Precipitation comparisons for 2002, 2003 and norm.ala . 

Crookston Waskish 
Month 2002 2003 Normal 2002 2003 Normal 

-------------------------------------inches-------------------------------------
April 1.26 0.75 1.45 1.51 0.87 1.70 
May 1.90 3.41 2.45 7.89 1.68 2.33 
June 6.55 5.05 3.44 7.89 4.62 4.25 
July 3.69 2.77 2.77 2.96 2.97 3.42 
August 9.41 1'.13 2.88 6.21 2.99 3.32 

Total 22.81 13.11 12.99 26.46 13.13 15.02 

aData from the National Weather Service (climate.umn.edu/hidradious/radius.asp) 
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The total amount of processed wildrice produced in Minnesota in 2003, estimated at 4.2 million 
pounds, is less than the ten year average (1993-2002) of 5.44 million pounds (Table 5). The 
production figures were not available from the California Wild Rice Advisory Board 
(www.cawildrice.com) at this time. They are being compiled and will be available after June 
2004. 

Table 5. Minnesota and California paddy wildrice production a ( 1000 processed pounds). 

Year 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

Production 
Minnesota California 

36 0 
160 0 
364 0 
608 0 

1496 0 
1200 0 
1036 0 
1233 0 
1809 0 
1031 0 
1761 100 
2155 200 
2320 400 
2274 500 
2697 880 
3200 2500 
3600 2500 

Year 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000b 
2001 
2002 
2003 

Production 
Minnesota California 

4200 7900 
5100 9000 
4200 4200 
4000 3500 
3978 4000 
4800 4200 
5500 5500 
6100 7500 
5300 7500 
5300 5000 
4500 6440 
6000 7600 
6002 9000 
5840 8800 
6200 15575 
5400 13035 
4300 18000 
5550 b 

4200 

a 1968-1982 Minnesota values from Winchell and Dahl and 1983-1999 from Minnesota 
Department of Agriculture; 2003 value from the Minnesota Agricultural Statistics Service. 

bCalifornia Agricultural Statistics Service due in June '04. 
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FIELD EVALUATION OF NITROGEN FERTILIZATON 
PRACTICES OF WILDRICE ON PEAT SOILS 

Paul Bloom1 and Henry J. Schumer2 

1Department of Soil Water and Climate, University of Minnesota, St. Paul, MN 
2North Central Research and Outreach Center, University of Minnesota, Grand Rapids, MN 

Introduction 

In 2003, we completed the second year of a field study on the timing of nitrogen topdress 
applications. 

The results of previous studies and grower trial and error have resulted in N fertilization 
practices that give much more consistent yields than a decade ago. We now know that the roots 
and shoots of the wildrice plant require about 80 - 100 lb/ac ofN and that peat soils that have 
been farmed for some time will not supply even half that amount. With fall flooding 
immediately after the application of N fertilizer, we can supply a quantity of N that will be 
available for plant uptake during early growth in the next season. However, excess fall N will 
lead to rank growth and lodging. Even with fall N, topdress N is required to produce good 
yields. Field observations also suggest that topdress N cannot completely replace the fall applied 
N. 

Many growers now topdress twice with urea N and some topdress three times. However there is 
little data comparing different topdress practices. In 2002, we conducted field trials of topdress 
N on large strips on growers fields with harvest by field combine. This type of trial limits the 
number of treatments compared to small scale plot studies but large strips allow for averaging 
the good and bad areas in fields and gives results that can easily be interpreted by growers. 

On June 19 and 20, 2003 we chose one field on the Lmle farm, one on the Ross Rennemo farm, 
and one on the Tom Godward farm in the Aitkin area. We abandoned the idea of using the 
Rennemo farm site when we learned that an aircraft would not be available at the right times to 
do topdressing. Both the Imle and Godward fields had fall applied N, as anhydrous ammonia. 
The Godward field was fall flooded soon after application but the Imle field was spring flooded. 

Methods 

The fields were selected at the aerial to tillering growth stage. The selected fields were known to 
produce good yields, and were known to be quite uniform. Samples for soil extractable 
ammonium N were obtained to verify the effectiveness of the fall N. Leaf SP AD readings were 
taken at the Rennemo site in 2002 but not at the Imle site because at the Imle site the plants were 
too immature. In 2002, we did not use the SP AD meter because of the immaturity of the plants. 

The planned treatments consisting of 100 lb N/ac of topdress were applied at three different 
growth stages; a) boot, b) early flower and c) early grain fill in five combinations designed to 
gain an understating of both the effect of total quantity ofN added and timing (Table 1). Targets 
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on the dikes marked strips for application of topdress with aircraft. On the Imle farm, the strips 
were 200 ft wide and not replicated. At the God ward farm, the strips were 7 5 feet wide and not 
replicated. 

The dates of fertilizer application in 2003 on the Imle farm were on June 25, July 8 and July 21. 
On the lmle farm, the dates of application were June 25, July 7 and July 20. Compared to 2002 
the timing better matched the planned applications as shown in Table 1. On the July 7 dateTom 
Godward had the pilot fly on 3 applications of topdress N on one strip to test if a heavy dose in a 
single application might work well. We designated this as the 3x midseason (3x mid) 
application. 

Table 1. Timing of topdress treatments. 

Treatments 1 Control 2 3 4 5 

Early ( early boot) X X 

Mid (early flower) X X X X 

Late ( early grain fill) X X X 

The strips were harvested using grower combines. Yield monitors were used at the Imle farm. At 
the Godward farm we cut center strips cut from each 1800-ft strip with an 24 ft header and drive
on scales were used with at 2-wheel field wagon to obtain the harvest weights. After each pass 
of the combine, the bin was unloaded into the wagon and the difference in weight was recorded. 
In 2002, we used a similar method at the Rennemo farm but with a 4 wheel wagon. Flag leaves 
were taken just before harvest for analysis. Soil samples were also obtained at harvest. 

Results 

When the fields were selected, the soils on the Godward field contained more than adequate 
extractable ammonium N for good early growth, but the N contents were marginal in parts of the 
Imle field. The mean value for extractable N at the Godward site was 50.6 ± 11.5 lb/ac and at 
the Imle was 23.4 ± 9.3 lb/ac (Tables 2 and 3). The plant tissue N similarly indicated high Non 
the Godward field and lower N on the Imle field. On the Godward fields the mean plant N was 
4.37 ± 0.24 % while on the Imle field the mean value was 3.36 ± 0.18 %. The N data from the 
Godward field did not show any systematic variation across the field from west to east (Table 2) 
while on the Imle field the soil and plant N show variation across the field from north to south 
(Table 3). The extractable soil N was low in both the southern-most and northern-most strips 
with higher values nearer the center of the field. The plant data show low N only on the north 
side. The plants average the N uptake from the rooting zone and plant sampling represents more 
soil surface area so plant samples are usually a better indicator of the N fertility if they are all at 
the same growth stage. The Imle field was not flooded in the fall and the proximity of the north 
and south strips to the ditches may have led to better drainage in the fall and more nitrification of 
the fall applied N. 
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Table 2. Soil and plant N, and yield at the Godward site. 

Treatment soil N, lb/ac early plant N flagN,% Yield, lb/ac 

west Early/Mid/Late 42 4.32 3.30 1048 
Control 38 4.29 3.43 819 
3xmid no data no data 3.55 852 
Mid/Late 66 4.22 3.82 910 
Early/Mid 59 4.21 3.55 no data 

east Mid/ 47 4.79 3.14 no data 

Table 3. Soil and plant N, and yield at the Imle site. 

Treatment soil N, lb/ac early plant N flagN,% Yield, lb/ac 

north Early/Mid/Late 15 3.09 3.12 958 
Control 35 3.52 2.46 792 
Mid/Late 29 3.46 3.26 1329 
Early/Mid 24 3.28 2.91 1080 

south Mid/ 13 3.45 2.83 1179 

The soil test data in Table 4, obtained at the end of the experiment, show that both fields had 
generally good fertility. The pH of the soils on the Imle farm is near neutral. The soils on the 
Godward site are slightly acid (pH= 5.7) but these soils are probably not sufficiently acid to be 
of concern for plant growth. The values for extractable K shown in Table 4 are somewhat low if 
the data had been obtained before planting but at harvest, values in the range of 50 to 90 ppm are 
good. 

As in 2002, we obtained Olsen P values to compare with the Bray P {Table 4). Unlike in 2002, 
the Olsen values were consistently lower than the Bray P values. In fact, the difference is similar 
to what we might expect for a mineral soil. A value of 15 on the Bray scale and 10 on the Olsen 
scale would normally be interpreted as at the lower end of the sufficiency range for good plant 
growth. 

The higher Ca in the Imle field is typical of what we have seen before for differences in data 
obtained from soils on these two farms {Table 4). We also expected the observed higher Zn for 
soil from the Godward field. None of the values suggest the possibility of deficiencies except 
possibly the value for Cu from the Godward field. 

Table 4. Soil test values, obtained at harvest. 

pH Bray-P Olsen-P K, Ca, Mg Fe Mn Zn Cu 
EEm EEm EEm EEm EEm ppm EEm EEm EEm 

Godward 5.6 16.3 10.7 52.5 3026 507 346 20.6 9.3 0.192 
Imle 6.9 15.2 9.8 88.2 5186 719 216 14.6 2.6 5.86 

8 



We had difficulties in quantifying the grain harvest at the Godward site. Most of the problem 
was due to the fact that we had to use a 2-wheeled field wagon in the weighing procedure. Also, 
a light rainfall was not helpful. Thus, we got incomplete data (Table 2). Of the six strips, 
including the 3x mid season application, we didn't get data from the early/mid season 
combination and the single mid season application. 

The yield data do show that topdressing did increase yield over the control. The flag leaf N data 
show that, with the exception of the mid season treatment, there is little, if any, deficiency during 
grain fill in these plants. This is true even in the control treatment (Table 2). Most treatments 
had flag leafN of about 3.5%, which should be more than sufficient at grain fill. The apparent 
poor performance of the single heavy application (3x mid) compared the early to the 
early/mid/late treatment is consistent with the general wisdom that split treatments are better for 
topdressing. Taking all of the data together they are consistent with the need for two topdresses 
to achieve the highest yields and that the best timing is at mid boot and early flower. The late 
application did not seem to be effective in increasing yield. 

At the Imle site we used yield monitoring data from Paul Imle's combines. The original yield 
map generated from the computer data, using the software that comes with the yield monitors, 
did not show consistent response to treatments. Bowever, when we submitted the data to 
detailed analysis using the software and techniques available at the Center for Precision 
Agriculture in the Department of Soil, Water and Climate at the University of Minnesota we 
were able to see large differences in the treatment strips1 (Table 3). The yield monitor data sets 
contain an abundance of information. The yield monitor collects yield information every 3 
seconds, which is 9 to 15 feet of travel, depending on the speed of the combine. All of these data 
points can be used in analysis of grain yield over a field. 

We divided the data into 200 foot strips corresponding to the topdress strips and then cut off the 
300 feet or more from both the east and west and of the field end to account for the inefficiency 
in the yield monitor when it is getting up to speed. We also trimmed the width of the strips to 
eliminate the overlap between adjacent strips. Statistical analysis showed that all of the 
treatment strips had different yields. We didn't replicate the treatments across the field so it is 
not possible to numerically separate the effects of variation in soil conditions from the treatment 
effects. However, our early season soil and plant N data give us some idea of soil variability that 
would affect yield and allowed for better interpretation of the yield results. 

The large difference between the control treatment and the topdress strips clearly shows the 
benefit of topdressing. Also, the N content of the flag leaves in the control treatment, 2.46%, 
indicates insufficient late season N, and conditions that might inhibit maximal grain fill. The 
low flag leafN and low yield occurred in spite of the higher soil and plant Nat the beginning of 
the season, compared to other parts of the field. We were surprised at the low yield in the 
early/mid/late treatment. If there were no systematic soil differences, the early/mid/late 
treatment should produce a yield that is among the highest. In fact, this treatment strip had the 
lowest yield next to the control. This strip clearly had the lowest early season N but also had the 
second highest flag leafN, indicating that the late treatment did result in quite high leafN during 

1 We thank graduate students Ryan Roggenbach and Jose Hernandez for generously volunteering their time and 
expertise to help with the data analysis. · 
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grain fill. However, the topdress applications of urea could not make up for the effect of early 
season N deficiency on yield. Comparison of the early/mid and the late/mid treatments, which 
had similar early season N, suggests that application of two topdresses is best if it occurs at the 
mid and late stages. The higher flag leaf N for the mid/late treatment shows the direct effect of 
the late N. The yield and flag leafN of the single application at mid season shows that a single 
mid season application may be as good as the early/mid treatment suggesting that the early 
application was not very effective. 

