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" Indian harvest of wild rice

Wild r ICE(Zizania pdustrisL.), Poaceaeis native to North America and grows
predominantly in the Greda Lakes regionin shal ow lakes and rivers. This large-seeded
spedes, ore of four species of wild rice has been gathered, dried, and eaen by people
since prehistoric times. Early North American inhabitants, espedally the Ojibway,
Menomini, and Creetribes in the North Central region of the continent, used the grain as
astaple foodand introduced European fur traders to wild rice Manomin, the name they
gave wild rice, means good lerry. Early English explorers cdl ed this aquatic plant wild
riceor Indian rice, whil e the French saw aresemblanceto cats and cdled it folle avoine..
Other names given to wild rice include Canadian rice, squaw rice, water oats, bladbird
oats, and marsh cats. However, the name "wild rice" persisted and today it isthe common
name for the genus Zizania, even though the wild type of rice (Oryza) is aso cdled wild
rice Thewild speaes of riceare aso knovn asredrice

BOTANY

Taxonomy

The genus, Zizania, was named by Gronoviusin Leyden, Holland from a
| plant colleded in Virginiaby JohnClaytonin 1739 Linnaeusin 1753
provided the binomial Zizania aqudica from the Clayton spedmen. There
arefour spedesof wildrice Z. pdustrisL., Z. aqudicalL., Z. texana, and
. Z.latifolia Thefirst three ae native to North America andthelast is
| nativeto Asia. Z. pdustris and Z. aqudica are annuals, the others
k0 perennials. Z. pdustris, the large seaded type, grows in the Great Lakes
region and isthe spedes grown as afield crop. Z. aqudica growsin the
St. Lawrence River, eastern and south-eastern United States coastal areas, andin
Louisiana. Its seeds are slender and are not harvested for food. Z. texanagrowsin asmall
areain Texas, has dender seeds, and also is nat harvested for food.




Growth Habit

Wild rice(Z. pdustris) isan annual, crosspali nated spedes that grows in flooded soil s.
It maturesin abou 120- 130 chys (17 weeks), and requires abou 2,600growing degree
days (4.4°C base). Plants are 160cm to 2 meterstall and can have up to 50till ers per
plant. In cultivated fields, plants usually have threeto six till ers. Stems are holl ow except
at nodes where leaves, till ers, roats, and flowers appea. Internodes are separated by thin
parchment-li ke partitions. The shall ow rocot system has a spread of 20to 30cm. Mature
roats are straight, spongy, and have very few roat hairs. Ribbontlike leaf blades vary in
width from 0.6to 3.2cm. Mature plants have five or six leaves per stem or till er above
the water.

Flowers are in a branching panicle with female (pistill ate) flowers at the top and male
(staminate) flowers on the lower portion. Crosspalli nation wsually occurs sncefemale
flowers emerge first and kbecome receptive and are palli nated before male flowers sed
pallen onthe same panicle. Sometimes the transition florets, which are located between
the pigtill ate and staminate florets on the panicle, have both stigmas and anthers (pall en),
and can therefore be self-palli nated. Two weeks after fertili zation the wild rice seeds are
visible, and after four weeks, it isrealy for harvest. This el isa cayopsisthat is smilar
tothegrain of cereas. The caryopsis has an impermeable pericarp, large endasperm, and
small embryo. The grains with the palea ad lemma (hull s) removed, range from 8 to 16
mm in length, and from 1.5to 4.5mm in dameter. Immature seeds are green, bt turn a
purple-bladk colour as they reach maturity. Seeds on any till er will mature & different
times, and onsendary till ers they mature later than onmain till ers.
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Freshly harvested seals can be made to germinate by
caefully scraping off the pericarp dredly above the enbryo.

Non damancy has been foundin seads from plants of Z. aquaica that growsin Florida.
University of Minnesota have made crosses with this geades.



Nutrition

Thisgrain has ahigh protein and carbohydrate wntent, andisvery low in fat. The
nutritional quality of wild rice gpearsto equal or surpassthat of other cereals. Lysine
and methionine cmprise ahigher percentage of the anino adds in the protein than in
most other cereals. The SLTM value (sum of lysine, threonine, and methionine cntents)
often serve a ameasure of the nutritional quality of cereds, andis alittl e higher for wild
ricethan for oat groats, which is one of the better cereals for humans. Amino acid
compasition d processed and unprocessed wild riceis smilar, which indicates littl e
reductionin nuritional quality during processng. Wild rice @ntains lessthan 1% fat, of
which lindenic andlindeic adds together comprise alarger proportion d the fatty acids
(68%) than in whed, rice, or oats. Although these two fatty aads are eaily oxidized and
make wild rice proneto develop rancid odaurs, the high levels of lindenic agd make the
fat in wild rice highly nutritious. Mineral content of wild rice, which ishigh in pdassum
and phaphaus, compares favourably with wheat, cats, and corn.

