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ABSTRACT 

The production of wild rice in the natural lakes and streams of 

Saskatchewan's north has become a viable and rapidly growing industry over 

the last few decades. However, little information exists regarding the 

plant's growth and habitat preferences in this area. At the end of the 

1986 growing season, plants and environmental conditions were examined in 

twenty established stands of wild rice located across the main wild rice 

growing region of the province. In analysis, the growth of the wild rice 

plants proved to be highly variable across the province. Almost no 

spatial trend was seen in plant morphology or development across the 

region. However, stand density decreased significantly towards the north 

and west, and the estimated maximum yield of seed for each site decreased 

significantly towards the west. In terms of relationships between the 

environmental factors and plant morphological characteristics measured, 

significant correlations were found only between water depth and pH and 

mature main culm height and diameter, indicating that as the values for 

these two factors increased, the culms were longer, and in the case of 

water depth, also thinner. 
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CHAPTER 1 

1.0 INTRODUCTION 

It is thought that humans abandoned their nomadic hunting and 

gathering existence in favour of a more sedentary one when they succeeded 

in domesticating food plants. Information on when, where and how this was 

achieved is speculative, as written records do not exist. For example, 

wheat is believed to have been domesticated roughly 11,000 years ago in 

the Middle East, common "white" rice around 5,000 B.C. in southeastern 

Asia, and barley 5,000 to 7,000 years ago in either Ethiopia, central Asia 

or the Fertile Crescent. Approximately 10,000 years ago the peoples of 

Central America domesticated crops such as corn, squash, beans, cacao and 

chili peppers. In North America, in the last several centuries, the 

opportunity has arisen to witness the initial stages of the domestication 

process as the continent's only indigenous cereal grain- wild rice- is 

tamed. 

Despite its name, wild rice is not the wild form of the common white 

rice (Oryza sativa L.). Both are emergent aquatic grasses, but they 

belong to different taxonomic tribes and genera. Wild rice is a tall 

plant that grows in marshes and in shallow, quiet water along the shores 

of streams and lakes, often forming dense and continuous stands (Figures 

1.1 and 1.2). Four species, two annual and two perennial, are thought to 

exist. One perennial, Zizania latifolia (Griseb.) Turcz. ex Stapf, grows 

in Asia; the other, Zizania texana Hitchc., is found only in the vicinity 

of San Marcos, Texas. The two annual forms, Zizania aquatica L. and 

Zizania palustris L., are found only in North America- Z. aquatica along 

the Atlantic coast, and Z. palustris concentrated in southeastern 

Manitoba, northwestern Ontario, northeastern Minnesota and northwestern 

Wisconsin (Figure 1.3). 
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Figure 1.1. The wild rice p1a t. Adapted from: Elliott and Oelke 
(1977). 
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Figure 1.2. Detailed views of the wild rice plant. A: panicle and seed 
with hulls (source: Lakela 1965); B: culm cross-section 
showing node and partitions (Source: Dore 1969); and C: base 
of plant showing permanent and prop roots (source: Aiken et 

al. 1988). 
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Figure 1.3. Distribution of wild rice in North America. Source: Weichel 
(1985). 
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Zizania palustris produces the largest grain of all four species and 

is the only one thought to ever have been utilized for food purposes. 

Archaeological evidence has shown it to have been used extensively by some 

native peoples of North America hundreds of years before Europeans 

arrived. Reports by early explorers and missionaries have outlined some 

of their attempts to cultivate the plant. Domestication of wild rice has 

progressed steadily since these first steps, aided by modern technology 

and spurred on by a growing demand for the grain. However, much work 

remains to be done before it is as fully domesticated as today's crops. 

Minnesota is currently the leader in wild rice paddy production. 

Canada, on the other hand, has focused on cultivation of "natural" wild 

rice stands due to an abundance of suitable waterbodies, particularly 

along the edge of the Precambrian Shield. Manitoba and Ontario were 

originally Canada's top wild rice producers, but in recent years 

Saskatchewan has surpassed them in both acreage and production. 

1.1 Saskatchewan 

Wild rice was introduced into northern Saskatchewan in 1935, not to 

produce grain for human consumption, but as a food source for muskrats and 

waterfowl. The intention was to increase the numbers of these animals, 

thereby improving trapping and hunting opportunities for the mostly native 

northern population. The presence of wild rice in the province was 

subsequently forgotten until major food companies in the United States 

began to express interest in the grain in the mid-1960's. At that time, 

four lakes were found to still contain wild rice in sufficient amounts to 

be of commercial interest. New stands were subsequently seeded, and the 

Saskatchewan government began a wild rice production program aimed at 

expanding the economic base of the north. All wild rice gathered in the 

province is from "managed" natural stands, i.e., stands of wild rice that 

have had their location and seed source selected by people, but whose 

yearly growth and development is left to the control of the natural 

environment, except for occasional management practices such as stand 

thinning and straw removal. Little thought has been given to growing the 

plant in artificially created paddies as is done in Minnesota and 
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California due to the large number of naturally occurring waterbodies in 

northern Saskatchewan that could potentially be seeded to wild rice. 

1.2 Research Proposal 

Despite continually increasing production and the need for specifics 

regarding growth of the plant in the province, little research has been 

conducted on wild rice in Saskatchewan. Instead, growers have had to rely 

on what was known about the plant in other places as their guide to 

selecting suitable sites for seeding in this province. Even the 

experiences of fellow producers have not always been helpful in this 

matter, given the large size of the province's wild rice growing region. 

Sometimes what applies on one side of the province does not necessarily 

apply on the other. Orcajada (1984:2) summed up the need for research 

this way: "current production, processing and marketing problems need to 

be immediately addressed to ensure production stability and product 

competitiveness". 

The lack of information was addressed in 1986 when the Saskatchewan 

government commissioned a multi-year study to examine wild rice production 

in the province. One of the focuses of the study was to examine the 

differences in growth across the main wild rice growing region - "the main 

objective when the project commenced was to determine if significant 

differences occurred in plant characteristics and stand productivity" 

(Archibald 1988a:39). Another focus was the identification and 

quantification of critical environmental conditions. Early observations 

by various individuals involved in Saskatchewan's wild rice industry, and 

recorded in later publications, outlined some of the issues that required 

examination: a "general observation of growers of the existence of varying 

growth and maturity periods" (Orcajada 1986:2) across the province; that 

there "is a considerable amount of annual and regional variation (in 

growth) among sites" (Anonymous 1987:14); "plants in the western sites 

tend to be more robust" (Archibald 1988a:41); wild rice plants "typically 

develop earlier in the east side of the province and may be ready for 

harvest seven to ten days earlier" (Archibald 1988a:41); and "many local 

strains of wild rice grow in Saskatchewan" (Saskatchewan Advanced 

Education and Manpower 1986:13). 
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Prior to this, Archibold and Weichel (1984b, 1985a, 1985b, 1986) had 

conducted two years of research, in 1984 and 1985, that involved examining 

plant characteristics and environmental conditions at established wild 

rice stands located across the main wild rice growing area in northern 

Saskatchewan. However, since it has been the observation that in natural 

stands one good crop, two fair crops and one poor crop can be expected in 

any four year period (Moyle 1944), it was decided that another year of 

study using the same 20 stands (i.e., this research) would help provide a 

more accurate and comprehensive view of wild rice growth in Saskatchewan. 

Ultimately, it was hoped that the results would contribute to solution of 

the problem that " .. Saskatchewan growers .. faced with the difficulty of 

identifying the waterbody or section of the waterbody which (would) 

support a good crop" (Saskatchewan Agriculture 1986c:l) by identifying 

areas of superior growth and production, so that these might be traced to 

specific growing conditions. 

Specifically stated, the purpose of this research was to examine 

wild rice growth in northern Saskatchewan in order to provide a better 

understanding of how the plant grows under conditions prevailing in this 

province. The objectives of the study were as follows: 

1.3 

a) to observe the growth of wild rice plants in 20 established stands 

across northern Saskatchewan, and the environmental conditions 

present at each of these stands; 

b) to analyze the data collected from these stands in order to 

determine what relationships were present: i) among the various 

plant characteristics, ii) among the various environmental 

conditions, and iii) among the plant characteristics and the 

environmental conditions; and 

c) to analyze the data to see if any of the variables exhibited any 

significant spatial trend. 

Thesis Format 

The format of this thesis shall be as follows: Following this 

introduction, Chapter 2 will outline wild rice production in Saskatchewan 

and review past research. Chapter 3 will provide a brief description of 

the study area and the 20 study sites involved. Chapter 4 will detail the 
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methodology used in this research project, Chapter 5 will discuss the data 

observations by variable, and Chapter 6 will provide the results of the 

statistical analysis. Chapter 7 summarizes the results and provides 

suggestions for future research. Appendix A provides additional 

discussion of the data given in Chapter 5 on a site-by-site basis. 



CHAPTER 2 

2.0 WILD RICE IN SASKATCHEWAN 

The lack of a wild rice tradition among Saskatchewan's native 

peoples indicates that the plant may not be indigenous to the province 

(Winchell and Dahl 1984). If the plant was native to the province or had 

been introduced early on, there should be herbarium specimens and/or 

references to it in the literature. However, the earliest provincial 

specimen, in the W.P. Fraser Herbarium, University of Saskatchewan, is 

dated 1964 (Weichel 1985), and an extensive search of the literature 

failed to turn up any mention of the plant in Saskatchewan prior to the 

1930's. Intentional introduction prior to the 1900's seems doubtful, as 

at that time the closest wild rice stands were most likely weeks away in 

eastern Manitoba and northeastern Minnesota and it would have been 

difficult, over such a distance, to keep the seed cool and moist to 

maintain its viability during transport. 

J.D. Neilson's (1964) article on wild rice in Saskatchewan was the 

first provincial publication regarding the plant. It states that the 

introduction of wild rice to Saskatchewan occurred in 1935. Government 

employees (i.e., conservation officers) are thought to have seeded several 

lakes in northern Saskatchewan that year to attract wildfowl and muskrats, 

thereby increasing hunting and trapping opportunities for northern 

residents (Winchell and Dahl 1984; Weichel 1985). Unfortunately, specific 

information, such as where the seedings took place, does not appear to 

exist. The source of the seed is also unknown, but it most likely came 

from southeastern Manitoba. This lack of record-keeping regarding seed 

sources continues to this day and provides a minor obstacle to research. 

After being virtually forgotten following its initial introduction, 

Saskatchewan's interest in the plant was renewed in the mid-1960's when 

Uncle Ben's, Inc. in the United States decided to introduce wild rice into 

9 
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its product line, and began to contract out for a paddy-produced crop in 

order to obtain a reliable supply (Winchell and Dahl 1984). At that time 

wild rice was considered a luxury or gourmet food item due to its low 

availability and high purchase price and it was thought that the crop 

would provide a lucrative crop for the economically-poor northern portion 

of the province. A search found four commercially viable-sized stands of 

wild rice were found - Limestone Lake, Nemeiben Lake, Pine River and 

Potato Lake - all thought to be relicts of the original seeding (Neilson 

1964). New stands were seeded and the first commercial harvests of wild 

rice in Saskatchewan were subsequently carried out, although serious 

efforts to develop the industry were not made until 1978 when seeding 

trials and an extension program were initiated (Orcajada 1984). 

Production has risen dramatically since, surpassing that of Manitoba and 

Ontario, Canada's traditional wild rice producing areas. Saskatchewan's 

main wild rice growing region extends across the province between 53° 30'N 

and 56° 30'N (Orcajada, pers. comm., 1994). 

The following sections will provide a brief review of the wild rice 

industry in northern Saskatchewan and an outline of past research 

conducted in the province. 

present study is also given. 

2.1 Regulations 

A short review of research similar to the 

The Saskatchewan government controls all wild rice seeding and 

harvesting in the province. With the lack of a wild rice tradition 

amongst Saskatchewan's native peoples, the province has been able to avoid 

the conflicts Manitoba, Ontario and Minnesota have experienced between 

natives and non-natives over traditional ricing areas (Winchell and Dahl 

1984). The result has been slightly different policy content. 

Discussion on a provincial policy regarding wild rice production was 

initiated when interest in the crop began to increase in the mid-1960's. 

The first draft was completed in August of 1983, and the policy was 

officially approved in April of 1985 (Orcajada, pers. comm., 1994). A few 

changes were made in 1986 and it has remained unaltered since. 