Comparison of the all of the flag N values for both sites in 2003 shows that, as in 2002, a flag 
leaf content in the range of about 3 .1 to 3 .3 % is more than sufficient late in the season. 
However, the grain yield depends on the pattern of N availability throughout the season. 

Comparison of differences in soil test data from the two fields with the flag leaf data yields 
information on the ability of the soil test methods to predict differences in plant uptake (Table 5). 
With the exception ofK and Mg the differences in soil test results are reflected in differences in 
flag leaf contents at harvest. Potassium is difficult to evaluate because it is so mobile it can leach 
from leaves, especially from leaves that are beginning to die at the end of the season. 
Magnesium uptake is influence by the Ca/Mg and K/Mg ratios. The very low soil test Cu and 
low tissue Cu at the Godward site make it tempting to account for differences in wildrice 
performance at the two sites by the difference in soil Cu. We have tried to evaluate response to 
Cu additions on the Godward farm using small plots, but were not able to see a clear response. 
Large scale studies with Cu on organic soils are expensive because it takes so much Cu to get 
these soils to respond to Cu. We have also looked at Ca as a possible limiting factor on the 
Godward farm and did not see any response. 

The P soil test results were similar for the two sites and the flag leaf P contents were similar. 
The P contents of the leaves suggests that P deficiency was not a problem. 

Table 5. Soil test values, obtained at harvest and flag leaf elemental concentrations. 

pH Bray-P Olsen-P K, Ca, Mg Mn Fe Cu Zn B 
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

Godward Soil 5.65 16 11 53 3026 507 21 346 0.192 9.25 
test 
Plant 2950 1550 1370 3060 197 212 1.15 14.0 22.5 

0 0 

hnle Soil 6.86 15 10 88 5186 719 15 216 5.86 2.63 
test 
Plant 2730 1180 1700 2170 169 159 2.26 7.9 36.7 

0 0 
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Conclusions 

The 2002 yields at the Rennemo site show that a single topdress of 100 lb/ac at early to mid 
flower produced the best response. The response vs. the control was about 190 lb/ac of green 
rice. The data also suggested that later application was not as effective. We didn't have data to 
evaluate application at earlier stages. The data for 2003 showed that two applications of 100 
lb/ac of urea, at early boot and early flower, increased yields on the Godward farm by 230 lb/ac. 
Later applications did not seem to do much except maybe increase N content in the flag leaves. 
The pattern for the results on the Imle farm in was different. Two applications, at early flower 
and late flower/early grain fill, gave the best results with an increase in yield of over the control 
of 540lb/ac. A one mid season topdress at early flower resulted in 390 lb/ac increase. Earlier 
application, at boot, did not seem to do much. The data clearly show that timely application of 
one or 2 topdresses is necessary for top yields and gives a good return for the about $20/ac cost 
for each application. 

The data from an area on the Imle field that was low in early N and that had 3 topdress N 
applications over the season suggests that, as we have seen before, topdressing cannot make up 
for very early N deficiency. 

The soil test P values for 2002 suggested that the Olsen P method may be a better test than the 
Bray test. However, the 2003 results do not provide any information on which test might be 
better. 
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WILD RICEWORM CONTROL IN WILDRICE IN MINNESOTA 
2002 AND 2003 

Dave Noetzel1 and Ian MacRae2 

1University of Minnesota (Retired) 
2Northwest Research and Outreach Center, University of Minnesota, Morris, MN 

Introduction 

Erratic performance of malathion since it was labeled for wild riceworm control in the 1970's, 
and it's near failure to control riceworm in 2001, created an emergency situation demanding 
consideration of a replacement insecticide for use on the cultivated wildrice crop. Losses due to 
riceworm feeding in 2001, despite excellent timing in the application of malathion on most 
fields, ranged from 20% across farms to 50% loss in individual fields. These losses were so 
large in 2001 that they would become a limiting factor to wildrice production in Minnesota, were 
they to be sustained. 

A request for a Section 18 Emergency Exemption by the Minnesota Wild Rice Council for the 
use of Warrior Z IE was successful for 2002. Because the last wild riceworm control studies 
were done in the 1980's and because of the Emergency Exemption for Warrior Zin 2002, 
additional insecticide trials were undertaken to compare efficiency of Warrior Z IE, and several 
new insecticide chemistries (Copied from 2002 Stalk Borer and Wild Riceworm Control in 
Wildrice). 

The Section 18 Emergency Exemption for the use of Warrior Z IE was continued for 2003. In 
that we have modest data about its performance against wild riceworm, and only one year's data 
using several new.chemistries of insecticides, it was necessary to gain additional comparisons if 
we could, and progress toward obtaining a regular (Sec 3) label for Warrior Z IE must be 
demonstrated in order to retain the Section 18 Special Exemption. 

Riceworm Control 2003 

Field plots were established on the Gunvalson and Imle farms in Gully, Minnesota. Riceworm 
populations were very low at both locations and these plots were abandoned. 

Research plots (4-lft rows x 10 ft in length) were planted by Dr. Raymie Porter and his crew at 
Clearwater Wild Rice, and at the North Central Research and Outreach Center at Grand Rapids, 
MN for insecticide comparisons. The Clearwater plots also had very modest populations of wild 
riceworm while the Grand Rapids plots had sufficient levels for an adequate test. The variety 
planted was Petrowske Purple. 

Plots were sprayed with insecticide on August 16, 2003 using a hand held CO2 sprayer and 
applying approximately 25 gallons per acre of total material. 
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For comparison of damage, 20 heads per plot were examined. Damage was recorded even if a 
single kernel per head had riceworm feeding injury. Feeding damage is recorded as a percent in 
Tables 1 and Table 2. 

The excellent quality of the plots permitted harvesting them for green yield on August 28. I 
helped Raymie, Henry Schumer, and Dan Braaten with the harvest, and Raymie later provided 
green (and adjusted) yields. I did not include the yields in the tables because we found no 
treatment differences in them. 

As it turned out, we have all of last years insecticides in at least one trial (Table 1) and several 
pyrethroids that were first time candidates in the second trial (Table 2) during 2003. 

Statistical Comparison 

Riceworm damage was converted to percent injury and means compared following conversion of 
this per cent to arc sine. The raw percentages are listed in both Tables 1 and 2 but the letters 
(a,b,c) by each mean are from the arc sine conversion mean comparison. 

2003 Results 

In Table 1, the two pyrethroids Ambush 2E and Warrior Z lE were statistically superior in 
performance to all other insecticides. In this trial, all other insecticides did not perform superior 
to the untreated, at the S% level of significance. There appeared to be enough riceworm pressure 
to provide acceptable insecticide comparisons although not enough to provide green rice yield 
differences. This has not been unusual, as regards yield differences in small plot trials over the 
years. 

In Table 2, we primarily compared several pyrethroid against Malathion and against each other. 
Riceworm numbers were slightly less than in the first experiment (Table 1) but probably not 
significantly so. It appears that all the pyrethroids, except Asana XL.66E, performed equally 
well and all were statistically superior to the untreated check. It is to be noted that Malathion SE 
performed well in this experiment (Table 2), but was a failure in the first trial (Table 1 ). The two 
experiments were located adjacent to each other in the same paddy. 

I don't have an explanation for the apparent failure of Asana XL.66E, and it was the single 
totally unexpected result this year. The great variability of the performance of Malathion SE 
over the years is again apparent in just two trials in 2003. 

Finally Warrior Z lE and Ambush 2E were the top performing insecticides during 2003 trials. 
Both are pyrethroids, and the pyrethroids, as a chemical family, are superior to the alternatives to 
which we have compared them. 
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Non-Statistical Comparisons 

As growers, we have greatest interest in those insecticides that perform the best over time. In 
Table 3, I have included those insecticides that we compared in both 2002 and 2003. In all trials, 
I include Malathion SE (the old standard) Warrior Z lE (the new standard) and an untreated 
check. In Table 3, the percent control is the improvement the insecticide provided versus the 
damage in the untreated plots (see footnote Table 3). 

Another way to make a longer term practical comparison is to rank the insecticide according to 
its control performance in each trial and each year. I have summarized them in this manner in 
Table 4. Consistent performing insecticides should rank highly ( e.g. 1 and 2) while poor 
performing will rank low (e.g. 6, 7, and 8). Erratic performance will have intermediate rating 
(e.g. 3 and 4). 

This is still a modest number of comparisons, the largest being S (trials) over two years. 
However, we can begin to have some confidence as the number of comparisons increases1 that 
the insecticide will perform as these values suggest. I would caution against placing a lot of 
value in a single (1) trial. Note the comparison of Malathion SE and Warrior Z lE, each of 
which appears in five trials over two years. 
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Table 1. Comparison of the effectiveness of several chemical families of insecticides 
against wild riceworm (Apamea apamiformis) on wildrice-Grand Rapids, MN. 

Insecticide and Formulation 
· Ambush2E 

Warrior lE 
Proclaim SSG 
Confirm2F 
Malathion SE 
Spintor 25C 
Intrepid 2F 
Untreated 

Dosage in lb AI/ acre 
0.15 
0.025 
0.015 
0.125 
1.0 
0.067 
0.125 

Average Percent of Heads 
Damaged/20 Heads 

23.8 b* 
27.5 b 
43.8 a 
57.5 a 
62.5 a 
66.3 a 
70.0 a 
87.5 a 

*Raw data converted to arc sine for analysis of variance. These letters indicate the differences in 
arc sines at the 5% level. Damage means (23.8 etc.) have more use for the grower. 

Table 2. Comparison of the effectiveness of several pyrethroid insecticides against wild 
riceworm (Apamea apamiformis) on wildrice Grand Rapids, MN. 

Insecticide and Formulation 
Baythroid 2E 
Malathion SE 
Decis 1.SE 
Warrior Z lF 
Mustang Max . 8E 
Capture 2E 
Asana XL .66E 
Untreated 

Dosage in lb AI/acre 
0.15 
1.0 
0.025 
0.025 
0.044 
0.025 
0.025 

Average Percent of Heads 
Damaged/20 Heads 

8.8 c* 
12.5 C 

16.3 C 

16.3 C 

17.5 cb 
27.5 cb 
47.5 ba 
71.3 a 

*Raw data converted to arc sine for analysis of variance. These letters indicate the differences in 
arc sines. Damage means (8.8, etc.) have more use for the grower. 
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Table 3. Average percent control of wild riceworm in wildrice Minnesota 2002-2003 

Average Percent ControlN ear* 
Insecticide and Formulation 

Warrior Z lE 
Mustang Max .8E 
Ambush2E 
Warrior Z lE 
Confirm2F 
Proclaim 5SG 
Intrepid 2F 
Spintor 2SC 
Malathion SE 

Dosage lb 
AI/acre 
0.025 
0.044 

.15 
.025 
.125 
.015 
.125 
.067 
1.0 

2002 
73.1 
57.4 
38.0 
28.8 
43.9 
22.8 
16.8 
10.8 
0.0 

2003 
77.1 
75.5 
73.0 
68.6 
34.2 
49.9 
20.0 
24.2 
28.6 

2002 & 2003 
2 

75.1 
66.5 
55.5 
48.7 
39.0 
36.4 
18.4 
17.5 
14.3 

*Number of damaged heads in untreated-number of damaged heads in treated/number of 
damaged heads in untreated X 100 

Table 4. Summary of ranking in effectiveness including all trials in 2002 and 2003. 

Insecticide and 
Formulation 

Baythroid 2E 
Ambush2E 
Warrior Z lE 
Proclaim 5SG 
Decis l.5E 
Avaunt30WG 
Mustang Max .8E 
Assail 70WP 
Malathion SE 
Confirm 2F 
Spintor 25C 
Intrepid 2F 
Capture 2E 
Acfara25WG 
Provado 1.6F 
Asana .66E 
Untreated 

Dosage in lb AI/acre Number of Trials 

.15 1 

.15 3 

.025 5 

.015 3 

.025 1 

.045 1 

.044 3 

.10 1 
1.0 5 
.125 2 
.067 3 
.125 3 
.025 1 
.031 1 
.047 2 
.025 1 

5 
*Least number = Lowest damage rank 

**Total damage over two years/total number of trials= average rank 
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2002-2003 Average Rank* 
Based on Percent Damage 

1.0** 
1.3 
1.9 
2.3 
3.0 
3.0 
3.5 
4.0 
4.5 
4.5 
5.5 
5.8 
6.0 
6.0 
6.5 
7.0 
7.9 



WILDRICE POLLEN TRAVEL 

Joanna Cregan, Raymie Porter, David Biesboer 

University of Minnesota, St. Paul, MN 

Introduction 

This experiment was set-up in the fall of 2001, 2002, and 2003. This study was designed to 
answer the question, "What is the distance that viable wildrice pollen travels from cultivated 
paddies?" These data will be used by wildrice breeders and growers to determine appropriate 
isolation distances for cultivated varieties. Another important use is to determine appropriate 
isolation distances between natural and cultivated stands to prevent cross-contamination. As 
wildrice breeding advances, this last issue has become increasing important, especially to the 
Native American community. 