Commercialization

Perhaps the first individuals to attempt to increase avail abili ty of wild ricefor foodwere
Native Americans. Often suitable lakes or rivers were seeded to wild rice by mixing seed
into clay, rolling it into aball and doppng the day ball i nto the water. Thisresulted in
some, bu nat significant, increase in natural stands.

Indian harvest of wild rice

Businesanen and bdanists have thought abou cultivating this plant for over 100years.
Early European explorers coll ected seed for planting in Europe but these fail ed probably
because the seed was nat handled properly to remain viable. In 1828, Timothy Flint in
Geography andHistory wondered why so littl e dtention hes been paid towild rice In
1852,Joseph Bowron suggested wil d rice be seeded for agricultural purposes. In 1853,
Oliver Kelly, founcer of the National Grange, made the same propasal. Medhanicd
harvesting of private lands in Canada started in 1917 by H.B. Williams and Z. Durand.

Since dou 1950,wild rice has been in the processof beaming a domesticated cropin
the United States and is now being grown commercialy in bah the United States and
Canada. Prior to that time, natural stands were the only source of the grain, and suppies



were limited and varied grealy from year to year. With the advent and growth of
commercia production, supgdies of wild rice have increased tremendously over the last
40 years. Natural stands continue to be harvested, bu the propation o total supdies
derived from natural stands has deadily dedined. In some areas, including the entire state
of Minnesota, natural stands of wild rice, by law, must be harvested only by traditional
canoe-and-flail method, whereas in some parts of Canada, mechanized harvest is
permitted. Of all the wild rice harvested by hand, Minnesotais likely to accourt for more
than half in any given year.

In Canada, commercial production d wild ricetakes place predominantly in lakes leased
from the various provincial governments. Lease provisions vary by province, bu
generally lease holders are permitted to sead the lakes and, in some cases, to control
water levels, and are granted exclusive harvesting rights. Much of thewild rice aceagein
these leased lakes is harvested with the use of airboats.

In the United States, wild riceis being produced commercialy as a"domesticated" field
cropin dked, flooded fields. Minnesota and California accourt for most of the crop.

Growing wild rice a afield crop wasfirst attempted near Merrifield, Minnesotain 1950
James and Gerald Godward dked a1 acre area, planted it with seed coll ected from a
neaby lake, and flooded the field. The field was drained before harvest and the crop was
harvested by hand. An additional 40 acres were planted by them in 1953and harvested
with asmall pull-type combine. By 1958they had 120acres planted to wild rice.

Pull type harvester used in 1950 swild rice production

They had good crops the first few years, bu Brown Spat (Bipdlaris oryzae) caused
serious losses thereafter. However, they continued their pioneering eff orts, and today one
of their sons has nearly 1,000acres in wild rice production. Minnesotawild rice
production hed increased to 18,000acres today.

Initially, the only seed avail able for planting in fields was of shattering types foundin
natural stands. These erly fields were harvested several times over a 2-to 3-week grain-
ripening period with speaally designed, multi ple-passharvesters. In 1963,Dr. Paul

Y agyu and Mr. Erwin Brooks with the University of Minnesota, Department of



Agronamy and Plant Genetics, discovered plantsin agrower'sfield owvned by Algot
Johrson that retained their sead longer than the rest of the plants . From these few plants,
they and aher breeder developed culti vars with more resistance to shattering than types
growing in lakes and rivers. Today, most of the wild rice being grown in fields are more
shattering resistant. Yields of unprocessed grain from shattering types grown in fields
typicdly ranged from168to 224 lg/ha, whereas, with shattering resistant cultivars, yields
have been reported as high as 1,680kg/hain Minnesota and twicethat amourt in
Cdifornia

The development of more shattering resistant cultivars of wild rice was largely
resporsible for atremendous expansionin field production that occurred in the late 19605
andealy 197Gs. Pradicdly al the expansion at that time was taking place in Minnesota
where aeaincreased from 354 hain 1968to 7,090 lain 1973.The finding of improved
shattering resistance was the development that eventually made paosshble the shift to more
efficient harvest with grain combines. The improved harvest efficiency from the use of
combines, together with greater harvested yields from shattering resistant cultivars, were
major contributing fadors to expanded field production at that time.

Wild riceproduction began in the 197G in California. Production peaked with
approximately 15,000aaesin 1986.

In 1997 there were 11,780acres of wild ricein Cdliforniathat yielded 0.75tons per acre
of green wild rice and 0.375tons of finished product (ready for consumption).