As of April 1986, applicants for a permit/license must be at least 

18 years of age and have resided in Saskatchewan for at least three 
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consecutive months prior to applying. Applicants for permits or licenses 

in the Northern Administration District (NAD) have to have lived in the 

NAD for 15 years or one-half of their lifetime. Non-northerners with 

traplines in the NAD can obtain permits for sites along their traplines. 

Permits are granted for a one-year period and apply only to the 

seeding, cultivation and harvesting of wild rice - they do not give the 

holder any other rights to the water or surrounding land. They are not 

renewed if the permittee does not seed or properly develop a crop. The 

maximum amount of land allowed per person under a permit or license is 400 

ha. Co-operatives, corporations and partnerships are limited to 400 ha 

per person to a maximum of 2,000 ha for the group. Permittees must first 

obtain written permission from the owner or lessee if the proposed site is 

on private or leased land. 

Permittees can apply to have permits changed to licenses after one 

year if the site has been commercially successful; otherwise they are 

converted automatically after four years. Licenses are granted for a 

maximum of 10 years, after which they must be renewed. One license is 

allowed per person, but it can cover wild rice stands at several different 

locations. Permit and license holders must submit a report at the end of 

the harvest season detailing the results of the harvest. 

Access to sites must be allowed for inspection and research. 

Activity is not allowed where it might adversely affect the natural 

environment, wildlife, or fish spawning, nursing or migration areas. The 

use of fertilizers, herbicides and pesticides is not allowed on wild rice 

in Saskatchewan, and has allowed producers to tap the lucrative and 

growing "organic" food market. Modifications to the local environment, 

such as alteration of water levels and removal of beaver dams, and the 

construction of docks and access roads, need permission. Permission must 

be granted for land-based temporary structures on permit sites, and as 

well as for permanent structures on licensed sites. The location of wild 

rice stands on sites with recreational, tourist, transportation, scenic 

and historical importance is not allowed. The killing or scaring off of 

waterfowl is also prohibited. The policy is designed to balance the 

rights of the wild rice grower with that of p€ople involved in fishing, 

hunting, timber harvesting, and recreation. 
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A more detailed description of Saskatchewan's policy on wild rice 

can be found in "Wild Rice Allocation Policy - April, 1986" (Saskatchewan 

Parks and Renewable Resources 1986). 

2.2 Production 

Wild rice production in the province has increased dramatically in 

the short time the crop has been grown here commercially. Initially, wild 

rice in Saskatchewan was harvested using the traditional canoe-and-flail 

method (Kushwaha et al. 1984; Orcajada, pers. comm., 1994). A mechanical 

wild rice "picker" was first used in the province in 1967 (Orcajada, pers. 

comm., 1994), mechanical airboat harvesters came into use in 1978 

(Saskatchewan Agriculture 1989; Orcajada, pers. comm., 1994), and today 

almost all of the Saskatchewan wild rice is harvested mechanically 

(Orcajada, pers. comm., 1994). 

Table 2.1 details Saskatchewan's wild rice production history 

starting in 1970 (no data is available for previous years). Most notable 

is the large number of permit/license holders in comparison with the 

actual number of producers, as illustrated in Figures 2.1 and 2.2 for the 

year 1984, two years prior to the present study. These maps clearly 

indicate the difficulty growers have in selecting a site with suitable 

conditions that will grow a productive stand of wild rice. 

The four-year growth and production cycle first noted in the 

literature by Moyle (1944) is not as readily seen in Saskatchewan's 

production values as it is in those of other wild rice growing provinces 

and states, because it has been masked by continually increasing 

production. However, some years are still notable. The year 1985, the 

year prior to this study, was particularly poor (91,834 kg, unprocessed). 

Conversely, the value for 1986 is over three times higher (345,963 kg), 

but still not as high as that achieved in 1984 (488,382 kg). The poor 

production years and drop in price that have occurred since the late 

1970's have not had an adverse affect on the wild rice industry in 

Saskatchewan, as indicated by the ever-increasing harvested acreage. 

Saskatchewan has surpassed the natural stand production of Manitoba. 

Ontario and Minnesota, the traditional wild rice producing areas, but is 



Table 2.1. Wild rice production in Saskatchewan. 

-

No. of 
permit/ Area (ha) 
license No. of Production Average price 

Year holders producers Seeded Harvested (kg green) per kg (green) Value ($) 

1970 - - - - 1,048 
1971 - - - - 10,405 
1972 - - - - 25,100 
1973 - - - - 5,722 
1974 - - - - 10,217 
1975 - - - - 18,993 $2.27 $43,113 
1976 - - - - 43,710 2.14 93,539 
1977 - - - - 38,953 3.25 126,596 
1978 27 18 70 - 27,502 5.50 151,260 
1979 70 20 301 - 72,727 6.60 480,060 
1980 184 24 2,376 - 146,050 4.40 642,626 
1981 350 86 1,146 - 233,560 4.40 1,027,664 
1982 450 81 1,539 - 236,432 3.30 780,223 
1983 550 67 1,349 2,236 250,732 3.52 882,576 
1984 634 190 1,894 2,836 488,382 4.62 2,256,326 
1985 727 105 2,025 2,373 91,834 3.74 343,459 
1986 323 173 1,884 5,055 345,963 2.64 913,344 
1987 430 173 2,275 3,278 551,845 1. 72 946,966 
1988 345 203 2,835 4,860 834,746 1.32 1,101,865 
1989 345 178 3,058 4,795 807,312 1.43 1,154,456 
1990 345 210 2,977 5,573 1,094,588 1.65 1,806,021 
1991 345 216 2,592 5,670 1,099,439 1.54 1,693,136 
1992 - 208 2,025 6,278 941,800 1.54 1,453,473 

sources: Orcajada 1984; Saskatchewan Agriculture 1990; Saskatchewan Agriculture and Food 1993. 

~ 
w 
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Figure 2.1. 
Distribution of wild rice permits and licences in northern 
Saskatchewan- 1984. Source: Weichel (1985). 
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nowhere near matching that achieved in the paddies of California and 

Minnesota. 

There are two wild rice processing plants in Saskatchewan (Orcajada, 

pers. comm., 1994). The first plant, located in La Ronge, was built in 

the early 1980's (Kushwaha et al. 1984) and is operated by a locally-based 

group. It processes approximately 70 - 80% of the province's crop, and 

has a yearly capacity of approximately 910,000 kg (green/unprocessed). 

The second processing plant is a family owned-and-operated business in 

Denare Beach, with a yearly processing capacity of over 225,000 kg 

(green). 

All production in Saskatchewan is from "natural" stands as opposed 

to man-made paddies, although "the province also has good potential for 

paddy wild rice growing" (Orcajada 1984:2). The first attempt at paddy 

production in Saskatchewan took place in 1971 at Cumberland House 

(Orcajada, pers. comm., 1994). As no further information can be found 

regarding this venture, it can only be assumed that it was not a success. 

An experimental paddy was also constructed on a levelled piece of cleared 

muskeg near Sled Lake in 1987, with encouraging results, by building an 

earthen-dam across a small drainage creek (Archibald 1989). 

2.3 Previous Saskatchewan Research 

Until the mid-1980's, little research had been conducted on wild 

rice in Saskatchewan. However, Saskatchewan Agriculture has been 

responsible for a number of publications designed to provide the wild rice 

grower with information on growing and harvesting wild rice in northern 

Saskatchewan. Much of this information has been gathered from articles 

published outside of the province. The list includes: Wild rice 

production in Saskatchewan (Saskatchewan Agriculture 1985), The economics 

of wild rice farming in northern Saskatchewan (Saskatchewan Agriculture 

1986a), Tips in identifying ideal wild rice habitat (Saskatchewan 

Agriculture 1986c), and Harvesting wild rice in northern Saskatchewan 

(Saskatchewan Agriculture 1986b, 1989). A Wild rice growers training 

manual has been published by Saskatchewan Advanced Education and Manpower 

- Northern Division (1986) to instruct producers in wild rice growing in 

Saskatchewan. 
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In 1986, the Saskatchewan government initiated a project to examine 

various aspects of wild rice in northern Saskatchewan in order to fill the 

void that existed in information specific to Saskatchewan. Included in 

this study were topics 

management, and habitat. 

sections. 

such as harvest methods and machinery, stand 

These are discussed briefly in the following 

2.3.1 Harvesting methods and machinery 

Research on harvest methods and machinery has been conducted because 

it is thought that improving harvest efficiency could "at least double ... 

(Saskatchewan's yields) ... without increasing the area under production" 

(Kushwaha et al. 1984:46). Investigations have been made into the 

development of a rotating "powered reel" harvester (Kushwaha 1986, 1987; 

Kushwaha et al. 1984, 1985); the effects of "propeller blast" on seed loss 

(Archibald and Reed 1988); the efficiency of various types of speedheads 

and accessories, including beater bars (Archibald and Reed 1988; Reed 

1990a), and wire and large-mesh polyethylene screening (Reed 1990a); 

speedhead operating height (Reed 1990a); harvester speed (Archibald and 

Reed 1988; Reed 1990a); and harvest frequency (Reed 1990b). 

2.3.2 Stand management 

Experiments have been conducted into stand thinning and straw 

decomposition in the province, with limited success. With both 

treatments, wild rice growth improved but the resulting increase in grain 

production was not large enough to justify the costly labour- and time

intensive procedures involved. 

Stand thinning is thought to substantially increase production by 

increasing tillering and is used extensively in Minnesota paddies. In 

several experiments conducted to date (Archibald 1987b, 1989, 1990; Plunz 

and Orcajada 1985b), tillering did increase but the increase was not 

enough to compensate for the overall loss in culm density and subsequent 

loss in grain production. 

It has been thought that Moyle's four-year cycle may, in part, be 

related to high culm densities which subsequently produce thick straw mats 

that smother or shade out the next year's growth. Straw removal and 
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decomposition rates in northern Saskatchewan have been examined by 

Archibald (1986, 1988b, 1989, 1990, 1991) and Archibald and Weichel 

(1984a). In these studies, straw removal resulted in an increase in plant 

growth the following growing season, which in turn resulted in an increase 

in straw production which only worsened the problem (Archibald 1988b, 

1989, 1990, 1991). Mulching of the straw reduced the smothering and 

shading effects but did not affect the rate of decomposition and nutrient 

release back into the environment compared to unmulched straw (Archibald 

1988b, 1991). Archibald (1991) found that approximately 65% of the straw 

decomposed within two years in northern Saskatchewan, while in comparison, 

approximately 70% to 95% straw decomposition was achieved in one year in 

northwestern Ontario (Sain 1984). 

2.3.3 Habitat 

A small number of research projects have examined environmental 

conditions in northern Saskatchewan and their effects on wild rice growth. 

Most of these studies have had a limited scope and their results are not 

presented here. The results of Archibald and Weichel's research project 

into plant morphology and development across northern Saskatchewan, 

outlined in Chapter 1 (Archibald and Weichel 1984b, l985a, 1985b, 1986), 

are discussed in future chapters in conjunction with the results from this 

study, as both programmes utilized the same study sites. 

Another large research project in this subject area was conducted by 

Weichel (1985) and Weichel and Archibald (1984a, 1984b, 1985b), who 

examined 36 wild rice stands in northern Saskatchewan at the end of the 

1983 growing season. The aim was to look for differences in wild rice 

growth between stands located a) in the western/central/eastern regions of 

the province, b) on and off the Precambrian Shield, and c) between 

"stream" (channels and mouths) and "lake" (shorelines and bays) habitats. 

The authors also examined the data to see if any one variety of wild rice 

(i.e., Z. palustris var. interior or var. palustris) was predominant in 

the area, as both are thought to be sympatric over much of their range 

(Aiken et al. 1988). A map of habitat potential for northern Saskatchewan 

was also developed. 
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Selected values obtained during their study are given in Table 2.2. 

Wild rice growth in the westernjcentraljeastern regions of the province 

showed a trend towards higher productivity in the west. There was an 

apparent increase from west to east in water depth and dissolved 0 2 , and 

sediment potassium (K) concentration, and a decrease in water pH, 

conductivity and total alkalinity, and sediment pH from west to east. 