Materials and Methods 

A male-sterile transplant method was used to determine the distance of viable wildrice pollen 
travel. This male-sterile plant transplant method was chosen for simplicity. If a male-sterile 
plant has any seed set then pollen must have traveled from the nearest wildrice pollen source a 
known distance away. Male-sterile plants were obtained from a bottlebrush variety paddy. The 
bottlebrush variety does not produce pollen, and has a distinctive appearance. 

This experiment was set-up on the Pine Lake Wildrice Farm (Paul Imle cooperator) in Gonvick 
MN and the Clearwater Wildrice farm in Clearwater, MN (Rod Skoe and Don Barron, 
Cooperators) in early August 2001, 2002, and 2003. There were several differences between the 
2001, 2002, and 2003 procedures. 

Each plant was removed with some surrounding soil and placed in a bucket. Each bucket was 
filled with water and¼ teaspoon of urea was added per bucket. This is equivalent to about 0.4 g 
of N and about 55 kg N/ha ( 49lb/ A). Only plants with at least one emerged panicle and 3 or 
more non-emerged panicles were selected. The emerged panicles were removed because they 
may have already been exposed to pollen. In 2002 and 2003, one panicle on each plant was 
covered with a paper pollen sleeve to prevent outcrossing and to verify each plant was indeed 
male-sterile. Most of these pollen bags were severely damaged during storms, and only 2 were 
fully intact at the end of2002 and O were intact in 2003. 

In 2001, two transects were set up with plots at 0, 100,200,300,400, 800, and 1600 meters from 
a paddy. Transect 1 ran east of the paddy and transect 2 ran south. The furthest site at transect 1 
had to be placed at 1300m in 2001 instead of 1600m due to rough terrain. In 2002 a third 
transect was added heading west of nearby Clearwater Wildrice Farm. In 2002, plots were 
placed at 0, 400,600, 1600, and 3200 (transects 2 and 3 only) meters. Two plants were placed at 
each plot in 2001; this was increased to four plants per plot in 2002 and 2003. In 2003 all 
transects were located near the Clearwater Wildrice Farm. A transect was set-up in each of three 
directions, west, east, and south of a wildrice paddy. Four buckets were placed at plot distances 
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of 0, 800 (west and south transects), 1600, 3200, 4800, and 6400 meters from the closest pollen 
source. 

In early September each year the filled (pollinated) and unfilled (not pollinated) seeds were 
separated and counted for each plant to determine percent pollination. Any panicle with an 
identifiable remnant of the pollen sleeve was counted separately. The seeds on the two panicles 
with intact pollen sleeves in 2002 were counted and no filled seeds were found. To verify that 
all the filled seeds had been pollinated, 25 filled seeds from one plant per plot were randomly 
selected and the embryo was excised from each seed with a dissecting pick. All seeds checked 
contained an embryo. 

Results 

Several problems were encountered over the course of this study. In 2003 it was brought to our 
attention that in 2001 and 2002 a wildrice paddy was located about 800m from the furthest 
bucket on transect one. In 2001 and 2002, a male-fertile plant was discovered in an 800m bucket 
on transect one. It is believed that this plant did produce some pollen. Transect 1 had the 
highest % pollination at each distance measured (See Figure 1 ). In 2002, 5% and 1 % seed set 
was observed for the transects with buckets at 3200m. In 2003, some plants were found to have 
developed male fertile flowers. It is believed that these plants did produce pollen and affected 
the seed set for this year. Phenological and genetic analyses are currently being completed on all 
seed gathered in 2003. These data will allow us to determine if the male parent of each seed was 
from the paddy on Clearwater farm or a research plant on the transects. 
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Conclusions 

The percent pollination at 1 and 2 miles is higher then that reported for com and wheat pollen 
studies. Raynor et al. (1972) reported less then 1 % of the pollen in the air past 60m compared to 
Om for com pollen. Narayanaswamy (1997) found about .4% contamination at distances 600m 
from a com pollen source. 

The 2 mile percent seed sets, 1 % and 5%, observed on transects 2 and 3 respectively in 2002 are 
likely to be higher then acceptable for those concerned about preventing pollen flow between 
cultivated and natural stands ofwildrice. These numbers, however, do not take into account 
competition between local and adventitious pollen. 

To estimate the actual percent pollination by exogenous pollen in a local population, quantitative 
measurements (using the same sampler as in the diurnal release study described in the 2002 
report) of the number of pollen grains in the air in a paddy and at various distances were taken. 
The estimate of adventitious percent pollination was made by taking the average pollen count at 
a distance (Pd) and dividing it by the total of the average Om pollen count (Po) and the distance 
count (Pd), 

Pd/( Po +Pd) = % adventitious pollen in a local population. 

This calculation was made for plots on transect 1. Quantitative counts were made along this 
transect because of the wind direction on sampling days (from the west). After averaging the 4 
counts made on each of 2 days for each plot on transect 1 the above formula was applied with the 
results displayed in figure 2. Comparing this estimated percent pollination to the observed 
pollination for the buckets at each distance it can be seen that in a real situation with competing 
pollen, the percent pollination by adventitious pollen is likely to be much lower that the percent 
pollination observed in this pollen travel study. Although pollen count data is only available for 
transect 1, it is likely that similar results would be observed for any transect. In order to 
determine the actual percent pollination that occurs from a distant pollen source, studies with 
populations with distinct genetic and/or phenotypic markers are necessary. 
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The percent pollination observed and estimated at various distances in this study are higher then 
those observed in com and wheat pollen studies. If further study supports the percent pollination 
estimated for various distances in this study then isolation distances may need to be larger then 
for com and wheat populations. The pollen travel study with pollen counts will be repeated in 
2003, with further attempts to verify male-sterility of all plants. 
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EFFECTS OF MOISTURE CONTENT, STORAGE TEMPERATURE, 
DRYING RATE, AND ANTI-MICROBIAL TREATMENTS ON THE 

VIABILITY OF WILDRICE SEEDS STORED FOR 11 AND 18 
MONTHS. 

Joanna Cregan, Raymie Porter, David Biesboer 

University of Minnesota, St. Paul, MN 

Abstract 

Due to their non-orthodox seed storage behavior, wildrice (Zizania palustris) seeds have 
traditionally been difficult to store for more than one year while maintaining high viability. Two 
experiments were performed to develop a protocol for medium-term storage of wildrice seeds. 
The first experiment examined the effects of storage temperature, seed moisture levels, and 
desiccation rate ofwildrice germination. The second examined the effects of two antimicrobial 
treatments on wildrice germination. The antimicrobial treatments did not improve viability of 
stored wildrice seeds. The best method for the storage of seeds was determined to be at ca. 50% 
moisture dwb (33% fwb) at -6°C. Average percent germination was 84% and was 74% after 11 
and 18 months of storage respectively. This method is relatively simple and easily used by 
wildrice growers, breeders, researchers, and conservationists. 

Introduction 

Previous research on excised embryos of wildrice (Zizania palustris) has shown that the 
optimum moisture contents for storage of wildrice embryos depends on the storage temperature 
that provides a balance between desiccation related damage and freezing damage (Vertucci et al. 
1994b). Drying rate (Vertucci et al. 1991, Wesley Smith 1992) and drying temperature (Berjak 
et al. 1994, Kovach and Bradford 1992a, Ntuli et al. 1997) can also affect the viability of 
wildrice seed during storage. In the first experiment these principles were applied to whole seeds 
in an effort to develop a method of medium-term seed storage that is appropriate for use by 
wildrice breeders and growers. 

Anecdotal evidence suggests that microbial contamination contributes to reduced viability during 
storage of wildrice seeds. Ntuli et al. (1997) reported that contamination may have contributed 
to seed death in their research on wildrice seed stored in water. The second experiment was 
designed to determine if two simple antimicrobial treatments improve viability of seeds stored at 
3 °C and -6°C for 11 and 18 months. 
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Materials and Methods 

Seed source and initial handling 

Seeds were harvested from a natural population ofwildrice in Lake Itasca (Itasca State Park; 
Clearwater County, MN) in September 2001. The seeds were air dried for 24 hours before being 
stored in plastic bags at 3°C until use. 

Experiment 1: Moisture Content, storage temperature, and drying rate 

A total of 21 treatments were used to study the relationship between moisture content of seeds, 
storage temperature, and drying rates. (See table 1 for a complete description of each treatment 
and the shorthand notations used to refer to these treatments in this text.) Seeds were dried at 
25°C (Berjak et al. 1994) in a single layer with a forced air stream of 8 L/min. Three treatments 
were applied to the seed to achieve the three desiccation rates. Seeds in treatment group A were 
left intact, in treatment group B the hulls were removed, and in treatment group C the hulls were 
removed and the seeds were tumbled in a rock polisher with granite chips for 60 minutes. 

Table 1. 

Treatment# 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Summary of the treatments used in seed storage experiment 1. Seeds were stored 
for 11 and 18 months at each of these treatment combinations. 

Shorthand Seed treatment Moisture Storage 
Description - Drying rate Content ( dwb) Temperature 
A20%3C A- slowest 20% 3°c 
A20%-6C A-slowest 20% -6°C 

A20%-20C A-slowest 20% -20°C 
A40% 3C A-slowest 40% 3°c 
A40%-6C A- slowest 40% -6°C 

A40%-20C A- slowest 40% -20°C 
B20%3C B-median 20% 3°c 
B 20%-6C B-median 20% -6°C 

B 20%-20C B-median 20% -20°C 
B40%3C B-medit\11 40% 3°c 
B 40%-6C B-median 40% -6°C 

B 40%-20C B-median 40% -20°C 
C20%3C C-fastest 20% 3°c 
C 20%-6C C-fastest 20% -6°C 

C 20%-20C C-fastest 20% -20°C 
C40%3C C-fastest 40% 3°c 
C 40%-6C C-fastest 40% -6°C 

C40%-20C C-fastest 40% -20°C 
Control 3C 24-hour air dry 50% 3°c 
Control-6C 24-hour air dry 50% -6°C 

Control -20C 24-hour air dry 50% -20°C 
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In November 2001, 20 replicates of 10 seeds each were placed in whirl-pak bags after treatment 
and drying. They were stored at 3°C, -6°C, or -20°C. Ten replicates per treatment were 
germinated after 11 months of storage and 10 replicates after 18 months of storage. These bags 
were covered with aluminum foil to prevent light stimulation of germination. 

Experiment 2: Anti-microbial treatments 

Seeds were harvested from Lake Itasca in September 2001 and then air dried for 24 hours before 
being placed in plastic bags and stored at 3 °C until use. Two antimicrobial treatments were 
used. The first consisted of a 10 minute presoak in a 10% bleach solution (using Austins bleach, 
James Austin Company, 5.25% sodium hypochlorite), follow by a rinse in distilled de-ionized 
and UV irradiated water. For the second treatment-0. lg of dried ground sphagnum moss 
(Nodampoffmilled horticultural sphagnum moss, Mosser Lee Company) was added per seed to a 
whirl-pak bag. Sphagnum moss has a naturally low pH thus affecting microbial growth. The 
third group received no additional treatment (control). Each of the two treatments and the 
control were stored at 3°C and -6°C for a total of six treatment combinations. Twenty replicates 
of25 seeds each were placed in whirl-pak bags after treatment (the sphagnum was left in the 
bag), ten replicates were germinated after 11 months of storage, and ten were germinated after 18 
months of storage. These bags were covered with aluminum foil to prevent light stimulation of 
germination. 

After the 11 month germination, data indicated that the treatment with sphagnum moss had a 
significantly lower percent germination then the other treatments, it was hypothesized that the 
sphagnum moss could have absorbed enough water to cause desiccation damage. To test this 
hypothesis, the moisture content of two seeds from each of the ten replicates per treatment was 
determined after 18 months of storage. 