The altural management pradices of wild rice, Zizania sp., are largely based onthe
production d rice Oryza sativa. Although bah spedes are annual cereals, wild rice
grows taller, is crosspali nated, and seeds are much thinner and ripen urevenly. In
addition, the growth patterns are different and wild rice seed canna be dry stored and
retain viabili ty. Wild rice seed must be stored in water under refrigerated condtions from
harvest to panting time. The seed also shatters easily at harvest.

Californiawild riceis grown urder a Mediterranean climate dharacterized by warm, dry,
clea days, andalong growing season. Wild riceis grown mostly on fine-textured, poaly
drained soil s with impervious hardpans or claypans. These soil s are well suited to wild
rice production, sincetheir low water permeabili ty enhances water use dficiency.

Californias wild riceindustry began in 1972when white ricefarmer Vince Vanderford
dedded to plant Minnesotawild rice seals at his Y uba City farm in Northern California
Commercia production o Californiawild rice began around 1977.

Four condtions contribute to the successof California's wild riceindustry: effective
management of water and aher environmental fadors; along, dry, warm summer, with
very little summer rainfall; the dsence of plant disease; and the necessty to reseed the
fields eath year

Other factors that were important in the development of wild rice & afield crop were: the
contrading of production by Uncle Bens, Inc., and the formation d aWild Rice Growers
Asciation and the initiation o aresearch program on processng at the University of



Wisconsin-Madisonin 1970 and the initiation o areseach program at the University of
Minnesota on kreeding, production, dseases, insects, soil fertility, madinery, and
processng in 1972.1n 1974,a Minnesota Paddy and Wild Rice Reseach and Promotion
Courcil was formed after growers voted to contribute aspecified feefor each pound ©
procesed grain produced for promotion and reseach o the aop. Inthe ealy 197G,
growing wild rice & afield crop kegan in California and by 1987the added production
had a significant impad on supgdy and price In 1982,an International Wild Rice
Assciation was formed which now includes all producers, processors and marketersin
the United States and Canada.

The marketing of the aultivated crop was sgnificantly aided by the long-time harvest and
marketing of the grain from natural stands. The name of the product was alrealy

establi shed in the gourmet markets, thus the aultivated crop could exploit the gourmet
nature of the grain.

Even though wild riceis grown now on acreagesin severa statesinthe USA it is
continuing to undergo damestication in that wild rice still possesses sveral traits of a
wild spedes sich as me sedal shattering, seed damancy, till er asynchrony, and variable
sedl size. However, these traits are under genetic control and given the heritabili ty of
these traits, deliberate selection shoud accéerate the domestication process

Air boat Harvesting Wild ricein Canada

Canadaisthe only other major competitor with about 1.7 milli on finished pound.
Almost all Canadian wild rice @mes from natural stands or lakes seeded to wild rice,
harvested by air boats with a front-mourted catcher. In North America wild riceis also



grown as afield cropin Idaho, Wisconsin and Oregon.Hungary and Australia produce
small quantities.

Improved, nonshattering types can yield >2000 pound per aae.

North Americaisthe world's primary wild rice supgier, there are 16 major processng
plants - six in Minnesota, four in California and four in Canada and orein Australia. And
onein Hungary.

AGRONOMY

Adaptation

Wild ricegrows well i n the warmer temperate dimate, cultivars have been developed for
these aeas, the cropis grown similarly to rice (Oryza), and thusrelatively flat areas are
needed where afloodcan be maintained for most of the season. It will grow well on
organic or inorganic soilsif the proper nutrients are applied. Sincethe plant isrelatively
tall, its nitrogen requirements are only dlightly lower than for rice In addition, it will
grow well in coder and deeper water than rice, thus requiring fewer weed control
chemicds compared torice.



Wild ricepanicle

Newly flooded field of wild rice
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Sealbed Preparation
Seeadbed shoud be prepared the same as it would be for domestic rice

Banking up shoud be dorein the autumn aswild riceis wn in September when toe
furrows may otherwise have water in them. Autumn construction o banks also all ows
time for the banks to consoli date over the winter.

A disk can be used to prepare the seedbed, bu it isnat as effedive asarotary hoein
destroying and incorporating the eisting vegetation. The fina seedbed shoud be freeof
ridges and depressons to ensure goodwater drainage.

Autumn till age is recommended for seedbed preparation. Other crops can be grown in
rotation with wild rice, such as: rice, wheat, and canda.