Correspondingly, there was an decrease from west to east in number of 

pistillate pedicels per culm, leaf width, biomass, percentage of tillers 

and estimated maximum yield. Water temperature, sediment depth and 

phosphorous (P) level, mature culm density and seed weight were lowest in 

the east and highest in the central region; total culm length was highest 

in the east and lowest in the central region. Unfortunately, these trends 

were not evaluated for significance. 

Examination of the data on the basis of whether the plants grew in 

a "stream" or "lake" habitat revealed significant differences in water 

depth, temperature, conductivity, dissolved 02 , and total alkalinity, plus 

sediment pH and potassium concentration. All environmental variables 

except conductivity, total alkalinity and sediment potassium had higher 

values in the "lake" setting. Plant characteristics such as the number of 

pistillate pedicels per culm, leaf width, biomass, seed weight, mature 

culm density, percentage of tillers, and estimated maximum yield also had 

significant differences. All plant values (except seed weight) were 

higher in the "stream" habitat, and overall, plants in "stream" habitats 

appeared to be more robust and productive. 

Water depth, pH, conductivity and total alkalinity, sediment pH and 

potassium and phosphorous concentrations, and total culm length, number of 

pistillate pedicels per culm, leaf width, biomass, estimated maximum 

yield, and percentage of tillers all proved to be significantly different 

between on- and off-Shield sites, with the off-Shield sites appearing to 

provide better habitat since they supported generally larger, more 

productive plants. 

Overall, Weichel found that on-Shield "lake" wild rice stands in the 

eastern part of the province were the least productive, with off-Shield 

"streams" in the west most productive. He was unable to come to a 

definite conclusion as to which of the two Z. palustris varieties were 



Table 2.2. Average values obtained for the various habitat groupings- Weichel (1985). 

Variable Total range West Central East Stream Lake On- Off-
(min. - max.) Shield 

water 
depth (an) 19.0 - 191.0 58.9 108.5 111.3 80.9 101.6** 120.4 79.2** 
temperature (0c) 13.5 - 25.0 19.9 21.1 18.3 19.4 20.1** 19.7 19.8 
pH 6.4 - 9.4 7.9 7.8 7.3 7.7 7.7 7.2 7.9** 
conductivity (~fern) 42.0 - 280.0 189.5 142.8 102.0 154.0 138.2* 73.1 180. 7** 
dissolved o2 (mg/1) 1.4 - 14.0 6.3 7.8 7.8 6.3 8.0** 7.6 7.2 
total alkal1nity (mg/1 caco3) 15.0 - 180.0 117.2 84.0 62.4 94.2 83.3* 41.9 110.8** 

Sediment 
depth (em) 10.0 - 101.0 67.1 68.9 62.5 65.5 66.7 66.3 66.1 
pH 5.6 - 7.5 6.5 6.4 6.3 6.4 6.5* 6.2 6.5** 
P (mgfl) 1.0 - 46.0 5.6 9.0 3.2 5. 7 5.9 2.9 7 .2** 
K (mg/1) 35.0 - 215.0 6.66 84.7 120.3 102.1 82.2** 107.7 82.9** 

Plants 
total culm length (em) 57.0 - 230.3 141.8 137.3 161.4 148.0 146.4 157.1 141.6** 
total rachis length (em) 20.7 - 58.8 
pistillate portion length (an) 9.3 - 39.4 
number of pistillate pedicelsfculm 6.0 - 153.4 55.9 29.3 25.7 45.7 30.6** 22.1 44. 7** 
leaf width (nm) 5.3 - 24.8 16.9 12.6 11.9 15.6 12.8** 11.3 15.1** 
individual culm dry weight1 (g) 0.2 - 8.1 
biomass2 (kgfha) 7.3 - 16880.7 3906.2 2763.3 1859.4 3503.7 2520.9** 1993.0 3483.0** 
seed weight ( mg) 18.0 - 60.0 44.0 50.0 39.0 41.0 46.0** 44.0 44.0 
mature culm density (culmsfm2) 0.3 - 372.0 57.1 74.7 54.9 72.2 55.0* 61.1 62.7 
percentage of tillers 0.0 - 93.8 60.4 25.8 22.2 42.7 31.1** 21.8 43.4** 
estimated maximum yield (kgfha) 2.7- 12037.9 2242.1 1446.4 1050.3 1933.0 1434.1* 1112.9 1931. 9** 
number of internodes/culm 2.5 - 5.0 

1 Includes roots, culm, leaves and flowers but not seeds '*' = significant at a = 0.05 
2 Includes entire plant and seeds. '**' = significant at a = 0.01 ~ 



21 

present, as he found specimens that conformed to the taxonomic 

descriptions of both varieties. He concluded that both varieties were 

present, but that the true expression of their individual characteristics 

was being masked by wide-ranging environmental conditions. 

Classification of the habitat potential of northern Saskatchewan 

resulted in the definition of the area between approximately 54° and 56°N 

as the best for wild rice cultivation in the province. This corresponds 

to Saskatchewan's present main wild rice growing region. The area north 

of a line from 56°N latitude on the east side of the province to 58°N on 

the west was determined to be generally unsuitable for wild rice. 

2.4 Other Related Research 

Morphological variation over a large area has been studied in detail 

by one other group of researchers, with inconclusive results. Counts and 

Lee (1987, 1988a, 1988b, 1991) conducted research into morphological 

variation in wild rice in Ontario in an attempt to determine if it could 

be attributed to environment and/or genetics. They were not able to 

conclude exactly how much, if any, genetic differentiation was present in 

the wild rice in northwestern Ontario, nor the rate at which genetic 

adaptation to the environment was occurring. They were, however, able to 

verify that the environment had considerable influence on wild rice 

morphology, to the extent that it may mask any genetic influence. 

Their first set of experiments (Counts and Lee 1987) involved 

growing one Saskatchewan and several Ontario wild rice populations under 

identical greenhouse conditions. In addition to a high level of within

population variation, significant morphological differences were noted 

between the populations for the majority of the variables tested, 

including the number of pistillate florets produced, flowering time, and 

individual culm weight . The authors related this variability to the 

environment, with earlier flowering, smaller tillers, fewer pistillate 

florets per culm, and increasing seed weight and length associated with 

increasing climatic severity (as determined by the number of growing

degree days, the average date of first autumn frost, maximum daylength, 

and the probability of frost before September 1). They felt the wild rice 

populations they examined were distinct (i.e., genetically differentiated) 
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because of climate, with climate severity (i.e., a shorter growing season) 

placing pressure on the wild rice such that plants with rapid development 

and early maturity were being selected for. The increase in seed size 

observed with increasing climatic severity could be a competitive 

advantage, as larger seeds tend to produce larger, more robust seedlings 

(Counts and Lee 1991). 

A subsequent experiment involving three Ontario populations grown in 

greenhouse and natural conditions (Counts and Lee 1988a), produced 

conflicting results. Few significant differences were found between the 

populations grown in one greenhouse, while several were found when the 

same populations were grown in a separate greenhouse and a "lake" setting. 

A third set of experiments revealed very little genetic divergence between 

selected introduced populations and their source over the course of some 

5 to 50 years (Counts and Lee 1988b), despite differences in climate 

between the two locations. 



CHAPTER 3 

3. 0 STUDY AREA 

The 20 sites examined in this research project are located in 

northern Saskatchewan between 54° and 56°N (Table 3.1, Figure 3.1), and 

form a rough transect from the southeast to the northwest across the main 

wild rice growing region of the province. All are commercially-productive 

stands that are readily accessible by boat or plane. Their establishment 

date and seed source are not known. This chapter provides a brief 

physical description of each site, plus an overview the physical aspects 

of the study area. 

3.1 Study Site Locations 

This section provides a brief description of the locations of the 20 

wild rice stands used in this study. Photographs of some of stands are 

provided to illustrate wild rice habitat in northern Saskatchewan. The 

water surface area data was obtained from the Inland Water Directorate, 

Environment Canada (1973). 

Study site 1 is located at the northern tip of Hanson Lake in Agnew 

Bay. This is the most easterly wild rice stand studied, lying about 70 km 

west of the Manitoba border, about half-way between Amisk and Deschambault 

Lakes. Hanson Lake is a small waterbody relative to many of the other 

lakes in the study, with a total water surface area of less than 100 km2
• 

Site 2 is located southwest of Hanson Lake on another small 

waterbody, Limestone Lake. The wild rice stand studied here is fairly 

large, located at the lake's south end where the waters narrow and then 

widen into a roundish bay surrounded by marsh/swamp. The three creek 

inlets found in the immediate area are characteristic of natural wild rice 

habitat and provides the necessary constant, gentle water circulation. 

This wild rice stand is the most southerly of all those examined. 

23 
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Table 3.1. Latitude and longitude of the twenty study sites. 

Site number Site Latitude Longitude 

1 Hanson Lake 54° 45' 102° 50, *l 

2 Limestone Lake 54 33 103 15+ 

3 Deschambault Lake 54 55 103 22* 

4 Wapawekka Lake 54 57 104 24* 

5 Montreal River 55 6 105 20+ 

6 Nemeiben Lake 55 19 105 25* 

7 Morning Lake 55 19 105 52* 

8 Black Bear Island Lake 55 36 105 45* 

9 Mercer River 55 18 106 10+ 

10 Pinehouse Lake 55 31 106 28+ 

11 Little Seymour Lake 55 36 106 53+ 

12 Pine River 55 20 107 38+ 

13 Beaver River 55 24 107 43+ 

14 Lac ile-a-la-Crosse 55 27 107 44+ 

15 Keeley Lake 54 52 108 12+ 

16 Canoe River 55 23 107 55+ 

17 Rosser Bay 55 32 108 4+ 

18 Aubichon Arm 55 36 108 4+ 

19 Kazan Lake 55 30 108 25+ 

20 Churchill Lake 55 49 108 25+ 

1 '*' =on the Precambrian Shield; '+' =off the Precambrian Shield (Richards and Fung 1969). 
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Figure 3.1. Location of the twenty study sites in northern 
Saskatchewan. 
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Deschambault Lake, location of site 3, has a total water surface 

area of 532 km2, much larger than the previous two lakes. The wild rice 

stand examined here is located on the northern end of the Deschambault 

Channel in one of the small bays on the south shore. 

Site 4 is on the north shore of Wapawekka Lake in a bay east of the 

Narrows (Figure 3.2). Wapawekka Lake is a long body of water on the 

southeast shore of Lac La Ronge, with a total water surface area of 243 

km2. 

Site 5 is located on the short section of the Montreal River that 

connects Bigstone Lake to Lac La Ronge on the east. The wild rice stand 

examined lies along the north shore in an area often used by people . 

Figure 3.2 . Site 4 - Wapawekka Lake. The patchy and uneven nature of the 
wild rice in this photograph is common in natural stands and 
results from the plant's response to bottom, water and other 
conditions. A harvester can be seen at work at the extreme 
right-centre of the photograph. 
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To the northwest of Lac La Ronge is the much smaller Nemeiben Lake 

(total water surface area : 154 km2) , which empties into Lac La Ronge 

through Nemeiben Creek. Nemeiben Lake has a rough "H" shape, and site 6 

is located mid-lake in a small, quiet bay on the "cross-bar". 

Morning Lake is a small lake approximately 20 km west of Nemeiben 

Lake. The wild rice stand examined as site 7 is at the far southern end 

of the lake in a small narrows and adjacent bay (Figure 3.3). 

Figure 3 . 3. Site 7 - Morni ng Lake. Note the location of the wild rice -
in the shelte red, quiet water of the narrows and along t he 
shores of the bay, avoiding the open, deeper water in the 
middle of the bay (lower right corner). Note again 
the unevenness of natural stands. The rice in the far righ t
centre of the picture shows a light "striped" pattern , 
r evealing the r ecent passings of a harvester. 
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Black Bear Island Lake is a highly fractured lake directly on the 

Churchill River just north of Morning Lake (total water surface area: 147 

km2). The wild rice stand studied here is located on the south side in a 

small lake-like expansion of one of the numerous connecting channels 

(Figure 3 .4). 

Figure 3.4. Site 8 - Black Bear Island Lake. Note again how the wild 
rice lines the sheltered shores of the bay and the adjoining 
channel. 

Mercer River is a short river that drains a marshy/swampy area south 

of Besnard Lake. At study site 9 the wild rice lines both shores of this 

river in a fairly large stand. 
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The study site at Pinehouse Lake (site 10) is located mid-lake in 

the southeast corner of Hillman Bay in a small, slightly rectangular bay 

( Figure 3 . 5). Pinehouse Lake is a large lake with a total water surface 

area of 373 km2 and many wild rice stands along its shore . 