Experiments 1 and 2: Standard germination 

Each replicate often seeds was placed in a petri dish, covered with de-ionized water, and the 
dish sealed with parafilm. The petri dishes were placed in a growth chamber (12 h light; 22°C / 
12 h dark; l 7°C). The use of diurnally fluctuating temperatures was based on data showing this 
cycle to be optimal for the germination ofwildrice (Atkins et al. 1987, Vertucci and Roos 1993, 
Vertucci 1993). The petri dishes were monitored regularly and germinated seeds were removed 
every two weeks over an eight week period. 

Experiments 1 and 2: Initial viability assessment 

To determine the initial viability of the seeds used in these experiments, seeds were treated and 
immediately germinated using the standard methodology described above. For experiment one, 
six replicates of 10 seeds each were used. For experiment two, seven replicates of 10 seeds each 
were used. After eight weeks of standard germination the embryos were excised and cultured as 
described below. 
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Experiments 1 and 2: Embryo excision and culture 

Three of the 10 replicates for each treatment of the 18 month storage regime ( experiments one 
and two) were randomly selected for further analysis after eight weeks of standard germination. 
The embryo was removed from each non-germinated seed and cultured to determine if residual 
dormancy was present. 

A sterile media containing 4.4g/L Murashige and Skoog basal salts with minimal organics, 
10.0g/L agar, and 8.0g/L sucrose was used for tissue cultures. Seeds were disinfected in a 10% 
bleach (using Austins bleach, James Austin Company, 5.25% sodium hypochlorite) solution for 
10 minutes. The embryos were carefully removed with a dissecting needle and scalpel. After 
excision, the embryos were disinfected in a solution of 5% bleach (using Austins bleach, James 
Austin Company, 5.25% sodium hypochlorite) and 35% ethanol for three minutes, rinsed three 
times with autoclaved de-ionized water, and placed on filled petri dishes. The dishes were sealed 
with parafilm and placed in the growth chamber (12 h light; 22°C / 12 h dark; l 7°C). 

Results 
Initial Viability 

Table 2 shows initial viability of seeds before storage by treatment for experiment 1 and 2. The 
average percent germination ranged from 36% to 75%. The Kruskal-Wallis test determined that 
the means were not significantly different (p=0.5456) for experiment one. An ANOV A 
determined that the means were not significantly for experiment two (p=0.8033). 

Table 2. A and B. A) Average initial viability (before storage) and one standard deviation 
for experiment 1. B) Average initial viability (before storage) and one standard 
deviation for experiment 2. 

A - Experiment 1. 
Treatment 

A20% 
A40% 
B20% 
B40% 
C20% 
C40% 
Control 

B - Experiment 2. 
Treatment 
I -Control 
2 - Bleach Pre-soak 
3 - Sphagnum Moss 

Average Initial Viability(± 1 S. D) 
36%±27.3% 
65%± 18.8% 
64%±25.1% 
67%± 22.1% 
57%±26.7% 
75%± 14.1% 
68%± 26.8% 

Average Initial Viability(± 1 S. D.) 
63%± 13.5% 
54%± 19.5% 
63%± 26.5% 
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Experiment 1 

The average percentage germination after 11 and 18 months of storage for each treatment are 
presented in figure 1. After 11 months of storage, a nonparametric test was used to test if the 
treatments were significantly different as the data did not meet the assumptions of an ANOV A. 
The Kruskal-Wallis test showed that the means are significantly different (p<0.0001). All pairs 
were compared using the Tukey-Kramer HSD. The greatest percent germination after 11 months 
of storage was 84% and was observed from seeds in treatment 20 ( control at -6°C). This 
treatment was significantly different from all other treatments. The second greatest percent 
germination was treatment 17 (C 40% -6°C) at 61 %. This latter treatment was not significantly 
different from treatment 10 (B 40% 3 °C) which showed the third greatest percentage of 
germination. 

After 18 months of storage, seeds germinated in only six treatments. The Kruskal-Wallis test 
indicated significant differences between the treatments (p<0.0001). The Tukey-Kramer HSD 
was used to compare all pairs of treatment means. As with the 11-month data, treatment 20 
( control at -6°C) had the greatest percentage germination and was significantly greater than the 
other treatments. The second and third greatest average percent germinations were treatments 11 
and 17, respectively (C and B 40% at-6°C). 
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Experiment 2 

The average percentage of germination after 11 months and 18 months of storage can be seen in 
figure 2. An ANOV A followed by a Tukey Kramer HSD was used to compare all averages. 
After 11 months, the percent germination of treatment 3 (sphagnum moss) at both 3°C and -6°C 
was significantly lower then the other four treatments. The percentage germination of treatments 
1 and 2 at both storage temperatures were not significantly different from each other. After 18 
months of storage, the percent germination of treatments were compared using the 
K.ruskaVWallis test and the Tukey Kramer HSD. Three groups of treatments were identified 
whose average percent germinations were significantly different from the other groups but not 
significantly different from the averages within a group. The first group contained treatments 1, 
2, and 3 stored at 3°C, the second was treatment three stored at-6°C, and the third group 
consisted of treatments 1 and 2 stored at -6°C. 
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Average percent germination for experiment 2 after 11 and 18 months of storage 
and after various anti-microbial treatments. Tl = control , T2 = bleach pre
treatment, T3 = sphagnum moss. Error bars represent one standard deviation. 

Experiment 2: Moisture content analysis 

The average moisture content of the seeds in each treatment were compared using an ANOV A 
on both a fresh weight and dry weight basis. Neither analysis indicated significant differences 
(fresh weight data p=0.0993, dry weight data p=0.1426). See figure 3 for fresh weight and dry 
weight averages by treatment. 
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Sphagnum Bleach 
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Ill% moisture fwb 

C% moisture dwb 

Control 

Figure 3. Moisture content on a dry and fresh weight basis of seeds stored for 18 months in 
experiment 2. Error bars represent one standard deviation. 

Embryo excision 

Experiment 1. Germination of embryos excised from seeds that did not germinate after eight 
, weeks of traditional germination was observed in only four treatments. These were treatment 5 
(A 40% -20°C), treatment 6 (A 40% -6°C), treatment 11 (B 40% -6°C), and treatment 17 (C 40% 
-6°C). In each of these treatments, some seeds had germinated during traditional germination. 

Experiment 2. Germination of embryos excised from seeds that did not germinate after eight 
weeks of traditional germination was only observed in seeds from treatment two at -6°C after 
excision and tissue culture. This treatment also had the greatest average percentage of standard 
germination. 

Discussion 
Initial viability 

Statistical analysis indicated that the percent germination before storage was not significantly 
different among treatments for either experiment. Thus, no initial difference was observed in 
viability among the treatments. 
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Experiment 1 

A moisture content of ca. 50% dwb, storage at -6°C, and no additional treatment (treatment 20) 
resulted in the greatest observed percentage of seed germination after both 11 and 18 months of 
storage. The average percentage of germination after 18 months remained at over 70%, which is 
considered desirable by wildrice growers and breeders (personal communication, Raymie 
Porter). 

The combination of storage at -6°C and 50% moisture dwb most likely represents an optimum 
combination of a moisture level that reduces damage from desiccation and a temperature that 
does not cause freezing damage at that moisture level. The first evidence for optimum 
combinations of moisture contents and temperatures resulting in high viability was reported by 
Vertucci (1993), Vertucci et al. (1994a), and Vertucci and Roos (1993). Vertucci (1993) 
discussed the thermodynamic principles behind predicting optimal storage conditions. For some 
desiccation intolerant seeds an appropriate combination may not exist, in these cases vitrification 
should be pursued. Vertucci et al. (1994b) discussed wildrice seeds storage in terms of aw (water 
activity corresponding to critical water content). They determined that optimum storage 
conditions can depend on seed variety and maturity. They predict that mature seeds stored at 30 
- 50% moisture dwb can be stored at temperatures as low at -15°C. The range of moisture and 
storage temperature that can be used is greater for more mature seeds. Research by Kovach and 
Bradford (1992a and b), Roberts and Ellis (1989), and Simpson (1966) supported -6°C and/or 
40-50% moisture dwb as optimum for wildrice storage. 

Drying the seeds to a moisture content of20% moisture dwb never resulted in germination 
greater then 21 %, and was often much lower. Treatment 2 (A 20% -6°C) with an average of one 
percent germination was the only one of the 20% moisture treatments with germinated seed after 
18 months of storage. This result was not unexpected due the desiccation intolerance ofwildrice 
seeds. 

Storage at -20°C, regardless of moisture, resulted in low viability after 11 and 18 months of 
storage. The greatest percent germination measured after -20°C storage was 19% for treatment 3 
(A 20% -20°C). After 18 months, a single treatment stored at -20°C resulted in germination 
(treatment 6, A 40% -20°C) with an average percent germination of 7%. The loss of viability at -
20°C is likely the result of freezing damage at the higher moisture content levels ( 40% and 50% 
dwb) or could be freezing damage and/or desiccation damage at the lower moisture content level 
(20%). Vertucci et al. (1994b) concluded that wildrice could not maintain viability in storage at 
less then -15°C. 

The effects of moisture content and storage temperature on the viability of wildrice seed changed 
with storage time. Treatments stored at 3°C did not germinate after 18 months of storage, 
despite average percent germination of up to 4 7% after 11 months of storage. One possible 
cause is a combination of desiccation damage of the 20% dwb seeds and in-storage initiation of 
germination of the higher moisture content seeds. Farrant et al. (1986, 1989) demonstrated that a 
major cause of recalcitrance in non-dormant seed can be germination induced dehydration 
damage. Germination increases demand for water, which was unavailable during storage, 
resulting in subsequent desiccation damage and death of the embryo. 
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After 11 months of storage, at the slowest drying rates (A treatments), the greatest percent 
germination was observed in treatments for the 20% dwb treatments and the 40% dwb -20°C 
treatments. In order to decrease the drying time increasing seed deterioration due to scarification 
was imposed. The results in regard to desiccation rate are not consistent. The data indicate that 
after 11 months of storage, the storage conditions imposing the greatest initial desiccation or 
freezing stress (20% dwb and -20°C treatments) had higher viability in combination with the 
desiccation treatment imposing the least additional stress (seeds intact). The percent germination 
after 11 months of storage for treatments 3, 9, and 11 (20% and -20°C) demonstrates this trend. 

For the other storage conditions (40% and -6°C) the benefits from faster drying times seem to 
have overcome any treatment imposed stress. These storage conditions resulted in increased 
germination with decreased desiccation rate. This result can best be observed by comparing the 
percent germination of treatments 5, 11, and 17 (40% and -6°C treatments) after 18 months of 
storage. The control treatment did not follow this pattern. It likely represented an optimal 
moisture level in combination with the -6°C storage temperature. The benefits of the optimal 
combination seem to have overcome the benefits of increased drying time. 

Experiment 2 

The goal of this experiment was to determine if either or both of two antimicrobial treatments 
increased the percent germination ofwildrice seed stored for up to 18 months at 3°C and -6°C. 
The data do not indicate any increased germination related to the antimicrobial treatments. In 
fact, the sphagnum moss treatment resulted in a significant reduction in percent germination. 
The results of this experiment indicate a significant effect of storage temperature and storage 
time on the viability wildrice seed. 

After 11-months of storage, both the control and bleach treatments resulted in a percent 
germination of 80% or more after storage at both 3 °C and -6°C. The average percent 
germination for the sphagnum moss treatments was about 25%. No significant effect of storage 
temperature on germination was observed after 11-months of storage. 

After 18 months of storage only the seeds stored at -6°C were viable. The seeds stored with 
sphagnum moss again had a significantly lower percent germination then the other two 
treatments. These data indicate that the optimal storage temperature to maximize percent 
germination of 24-hour air dried seed stored up to 18 months is -6°C. Using a bleach pre
treatment had no effect on seed viability, and sphagnum moss significantly reduced viability. 

After 18 months of storage, two seeds from each replicate were removed before germination to 
determine moisture level. This was done to test the hypothesis that the sphagnum moss may 
have absorbed enough moisture from the seeds to significantly reduce germination in those 
treatments. 

No significant difference in seed moisture content at the 18-month germination was observed. 
The p-value was approximately 0.1 indicating a trend for differences between the treatments. 
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Treatment 3 had the lowest moisture content. The data indicate that reduced moisture content 
may have caused significantly lower germination of treatment 3 seeds. 

The high percent germination in the control and bleach treatments in this experiment are similar 
to the greatest percent germination observed in experiment one. Both experiments lead to the 
conclusion that to maintain high viability after 18 months of storage the optimum protocol is to 
store seeds at ca. 50% moisture dwb (33% fwb) at-6°C. 