Fields sseded with wild rice

Planting

Wild riceseed neals to be stored for 90 daysin cold (2°C) water before dormancy is
relessed. Wild rice seal loses viahili ty, especially after dormancy release, when it is
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allowed to dry below 30% moisture content. Dormant seed, havever, can withstand
drying below 25% moisture but needs to be stored in cold (2°C) water for 90 daysto
release dormancy. In contrast to rice seed, wild rice sead when panted 5to 8cm into the
soil before floodng can still grow whil e rice seed canna when covered for more than a
few days by both soil andwater. In Australiaa seeding rate of 112kg/hais
common.(1001bs per aae) A higher seeding rate is used in California and Australia
because plants dort till er as much asin Minnesota and also a higher plant popuation can
be utili zed sinceno led diseases are prevalent. Seal is drained and mixed with a carier
grain often wheda 50/ 50 so it is able to flow thru planting equipment. Pess, vetch or
lupins also make agoodcarrier grain and lesscarrier isrequired. Whea seems to make
the newly establi shed crop attractive to ducks. If split peas or vetch isavailableit is
preferred. If using wheat do nd use aadked or broken wheat asit can make the mix
sticky and dfficult to flow. Most wild riceis aerial sown the same & domestic rice. Ideal
planting dates are from late August to late September in southern NSW, and early to mid
November in Tasmania. Plant density desired is 60- 100 gants/m?. (6 - 10 dants per
square foat). Yields drop orce plant density fall below 40 dants/m?. Wild riceisan
aquatic plant and a cover of water must be maintained during its growth. A water depth
of 10to 15cm, (4 to 6inches) during crop establi shment will provide some weed control,
espedally for barnyard grass

Wild ricesedlings 4 weeks after planting
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Oncethe aopis established its growth is quite rapid, till ering usualy starts 5 weeks after
planting and panicle initiationis around 6weeks.

The first heals begin to appear 8 weeks after planting the aopis usually around 70to 80
cm tall at this gage. Flowering continues until the plant reades full height of upto 2
meters.

Water Quality and M anagement.

Wild rice has been grown satisfadorily in experiments at sulphate mncentrations up to
250 arts per million. The growth of wild riceis not affeded by the hardnessor the pH of
water.

Wild riceis somewhat more susceptible to muddy water than conventional ricebut is able
to emerge thru much deeper water.

The aiticd period for maintaining a minimum of 10to 15cm of water on the shall ow
side of abay isin thefirst 6 to 8 weeks of the season when weeds are more readily
controlled by water. Fluctuations in the water depth during thistimeis not desirable.

The water level in the field can be deaeased slowly during flowering so that littl e if any
water needsto be drained from the fields prior to harvest. The soil must remain saturated
during the grain filli ng period. Drain just prior to harvest, usually abou 3 days prior in
NSW. Hot dry wind at harvest time can hay off a adop very quickly if the soil i slessthan
saturated and cause substantial |osses.
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Wild rice 6 weeks after planting tillering starts.

Wild ricegrows aled shoa before it grows a primary roat, which makes the young seedling
more likely to uproot and float away than conventiona rice.

Wild Rice 8 weeks after planting, thefirst heads are starting to appear

After the aop has emerged through the water its growth becomes very rapid. Five weeks
after planting till ering starts and at abou 6 weeks panicleinitiation accurs. The pant
grows fast and by 8 weeks the first heads gart to emerge and the plant is 70to 80cm tall.
Over the next 4 weeksiit will grow another meter and continue to till er. This growth is
abou 4 cm per day and ntrogen demandis at its highest.

Water consumption d the aopisat its highest during this fast growth.

14



Field crop of wild riceat 11 weeks

Fertilizer

In California and Australi a, these operations are dore in the spring. Fertili ze smilar to
the rates used on domestic rice 20kg /Ha of ureaiscommon. Floodng afield to
grow wild rice causes changes in several chemica systems of the soil that aff ect plant
nutrition. The only form of nitrogen that is gable in flooded soil sis ammonium. Nitrate
nitrogen israpidly lost due to the formation d dinitrogen gas. Consequently, only
ammonium based fertili zers, including ureg shoud be used onwild rice Also, soll
testing for nitrate nitrogen, asisdorein small grains, is useful in making fertili zer
recommendationsin wild rice Ammonium nitrogen near the surface of aflooded soil can
be oxidized to nitrate then lost by being transformed to dnitrogen gas. To minimize this
type of lossnitrogen fertili zer shoud be ploughed uncer.
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Phospharus and pdassum are both more highly avail able in pea soil s than in minera
soilsandtendto be more highly available in flooded mineral soil s than nonflooded
mineral soils. Leadching losses are possble but in well managed wild rice paddies
leading is not much of aproblem. Phosphausin the flood water enhances algae growth
which can be aproblem espedally in the early stages of wild rice growth. Phaspharus
fertili zers houd beinjeded o ploughed in.

The avail abili ty of iron and manganese increase greatly uponfloodng. Wild rice does not
have the aili ty to oltain sufficient ironin nonflooded soil s and iron avail abili ty is one
of the mgjor reasons wild rice must be grown in flooded soil s.