Figure 3.5. Site 10 - Pinehouse Lake. The wild rice in this photograph 
is concentrated near the shore (lighter green) but is also 
found scattered lightly throughout the channel. 

The Seymour Lakes are a group of three small lakes directly west of 

Pinehouse Lake. The smallest of these lakes, called Little Seymour Lake 

in this study, has a round shape. Site 11 is located at its south end , 

growing at the mouth of a small creek (Figure 3.6). 
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Figure 3.6. Site 11 - Little Seymour Lake. Notice the waterlilies 
marking the stand's outer edge- they are common in wild rice 
stands. Little Seymour Lake receives water from the Seymour 
Lake to its south, through the short creek seen at the bottom 
of the photograph . This creek provides the slight water 
circulation necessary for good growth. 

The Pine River is a short river on the southeast shore of Lac ile-a-

la-Crosse . Site 12 is located at the mouth of the Pine River where it 

expands into a lake-like body before joining with the Beaver River. 

Just a short distance north of this is the Beaver River stand, site 

13. Here the Beaver River widens before emptying into Lac ile-a - la -

Crosse . Site 13 is located in a little bay on the east side of the 

channel . 
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The Lac Ile-a-la-Crosse site (site 14) is located on the east shore 

of the lake in a small bay near the Beaver River inlet (Figure 3.7). Lac 

ile-a-la-Crosse is a large (total water surface area: 387 km2), long, 

slender lake with several large, long bays, or "arms". 

Figure 3.7. Site 14- Lac ile-a-la-Crosse. Note the rice lightly 
scattered along with waterlilies (light green) in the 
middle of the channel and along the shores, as well as 
the brown colour of the water, both common features of 
wild rice habitat in northern Saskatchewan. 



32 

Site 15 is located in the southwest corner of Keeley Lake. Figure 

3.8 shows an aerial view of this site from the tail end of Marshy Bay 

looking towards the northeast. The wild rice stand examined covers much 

of the sheltered portion of the bay and extends into the adjoining creek 

(Figure 3.9) . Keeley Lake is located much farther south than the other 

sites studied on the west side of the province, and is almost as far south 

as Limestone Lake (site 2) . 

Figure 3.8. Site 15 - Keeley Lake. The light green vegetation completely 
filling the bays in this photo is wild rice. 
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Figure 3.9. Site 15 - Keeley Lake. Note the striped nature of the stand 
at the left-centre of the photograph. These are the result 
of either seeding being done in widely spaced strips, or from 
widely spaced passes of a harvester or boat which knocked 
seed off the plants, allowing for thicker reseeding. 

The Canoe River site (16) is located on the shore of Lac Ile-a-la

Crosse. The site is a small bay near the mouth of the Canoe River, fed at 

its tip by a creek that drains a swampy area to the south. 

Rosser Bay is a long finger bay on the west side of Lac Ile -a-l a 

Crosse . Many wild rice stands are scattered throughout this bay. Site 17 

is located near its tip. 

Aubichon Arm, another large , long bay of Lac ile-a-la-Crosse just 

north of Rosser Bay that receives water from Churchill Lake, is the 

location of site 18. The study site is a small, quiet bay on the 

northeast shore of the Arm that is fed by two small creeks (Figure 3 .10) 
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Figure 3.10. Site 18 - Aubichon Arm. Wild rice can be seen growing 
throughout this shallow bay interspersed with waterlilies 
(which have a whitish colour). Water emptying into the bay 
comes from the surrounding swampy/boggy land, thus its 
distinctly brown colour (see inlet at bottom-left corner of 
photo). However, the water at this site was still clear 
enough that the bottom growth and sediment could be easily 
seen, a condition also found at Lac ile-a-la-Crosse and 
many of the other study sites . 

Shaw Bay is a long, narrow bay at the southwest end of Kazan Lake . 

It contains a rather large wild rice stand, referred to in this study as 

site 19. Kazan, Morning and Keeley Lakes all have a total water surface 

area of less than 100 km2. 

The last site, site 20, is found at the south end of Churchill Lake 

in a small, sheltered bay near the town of Buffalo Narrows. Churchill 

Lake is a very large lake (total water surface area: 543 km2) located at 

the headwaters of the Churchill River. 
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3.2 Physical Environment 

This section provides an overview of several aspects of the study 

area's physical environment climate, hydrology, bedrock, soils and 

vegetation. These last four aspects, as they are discussed here, exist 

only in proximity to the wild rice and therefore affect it indirectly, 

i.e., the bedrock, soils and local vegetation can alter the chemical and 

physical nature of the water that passes over and through them, thereby 

eventually affecting the water the wild rice is located in, and can also 

influence the nature of the bottom sediment. The information in Sections 

3.2.2 to 3.2.5 was taken from The Atlas of Saskatchewan (Richards and Fung 

1969). 

3.2.1 Climate 

There is very little information available regarding the climate of 

northern Saskatchewan (Wheaton 1979; Wheaton and Chakravarti 1988). Two 

reasons exist for this, according to Wheaton (1979:2): "1) an irregular 

and meagre network of stations, and 2) most of the stations have short and 

incomplete records". In Saskatchewan, there are only 67 weather stations 

between 53° and 60~ (Wheaton and Chakravarti 1988), an area of 

approximately 375,000 km2. Fifty-three of these are between 53° and 55°N, 

while only 14 are between 55° and 60°N (Wheaton and Chakravarti 1988). 

There are only three weather stations - Buffalo Narrows, !le-a-la-Crosse 

and La Ronge - within the immediate area of the 20 study sites used in 

this research. The sparseness of stations in northern Saskatchewan is 

attributed to the low number of settlements and a lack of adequate funding 

(Wheaton and Chakravarti 1988). 

As a result of the low number of weather stations, and thus the 

small amount of data, most climatic maps of northern Saskatchewan either 

leave the area blank or provide only a broad estimation of conditions. 

This was the case in the only three publications found that addressed this 

subject: The Atlas of Saskatchewan (Richards and Fung 1969), The 

evaluation of the climatic environment of a large area with few reporting 

stations: A case study of northern Saskatchewan (Wheaton 1979), and The 

National Atlas of Canada (Energy, Mines and Resources Canada 1985). For 

example, climatic maps in The Atlas of Saskatchewan are either left blank 
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in the north and labelled "no data available in this area", or have dashed 

isolines with the warning that they are "approximate and incomplete". In 

fact, climatic isopleths were usually so widely spaced on most of the 

maps, that the study sites often all fell between the same two isopleths. 

A brief discussion of those climatic aspects for which data was 

available is given below. It should be kept in mind that the values 

provided are only rough estimates, and therefore, must be viewed with 

caution. 

Based on the available data, it has been determined that northern 

Saskatchewan has a cold continental, sub-arctic climate - 'Dfc' by 

Koppen's method of classification1 (Richards and Fung 1969). The Atlas 

of Saskatchewan and Wheaton (1979) contained maps showing the "July normal 

mean daily temperature" for northern Saskatchewan. The maps generally 

concurred, showing a slight general trend of decreasing values towards the 

western side of the study area. According to these maps, sites 1 and 2 of 

the present study have the highest July normal mean daily temperature, 

around 18-l9°C, with slightly lower mean values at sites 3 and 4 (17-l8°C), 

and a mean daily temperature near 16-l7°C at the remaining sites. Site 15 

has a slightly higher July normal mean daily temperature (17-l8°C) than the 

other study sites on the western side of the province because of its lower 

latitude (Wheaton 1979). 

Only Wheaton (1979) had a map showing the April normal mean daily 

temperature for northern Saskatchewan. Values generally ranged between 0 

to l°C over the study area, with site 15 having a slightly higher reading 

( 1- 2°C). 

The National Atlas of Canada has maps showing the average dates for 

the last frost in spring and the first frost in autumn. The last frost in 

spring occurs between May 15 - June 1 at sites 1 and 2 in the east, and 

between June 1 - 15 at the rest of the study sites, with a general trend 

1 D cold snowforest climate with the average temperature of the 
coldest month less than -3°C and the average temperature of the 
warmest month greater than l0°C; 

f no dry season, humid winter; 
c = cool short summer; less than 4 months where the temperature is 

greater than l0°C (Trewartha and Horn 1980). 
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towards a later last spring frost with increasing distance west. The 

average date for the first frost in autumn is between September 1 - 15 for 

all of the study sites, with an apparent overall provincial trend towards 

earlier fall frosts in the west. 

Wheaton (1979) includes a map of the average frost-free season 

length in northern Saskatchewan. It shows a trend from an average frost

free period of 112 days at site 1 to a low of 90 days at site 5, and then 

an increase to 110 days at site 20 (Table 3.2). Weichel (1985), however, 

notes one of the problems with applying the length of the frost-free 

season to the growth of wild rice - the plant is submerged for several 

weeks at the beginning of its growth and is, therefore, not affected by 

late spring frosts. 

Wheaton (1979) and The National Atlas of Canada both have maps 

depicting the average number of growing-degree days (ggd) above 5°C in 

northern Saskatchewan. Their data generally concur, with values highest 

on the eastern side of the study area (approximately 1330 ggd - site 2), 

dropping towards the middle (approximately 1140 ggd- sites 6 and 8), and 

then increasing again towards the western side (approximately 1240 ggd -

site 12) although not as high as the values in the east (Table 3. 2) . 

Keeley Lake (site 15) had the highest average number of growing-degree 

days of all the western sites - 1300 ggd - due to its more southerly 

location. 

3.2.2 Hydrology 

The last ice-age, which ended approximately 10,000 years ago in 

Saskatchewan, left the northern part of the province covered with numerous 

lakes and rivers, many of which provide ideal habitat for the growth of 

wild rice. General drainage across the study area is towards the east in 

response to a drop in elevation from approximately 490 m around Churchill 

Lake to about 300 m near Hanson Lake. 

The four most easterly stands (i.e., Hanson Lake, Limestone Lake, 

Deschambault Lake and Wapawekka Lake, sites 1 to 4, respectively) are on 

lakes that eventually connect to the Saskatchewan River. This river 

empties into Cedar Lake in Manitoba, with the water then passing into Lake 

Winnipeg and finally into Hudson Bay via the Nelson River. The remaining 
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Table 3.2. Average frost-free season length and number of growing-degree 
days estimated for the twenty study sites. 1 

Site 

1-Hanson Lake 
2-Limestone Lake 
3-Deschambault Lake 
4-Wapawekka Lake 
5-Montreal River 
6-Nemeiben Lake 
7-Morning Lake 
8-Black Bear Island Lake 
9-Mercer River 

10-Pinehouse Lake 
11-Little Seymour Lake 
12-Pine River 
13-Beaver River 
14-Lac !le-a-la-Crosse 
15-Keeley Lake 
16-Canoe River 
17-Rosser Bay 
18-Aubichon Arm 
19-Kazan Lake 
20-Churchill Lake 

Average frost-free 
season (days) 

112 
111 
105 

94 
90 
91 
91 
92 
92 
94 
99 

103 
104 
106 
107 
106 
107 
108 
109 
110 

l All values estimated from maps in Wheaton (1979). 

Average # of growing
degree days (> 5°C) 

1315 
1330 
1250 
1200 
1148 
1140 
1160 
1140 
1175 
1175 
1200 
1240 
1230 
1220 
1300 
1230 
1230 
1220 
1220 
1194 

sixteen study sites are on waterbodies that are part of the Churchill 

River drainage system, which drains directly into Hudson Bay. 

3.2.3 Bedrock 

The majority of the wild rice stands studied are located near the 

edge of the Precambrian Shield. The Hanson, Deschambaul t, Wapawekka, 

Nemeiben, Morning and Black Bear Island Lake study sites are located on 

the Precambrian Shield just north of the edge. 

The remaining sites are off-Shield, located in the Saskatchewan 

Plains Region of the Central Lowlands Province physiographic region, an 

area of lacustrine deposits and water-worked till, till plains and 

moraines with gentle relief. Limestone Lake (site 2) is found in an area 
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with Ordovician age bedrock (-425-500 million years old) consisting mainly 

of dolomite and limestone. In the western and central portions of the 

province is a narrow band of Devonian age dolomite and limestone bedrock 

(-345-405 million years old) containing the Montreal (site 5) and Mercer 

(site 9) River, Pinehouse (site 10) and Little Seymour (site 11) Lake 

sites. The remaining off-Shield sites are located on Cretaceous age 

bedrock (-63-135 million years old) of sandstone, siltstone and shale. 