Embryo excision 

Experiment 1. Are non-germinated seeds nonviable or dormant after 11 months of storage? To 
address this question, embryos were excised from the non-germinated seed of three of the ten 
replicates for each treatment after 18 months of storage. In experiment one, cultured embryos 
from four of the treatments germinated in the growth chamber. These were treatments 2, 3, 11, 
and 17 (A, B, and C, 40% at -6°C and A 40% at -20°C). These data indicate that there may have 
been some residual dormancy in these treatments. No embryos germinated from treatments in 
which no whole seeds germinated, indicating that these treatments resulted in complete embryo 
death. 

Experiment 2. A single embryo geminated during tissue culturing, suggesting that after 18-
months little or no residual dormancy occurred in the seeds. The embryo that germinated was 
from treatment 2 stored at -6°C. 

Conclusions 

The seed used in this experiment was from a natural wildrice population. It may not be 
applicable to all improved seed varieties. However, wildrice breeders at the North Central 
Research and Outreach Center (U of MN, Grand Rapids, MN) have begun storing cultivated 
varieties ofwildrice seed at -6°C with good results after short storage times (personal 
communication, Raymie Porter 2003). The control in this study was seed dried for 24-hours. It 
is possible that fully hydrated seed would also result in high viability after storage at -6°C, 
although it is also likely that seeds at higher moisture contents could suffer freezing damage. 

Based on the results of this research, the optimum protocol for medium term storage ofwildrice 
seed is to store seeds at 50% moisture dwb (33% fwb) at -6°C. This method eliminates the need 
for additional stratification to break dormancy. Seeds from wildrice paddies are harvested at 
approximately 31-35% fwb, thus they should be ready for immediate storage at -6°C after 
harvest. 
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Introduction 

The use of molecular markers has proven useful for plant improvement. RFLP (restriction 
fragment length polymorphism) markers have been the markers of choice due to their 
codominant expression. Codominant expression allows the heterozygous individuals in a 
population to be distinguished from the homozygous dominant individuals. While RFLP 
markers are useful for marker-assisted selection and routine genotype fingerprinting, the 
technology is expensive and laborious. The entire process from DNA extraction through data 
collection takes from 7 to 10 days and requires the use of radioactive phosphorus-32. 

In the early 1990's, a new type of molecular marker was developed called a microsatellite or 
simple sequence repeat (SSR) marker. This marker takes advantage of the presence ofrepetitive 
DNA sequences that occur in almost all organisms. These regions of repetitive DNA are 
inherited in a Mendelian fashion by offspring from their parents. As DNA sequencing 
technology becomes faster and more accurate, it has become possible to sequence these regions 
ofrepetitive DNA and use the flanking sequence on either side of the repeat region to design 
DNA primers. These primers can then be used in PCR (polymerase chain reaction) reactions to 
genotype individuals to determine the size of each SSR region. PCR is relatively fast, taking 2 to 
4 hours to run and does not require the use of radioactivity. 

The major drawbacks to developing SSR markers are the cost involved in generating a genomic 
DNA library of the organism of interest that is large enough to include 99% or more of the total 
DNA sequence and the sequencing of each piece of DNA included in the library. While SSR 
markers from one species are generally not useful in another species, we tested the usefulness of 
SSR markers developed in Oryza sativa (cultivated white rice) in Zizania palustris (wildrice). 
This experiment was based on earlier work that has shown Oryza sativa and Zizania palustris to 
be about 80% colinear in genetic makeup (Kennard et al., 2000). The existing rice EST 
( expressed sequence tag) database has been screened for SSRs (McCouch, 2002). Primers were 
designed for each of the SSR loci and each marker locus was mapped either experimentally 
using a set of rice recombinant inbred lines or in silica through DNA sequence alignment with 
sequence rice BA Cs (bacterial artificial chromosomes) which have been previously mapped 
(McCouch et al., 2002). 
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Materials and Methods 

A set of SSR markers representing all 12 Oryza sativa chromosomes was randomly selected 
using the 2001 Cornell SSR molecular map (www.gramene.org). Approximately 10 markers 
were chosen from each Oryza chromosome resulting in a set of 120 markers. The DNA 
sequence for each marker set was downloaded from the Gramene database. Oligonucleotides for 
use as DNA primers in PCR reactions for each marker were synthesized by Qiagen-Operon 
(www.operon.com). 

Each SSR marker was tested for amplification of wildrice DNA (figure 1 ). Those markers that 
successfully amplified wildrice DNA were screened for polymorphism against a random subset 
of 12 individuals from the Johnson X Dora wildrice F2 mapping population (figure 2). SSR 
markers that exhibited polymorphism were assayed using the entire mapping population (141 
individuals). 

Figure 1. SSR screening for amplification ofwildrice DNA. Lanes 1 and 23 are 100 hp DNA 
ladders. Every 2 lanes beginning with lane 2 represent a different SSR marker (i.e. 
lanes 2 and 3 show PCR product using the same SSR marker). Even numbered lanes 
2-20 and 24-42 contain PCR product using Oryza sativa DNA as a control. Lanes 
22 and 44 are empty lane. Odd numbered lanes 3-21 and 25-43 contain PCR 
product using wildrice DNA. 
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Figure 2. Screening SSR markers for polymorphism in a subset of a wildrice F2 mapping 
population. Lane 1 is a 100 bp DNA size ladder. Lanes 2-13 contain PCR product 
using SSR marker RM304. Lanes 14-25 contain PCR product using SSR marker 
RM147. The RM304 marker exhibits apparent dominant expression for a 400bp 
band while the RM147 marker exhibits codominant expression of2 bands 200bp 
and 250bp respectively. 

PCR was carried out in 15ul reaction volumes consisting of 3ul genomic DNA template, 4.125ul 
of distilled water, lul of mixed forward and reverse DNA primer and 6.875ul ofHotstar Taq 
DNA polymerase master mix (Qiagen, Inc.). The product of each PCR reaction was 
electrophoresed on a 1.5% agarose gel for 3 hours at 150 volts. The agarose gel was stained with 
ethidium bromide (0.5 mg/ml final concentration) and visualized under UV light using GelDoc 
2000 software (BioRad). Bands were called by eye using two independent scores (figure 3). 
DNA amplification was achieved by cycling the PCR reaction mix as follows: 

95° C for 15 minutes 
95° C for 30 seconds J 
55° C for 45 seconds 35 cycles 

. 72° C for 1 minute 
72° C for 10 minutes 

4° C hold 

Discussion 

Marker genotypes were entered into Microsoft Excel and Chi-Square analysis was performed to 
determine goodness of fit to the expected Mendelian ratio. The expected ratio for codominant 
markers is 1 :2: 1 and for dominant markers is 3: 1. Markers were accepted for mapping if they fit 
the expected ratio at a p-value of .01. 
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A 

Of the 120 SSR markers tested, 92 of them (76.6%) successfully amplified wildrice DNA. Of 
those 92, 75 markers (81.5%) exhibited polymorphism in the F2 subset. These 75 markers were 
assayed using the entire 141-member F2 mapping population. Forty of the 75 markers (53.3%) 
passed the Chi-Square analysis for goodness of fit, and will be mapped using the JoinMap 3.0 
software package. 

Figure 3. 

B 

Visualization of band patterns in the wildrice F2 mapping population resulting 
from PCR of polymorphic SSR markers. Image A above is of marker RMl 06. 
Lanes 15, 16 and 17 depict example codominant expression. Image B above is of 
marker RM85. Lanes 1 and 2 depict example dominant expression. The F2 

mapping population has 141 members. Due to restraints on gel size, 46 
individuals fit on a single gel and are shown for each marker above. 

The current goal of the wildrice molecular mapping project is to add 120 PCR-based SSR 
markers to the wildrice molecular map. This mapping effort will effectively double the density 
of the wildrice molecular map. This experiment has shown that some of the SSR markers that 
have been developed in Oryza sativa successfully amplify wildrice DNA and will be useful in 
expanding the wildrice molecular map. While 40 of 120 SSR markers (33%) exhibited usable 
polymorphism, there are about 2500 SSR markers mapped to date in Oryza sativa. Therefore, in 
order to add 120 markers to the map, about 240 additional Oryza sativa SSR markers will need 
to be screened. 

Currently, an additional 114 markers are being screened against the F2 family. Once the 
polymorphic SSR markers that pass the Chi-Square test are identified in this set, they will be 
mapped along with the 40 markers described above using the JoinMap 3.0 software package. 
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Once these new polymorphic SSR markers are added to the wildrice molecular map, they can be 
used in QTL ( quantitative trait locus) analysis to determine if any of them may be linked to 
important agronomic traits such as shattering resistance. These SSR markers will be relatively 
easy to incorporate into an early selection breeding program, which should lead to faster 
development and release of new wildrice varieties. 
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Introduction 

To test disease resistance of selected wildrice cultivars to the foliar diseases Fungal Brown Spot 
(FBS) caused by Bipolaris oryzae and Spot Blotch (SB) caused by Bipolaris sorokiniana, large 
quantities of conidial (spore) suspensions of the pathogens are required for field inoculations. 
The standard method of growing the Bipolaris species on whole oat medium in a closed 
container used in the past has a number of shortcomings, including low numbers of spores 
produced and poor germination of spores collected. Possible explanations for these problems 
may be less than ideal culture medium or food source for these particular fungi, harvesting 
spores too early or too late in the incubation period, or a toxic environment created in the culture 
vessels due to build up of some waste product. Three experiments were conducted to address 
these issues. Their objectives were: 1) to test five different culture media for spore production, 
2) to track spore production and viability over time, and 3) to test the effects of air exchange 
within the culture vessel through either a gas permeable plastic wrap or venting filter device. 

Materials and Methods 

Spore production of different media 

Five different types or combinations of culture media were prepared: 1) whole oat; 2) freshly 
harvested wildrice, approximately 40% moisture content, with hulls; 3) freshly harvested 
wildrice, dried to approximately 0% moisture, then re-hydrated; 4) perlite (a porous, inert, 
inorganic potting medium), mixed with cornmeal and 1 % potato dextrose agar (PDA) according 
to Miles and Wilcoxson; and 5) perlite mixed with ground processed wildrice (soup grade) and 
1 % PDA (a modification of Miles and Wilcoxson method). 

Culture media were prepared in 8" x 8" disposable aluminum cake pans, two pans for each 
medium. Media were autoclaved for 2 hours 2 days in a row and allowed to cool to room 
temperature before inoculating. One pan of each medium was inoculated~with the Bipolaris 
oryzae fungus and one pan was inoculated with the Bipolaris sorokiniana fungus, by mixing in 
1 cm2 pieces of agar and mycelium from 2-week-old cultures. Three different fungal isolates of 
the same species were used in combination for inoculation and were selected to represent a broad 
geographical area, wildrice variety and history of fungicide use of the paddies they were 
collected from. Pans were covered with aluminum foil and allowed to incubate at room 
temperature for 2-3 weeks. 

At the end of the incubation period, inocula, or spore suspensions, were made by mixing the 
contents of a single pan with a measured amount of de-ionized water and filtering through a 
double layer of cheesecloth over a piece of window screen material into a bucket. In order to 
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determine concentration (spores/ml), three subsamples of spore suspensions were counted 
microscopically with the aid of a hemacytometer, a glass slide with grids on it routinely used to 
count blood cells (Fig. 1), according to the method of Tuite. A small amount was then diluted to 
approximately 100 spore/ml, and a 1ml sample of that was placed on a petri dish of acid potato 
dextrose agar (APDA) to check germination after 24 hours of incubation at room temperature. 

Figure 1. Hemacytometer used to measure spore concentration of inoculum. 

Production and viability over time 

Based on the results of the first experiment, the medium comprised of perlite, ground wildrice, 
and 1 % PDA was selected to monitor production and viability over time. Medium was prepared 
in 500 ml plastic, microwave-safe casserole dishes, by mixing perlite, ground processed wildrice 
and 1 % PDA in a 1 :2:4 (w:w:v) ratio described by Miles and Wilcoxson. Dishes were 
autoclaved for 2 hours and allowed to cool to room temperature overnight. Half the dishes were 
inoculated with B. oryzae isolates and half the dishes were inoculated with B. sorokiniana 
isolates (as described in the previous experiment). Dishes were covered with sterilized snap-on, 
nearly airtight, clear blue plastic lids, and allowed to incubate on the lab bench top at room 
temperature under cool white fluorescent lighting. Starting one week from the time of 
inoculation, and every week thereafter for a period of 8 weeks, one dish for each species was 
made into an inoculum suspension and the spore concentration was estimated, according to the 
procedures described above (see Fig. 2). To quantify viability, a subsample was diluted to 
approximately 100 spores/ml, and then .1 ml of this dilution was placed on the surface of a thin 
layer of APDA in a searching grid plate, a disposable plastic petri dish with grid lines on the 
bottom (see Fig. 3). 
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Figure 2. 