The wild riceplant has arelatively high requirement for plant nutrients for each pound 6
dry matter produced. This crop gows rather slowly during the vegetative phase, so that
by jointing, lessthan 126 of total dry weight is produced. Most plant growth and dry
matter accumulation accurs during flowering and gain maturation. Consequently, the
nitrogen requirement for wild riceis greaest during the reproductive phase when 70% of
the total nitrogen is assmil ated by the plant. Growers often apply 30to 501b/acre of urea
nitrogen by air at the late boa stage to supgy sufficient nitrogen for grain fill .
Assmilation d phospharus and pdassum foll ow a simil ar pattern during crop
development.

Adequate nitrogen is neaded optimal growth and reduces dattering.
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Plants that are nitrogen-deficient are shorter and have alighter green colour than plants
with asufficient amount. Lower leaves of nitrogen-deficient plants have yell ow tips and
margins. A slight deficiency of nitrogen resultsin lesslodging and vegetative growth.
Yields are higher and harvesting is easier with less fattering with higher nitrogen.
Sulphur deficiency can also result in ayellowing that looks smilar to nitrogen deficiency.
Experiments with sulphur applicaion have not yielded consistent results but the data ae
suggestive of aresporse to fertili zation for some aed peas with pH lessthan 6.

Sail testing and dant analysis are the best methods to determine how much fertili zer may
be needed by awild rice aop. Much o the nitrogen can be gplied prior to planting if it
isincorporated to adepth of 3 to 4in. All ammonium sources, anhydrous ammonia,
ammonium phosphate, and uea, work equally well. Urea anmonium nitrate, UAN, has
2% of the nitrogen in the nitrate form which will be lost to the amosphere. This urce
can be used for wild rice but only 71% of the nitrogen that is applied will be avail able for
wildrice

The phospharus fertili zer shoud also be incorporated into the soil to help control agae
Applicaion d phosphausin the spring shoud be avoided. If condtions permit autumn
applicaion o phaosphate fertili zer it is better. In fields that have been cropped for several
yeas, the build-up o phasphorus from previous fertili zation will probably suppy the
crop with sufficient P. Top-dressappli caions of ureashoud be made & the boa stage or
very early flowering.

Harvest

Well cleaned ou harvesting equipment is essentia to avoid contamination.

Paddies $roud be drained gradually in late January and ealy February during grain fill .
It usually takes abou one week for paddiesto drain and kecome dry, bu will vary with
soil type. Drainage dl ows the soil to dry so it can support harvest machinery, harvesting
ispossble onmineral soil s with some standing water. Hot dry wind can devastate wild
ricecropsif the soil has dried completely.

Maximum yields of processed wild rice are obtained when about one-third of the grain at
harvest timeis greenish brown or bladk, rather than green in colour. The grain at thistime
has the consistency of firm dough and contains 35 to 40% moisture. This moisture
content usually occurs when some of the seals have fall en from the main stem, bu very
few have dropped from tillers on the same plant. Growers may not always be able to wait
until thistime to harvest due to imminent climatic condtions such as high winds.
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Harvesting wild riceat 17 weeks

Dired harvest with a cmmbine is possble since shatter resistance and unformity of
maturation have been improved compared to the original |ake types. Field condtions
result in severe limitations of machinery that are not found wually in the harvest of other
crops. High capadty combines are required to harvest wild rice because the plants are
still green. The aop stublde provideslittl e suppat for combines sncewild riceis apoa
sod former and the organic soil s on which this cropis usually grown lose most of the
fibre strength from tillage.

Growers have made innowetive dhanges to various comporents of combines such asredls,
grain dvide paints, draper systems, and tradk-type suppat systems. Reds sven feet or
more in dameter are often used to all ow thered bats to enter the aop withou pushing it
forward. Extended bets onthe reel and crop-divide points prevent the straw from
wrapping aroundrotating pans of the combine. The pickup-type red is considered
necessary to reduce shattering since the bats remain parall €l to the origina positionas
they rotate. Red tines shoud be adjusted to pant downward or somewhat rearward to
provide lifting action. This adjustment, which gives a positi ve pitch to the pick-up teeth,
also prevents a pressng adion onthe aop.

A healer equipped with adraper extension between the sickle and crossauger is used duwe
to the height of wild rice plants. This extension provides a space in which pants fall
before entering the aossauger and a"live" surfaceto assst in moving plant material to
the aossauger. “Vibramat” may asgst the feeding acrossthe front of the cmbine. The
divide point of combine grain header is usually modified to hand e this crop. Larger and
different divide points are used to avoid the hair pining of stems and accumulation o
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straw onthe end of the header. Spike-tocth cylinders are dfedive for threshing heavy
clumps of crop material. Rasp-bar cylinders effedively separate alarge portion d the
grain through the concave rather than passng it to the walkers. Rasp-bar cylinders leave
straw in larger pieces, which resultsin easier separation d straw and gain onthe walkers
andsieves.