3.2.4 Soils 

Soils in the study area are either Podzolic (light-coloured forest 

soils) or Organic (wet, poorly drained peat soils). Around the Hanson 

(site 1), Deschambault (site 3), Wapawekka (site 4), Nemeiben (site 6), 

Morning (site 7), Black Bear Island (site 8) and Pinehouse (site 10) Lake, 

and Montreal (site 5) and Mercer (site 9) River sites, the dominant soils 

are Podzols, Fibrisol (deep moss peat) and undifferentiated Regosols 

(weakly developed) soils, generally mixed sandy/loamy in texture. 

Limestone Lake lies in an area of Fibrisol soil (mixed 

clayey/loamy), as does the Kazan Lake site (mixed sandy/loamy). Around 

the Little Seymour Lake, Pine and Beaver River, Lac !le-a-la-Crosse, 

Keeley Lake, Canoe River, Rosser Bay, Aubichon Arm and Churchill Lake 

sites, the soil is dominantly a Gray Wooded Podzolic, with significant 

occurrences of Podzols and Fibrisols and a mixed sandy/loamy texture. 

3.2.5 Vegetation 

All 20 study sites lie within Canada's Boreal Forest region. The 

Hanson (site 1), Deschambault (site 3), Nemeiben (site 6), Morning (site 

7), Black Bear Island (site 8) and Pinehouse Lake (site 10), and Mercer 

River (site 9) sites are located in areas where spruce-aspen-poplar and 

black spruce-larch forests, and bog (muskeg, sphagnum with stunted trees) 

are the dominant vegetation communities. 2 The study site at the south end 

2 Tree species: aspen= Populus tremuloides Michx.; black spruce = 
Picea mariana (Mill.) BSP.; jackpine =Pinus banksiana Lamb.; 
larch = Larix laricina (DuRoi) K. Koch; poplar = Populus 
balsamifera L.; spruce= Picea glauca (Moench) Voss. 

(continued ... ) 
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of Limestone Lake (site 2) is in a very moist area of swamp (fen, 

patterned peatland), bog and undifferentiated conifers. Study site 4 on 

the north shore of Wapawekka Lake is surrounded by black spruce-larch and 

jackpine forest and bog communities. The Montreal River site (site 5) is 

near the edge of jackpine, swamp, spruce-aspen-poplar and black spruce

larch communities. 

Bogs are particularly common around the Pine (site 12), Beaver (site 

13) and Canoe River (site 16), Rosser Bay (site 17) and Kazan Lake (site 

19) study sites where the forests are mainly jackpine and spruce-aspen

poplar. Swamps are one of the dominant communities around Little Seymour 

Lake (site 11), Lac !le-a-la-Crosse (site 14), Keeley Lake (site 15), 

Aubichon Arm (site 18) and Churchill Lake (site 20) sites. The forests 

around these sites are jackpine and spruce-aspen-poplar. 

2
( ••• continued) 

Bog = "form where surface waters are stagnant and acid, 
encouraging the proliferation of peat mosses"; 

Muskeg= "treed bog", bog that "support(s) open stands of small black 
spruce and tamarack"; 

Fen "are composed of less acid peat-forming mosses and sedges 
which colonize surfaces where water seeps slowly over gentle 
slopes. They frequently develop a surface pattern" 
(Richards and Fung 1969). 



CHAPTER 4 

4. 0 RESEARCH METHODOLOGY 

As discussed in Chapter 1, this research will examine wild rice 

growth across the main producing area of northern Saskatchewan. The field 

and laboratory methodologies are similar to those used by Archibald and 

Weichel in 1984 and 1985 (Archibald and Weichel 1984b, 198Sa, 1985b, 1986) 

(Sections 4.1 and 4.2), but a different approach has been taken with data 

analysis (Section 4.3). 

4.1 Field Methodology 

Twenty separate wild rice stands were sampled during a seven-day 

period from September 1 to 7, 1986 (see Table 3.1, Figure 3.1). Sampling 

proceeded from east to west across the province, following the observation 

that stands tend to mature approximately one week earlier in the east (see 

Section 1.2). It was hoped this would reduce any dissimilarity in stand 

maturity that might be introduced by the varying sampling dates. 

A transect comprised of 25 regularly spaced 0.25 m2 quadrats was 

established through each wild rice stand. The number of culms present 

within each quadrat and the developmental stage of each culm was recorded. 

At every second quadrat water depth, temperature, conductivity and pH were 

recorded. Water temperature and conductivity were measured using a YSI 

Model 33 S-C-T conductivity meter, while pH was recorded using a Fisher 

Accumet Mini pH meter (Model 640A) recalibrated immediately prior to use 

at each site. 

Approximately 50 wild rice plants were selected at random from each 

stand along the transect, pulled out by hand and returned to the 

laboratory (Table 4.1). A sample of mature seed was also collected from 

each site along the same transect by grasping handfuls of culms at random, 

bending them over the canoe, and rapping them gently against the gunwales 

41 



42 

Table 4.1. Number of plants per sample. 

Site Number of plants 

1-Hanson Lake 50 
2-Limestone Lake 56 
3-Deschambault Lake 54 
4-Wapawekka Lake 49 
5-Montreal River 35 
6-Nemeiben Lake 43 
7-Morning Lake 50 
8-Black Bear Island Lake 55 
9-Mercer River 52 

10-Pinehouse Lake 45 
11-Little Seymour Lake 49 
12-Pine River 55 
13-Beaver River 36 
14-Lac tle-a-la-Crosse 47 
15-Keeley Lake 46 
16-Canoe River 52 
17-Rosser Bay 24 
18-Aubichon Arm 63 
19-Kazan Lake 24 
20-Churchill Lake 52 

or thwarts to knock the seed off. Unfortunately, financial limitations 

precluded any sediment or water chemistry analysis, or monitoring of 

meteorological conditions. 

4.2 Laboratory Methodology 

Data collection in the laboratory began with air-drying of the plant 

and seed samples, followed by measurement of various aspects of their 

morphology (Section 4.2.1). These characteristics were used as the basis 

for the variables used in the data analysis (Section 4.2.2). 

4.2.1 Morphological Measurements 

Once the plants had completely air-dried, measurements were made of 

the following characteristics: 



43 

On each individual culm: 

i) developmental stage of each culm: i.e., aerial, initial, emergent, 

full or very full. These are arbitrary designations used by 

Archibald and Weichel (1984b, 1985a, 1985b, 1986) for the various 

stages of development of a wild rice culm. The "aerial" stage 

refers to the vegetative growth phase. The "initial" to "very full" 

stages correspond to progressive stages in the reproductive phase 

(Figure 4.1); 

ii) type of culm: main culm, root tiller or stem tiller; 

iii) total culm length: the length of the culm from the base (immediately 

above the roots) to the tip of terminal pedicel. This could not be 

measured on aerial stage culms because they are in the vegetative 

stage and the terminal pedicel is not yet out of the boot. It was 

not measured on initial stage culms because the terminal pedicel is 

not always out of the boot during this stage, even though a portion 

of the first pistillate floret may be visible; 

iv) length of each vegetative internode: on the lowest internode this 

was measured from the culm base to the "seam" on the upper node; on 

the other internodes, it was measured from the "seam" on the lower 

node to that on the upper node. Data for the uppermost internode in 

the aerial, initial and emergent stages was not recorded because the 

upper node is often hard to locate; 

v) length of staminate portion of the rachis: from the top seam of the 

uppermost vegetative internode to the seam that separates the 

staminate and pistillate portions of the rachis. As the staminate 

portion of the rachis was fully out of the boot only in the very 

full developmental stage, only culms in this stage have data 

recorded for this variable; 

vi) length of pistillate portion of the rachis: from the upper seam on 

the staminate portion of the rachis to the tip of terminal pedicel. 

This section of the rachis was visible, and therefore measured, only 

in the full and very full developmental stage culms; 

vii) diameter of the culm at its base: measured immediately above the 

roots; 
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viii) diameter of the culm at the base of the rachis: measured at the seam 

at the base of the staminate portion of the rachis on the very full 

stage culms only; 

ix) number of pistillate pedicels per culm: this would be equivalent to 

the maximum number of seeds that could be produced if all pistillate 

florets were pollinated and produced seed. Measured on the full and 

very full stage culms only; 

x) individual culm shoot dry weight: includes the culm and its leaves 

but excludes the seeds, roots and prop roots, as determined after 

oven-drying to a constant weight at 80°C; and 

xi) presence and location of prop roots: presence/absence of prop roots, 

and their node(s) of origin. 

On each plant: 

i) number of root tillers: the number of secondary culms emerging from 

the base of the plant. The longest culm originating from the base 

was designated the main culm (i.e., the very first culm produced); 

ii) number of stem tillers: the number of secondary culms emerging from 

any node above the base on any culm. 

Fifty air-dried seeds collected from each site were measured for 

length (hulls on, from basal scar to the base of the awn) and width (hulls 

on, across widest part). Average awn length (measured from base to tip) 

could not be determined for most sites because the awns were fragile and 

easily broken, so that often there were not enough complete ones for a 

proper sample size. Average individual seed weight was determined by 

counting out large numbers of seed(> 300), weighing them, and dividing by 

the number of seeds. 

Measurement of some plant characteristics proved difficult. For 

example, some plants were recovered with a major portion of their root 

mass intact while others had obviously lost a large part during sampling. 

Although root mass retention estimates for plants pulled out of the soil 

by hand are high and range from 90% (Bray et al. 1959) to 95% (Whigham and 

Simpson 1977), it was felt that, in this study, the variability in the 

amounts lost, and the inability to determine exactly how much was actually 
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missing in any particular case, made the root dry weight measurements 

unreliable. Root dry weight was therefore was not included as a variable. 

This, in turn, meant that total plant (shoot plus root) dry weight could 

not be determined. In addition, flag leaf width and length were also not 

used as variables because the brittleness of the leaves in the dry state 

made handling and measurement difficult. 

4.2.2 Variables 

The plant characteristics described in the previous section were 

used as the basis for variables designed to describe wild rice growth and 

development at each study site. These are listed in Table 4. 2. In 

addition to these plant variables, the four water characteristics 

measured (depth, temperature, pH, and conductivity), plus the latitude and 

longitude of each study site and the estimated frost-free season length 

and number of growing degree days for each site (see Section 3.2.1), were 

used as indicators of environmental conditions (Table 4.3). 

4.3 Data Analysis 

The analytic methodology used in this study was designed to extract 

two types of information from the data set: a) a description of wild rice 

growth at the 20 study sites (and thereby across northern Saskatchewan) 

during the 1986 growing season; and b) the identification of any 

significant (linear) relationships between the various plant and 

environmental variables measured. The SPSSx statistical package ( SPSS Inc. 

1986) was used for the analysis. 

Specifically, the analytical procedures 1) examine the data for any 

significant difference in the maturity of the 20 wild rice stands studied 

(Section 4.3.1); 2) provide a description of wild rice growth at the study 

sites (Section 4.3.2); and 3) examine the data for significant 

relationships between: a) between the environmental variables, b) the 

various plant characteristics, and c) the plant characteristics and the 

environmental variables measured (Section 4.3.3). 



Table 4.2. Plant variables used in the data analysis. 

Variable 

Developmental variables: , 
Total number and percentage of culms in each developmental stage - quadrat data 
Total number and percentage of culms in each developmental stage - plant sample data 
Percentage of culms with all pistillate florets out of the boot, 

i.e., the number and percentage of full and very full developmental stage culms- quadrat data 

Tlllering variables: 
Total number of tillers 
Number of tillers as a percentage of the total number of culms 
Number of each tiller type as a percentage of the total number of tillers 
Averagejminimumjmaximurn number of tillers per plant 
Number and percentage of plants grouped by the number of tillers per plant 

Length variables (measured on each individual mature culm): 
Average total culm length ( m) 
Average length of each of the individual vegetative internodes (m) 
Average length of the vegetative portion of the culm (m) 
Average length of the staminate and pistillate portions of the rachis (m) 
Average length of the rachis (m) 

- plant sample data 

Length of the vegetative and reproductive portions of the culm as percentages of the total culm length 
Length of the staminate and pistillate portions of the rachis as percentages of the total rachis length 

1 A = all culms; M = main culms; R = root tillers; s = stem tillers. 
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Table 4.2 (continued). Plant variables used in the data analysis. 