Figure 3. 

Culture dish (left) of B. oryzae and filtration of spores from cultures grown on 
perlite, wildrice, and PDA medium (right). 

Gridded petri dish with thin layer of PDA, inoculated with dilution of Bipolaris 
spores, to facilitate counting germinating spores. 

Effects of air exchange 

To run concurrently with the weekly sampling protocol, another series of culture media was set 
up monitor the effects of air exchange within the culture vessel. Whole oat medium and perlite, 
wildrice and 1 %PDA medium were prepared in equal numbers in 8" x 8" disposable aluminum 
cake pans. Half the pans were inoculated with B. oryzae isolates and half were inoculated B. 
sorokiniana isolates (the same isolates as described above). To allow air exchange to the culture 
vessels, half the pans were covered with gas permeable PVC clear wrapping film and half were 
covered with clear sterilized plastic snap on lids fitted with Whatman® BuggStopper™ sterile 
venting closures (see Fig. 4). Cultures were allowed to incubate on the bench top at room 
temperature for 6-7 weeks, and spores were harvested, counted, and germinated according to 
procedure set forth above. 
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Figure 4. 
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B. sorokiniana growing on whole oat media in pans covered with breathable PVC 
film (left) or a plastic lid with Whatman® BuggStopper™(right) for air exchange. 

Results and Discussion 

Spore production of different media 

The addition of ground processed wildrice to the culture medium produced a greater number of 
spores of B. oryzae than is typically obtained on whole oat medium, 3,000 spores/ml versus 340 
spores/ml, a nearly ten fold increase (Fig. 5). However, Bipolaris sorokiniana still produced the 
most, 74,000 spores/ml, on whole oat medium (the standard method), with the perlite, wildrice 
and PDA mixture coming in a close second at 62,000 spores/ml. B. sorokiniana produced more 
spores than B. oryzae on all media tested. The use of fresh (i.e., undried) whole grains of 
wildrice as a medium did not produce satisfactory results, resulting in only a few spots of 
mycelia. This may have been because water was not added to the medium. Although whole oat 
medium has water added, we thought this would have been unnecessary due to the already higher 
moisture content of wildrice at harvest. It did not appear to be high enough to sustain lush 
Bipolaris growth under these conditions. 

Both species had excellent germination on the perlite, wildrice, and PDA medium ( data not 
shown). An additional bonus to the perlite, wildrice, and PDA mixture is that it breaks up easier, 
therefore mixes better, and doesn't tend to clog screens and filtering material like the whole oat 
medium does due to the abundance of soluble fiber in the oats. Not having to stop and clean 
screens of spraying equipment would be an advantage when applying inoculum under field 
conditions. In addition, this medium has the advantage of being able to be air-dried and stored 
for later preparation of spore suspension. This would enable the inoculum to be grown ahead of 
time, stored until the time it is needed, then used to quickly prepare a spore suspension on short 
notice. 
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Figure 5. Spore production of B. oryzae (left) and B. sorokiniana {right) on different media. 

Production and viability over time 

In a closed container, spore production and viability peak and then drop off sometime after 4 
weeks. For B. oryzae, spore numbers were greatest, 55,670 spores/ml, at 4 weeks after 
inoculation, and germination rates fell sharply from nearly 100% at week 4 to zero by week 6. 
The decline in spore numbers may have been due to decomposition of spores that had lost their 
viability (died). For B. sorokiniana, spore numbers were greatest at week 8, 178,000 spores/ml, 
but at that stage, germination had fallen to zero. Spore numbers were high, 165,330 spore/ml, 
and germination was excellent at week 4 for B. sorokiniana. 

Even though the experiment was initially set up to run 12 weeks, it was discontinued after 8 
weeks because no germinating spores were found at the week 7 and week 8 sampling intervals. 
Coinciding with the reduction in viability, a strong, ammonia-like odor was observed when the 
culture containers were opened, as well as an apparent loss of integrity of many of the spore 
walls. For both species, it appears that, at least on this medium in a closed container, that 4 
week-old cultures are optimal for harvesting viable spores for field inoculations of plants. 

Effects of air exchange 

The gas permeable PVC wrap and filter vent devices used in this experiment also allowed 
moisture to escape, resulting in dried-out cultures, as evidenced by the medium shrinking away 
from the edges of the pans. The first replication was counted at week 6. The second replication 
was re-hydrated with sterilized de-ionized water at week 7 by replacing the amount of water lost 
over the course of the incubation period, based on before and after weights, and allowed to 
incubate for another week. At week 8, the second replication was counted. 
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Spore numbers for either species did not change significantly from the first sampling period (6-7 
weeks) to the second (8 weeks), so the two sampling times were averaged together for spore 
production (Fig. 7). Again, the perlite, wildrice, PDA medium produced more spores than the 
whole oat medium. The stopper-vent method produced slightly more spores than the PVC film 
method using the perlite medium, but not for the whole oat medium. B. oryzae spore production 
was lower in this experiment than in the timing experiment, possibly having already declined 
past its optimum. 
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Viability of the spores of either species harvested from the whole oat medium did not decline 
much between the 6-7 week harvest (98-100%) and the 8-week harvest (76-98% ). However, 
germination of the two B. oryzae cultures on the perlite, wildrice, PDA medium declined to zero 
or nearly so (Fig. 8). This may have been due to flooding, since the water added back into the 
system(s) was not readily reabsorbed by any of them. In addition, the B. oryzae spores may be 
more fragile than the B. sorokiniana spores, as indicated in the previous experiment, and thus 
more susceptible to metabolic by-products, even with some aeration. However, B. sorokiniana 
grown in on the perlite-wildrice medium with the stopper-vent also did not have many viable 
spores in this experiment, regardless of when they were harvested. 

Conclusions 

The medium consisting of perlite, wildrice and 1 % PDA has a number of advantages over the 
previously standard whole oat medium, i.e. better numbers of spores and easier to work with, 
doesn't clog filtering devices. Its main disadvantage is that it would be more costly to buy 
processed wildrice from a grocery store than bulk whole oats from a farm supply store. 

The optimum harvest time for Bipolaris spores of either species is about 4 weeks, when spore 
numbers are maximized and loss of viability is minimized. Viability may be extended somewhat 
using PVC film for aeration. Knowing when peak spore numbers and viability occur makes it 
possible to better time the growth phase of fungi of interest to coincide with inoculating of plants 
during the normal growing season. But if the spores are grown on the perlite-wildrice medium, 
they could be grown and harvested prior to the inoculation season and stored in an air-dried state 
until the day inoculum is needed. However, we have not yet confirmed the spore production and 
viability for such dried medium. 

Adequate number of spores produced allows for dilution and standardization of inoculum to a 
desired concentration for field application. Verifying the viability of spores ensures the 
inoculum is able to cause disease under favorable conditions. Methods can be applied or adapted 
to the examination of other fungal pathogens on cultivated wildrice. 
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Introduction 

Wildrice growers in California use a combination of direct observation of grain maturity and 
grain moisture as guides to maximize harvest yield. For grain moisture measurement, when the 
first dark kernels are observed, heads are randomly selected every 3-4 days, the grain is stripped 
and percent moisture determined. When moisture declines below 35%, harvest is imminent. 

Minnesota growers observe a number of factors in making harvest decisions, including number 
of dark kernels, and the progress of shattering, disease and lodging. Newer varieties with greater 
resistance to shattering, disease, and lodging may make it more difficult for producers to judge 
the right time to harvest for maximum yield. 

Some of the more shattering resistant varieties in Minnesota also tend to have shorter seeds. It 
has been suggested that longer seeds tend to shatter more readily as they mature, due to greater 
effect of the forces that break them off. 

We conducted three experiments on two ranches in California, and four experiments on two 
commercial paddies and two research paddies in Minnesota, to evaluate the relationship between 
yield, shattering, and grain moisture at selected harvest dates, and to assess any changes in seed 
length and width over time. 

Materials and Methods 

Each experiment consisted of a single variety, either staked out in an already established paddy 
on-farm or planted by researchers in 4-row plots. In California, Franklin and Johnson paddies 
were used and plots were staked out in a Randomized Complete Blocks (RCB) design, with 
either 5 or 2 replicates of each harvest date (Table 1 ). In Minnesota, layout was in a Latin 
Square design, using Franklin or Petrowske Purple. The Latin Square design was chosen to 
account for spatial variability in two directions-RCB only accounts for variability in one 
direction. 

On-farm plots were staked out early in the season. In California, plots were 4' x 10' with a buffer 
zone of the same size alongside each harvested plot, and alleys of2' separating the ends of the 
plots. Plots were laid out in a 5 plot x 5 plot grid. 

At the on-farm trials in Minnesota, plots were also laid out in a 5 x 5 grid. Plots were 5' x 10' 
with a buffer zone of the same size alongside each harvested plot, and an alley of 5' separating 
the ends of the plots. Research paddies in Minnesota were planted as 4-row plots, with 1 O' rows 
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spaced 12" apart. At the Clearwater site, plots were separated by 5' of empty space alongside 
and 6' alleys separating the ends. At the Itasca site, where space was more limited, plots were 
separated by 2' of space alongside and 4' alleys separating the ends. 

Table 1 Location, cultivar, and design of seven harvest timing experiments 

EXPT 

1 
2 
3 

4 
5 
6 
7 

LOCATION 
California 
Farm 1, E. Shasta Co. 
Farm 2, E. Shasta Co. 
Farm 2, E. Shasta Co. 
Minnesota 
Farm 3, Aitkin, Co. 
Farm 4, E. Polk Co. 
Research paddy, Itasca Co. 
Res. paddy, Clearwater Co. 

CULTIVAR DESIGN 

Franklin RCB, 5 replicates 
Franklin RCB, 2 replicates 
Johnson RCB, 2 replicates 

Franklin ( 4th yr stand) 5x5 Latin Square 
Franklin ( 6th yr stand) 5x5 Latin Square 
Franklin 5x5 Latin Square 
Petrowske Purple 5x5 Latin Square 

Shattered seeds were collected in 7' (CA) or 8' (MN) PVC troughs (4" width) that had been 
placed in plots at flowering. Five harvest dates were timed to begin before normal harvest. 
In CA, harvests were about one week apart. In MN, harvests were about 2-3 days apart, due to 
high temperatures and accelerated plant senescence. At each harvest date, seeds from each 
harvested plot's trough were weighed. Plots were then harvested as follows: In CA, heads were 
harvested in a 7' x 3' strip centered on each trough, and grain was stripped by hand and weighed. 
In MN, a binder was used to cut a 22" x 8' swath from each plot. Bundles were threshed in a 
bundle thresher and threshed grain was weighed. Grain moisture was determined by drying at 
60°C. Grain was then hulled to give a crude estimate of "finished yield" on a dry basis. Approx. 
150-250 seeds from each plot were scanned and analyzed for seed length and width using 
WinSeedle software (Regent Instruments, Inc.) 

Results 
California: 

Experiment 1. 
Yield of Franklin peaked at 845 lb/A with moisture levels of 32% (Fig. 1). Yields of 648 lb/A 
were measured at 21 % moisture, but shattering rose to 15%. Shattering increased to 69% as 
moisture dropped below 20% and yields declined to 114 lb/A. 

Experiment 2. 
Yield of Franklin peaked at 1296 lb/A when moisture levels were 26% (Fig. 2), then fell quickly 
with moisture level of23-24% and to lowest levels of309 lb/A when moisture dropped to 16%. 
Shattering rose from 6 to 20% as moisture dropped from 31 to 26%. 

Experiment 3. 
Yield of Johnson was lower than Franklin, as expected. Highest yield of987 lb/A was at 32% 
moisture (Fig. 3). Johnson moisture levels for lowest yields never dipped below 22%. 
Shattering went from 8 to 33% as moisture declined from 32 to 29%. 
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Minnesota: 

Experiment 4. 
At first harvest, Franklin shattering was already 25% and yield was only 146 lb/A (Fig. 4). The 
moisture level of 44% was indicative of immature grain, which would be expected of shattering 
type plants that lose their seeds before they fully mature. Fourth and fifth harvests were 
abandoned, having already reached 80% at the third harvest with a high moisture level (41 %). 

Experiment 5. 
Yield of this Franklin stand was also low, peaking at 150 lb/A with 49% moisture (Fig. 5). As 
yield dropped and shattering increased, moisture levels were never drier than 43%, another 
indication of a high proportion of shattering plant types. 