The height of the aut shoud be adjusted low enough to harvest most of the grain, yet high
enough to reduce the anount of straw entering the wmbine. The peripheral speed o the
red shoud bel 1/4to 1 34 timesthetravel speed of the combine. Rethreshing wild rice
with the taili ngs return in the combineis nat needed. Any material that was not threshed
inthefirst passis dill attached to the straw and passes out the discharge over the walkers.
The sievesand air flow shoud be aljusted to alow only asmall amourt of material in
the taili ngs-return. Drum speeds are set as dow as possble and concave s wide &
posshble

Adjustment of the ar setting is criticd for the separation d grain and straw onthe sieves.
Excesdve ar flow will blow the lighter kernels out the rear of the machine, whereas a
low air flow permits too much light, chaffy material to accumulate with the dean grain.
Chedk the ar passages often for plugging by plant material. The distribution d material
onthe walkers and sieves is examined by quickly stopping a mmbine that is operating
normally by turning off the engine with the macdiine engaged and applying the brakes.
Clumps of dense plant material onthe walkersindicae an inadequate ar flow. A problem
may occur in urioading the grain from the combine due to the high moisture content.
Kernels may interlock and cause abridge in the grain tank. Growers remove obstructions
in the grain tank to reduce bridging.

In Australiafields are drained abou 3 to 7 days before harvest with combines on mineral
soilsand 1- 2 weekson peat soils. The grain is harvested at >30% moisture since seed
shattering occursiif al owed to dry more onthe plant. Harvest when grains onthe main
tiller are ripe and started to fall. The moist grain isimmediately transported to processng
plants and nd dried or stored onthe farm like other cereals. At the processng plant the
grainis cured, parched, huled, and graded.

Post Harvest Handling and Processng

Freshly harvested grain has a moisture content of 35to 43% and proper handling of the
grain is necessary prior to drying to maintain grain quality by preventing mould growth.
Freshly harvested grain shoud be delivered to the processng plant as oonas possble.
Green wild riceis best transported in buk bags, each buk bag will hold approximately
700kg. If the grain canna be transported immediately, it shoud be kept damp & cod. In
Cdifornia and Australiaa 47% to 50% mill out isthe average.
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Wild ricebeing loaded into ovens

The stepsin processng invalve in the fermentation a curing, drying, huling,
scaification, cleaning, grading, and packaging. Fermentationis necessary to partially
degrade the hull sto permit easier hulli ng, impart some of the charaderistic flavour of
wild rice, and change the immature kernels from a green to a brown colour. Scarificaion
removes pan of the outer impermeable layer, which reduces the mwoking time, so it is
similar to that of rice Uniformity of cooking timesisimportant for wild rice andrice
marketed as blends.
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Finished product at Ricewild Pty Ltd

Diseases

Diseases in natura stands of wild rice ae not usualy destructive, but in field-grown wild
ricethey can cause serious losses. In the early years of commercial production, severe
epidemics of brown spot destroyed entire @ops in some locations. Almost every disease
pathogen of wild rice has been olserved previously onrice (Oryza). Of the 12 knawvn
diseases of wild rice the pathogens that cause them 8 are known to bein Australia
However, Brown Spat, Bipdaris spp.isthe only disease known to cause asignificant
yield reduction. A yield reduction form Brown Spat has nat yet occurred in Australia.
Only Brown Spaot and Baderial Leaf Streak have been seen in Australia

Brown Spot

Brown spot is the most serious disease dfeding wild ricethat isgrown infieldsin
Minnesota but, is nat aproblem in Californiaor mainland Australia, bu could pdentialy
be aproblem in Tasmania. Thisdiseaseis caused by Bipdaris oryzae ( only Bipdaris
oryzaeisknown in Australia) and B. sorokiniana These fungi are amnsidered to cause
brown spat sinceboth are found oninfected plants and cause simil ar symptoms. This
disease is most severe when day temperatures range from 25°to 35C and rights are
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20°C or warmer. High relative humidity (greater than 90%), and the @ntinuous presence
of free water onleaf surfacesfor 11to 16 hrs, also favour infedion. All parts of the plant
are susceptible to infedion. The brown, oval leaf spots usually have yellow margins and
are aou the size of sesame seeds. These spots are uniform and evenly distributed over
the led surface.

Severe infedions cause weakened and lroken stems, damaged florets, and a reduced
guantity and quality of grain. Yield reductions can vary from insignificant to 100%. The
fungicide Tilt® isused for control of Brown spot in Minnesota.