Variable 

Other variables (measured on each individual mature culms): 
Average/minimum/maximum number of vegetative internodes per culm 
Number and percentage of culms grouped by the number of vegetative internodes per culm 
Average basal diameter of the culm and rachis ( llll1) 
Average individual culm shoot dry weight (g) 

A 

Average/minimum/maximum number of pistillate pedicels per culm (calculated from full and very full stage culms) -

Prop roots: 
Number and percentage of culms with prop roots 
Number and percentage of main culms with i) no prop roots 

ii) prop roots only at the first node above the culm base 
iii) prop roots at the first and second nodes above the culm base 

~~rt: 
Average plant shoot dry weight (g) 
Averagefminimumfmaximum of pistillate pedicels per plant 

seeds: 
Average /minimum/maximum seed length ( llll1) 
Average/minimum/maximum seed width (nm) 
Average seed weight ( mg) 
Average awn length ( nm) 

other variables: 
Average/minimum/maximum culm density per quadrat and per m2 
Estimated plant density per quadrat 
Estimated maximum yield per study stand 

A = all culms; H = main culms; R = root tillers; s = stem tillers. 
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Table 4.3. Environmental variables used in the analysis. 

Water variables: 
Average water depth (m) 
Average water temperature (oC) 
Average water pH 
Average water conductivity (JLS/cm) 

Other environmental variables: 

4.3.1 

Latitude and longitude of the study sites 
Average length of the frost-free season (days) 
Average number of growing-degree days > 5°C 

Stand maturity 

49 

In order to test for significant between-site differences in stand 

maturity, a Kolmogorov-Smirnov (K-S) two-independent-sample test was 

applied to the developmental stage data taken from the quadrats. This 

particular test was chosen because it is applicable to situations where 

the divisions used are "ranked". The five developmental stages can be 

considered to be "ranked" categories because they place each culm with 

respect to whether it is more or less developed than the others. 

The same data set was examined from a "immature/mature" perspective, 

and from the aspect of how many culms did/did not have all of their 

pistillate florets out of the boot. A chi-square two-sample test was used 

in these cases because of the nominal (binary) nature of the data. The 

results are given in Chapter 7. 

4.3.2 Data description 

The average values obtained at each site for each variable was used 

to provide a description of the growth of the wild rice plants across 

northern Saskatchewan in 1986. Minimum, maximum and CV (coefficient of 

variation) values were used to further clarify the data. Separate values 

were determined for each of the three culm types, but the mature main 

culms were the focus of the analysis (see below). Values for the mature 

root and stem tillers were included, but low 'n' values for many sites 
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make the data unreliable and it is presented for informational and 

comparison purposes only. The results are discussed in Chapter 6 on a 

"per variable" basis. 

The data analysis examines the morphology of each culm type 

separately, but focuses on the mature main culms. Archibald and Weichel 

(1984b, 1985a, 1985b, 1986) calculated separate values for each of the 

three culm types, and an overall site value which included all three culm 

types. The authors did not indicate what development stage ( s) were 

included in this combined value, although it would be expected that only 

mature culms were included. Weichel (1985) focused on "mature" culms in 

his examination of northern Saskatchewan wild rice stands, apparently not 

differentiating between main culms and tillers. Reasons for not using a 

composite (all culm types) value in this study include: 

a) main culms were the only type of culm possessed by every plant 

collected and focusing on them therefore provided consistency; 

b) only mature main culms were used, because all morphological 

characteristics measured had reached full expression by this stage; 

and 

c) a composite of all culms (including tillers), whether comprised of 

mature culms only or a mixture of all developmental stages, would 

not provide values that were true representations of the conditions 

present. An example would be the calculation of the total height of 

a plant: Plant "A" is a mature single-stemmed plant (i.e., there is 

only a main culm) with a total height of 1. 5 m. Plant "B" is a 

mature plant with three mature stem tillers. The main culm on this 

plant is also 1.5 m long, and the stem tillers are 0.7 m, 0.9 m, and 

1.2 m in length. For a "composite" value, the height of Plant "A" 

would be: 1.5 m + 1 culm= L..2.....m, but that for Plant "B" would be: 

(1.5 + 0.7 + 0.9 + 1.2 m) + 4 culms = 1.075 m. Thus, although both 

plants are actually the same height, i.e., 1.5 m, the calculated 

height for plant "B" is much lower and not a true representation 

because it included all culm types, even though all culms were 

mature. If such a method was applied to a stand, such that all 

mature culms, including tillers, were used to calculate an average 

value for the stand, the actual height of the plants would be 
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underestimated, particularly if the stand contained a large portion 

of tillers, since tillers (and especially stem tillers by nature) 

are shorter than main culms (Aiken et al. 1988; Dore 1969; Goldman 

1991). 

Correlation analysis 

This portion of the data analysis examined the relationships between 

the various morphological and environmental characteristics at each site 

during the 1986 growing season, using Pearson's product-moment correlation 

coefficient, 'r' on the averages obtained in Section 4.3.2. Data for the 

mature root and stem tillers is not included in the correlation analysis 

because of the low numbers present in the plant samples. 

4.3.3.1 Testing for normality 

Prior to inclusion in the correlation analysis, the data for each 

variable at each site was tested for normality using Kolmogorov-Smirnov's 

goodness-of-fit test. 

4.3.3.2 Correlation 

The average value for each normally distributed variable at each 

site was placed into a correlation matrix and Pearson's product-moment 

correlation coefficient 'r' was calculated for each variable pair. The 

length of the fifth vegetative internode was not included because of its 

small sample size. 



CHAPTER 5 

5.0 VARIABLE OBSERVATIONS AND DISCUSSION 

This chapter discusses the development, tillering and morphological 

plant data, and the water variable data collected from the 20 study sites. 

Stand development is discussed in Section 5.1 and tillering is covered in 

Section 5.2. The mature main culm and plant variables are examined in 

Sections 5.3 to 5.5; the mature root and stem tiller data are discussed in 

Section 5.6. The data recorded for the four water characteristics are 

provided in Section 5.7, and miscellaneous observations that were made at 

the study sites but were not measured by any particular variable are 

discussed in Section 5.8. Section 5.9 provides a brief comparison with 

the results of Archibald and Weichel's (1984b, 1985a, 1985b, 1986) 

examination of the same sites. 

The values present here are similar overall to those found in 

Weichel's (1985) survey of northern Saskatchewan (see Table 2.2), as well 

as other studies conducted in Manitoba, Ontario and Minnesota (data not 

provided). 

5.1 Development 

The maturity of each wild rice stand, as delimited by the culms 

observed in the quadrats, is presented in Table 5.1 (Figure 5.1). All 

stages of development were observed during the survey, but not every stage 

was found at every site. The immature stages were poorly represented 

because sampling took place late in the growing season. The majority of 

the culms examined (74.2 (site 5) to 100% (site 7)) were in the very full 

developmental stage. The least mature sites were 3, 5, 14, and 20, with 

23.8, 25.8, 21.4 and 25%, respectively, of their culms not yet in the very 

full stage. 
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Table 5.1. Nl.lllber and percentage of culms in each developmental stage - quadrat data. 

Developmental stage 

Aerial Initial Emergent 

Site # % # % # % 

!-Hanson Lake 0 0 3 (0.6) 
2-Limestone Lake 0 1 (0.2) 3 (0.5) 
3-Deschambault Lake 0 6 (1. 7) 24 (6.6) 
4-Wapawekka Lake 0 3 (0.9) 14 (4.0) 
5-Montreal River 0 6 (1.1) 54 (9.6) 
6-Nemeiben Lake 0 4 (1.1) 4 (1.1) 
7-Morning Lake 0 0 0 
8-Black Bear Island Lake 0 0 6 (1.2) 
9-Hercer River 0 0 2 (0.4) 

10-Pinehouse Lake 0 4 (1.6) 7 (2.8) 
11-Little Seymour Lake 0 1 (0.2) 0 
12-Pine River 0 1 (0.3) 1 (0.3) 
13-Beaver River 0 0 0 
14-Lac Ile-a-la-crosse 1 (0.3) 4 (1.1) 22 (5.8) 
15-Keeley Lake 0 3 (0.5) 9 (1.5) 
16-canoe River 1 (1.1) 1 (1.1) 5 (5.3) 
17-Rosser Bay 0 0 1 (0.4) 
18-Aubichon Ann 0 0 6 (2.5) 
19-Kazan Lake 0 2 (1.0) 15 (7.2) 
20-Churchill Lake 0 4 (3.7) 10 (9.3) 

1 Equal to the percentage of "full" and "very full" developmental stage culms. 
2 Percentages for each site may not add to exactly 100.0% due to rounding. 

Full Very full 

# % # % 

3 (0.6) 469 (98.7)2 
2 (0.3) 645 (99.1) 

56 (15.5) 276 (76.2) 
23 (6.6) 311 (88.6) 
85 (15.1) 417 (74.2) 
1 (0.3) 340 (97 .4) 
0 452 (100.0) 
7 (1.4) 478 (97 .4) 
3 (0.6) 485 (99.0) 
9 (3.6) 228 (91. 9) 
9 (2.0) 451 (97 .8) 
4 (1.3) 298 (98.0) 
4 (2.5) 159 (97 .5) 

54 (14.3) 297 ( 78.6) 
1 (0.2) 598 (97.9) 
3 (3.2) 85 (89.5) 
8 (3.1) 247 (96.5) 

30 (12.7) 201 ( 84.8) 
10 (4.8) 181 ( 87. 0) 
13 (12.0) 81 (75.0) 

Percentage with 
all Q florets 

out of the bootl 

99.3 
99.4 
91.7 
95.2 
89.3 
97.7 

100.0 
98.8 
99.6 
95.5 
99.8 
99.3 

100.0 
92.9 
98.1 
92.7 
99.6 
97.5 
91.8 
87.0 

Vl 
w 
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Figure 5.1. Percentage of culms in each developmental stage - quadrat 
data. 
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The percentage of culms with all of their pistillate florets out of 

the boot and, therefore, available for pollination and seed production 

(i.e., the percentage of culms in the full and very full developmental 

stages) ranged from 87 (site 20) to 100% (sites 7 to 13). The lowest 

percentages were found at sites 3 (91.7%), 5 (89.3%), 14 (92.9%), 16 

( 92. 7%), 19 ( 91.8%), and 20 ( 87%) . These values are perhaps more 

representative of the readiness of a stand for harvest than the percentage 

of very full stage culms since a culm does not need to have its staminate 

florets out of the boot to produce seed. 

Unfortunately, problems emerged when an attempt was made to relate 

culm development with culm type to see if any particular culm type was 

more delayed in its development. The research methodology as originally 

designed by Archibald and Weichel (1984b, 198Sa, 1985b, 1986), and 

followed in this study, did not sample the plants examined in the quadrats 
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as is often the practice, but instead randomly sampled plants outside of 

the quadrats. Thus the culm development observed in the quadrats could 

not be directly related to the types of culms present. Therefore, in the 

absence of proper quadrat data, corresponding developmental stage/culm 

type data from the plant sample was used as the best available substitute 

(Tables 5.2 to 5.5, Figures 5.2 to 5.5). Comparative analysis of the two 

data sets using a Kolmogorov-Smirnov two-independent-sample test showed no 

significant difference between the developmental stage data collected from 

the quadrats and that found in the plant sample (Table 5.6). 

All stages of development were also observed in the plant samples, 

although fewer initial stage culms were present (Table 5.2, Figure 5.2). 

The percentage of very full stage culms ranged from 60 (site 20) to 98.5% 

(site 2), while the percentage of culms with all of their pistillate 

florets out of the boot ranged from 79 (site 20) to 100% (sites 1, 2, and 

18). 

The majority of the main culms collected in the plant samples were 

in the very full developmental stage- 93.6 (site 14) to 100% (sites 1, 2, 

4, 6, 9, 11-13, and 17) (Table 5.3, Figure 5.3). Very few main culms were 

immature: none were in the aerial or initial stages, and low number of 

emergent stage main culms (sites 14 and 16), and full stage culms (sites 

3, 5, 7, 8, 10, 14, 15, 18, and 20) were found. All sites except 14 

(95.7%) and 16 (98.1%) had all of their main culm pistillate florets out 

of the boot. 