Experiment 6. 
Yield of this Franklin was considerably higher than in volunteer paddies, peaking at 464 lb/ A at 
the third harvest (Fig. 6). Shattering remained low, never exceeding 6%. Some seeds may have 
already shattered before troughs were placed in plots. Yield peaked when moisture was at 36%, 
then dropped as moisture declined to 26%. This experiment was planted from seed, not a 
volunteer stand from shattered seeds from a paddy in continuous production as in Experiments 5 
& 6. Seed source for this experiment was from a California first year stand, and thus had a 
relatively low frequency of shattering plants. 
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Experiment 7. 
Yield of Petrowske Purple peaked at the third harvest at 411 lb/A with 33% moisture (Fig. 7). 
Shattering increased with subsequent harvests to a final 23%, but moisture remained steady at 
33% to the end. Later-maturing tillers might have contributed additional immature seeds to 
balance maturation of seed from earlier tillers. Petrowske Purple has been selected for greater 
yield and shattering resistance than Franklin, so yield tended to be more stable over time. 
However, in all Minnesota experiments, plants senesced and began lodging more rapidly than in 
California. 
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Seed length decreased by 1.0 mm (2.5/64 inch) between the first and last harvests (a 4 week 
span) in each of the California experiments (Figs. 8-10). Across harvests in Minnesota, seed 
length decreased only in one of the Franklin experiments (Fig. 11 ). It decreased by about 0. 7 
mm between the first and fourth harvests, then increased slightly at the final harvest. This 
experiment was one of the two on-farm experiments where shattering had increased 
significantly. No significant change in length was noted in the other Minnesota experiments. 
Seed width generally tended to increase as length decreased, indicating maturation in the form of 
increased plumpness. 
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Figure 8 Hulled seed length and width of Franklin in Experiment 1, CA. 
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Figure 9 Hulled seed length and width of Franklin in Experiment 2, CA. 
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Figure 10 Hulled seed length and width of Johnson in Experiment 3, CA. 
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Figure 11 Hulled seed length and width of Franklin in Experiment 5, MN. 
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Conclusions 

California: 
The highest yields in California occurred at moisture levels between 32% and 26%. The grower 
delayed harvest of Johnson in an effort to obtain higher yield, but because of the lower yield 
potential of Johnson, harvest should have been when moisture levels were at 32%. Moisture 
levels in the 20-30% range appear to be associated with an increasing shattering risk. Seed 
length decreased significantly over time, perhaps an indication of: 1) a greater tendency of longer 
seeds to shatter as they mature, or 2) a tendency of later-maturing plants to have shorter or less 
mature seeds. Seed width, or plumpness, increased over time, perhaps as a correlated response 
to decreasing seed length. 

Minnesota: 
Grain moisture was not a reliable indicator of shattering and yield in a long-established paddy 
where shattering potential is high. Other factors ( such as increasing disease severity, 
contribution from later tillers, etc.) may also affect the relationship between grain maturity and 
yield or shattering. In cultivars with lower shattering potential ( especially newly established 
stands where shattering resistance is still good), yield tends to be maximized when grain 
moisture is between 36% and 33%. Seed length may decrease where shattering potential is high, 
possibly due to increased forces on longer grains to disarticulate (break loose). Overall, 
Minnesota seeds were not as long or as plump as California seeds, probably due to more 
favorable conditions for ripening, and possibly as a result of being grown in deeper water. 
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Variety Trials 

Introduction 

Variety trials in 2003 were planted to assess the performance of released varieties and breeding 
populations for yield, hulled yield, seed size, resistance to shattering, disease, and lodging, and 
other traits. 

Materials and Methods 

For 2003, variety trials were planted in four locations: Clearwater Wild Rice farm near 
Clearbrook, Pine Lake Wild Rice farm near Gully (Paul Imle), Ed Mohs farm west of Kelliher, 
and Godward Wild Rice farm near Aitkin, east side (former Kosbau farm). All locations were 
planted in the fall of 2002. Nitrogen was applied by researchers at planting at a rate of 50 lb of N 
per acre as urea under the rows of seeds. At Clearbrook, potassium was applied at a rate of 100 
lb/ A. At the other sites, P and K were applied according to normal farm practices. 

At each location, 19 entries (released varieties and breeding populations) were planted in four 
replicates in a randomized complete block design. Plots consisted of four 10-foot rows, 12 
inches apart, with 5 feet between adjacent plots and 6-foot alleys between ranges of plots. 

Most of the planted seeds did not germinate at the Kelliher site, possibly due to a combination of 
shallow planting depth, mineral soil, and exposure to cold temperatures over the winter from lack 
of snow cover. The Gully trial had better germination, but not enough plants survived in the 
plots to provide a fair comparison of varieties. The Aitkin site sustained marginally acceptable 
plant populations until a sudden algal bloom killed off some of the survivors in June. Thus, 
Clearbrook was the only site with harvestable plots. Since some of those plots were thin, plants 
were transplanted from plots of the same variety in other replicates. This transplanting was done 
June 16, soon after the plants had emerged from the water. Researchers applied two topdresses 
of nitrogen in the form of urea, 86 lb/A of nitrogen at each application, on June 30 and July 14. 
These applications corresponded to boot and flowering stages of most of the entries. 

All plots were inoculated with spore suspensions of Bipolaris sorokiniana, the causal agent of 
Spot Blotch (SB), and B. oryzae, the causal agent of Fungal Brown Spot (FBS) disease. The first 
inoculation was on July 1, with 100 ml of B. sorokiniana spore suspension (50,000 spores/ml) 
sprayed over the four rows of each plot with a CO2 sprayer, for a total of 5,000,000 spores/plot. 
On July 16, similar amounts were sprayed, but with B. oryzae (5,000 spores/ml) for a total of 
500,000 spores per plot. When the inoculum was prepared, a small amount was applied to agar 
on a Petri dish to confirm the viability of the spores. None of the spores germinated, indicating 
either a problem with the preparation or with the spores themselves. Once the preparation 
methodology was eliminated as the source of the problem, follow-up studies were planned to 
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ascertain the best method to grow the spores for maximum spore production and germination. 
No fungicide was applied to the plots, but Warrior was applied by airplane to control riceworm 
during seed fill. 

The center two rows of each plot were used for measurements-namely height, foliar disease 
rating, lodging, and yield. Prior to harvest, 10 plants in each plot were measured for height and 
panicle length. Shattering was estimated as usual, by placing 4-inch by 8-foot split PVC pipes 
between the center two rows and collecting seeds from them at harvest for drying and weighing. 

Plots were harvested August 20 (PeB-3 and NACH-B, early varieties), August 22 (Franklin, 
GIB-C9, 96F-111, Petrowske Purple, VE-C3, early-medium maturing varieties) and August 25 
(the rest). At harvest, the plots were rated for disease and lodging. The center two rows of each 
plot were trimmed to a net length of 8 feet and harvested with a Y anmar binder. ,Bundles were 
immediately carried to a Kincaid raspbar thresher for threshing. Seed was weighed before 
drying, then placed in a freezer so all three harvests could be dried and hulled together. After a 
few weeks, they were placed in a drying oven for several days at 130°F, and then weighed again 
to determine percent moisture. Samples were then heated to approximately 200°F overnight, 
passed through a McGill sample huller, and weighed again. 

A I-teaspoon (5 ml) sample of hulled seed was removed from each plot-sample, sifted to remove 
broken kernels, and scanned on a flatbed scanner to analyze them for seed size measurements 
using WinSeedle version 5. la (Regent Instruments, Inc., Quebec, Canada). Remaining broken 
seeds were removed from the analysis using the software. Estimates obtained directly from the 
scan include seed length, width, and projected area. The cross-section of the seeds was assumed 
to be circular to obtain estimates of seed volume and surface area, as well as surface area to 
volume ratio. The averages of each sample were then analyzed over reps at both locations. The 
number of seeds making up the average was approximately 200 per plot. 

In addition to analyzing the average seed dimensions for each variety, grading was simulated 
using the scanned measurements. This was done by assigning each individual seed measurement 
to a length and width class, according to the standards of one Minnesota processing plant: length 
as long-grain (>20/64"), medium-grain (12-20/64"), and short-grain (<12/64"), and width as 
grades A (>3.75/64th"), B (3.00-3.75/64"), and C (<3.00/64"). Since only the scanned images of 
these seeds were separated into these size classes, the actual weight of seeds in each class was 
not determined. Instead, estimated volume of the individual seeds were summed within each 
size class and used as a substitute for weight to determine the amount in each class as a 
percentage of the whole sample. The percentage of seeds of each plot that fell into each size 
category was determined on the basis of their volume. The percentage of long-grain seeds in the 
A-width category, and percentage (regardless of width) with length >24/64", were then 
calculated. 

Results and Discussion 

Seventeen entries (in 61 plots) had sufficient plant densities to collect data at the one location 
harvested. Table 1 shows the yield and other varietal characteristics for that experiment. Yield 
averaged 1431 lb/ A ( adjusted to 40% moisture). Moisture ranged from 36 to 41 %, averaging 
38%. Hulled yield (dry) averaged 463 lb/A. Shattering averaged only 4%, and none of the 

58 



varieties exceeded 9% shattering (differences were not significant). However, foliar disease 
pressure was moderate, averaging 4.3 on a 1-9 scale. Lodging averaged 1. 7 on a 1-5 scale (no 
significant differences). Plant height averaged 76 inches, and panicle length 9.0 inches, although 
there were no significant differences in the latter. 

Table 1. Yield and Other Varietal Characteristics for 2003 Clearbrook Trial 

Hulled Foliar Plant Panicle 
Entry Yield Moisture Shattering yield Lod~ing disease height length 

lb/A1 %2 %3 lb/A4 score5 score6 m. in. 

NACH-B 1143 37 1.3 378 2.3 7.3 71 8.5 
PeB-3 1465 38 2.7 560 2.0 5.5 75 8.7 

96F-111C-Cl 854 39 2.3 227 1.8 5.5 72 9.0 
Franklin 1074 38 4.9 342 1.4 4.0 76 8.6 
GIB-C9 1398 36 8.8 485 1.8 4.5 78 8.5 
Petrowske Purple 994 38 4.7 314 1.3 4.8 77 8.7 
VE-C3 1932 37 5.4 669 1.0 3.0 78 9.2 

FSP5-C6 1299 40 2.2 399 2.0 3.7 76 9.2 
FY-C9 1547 38 4.0 554 1.3 3.0 78 9.3 
K2-C12 1388 37 2.0 456 1.8 3.5 76 8.7 
K2GY-C3 1459 38 5.3 498 1.5 4.0 79 9.1 
Itasca 1487 38 4.2 476 1.8 4.0 76 9.1 
PBM-C9 1579 38 4.2 487 1.6 4.3 78 9.1 
PBR-C7 1492 36 5.4 532 1.8 3.5 77 9.0 
PLAR-C8 2223 41 2.9 627 1.8 3.5 76 9.0 
PM3E-C12 1556 39 4.7 400 1.5 4.0 75 9.2 
PS-C8 1431 38 4.3 468 2.0 4.3 81 9.6 

Mean 1431 38 4.1 463 1.7 4.3 76 9.0 
LSD.OS 465 2 NS 193 NS 1.5 4 NS 
CV 23% 4% 64% 29% 35% 24% 4% 5% 

1 Adjusted to 40% moisture. 
2 Percent moisture in grain at harvest, fresh weight basis. 
3 Expressed as a percentage of shattered seed plus grain yield per unit area. 
Yield of seeds that were left after drying and hulling. 

5 Using a 1-5 scale where 1 = stems completely erect, 3 = stems averaging 45° angle, 5 = stems 
prostrate. 

6 Fungal Brown Spot disease rating on a 1-9 scale where 1 = no significant disease lesions and 
9= completely susceptible ( dead) 
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There were a few surprises among the individual variety entries: VE-C3 yielded the highest (670 
lb/ A hulled), closely followed by a pistillate entry, PLAR-C8. Itasca and PBM-C9 yielded only 
slightly above average in this experiment. Petrowske Purple yielded below average. As with 
past experiments, 96F-111 showed potential early, but succumbed quickly to apparent 
susceptibility to an unknown disease which kept its yield low. NACH-B also had a high disease 
rating, and a low yield, but was not unusually low-yielding for an early variety. PeB-3, on the 
other hand, w~ early, but above average in yield, in spite of having an above-average disease 
rating. PBR-C7 (Petrowske Purple reselected for 3 additional cycles) was high yielding and had 
low disease ratings. 