This disease has never cause any significant yield lossin Australia.

Brown Spot on wild rice

Bacterial | eaf streak
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Baderial leaf streak has been found on @casionsin cultivated wild rice in Australia.
Baderial leaf streak is caused by Pseudamonas grringae. Econamic losses for grain yield
have nat been determined. No control measures are known.

Bacterial Leaf Streak on wild rice

| nsed and other Pests

Army worms,
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The common armyworm (Leucania conveda ) attadks cereds, Larvae gpea in pague
propartions in some years, and are patchy in athers. Condtions lealing to oubregs are
nat yet fully understood.Leafy cered plants can tolerate awnsiderable feeding from
moderate numbers of armyworms. Control in the vegetative stage is €ldom warranted
unlesslarge numbers of armyworms are well distributed throughou the acop and are
destroying young seedlings or the younger two o three leaves from older plants.

Infestations within paddacks are often patchy and more luxuriant stands often have the
highest pest presaure - upto 60 o more amyworms per square metre. Larvae hide in leaf
debris and emerge & night to feed. Infestations are indicated by the eaten-out margins of
leaves. Older larvae can feed onthe green stem just below maturing heads, severing
them.

Army worm

Aquatic shail s

Weater snail sare ommonin NSW ricefields, particularly from the till ering phase
onwards. The threemost common spedes, Isidorella newcombi, Austropeplealesoni,
and Glyptophysa sp. al feed onagag aquatic plants, and decaying organic matter. Only
Isidorella newcombi and Glyptophysa sp. will feed onrice Identificaion d the diff erent
spedesisrelatively smple. Hold the snail with the body aperture pointing towards you
and the spire of the shell painting upwards. The goerture of Austropeplealessoni will be
ontheright side of the shell, while for Isidorella and Glyptophysait will be onthe left.
The shell of Austropeplealessoni isfragile and wualy pale grey, whil st the shell s of the
other spedes are thicker and wually dark brown. Glyptophysa can be separated from
Isidorellaonthe basis of its more dongate shell and charaderistic pale antennal bases.
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The most serious crop damage occurs when popuations of Isidorella newcombi become
established duing the period immediately after sowing. Glyptophysa sp. will feed on
rice bu rarely cause the same level of damage & Isidorella. Both spedes feed ontheroct
of riceplants, rarely damaging the stems or leaves.

The key to effedive snail control is understanding the biology of the two pest spedes.
Isidorella and Glyptophysa ae bath capable of burrowing into the soil and entering
dormancy when ricefields are drained prior to harvest. If conseautive aops are grown on
the one field then approximately half the Isidorell a snail s that entered damancy when the
first cropwas drained will still be dive when the next cropis flooded. These snail s will
emerge from the soil within 24 hows and begin feeding and reproducing almost
immediately. Large snail popuations develop rapidly, and can seriously damage aops at
this gage, sincethe seedlings do nd have well established roat systems and there is often
no alternative food source avail able for the snail s. Whil st Isidorella can survive in the solil
between conseautive aops, they canna survive periods of dormancy in excessof abou
12 months. Most serious sail i nfestations can therefore be avoided by only growing rice
onindividual fields every second season. Growers unable to use gpropriate aop
rotations for snaill management may need to use diemical control, i.e. copper
sulphate.lsidorella can remain damant in the banks of supgdy channels, so a useful
technique isto flood onfarm channels sveral days before starting to fill bays. Any
dormant snail s that emerge from the channel banks can then be dhemically controll ed,
eliminating the risk of these snail s moving into the fields with the in flowing water, and
often removing the need for treaing the crop itself.

Native aquatic snails

Algae
Algae presents the same problemsin wild rice &it isin danestic ricein Australia

Algae Copper Sulphate—In 1997, 30.% of California swild rice acreage was treated
with copper sulpheate, for algae control, in amedian o 1 application per field. The median
applicaionrate was 14.851b a.i./acre.
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Algaeinwild rice

Australian Certified Organic — organic standards version 6“ Copper apgicationsupto 8
kg /Haispermissble as arestricted inpu (exempted in cases of documented deficiency in
soil) from December 2002

Ducks

In Australia ducks present the same problemsin wild rice &they doin damestic rice.
Wildricefields are dso idea sitesfor resting, foraging, nesting, and raising broods of
migratory and resident water birds.
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Gas powered scare guns are effectivein controlling ducksin wild rice