The root tillers in the samples were not as advanced in their 

development as the main culms (Table 5.4, Figure 5.4). Two sites (14 and 

20) had a small number of aerial stage root tillers, while site 20 had a 

few in the initial stage, six (sites 5, 11, 14, 17, 19 and 20) had root 

tillers in the emergent stage, and one-half had root tillers in the full 

stage (sites 1, 5, 6, 8, 11-14, 19 and 20). All samples had root tillers 

in the very full developmental stage, except for sites 15 and 16 which did 

not contain any root tillers at all. Seven sites had all of their root 

tillers in the very full stage (sites 2-4, 7, 9, 10 and 18) . Of the 

remaining sites, three had approximately one-half or less of their root 

tillers in the very full stage (site 12 (50%), site 14 (52.9%) and site 20 

(20%)), the rest with percentages ranging from 80 (site 13) to 95.5% 



Table 5.2. Number and percentage of culms in each developmental stage - plant sample data. 

Developmental stage 

Aerial Initial Emergent 

Site # % # % # % 

1-Hanson Lake 0 0 0 
2-Limestone Lake 0 0 0 
3-Deschambault Lake 0 0 4 (6.2) 
4-Wapawekka Lake 0 0 1 (1.4) 
5-Hontreal River 0 0 5 (6.3) 
6-Nemeiben Lake 0 0 1 (1.4) 
7-Horning Lake 0 0 1 (1.6) 
8-Black Bear Island Lake 0 0 3 (3.2) 
9-Hercer River 0 0 2 (2.8) 

10-Pinehouse Lake 0 0 1 (2.0) 
11-Little Seymour Lake 0 0 8 (6.2) 
12-Pine River 0 0 3 (4.5) 
13-Beaver River 1 (1.4) 0 2 (2.8) 
14-Lac Ile-a-la-crosse 2 (2.1) 0 16 (17 .0) 
15-Keeley Lake 0 0 1 (2.1) 
16-Canoe River 0 0 2 (3.6) 
17-Rosser Bay 0 0 5 (6.8) 
18-Aubichon Arm 0 0 0 
19-Kazan Lake 0 1 (1.1) 8 (8.9) 
20-Churchill Lake 2 (2.0) 6 (6.0) 13 (13.0) 

1 Equal to the percentage of "full" and "very full" developmental stage culms. 
2 Percentages for each site may not add to exactly 100.0% due to rounding. 

Full 

# % 

4 (4.9) 
1 (1.5) 
4 (6.2) 
1 (1.4) 
4 ( 5.1) 
2 (2.8) 
3 (4.9) 
4 (4.2) 
4 (5.6) 
1 (2.0) 
1 ( 0.8) 
5 (7.5) 

12 (16.9) 
7 (7.4) 
2 (4.3) 
1 (1.8) 
4 (5.5) 
2 (2.9) 
9 (10.0) 

19 (19.0) 

Very full 

# % 

78 (95.1)2 
67 (98.5) 
57 (87. 7) 
72 (97.3) 
70 (88.6) 
69 (95.8) 
57 (93.4) 
88 (92.6) 
65 (91.5) 
48 (%.0) 

121 (93.1) 
59 (88.1) 
56 (78.9) 
69 (73.4) 
44 (93.6) 
53 (94.6) 
64 (87.7) 
66 (97.1) 
72 (80.0) 
60 ( 60.0) 

Percentage with 
all 9 florets 

out of the boot1 

100.0 
100.0 
93.9 
98.7 
93.7 
98.6 
98.3 
96.8 
97.1 
98.0 
93.9 
95.6 
95.8 
80.8 
97.9 
%.4 
93.2 

100.0 
90.0 
79.0 

U'1 
0'\ 



Table 5.3. Nlltlber and percentage of main culms in each developmental stage - plant sample data. 

Developmental stage 

Aerial Initial Emergent Full 

Site # % # % # % # % 

1-Hanson Lake 0 0 0 0 
2-Limestone Lake 0 0 0 0 
3-Deschambault Lake 0 0 0 2 (3.7) 
4-Wapawekka Lake 0 0 0 0 
5-Hontreal River 0 0 0 1 (2. 9) 
6-Nemeiben Lake 0 0 0 0 
7-Horning Lake 0 0 0 1 (2.0) 
8-Black Bear Island Lake 0 0 0 1 ( 1.8) 
9-Hercer River 0 0 0 0 

10-Pinehouse Lake 0 0 0 1 (2.2) 
11-Little Seymour Lake 0 0 0 0 
12-Pine River 0 0 0 0 
13-Beaver River 0 0 0 0 
14-Lac ile-a-la-Crosse 0 0 2 ( 4.3) 1 (2.1) 
15-Keeley Lake 0 0 0 2 (4.3) 
16-canoe River 0 0 1 (1.9) 0 
17-Rosser Bay 0 0 0 0 
18-Aubichon Arm 0 0 0 1 ( 1.6) 
19-Kazan Lake 0 0 0 1 ( 4.2) 
20-Churchill Lake 0 0 0 2 (3.8) 

1 Equal to the percentage of "full" and "very full" developmental stage culms. 
2 Percentages for each site may not add to exactly 100.0% due to rounding. 

Very full 

# % 

50 (100.0)2 
56 (100.0) 
52 (96.3) 
49 (100.0) 
34 (97.1) 
43 (100.0) 
49 (98.0) 
54 (98.2) 
52 (100.0) 
44 (97.8) 
49 (100.0) 
55 (100.0) 
36 (100.0) 
44 (93.6) 
44 (95.7) 
51 (98.1) 
24 (100.0) 
62 (98.4) 
23 (95.8) 
50 (96.2) 

Percentage with 
all Q florets 

out of the boot1 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
95.7 

100.0 
98.1 

100.0 
100.0 
100.0 
100.0 

U'1 
-...J 
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Figure 5.3. Percentage of main culms in each developmental stage 
- plant sample data. 
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Table 5.4. Number and percentage of root tillers in each developmental stage - plant sample data. 

Developmental stage 

Aerial Initial Emergent Full 

Site # % # % # % # % 

1-Hanson Lake 0 0 0 2 (8.0) 
2-Limestone Lake 0 0 0 0 
3-Deschambault Lake 0 0 0 0 
4-Wapawekka Lake 0 0 0 0 
5-Montreal River 0 0 1 (3.4) 2 (6.9) 
6-Nemeiben Lake 0 0 0 2 (8. 7) 
7-Morning Lake 0 0 0 0 
8-Black Bear Island Lake 0 0 0 1 (4.5) 
9-Mercer River 0 0 0 0 

10-Pinehouse Lake 0 0 0 0 
11-Little Seymour Lake 0 0 2 (3.4) 1 (1. 7) 
12-Pine River 0 0 0 2 (50.0) 
13-Beaver River 0 0 0 2 (20.0) 
14-Lac Ile-a-la-Crosse 2 (5.9) 0 9 (26.5) 5 (14. 7) 
15-Keeley Lake 
16-Canoe River 
17-Rosser Bay 0 0 3 (9.4) 0 
18-Aubichon Arm 0 0 0 0 
19-Kazan Lake 0 0 2 (5.0) 3 (7.5) 
20-Churchill Lake 2 (5.7) 3 (8.6) 11 (31.4) 12 (34.3) 

1 Equal to the percentage of "full" and "very full" developmental stage culms. 
2 Percentages for each site may not add to exactly 100.0% due to rounding. . 

Very full 

# % 

23 (92.0)2 

9 (100.0) 
2 (100.0) 

10 (100.0) 
26 (89.7) 
21 (91.3) 
1 (100.0) 

21 (95.5) 
7 (100.0) 
3 (100.0) 

55 (94.8) 
2 (50.0) 
8 (80.0) 

18 (52.9) 

29 (90.6) 
1 (100.0) 

35 (87.5) 
7 (20.0) 

Percentage with 
all 9 florets 

out of the boot1 

100.0 
100.0 
100.0 
100.0 
96.6 

100.0 
100.0 
100.0 
100.0 
100.0 
96.5 

100.0 
100.0 
67.6 

90.6 
100.0 
95.0 
54.3 

VI 
\0 



Table 5.5. Number and percentage of stem tillers in each developmental stage - plant sample data. 

Developmental stage 

Aerial Initial Emergent Full 

Site # % # % # % # % 

1-Hanson Lake 0 0 0 2 (28.6) 
2-Limestone Lake 0 0 0 1 (33.3) 
3-Deschambault Lake 0 0 4 (44.4) 2 (22.2) 
4-Wapawekka Lake 0 0 1 (6.7) 1 (6.7) 
5-Montreal River 0 0 4 (26.7) 1 ( 6. 7) 
6-Nemeiben Lake 0 0 1 (16.7) 0 
7-Morning Lake 0 0 1 (10.0) 2 (20. 0) 
8-Black Bear Island Lake 0 0 3 (16.7) 2 (11.1) 
9-Mercer River 0 0 2 (16.7) 4 (33.3) 

10-Pinehouse Lake 0 0 1 (50.0) 0 
11-Little Seymour Lake 0 0 6 (26.1) 0 
12-Pine River 0 0 3 (37.5) 3 (37 .5) 
13-Beaver River 1 (4.0) 0 2 (8.0) 10 ( 40.0) 
14-Lac ile-a-la-Crosse 0 0 5 (38.5) 1 (7.7) 
15-Keeley Lake 0 0 1 (100.0) 0 
16-Canoe River 0 0 1 (25.0) 1 (25.0) 
17-Rosser Bay 0 0 2 (11.8) 4 (23.5) 
18-Aubichon Arm 0 0 0 1 (25. 0) 
19-Kazan Lake 0 1 (3.8) 6 (23.1) 5 (19.2) 
20-Churchill Lake 0 3 (23.1) 2 (15.4) 5 (38.5) 

1 Equal to the percentage of "full" and "very full" developmental stage culms. 
2 Percentages for each site may not add to exactly 100.0% due to rounding. 

Very full 

# % 

5 (71.4)2 
2 (66.7) 
3 (33.3) 

13 (86.7) 
10 (66.7) 
5 (83.3) 
7 (70.0) 

13 ( 72.2) 
6 (50.0) 
1 (50. 0) 

17 (73.9) 
2 (25.0) 

12 ( 48.0) 
7 ( 53.8) 
0 
2 (50.0) 

11 (64.7) 
3 (75.0) 

14 (53.8) 
3 (23.1) 

Percentage with 
all 9 florets 

out of the boot1 

100.0 
100.0 
55.5 
93.4 
73.4 
83.3 
90.0 
83.3 
83.3 
50.0 
73.9 
62.5 
88.0 
61.5 
0.0 

75.0 
88.2 

100.0 
73.0 
61.6 
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0 



100~ 

90~ 

80~ 

w 70~ 

<!) 
80~ ~ 

z 
60~ w 

0 
a: •o~ w 
a. 

30~ 

20~ 

10~ 

0~ 

20 19 18 17 18 16 1. 13 12 11 10 9 8 7 8 6 • 3 2 

SITE 
WEST EAST 

Figure 5.4. Percentage of root tillers in each developmental stage -
plant sample data. 
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Figure 5.5. Percentage of stem tillers in each developmental stage -
plant sample data. 
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Table 5.6. Kolmogorov-Smirnov test between two independent,random 
samples from the same site. 

Site Calculated D Critical D1 

1-Hanson Lake 0.036149 0.162635 
2-Limestone Lake 0.006144 0.173324 
3-Deschambault Lake 0.114492 0.183207 
4-Wapawekka Lake 0.086933 0.173996 
5-Montreal Lake 0.144083 0.163413 
6-Nemeiben Lake 0.015879 0.176036 
7-Morning Lake 0.065574 0.185508 
8-Black Bear Island Lake 0.047208 0.152435 
9-Mercer Lake 0.074303 0.172700 

10-Pinehouse Lake 0.040645 0.210832 
ll-Litt1e Seymour Lake 0.059369 0.135055 
12-Pine River 0.099666 0.183549 
13-Beaver River 0.186728 0.193385 
14-Lac Ile-a-la-Crosse 0.120061 0.156747 
15-Keeley Lake 0.042553 0.205865 
16-Canoe River 0.051692 0.229125 
17-Rosser Bay 0.088131 0.180449 
18-Aubichon Arm 0.122487 0.187094 
19-Kazan Lake 0.070192 0.171591 
20-Churchill Lake 0.150000 0.188738 

1 a = 0.05; none of the calculated 'D' values are significant. 
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(site 8). Sites 14 and 20 had the lowest percentages (67.6 and 54.3%, 

respectively) of root tillers with all of their pistillate florets out of 

the boot, sites 5, 11, 17 and 19 had between 90 and 97% out of the boot, 

and all other sites had 100%. 