NACH-B and 96F-l 1 l were significantly shorter in plant height than almost every other entry. 
VE-C3, though, was taller than expected, based on its origins in the variety Voyager. We 
suspect that there may have been some outcrossing in the first cycle of selection of VE-C3. 

The unexpectedly poor performance of certain varieties may be due to unusual factors this year. 
Hot, dry weather during ripening may have accelerated (or cut short) plant maturation. Stalk rots 
may have resulted in yield reductions, but plots were not rated for this disease. 

One of the earliest breeding population being developed, K2EF-C3, was not an entry in this 
year's trial, since we had insufficient seeds for fall-planting and we were unable to increase it in 
time to spring-plant it for the 2003 trials. It would have been interesting to compare it to the 
earliest entries, NACH-B and PeB-3. Previously, it was at least a week earlier than anything 
else. 

Table 2 shows seed size characteristics for the variety trial. Seed length averaged 23.5/64", 
ranging from a 22.0 (GIB-C9) to 24.8 (PeB-3). 96F-l 1 l, NACH-B, K2-C12 also had seeds 
averaging at least 24/64" and with greater than half of their seed volume above the 24/64" length 
threshold. The entry with the longest seeds (PeB-3) also had the greatest percentage of seeds 
above this threshold, but not quite the highest percentage oflong-grain in A-grade. The percent 
oflong-grain in the A-width category averaged 93%. Almost all the A-width seeds of96F-111 
and FSP5-C6 were long-grain. GIB-C9 was the only entry lower than 85% this year, and it also 
had the shortest average seed length and the lowest percent of seeds above 24/64". 

Average seed width did not vary much. High or low seed volume was, of course a function of 
either length, width, or both. Varieties with longer, narrower seeds, like PeB-3, had a high 
surface area to volume ratio. However, the differences in this ratio are not likely to greatly affect 
hydration rate (i.e., cook time). 
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Table 2. Seed size characteristics for 2003 variety trial at Clearbrook, as 
estimated by Winseedle@ software, Regent Instruments 

Seed Seed Seed Surf. area/ Long Seeds 
Entry length1 width1 volume 2 volume inA3 ?:24/644 

64ths in. 64ths in. mm3 -1 
% % mm 

NACH-B 24.0 4.4 17.1 2.56 94 56 
PeB-3 24.8 4.2 16.0 2.68 94 67 

96F-111C-Cl 24.4 4.3 16.4 2.63 98 62 
Franklin 23.0 4.3 15.7 2.62 92 40 
GIB-C9 22.0 4.4 15.3 2.59 82 24 
Petrowske Purple 23.5 4.3 16.1 2.62 92 47 
VE-C3 23.4 4.3 15.9 2.62 96 43 

FSP5-C6 23.9 4.5 17.5 2.52 97 54 
FY-C9 22.4 4.5 16.6 2.51 87 31 
K2-C12 24.4 4.5 17.9 2.53 93 61 
K2GY-C3 23.8 4.5 17.4 2.54 96 53 
Itasca 23.0 4.4 16.2 2.58 93 38 
PBM-C9 23.3 4.4 16.6 2.56 95 39 
PBR-C7 23.0 4.4 16.1 2.59 91 40 
PLAR-C8 23.8 4.3 16.3 2.61 95 52 
PM3E-C12 23.3 4.4 16.7 2.54 93 44 
PS-C8 23.4 4.4 16.4 2.58 94 44 

Mean 23.5 4.4 16.5 2.58 93 47 
LSD.OS 0.9 NS NS 0.10 7 13 
CV 3% 3% 6% 3% 5% 20% 

1 Average of approx. 200 seeds x 4 reps. 
2 Based on the projected scanned image assuming a circular cross-section for estimating depth. 
3 Long-grain A-grade seeds as a percentage of all A-grade seeds; based on volume, not number. 
4 As a percentage of total seeds measured, regardless of width; based on volume, not number. 
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Table 3 summarizes performance of four released varieties, which have been in variety trials 
over the past 6 years, although not all of the three primary locations were represented every year. 
These data confirm the superior yield of Itasca, 20% higher than GIB-C9 and 50-60% higher 
than Petrowske Purple or Franklin. Itasca also had less shattering, lodging, and foliar disease 
than these other varieties. 

Seed size averaged over the past 4 years at 3 locations (Table 3), confirms that the bottlebrush
derived varieties (GIB-C9, Itasca, and Petrowske Purple) are significantly shorter than Franklin, 
with less seed in the Long-grain in A-width category. However, only Petrowske Purple was 
significantly different in width from the other three varieties, being slightly less plump. 

Table 3. Yield and Other Varietal Characteristics for Variety Trials at Aitkin, 
Kelliher/Waskish, and Clearbrook/Gully, 1998-2003. 

98-03 Average 2000-03 Average 
Variety Yield Shattering Lodging FBS Seed length Seed width Long in A 

lb/A1 %2 score3 score4 64ths in. 64ths in % 

Franklin 1244 22 2.4 4.6 23.3 4.19 95 

GIB-C9 1629 28 2.2 4.3 22.4 4.25 87 

Itasca 1915 16 1.3 3.6 22.2 4.23 87 

Petrowske 
1290 23 1.7 3.9 22.4 4.10 88 

Pu le 

LSD5% 139 3 0.2 0.4 0.3 0.06 2 
no. experiments 10 4 10 12 8 8 8 

1 Adjusted to 40% moisture. 
2 Expressed as a percentage of shattered seed plus grain yield per unit area. 
3 Using a 1-5 scale where 1 = stems completely erect, 3 = stems averaging 45° angle, 5 = stems prostrate. 
4 Fungal Brown Spot rating using a 1-9 scale where 1 = no significant disease lesions and 9= completely 

susceptible (dead). 
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Fresh Seed Weight Estimates 

Introduction 

Seed weight has reported in the past based to range from 8,000 to 10,000 seeds per pound (wet). 
While this estimate is useful for planting seed that has been in wet storage, estimates of fresh, 
non-immersed seeds could have several uses, including "hot-seeding" (using seeds taken directly 
from the combine) and estimating yield before harvest, either by growers or insurance adjusters. 
Variability in seed weight depends mainly on maturity and variety. Therefore, we have begun 
collecting data from samples of several varieties in order to provide variety-specific about seed 
weight information for these and other uses. 

Materials and Methods 

Seeds were obtained from the sources listed in Table 4 to obtain seed weight estimates. Seeds 
were harvested as indicated in the Table, and then placed as soon as possible in a coldroom at 
24 °F until removed for measurement. Seeds were taken out of storage and 200 seeds were 
counted out using a laboratory seed counter. Two replicates of200 seeds were counted for all 
but the California samples, where there was only enough seed for one replicate. Each sample of 
200 seeds was weighed. Empty hulls and debris were then removed, and samples were weighed 
and counted again. Seeds per pound and 100-seed weight were calculated for both raw (initial) 
and cleaned (filled seeds only) samples. Remaining seeds were then dried and reweighed a final 
time to estimate percent moisture of cleaned seeds. 

Table 4. Source of Varieties Used to Measure Seed Weights in the 2003 Growing Season. 

Variety (Source) Location Paddy or expt Planting type N 

Itasca Polk Co. Seed paddy 1st year, broadcast 2 

GIB-C9 Polk Co. Seed paddy 1st year, broadcast 2 

Petrowske Purple Clearwater Co. Harvest timing Exp. plots, rows 10 

Franklin (MNl) Polk Co. Harvest timing 6th year, small plots 10 

Franklin (MN2) Aitkin Co. Harvest timing 4th year, small plots 6 

Franklin (MN3) NCROC Harvest timing Exp. plots, row 10 

Franklin (CAl) Shasta Co., CA (farm 1) Harvest timing 2nd year?, small plots 5 

Franklin (CA2) Shasta Co., CA (farm 2) Harvest timing 2nd year?, small plots 5 

Johnson Shasta Co., CA (farm 2} Harvest timing 2nd lear?, small Elots 5 
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Table 5. Seed Weights of Selected Varieties From the 2003 Growing Season at Various 
Harvest Times. 

Harvest Initial {as harvested} Cleaned {filled seeds} Filled seed 
Variety (Source) date 100 sd wt Seeds/lb 100 sd wt Seeds/lb moisture (%} 

Itasca 3.0 15,168 3.1 14,709 21 

GIB-C9 3.1 14,667 3.2 14,739 22 

Petrowske Purple 8/20 2.5 18,211 3.5 13,182 37 
8/22 2.5 18,623 3.4 13,410 30 
8/25 2.7 17,006 3.5 12,955 33 
8/27 2.9 15,693 3.4 13,561 35 
8/29 2.9 15,869 3.6 12,739 35 

Franklin (MNl) 8/18 3.0 15,569 4.3 10,563 41 
8/20 3.0 15,036 4.0 11,332 39 
8/22 2.6 17,587 4.1 11,240 40 
8/25 2.6 17,355 4.4 10,353 33 
8/27 2.4 18,762 4.0 11,227 29 

Franklin (MN2) 8/15 2.0 23,048 3.4 13,523 55 
· 8/19 2.4 19,158 4.1 11,126 46 
8/21 2.2 20,494 3.3 13,726 39 

Franklin (MN3) 8/24 1.9 24,247 3.6 12,773 39 
8/26 3.0 15,697 3.8 11,860 36 
8/28 2.5 18,688 4.2 10,993 37 
8/30 2.3 19,982 4.2 10,953 40 
9/02 2.4 18,948 3.4 13,352 32 

Franklin (CAl) 7/15 4.4 10,283 33 
7/21 4.2 10,766 26 
7/29 4.3 10,579 22 
8/04 4.1 10,994 21 
8/11 4.3 10,606 16 

Franklin (CA2) 7/21 5.8 7,889 29 
7/29 4.8 9,465 19 
8/04 5.5 8,205 26 
8/11 5.1 8,977 19 
8/20 4.3 10,661 18 

Johnson 7/21 5.0 9,011 32 
7/29 5.8 7,785 29 
8/04 4.8 9,441 29 
8/11 5.4 8,480 27 
8/20 5.1 8,937 22 
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Results and Conclusions 

Table 5 shows the seed weights for the sampled varieties, including each harvest of each Harvest 
Timing experiment. (For more details on this experiment, see the report "Optimum Grain 
Moisture at Harvest. .. " in this year's annual reports.) Although Itasca and GIB-C9 had higher 
initial seed weights and thus fewer seeds per pound than Petrowske Purple, the difference is 
likely due to the samples from the combine-harvested seed increases being cleaner than those 
from the binder-harvested, bundle-threshed plots. Combine-harvested samples were also drier, 
having been stored in woven poly bags, while the harvest timing experiment samples were stored 
in sealed ziploc bags. Once debris and empty hulls were removed, cleaned seed weights were 
lower ( and there were more seeds per pound) for Itasca and GIB-C9. Since previous direct 
measurements of seed size indicate that Itasca, GIB-C9, and Petrowske Purple are very close in 
seed size, the difference in this experiment may be reasonably attributed to the difference in 
moisture content. When using these estimates for yield estimates or other quantitative purposes, 
we recommend that they be adjusted for the appropriate seed moisture. 

As expected, Franklin had heavier seeds than Petrowske Purple in Minnesota. Franklin from 
California Farm 1 was similar (in seed weight and seeds per pound) to the on-farm Minnesota 
samples (MNl and MN2), especially where moisture content was similar. Franklin seeds from 
California Farm 2, however, were noticeably heavier than those from the other California farm or 
from Minnesota. The grower from which this Franklin came maintains a significantly higher 
water depth on his paddies than many other growers, operating under the assumption that this 
increases seed size. The source of Franklin used for the NCROC trial (MN3) is from California, 
and may only be one generation removed from the Franklin planted in the California trials. 
However, when this Franklin source was grown in Minnesota, the seeds harvested from the plots 
did not appear to be any larger than the Franklin grown from seeds of strictly Minnesota origin. 
This may be another indicator that growing environment may influence seed size. 

Cleaned seed weights for the two on-farm Franklin experiments in Minnesota (MNl and MN2) 
were much higher than the initial seed weight, probably owing to large amounts of immature 
seeds in the sample. These were paddies that had been in continuous production for 4-6 years, 
and shattering was high. Thus, fewer seeds had the opportunity to reach maturity, and the 
samples were quite green overall, with high moisture contents. Removal of empty hulls from 
these samples left only a few dozen seeds, probably giving less reliable calculations of weight 
per 100 seeds and percent moisture. 

Overall, the fact that the seed weight varies according to growing conditions and maturity 
(moisture) of the seeds should serve as a caution in using this information. 
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