Wedls

The major grassweeds are aanuals and include barnyard grass(Echinochloa spp.)
Barnyard grassis the most competitive and dfficult weed to control in wild rice
Barnyard grassis avigorous, warm season annual grassreaching 1to 5fed in height
with bases of many stems reddish to dark purple. Leaf blades are flat, 38 to 58 inch
broad, smoath, and withou aligule or auricles and ligules. Panicles are often reddish to
dark purple. Spikeslets are aowded; awns might be @sent or can be found upto 1inch
long, stiff scattered hairs are mmmon. Barnyard grasswas introduced from Europe and
has beame widespread throughou our region, espedally in irrigated crops, gardens and
other cultivated aress. Leaf sheahs are open lacking auricles and ligules. Seedheads,
often puple, contain crowded large seeds. Continuows floodng to adepth of 4to 5
inches, in combination with good seedli ng establi shment, provides good control of these
wedls. If the aopis able to canopy over quickly and water depth is maintained Barnyard
grasscan be controlled.
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Barnyard grass Dirty Dora

Annual sedges and broadleaf weeds infest California and Australian wild rice The most
important annual sedge is dirty dora (Cyperus difformis), and cumbungi (Typhaspp.) is
the most significant perennial weed. And can orly be @ntrolled by rotation with other
crops and ou of cropweed Control. In Australia Dirty Dorais controlled by planting
wild ricein September when water temperatures are too coal for Dirty Dorato germinate.
Dirty Dora germinates in awater temp of minimum 15*C. Wild rice starts to germinatein
water at 4*C.

Starfruit and Water plantain ( alisma plantago — aquéca )are dso common weeds of
wild ricein Australia. But usually do nd compete significantly or produceyield losses, if
the aopis wn in September (N.S.W.) and undr no aher stresses.

Starfruit

Water plantain
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Cumbungi

Shark® herbicide Registered for usein California riceonly Shark® is a post emergence
product. Shark is applied by air. It does not require draining or lowering the water level in
bays. Andit controls key broadled weels and sedges, including those tolerant to ALS
herbicides, such as Bulrush, Dirty Dora, Redstem (Purple Ammannia or Redstem
Ammannia) and California Arrowhead. FMC Corporation hes received approval from the
California Department of Pesticide Regulation for application d Shark® herbicidein five
new use categories during the 2003season. These include crn, cotton, small grains, wild
rice and past fall ow/pre-plant burn dowvn for registered crops.

Shark® Active ingredient is cafentrazone. Minnesota may pursue aregistration. The
recommended rate on aher crops such as corn is 0.008Ib.Al/Acre; the recommended rate
inrice and onthe Section 18( for wild rice )in Californiais 0.2—0.3/b.Al/Acre. The
higher rate is needed for wild rice because by the time the weeals emerge from the water
they are considerably older than they arein crops such as corn.

In University of Minnesotatrias, arate of 0.41b.Al/Acre (227 gams per Ha. active
ingredient.) was needed to achieve good control of common water plantain (alismatrival)
applied when pants had 3-4 leaves and were 8-10inches tall. At thisrate wild rice
growth was not affeded; wild riceplants did show considerable leaf spatting, bu thisdid
nat affect yield. Shark provides burn badk control, which can allow wild riceto grow
through a canopy of water plantain and beame establi shed.

Varieties
Wild ricein Minnesota California and Australiais produced using cultivars that have a
norshattering tendency. All the foll owing cultivars dhatter somewhat and are susceptible

tolodging . .
'K2' has a medium height, early to medium maturity, and medium to high yield.
Developed by Kosbau Brothersin 1972.and popuar in Minnisota

‘Franklin’ short season variety. Released by the Minnesota Agricultural Experiment
Stationin 1992 grown in Californiasincethe mid 90s

“Itasca” has datter resistanceand 5% higher yield, released in 2002by Minnesota wil d
rice @uncil. Not yet avail able outside Minnisota

In California, cultivars developed by NorCal Seeds are the predominant ones grown.

The generic wild ricegrown in Californiais “ California Johrson” thisisthe aurrent
variety in Australia

SUMM ARY AND FUTURE
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Wild riceisfirmly establi shed as a new cultivated crop and shoud continue to expand in
production and wsage as yield and production efficiency are improved. Severa key
fadors haveled to its successto date:

(1) The grain was reagnized by consumers as a gourmet food tefore domestication
began, thus was relatively high priced andin demand.

(2)There were several champions of the crop that were willi ng to invest in production
and marketing.

(3) Growers organized themselves early in the processto seek research monies.

(4) The discovery of shattering resistance trait.

Continued expansion will depend onincreasing the yield through breeding better
cultivars which have better shattering resistance, till er synchrony, disease resistance,
grain/straw ratio, and lodging resistance and reduced seed damancy.

In Australiathe potential for the aopis greda because of our lower costs of production
than North America and accessto establi shed markets.
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Wild riceat Harvest time, 17weeks.
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