The stem tillers were the least developed of all three culm types 

(Table 5.5, Figure 5.5). Site 13 still had a stem tiller in the aerial 

stage, two sites (19 and 20) had a small number in the initial stage, and 

all sites except 1, 2, and 18, had some (< 7) in the emergent stage. All 

sites except 6, 10, 11 and 15 had from one to ten stem tillers in the full 

developmental stage. All sites (except 15) had stem tillers in the very 

full stage of development, ranging from 23.1 (site 20) to 86.7% (site 4). 
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At sampling time, 0.0 (site 15) to 100% (sites 1, 2 and 18) of the stem 

tillers had all of their pistillate florets out of the boot. 

5.2 Tillering 

The total number of root and stem tillers present in the 20 plant 

samples is given in Table 5.7. Tillers made up from 2.1 (site 15) to 

73.6% (site 19) of each plant sample (Figure 5.6). 

Root tillers were present in every sample except 15 and 16, and were 

the dominant tiller type in 11. They comprised anywhere from 1.5 (site 

18) to 44.6% (site 11) of the total number of culms sampled at any given 

site, and made up from 9.1 (site 7) to 79.3% (site 6) of the tillers 

(Figure 5.7). 

Stem tillers were found in every sample, making up from 2.1 (site 

15) to 35.2% (site 13) of the culms. They were the most common tiller 

type at sites 3, 4, 7, 9, 12, 13, 15, 16, and 18, comprising anywhere from 

20.7 (site 6) to 90.9% (site 7) of the total number of tillers present in 

a sample, except at sites 15 and 16 where they made up 100% because of the 

absence of root tillers. 

The average number of tillers per plant found in each sample is 

presented in Table 5.8. Values for the average number of tillers per 

plant ranged from 0.022 (site 15) to 2.792 (site 19). The minimum number 

of tillers per plant found in most site samples was 0, although site 17 

had a minimum of one, meaning that every plant sampled had at least one 

tiller. The maximum number of tillers per plant ranged from one at sites 

3, 15 and 16 to ten at site 19. 

Most plants in the samples were single-stemmed or had one tiller 

(Table 5.9), with the count decreasing as the number of tillers increased. 

All samples, except that for site 17, had plants with no tillers, ranging 

from 18.4 (site 11) to 97.8% (site 15). All samples contained plants with 

one tiller (2.2 (site 15) to 36.2% (site 14)), and 17 sites had plants 

with two tillers (1.6 (site 18) to 45.8% (site 17)). Sites 5, 6, 8, 11, 

13, 14, 17, 19, and 20 had plants with three or more tillers. The highest 

number of tillers per plant was found in the site 19 sample where two 

plants had 10 tillers each. 



Table 5. 7. The nunber of tillers collected in each plant sample. 

Number collected 

Site Total Root Stem 

1-Hanson Lake 32 25 7 
2-Limestone Lake 12 9 3 
3-Deschambault Lake 11 2 9 
4-Wapawekka Lake 25 10 15 
5-Montreal River 44 29 15 
6-Nemeiben Lake 29 23 6 
7-Morning Lake 11 1 10 
8-Black Bear Island Lake 40 22 18 
9-Mercer River 19 7 12 

10-Pinehouse Lake 5 3 2 
11-Little Seymour Lake 81 58 23 
12-Pine River 12 4 8 
13-Beaver River 35 10 25 
14-Lac Ile-a-la-Crosse 47 34 13 
15-Keeley Lake 1 0 1 
16-Canoe River 4 0 4 
17 -Rosser Bay 49 32 17 
18-Aubichon Arm 5 1 4 
19-Kazan Lake 67 40 27 
20-Churchill Lake 48 35 13 

Number of tillers 
as percentage of 

total number of tillers 

Root Stem 

78.1 21.9 
75.0 25.0 
18.2 81.8 
40.0 60.0 
65.9 34.1 
79.3 20.7 
9.1 90.9 

55.0 45.0 
36.8 63.2 
60.0 40.0 
71.6 28.4 
33.3 66.7 
28.6 71.4 
72.3 27.7 

- 100.0 
- 100.0 

65.3 34.7 
20.0 80.0 
59.7 40.3 
72.9 27.1 

Number of tillers 
as percentage of 

total number of culms 

Total Root 

39.0 30.5 
17.6 13.2 
16.9 3.1 
33.8 13.5 
55.7 36.7 
40.3 31.9 
18.0 1.6 
42.1 23.2 
26.8 9.9 
10.0 6.0 
62.3 44.6 
17.9 6.0 
49.3 14.1 
50.0 36.2 
2.1 -
7.1 -

67.1 43.8 
7.4 1.5 

73.6 44.0 
48.0 35.0 

Stem 

8.5 
4.4 

13.8 
20.3 
19.0 
8.3 

16.4 
18.9 
16.9 
4.0 

17.7 
11.9 
35.2 
13.8 
2.1 
7.1 

23.3 
5.9 

29.7 
13.0 

0'\ 
~ 
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Figure 5.6. The number of main culms and tillers present in each plant 
sample as a percentage of the total number of culms. 
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Figure 5.7. The number of root and stem tillers in each plant sample as 
a percentage of the total number of tillers. 
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Table 5.8. Number of tillers per plant. 

Number of tillers per plant 

Total Root Stem 

Site Average Min. Max. Average Min. Max. Average Min. Max. 

!-Hanson Lake 0.640 0 2 0.500 0 2 0.140 0 1 
2-Limestone Lake 0.214 0 2 0.161 0 2 0.054 0 1 
3-Deschambault Lake 0.204 0 1 0.037 0 1 0.167 0 1 
4-Wapawekka Lake 0.510 0 2 0.204 0 2 0.306 0 1 
5-Montreal River 1.257 0 4 0.829 0 3 0.429 0 1 
6-Nemeiben Lake 0.674 0 3 0.535 0 2 0.140 0 1 
7-Morning Lake 0.220 0 2 0.020 0 1 0.200 0 1 
8-Black Bear Island Lake 0.727 0 3 0.400 0 2 0.327 0 1 
9-Mercer River 0.365 0 2 0.135 0 1 0.231 0 1 

10-Pinehouse Lake 0.111 0 2 0.067 0 2 0.044 0 1 
11-Little seymour Lake 1.653 0 7 1.184 0 5 0.469 0 2 
12-Pine River 0.218 0 2 0.073 0 2 0.145 0 1 
13-Beaver River 0.972 0 4 0.278 0 3 0.694 0 2 
14-Lac tle-a-la-Crosse 1.000 0 3 0.723 0 3 0.277 0 1 
15-Keeley Lake 0.022 0 1 0.022 0 1 
16-Canoe River 0.077 0 1 0.077 0 1 
17-Rosser Bay 2.042 1 3 1.333 0 2 0.708 0 1 
18-Aubichon Arl 0.079 0 2 0.016 0 1 0.063 0 1 
19-Kazan Lake 2.792 0 10 1.667 0 5 1.125 0 6 
20-Churchill Lake 0.923 0 3 0.673 0 2 0.250 0 1 

The average number of root tillers per plant ranged from 0.016 (site 

18) to 1.667 (site 19) (Table 5.8). All sites had plants with no root 

tillers. Five was the most found on a plant (sites 11 and 19), with a 

maximum of 1, 2 or occasionally 3 at the other sites. 

The average number of stem tillers per plant ranged from 0.022 (site 

15) to 1.125 (site 19) (Table 5.8). The smallest number of stem tillers 

per plant in each sample was zero, the largest number observed was six 

(site 19), all other sites had a maximum of 1, or sometimes 2. Stem 

tillers usually appeared only on main culms, however, the site 11 sample 

had a plant in which a stem tiller was produced by a root tiller, and site 

19 had three plants with one or more stem tillers on the root tiller(s). 



Table 5.9. Number of plants grouped by the number of tillers per plant. 

0 1 2 3 
-

Site # %1 # % # % # % 

1-Hanson Lake 29 (58.0) 10 (20.0) 11 (22.0)2 

2-Limestone Lake 46 (82.1) 8 (14.3) 2 (3.6) 
3-Deschambault Lake 43 (79.6) 11 (20.4) 
4-Wapawekka Lake 30 ( 61.2) 13 (26.5) 6 (12.2) 
5-Montreal River 12 (34.3) 8 (22.9) 10 (28.6) 4 (11.4) 
6-Nemeiben Lake 25 (58.1) 10 (23.3) 5 (11.6) 3 (7.0) 
7-Morning Lake 40 ( 80.0) 9 (18.0) 1 (2.0) 
8-Black Bear Island Lake 26 (47.3) 19 (34.5) 9 (16.4) 1 (1.8) 
9-Mercer River 35 (67.3) 15 (28.8) 2 (3.8) 

10-Pinehouse Lake 41 (91.1) 3 (6.7) 1 (2.2) 
11-Little Seymour Lake 9 (18.4) 12 (24.5) 22 (44.9) 3 ( 6.1) 
12-Pine River 45 (81.8) 8 (14.5) 2 (3.6) 
13-Beaver River 16 (44.4) 9 (25.0) 9 (25.0) 
14-Lac Ile-a-la-crosse 16 (34.0) 17 (36.2) 12 (25.5) 2 (4.3) 
15-Keeley Lake 45 (97.8) 1 (2.2) 
16-Canoe River 48 (92.3) 4 (7.7) 
17-Rosser Bay - 6 (25.0) 11 ( 45.8) 7 (29.2) 
18-Aubichon Ann 59 (93.7) 3 (4.8) 1 (1.6) 
19-Kazan Lake 8 (33.3) 2 (8.3) 4 (16.7) 2 (8.3) 
20-Churchill Lake 24 (46.2) 11 (21.2) 14 (26.9) 3 (5.8) 

1 Number and percentage of plants. 
2 Percentages for each site may not add to exactly 100.0% due to roWlding. 

Number of tillers 

4 5 

# % # % 

1 (2.9) 

-
-
1 (2.0) 1 (2.0) 
-
2 (5.6) 

-
1 ( 4.2) 3 (12.5) 

6 7 

# % # % 

1 (2.0) 

2 (8.3) 

10 

# % 

2 (8.3) 

0'\ 
-.....1 
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Average total mature main culm lengths ranged from 1.471 (site 14) 

to 2. 243 m (site 7) across the study area (Table 5 .10, Figure 5. 8). 

Coefficient of variation values ranged from 8.3 (sites 4 and 9) to 13.4% 

(site 20), indicating that there was very little variability in the 

lengths at each site and also between sites. 

The average length of the vegetative portion of the mature main 

culms ranged from 1.089 (site 14) to 1.796 m (site 7) (Table 5.10, Figure 

5. 9). Coefficient of variation values again covered a small range, 

varying from 8.3 (site 9) to 15.1% (site 19). The vegetative portion of 

the mature main culms constituted 70 (site 19) to 81.1% (site 15) of the 

total culm length (Table 5.11, Figure 5.13). 

Average lengths for the individual vegetative internodes on the 

mature main culms are given in Table 5.12 (Figures 5.15 to 5.18). There 

was a general trend for the internodes to be longer the further up the 

culm they were located. The first internode above the base averaged 0.141 

(site 14) to 0.408 m (site 7) in length. This variable had the highest CV 

values of any of the length variables in this study: 29.9 (site 16) to 

52.4% (site 5). Coefficient of variation values for the average length of 

the second internode above the base were lower by approximately one-half 

(12.7 (site 9) to 26.1% (site 13)), and average lengths were slightly 

longer (0.192 (site 14) to 0.433 m (site 7)). The average length of the 

third internode was greater than that of the second internode only at 

sites 1, 2, 4-6, 11 and 14. Values ranged from 0.199 (site 19) to 0.449 

m (site 2). Coefficient of variation values again were large, ranging 

from 23.4 (site 19) to 49.8% (site 14). Coefficient of variation values 

varied widely for the average length of the fourth internode above the 

base, ranging from 16 (site 2) to 45.4% (site 13). Average values ranged 

from 0.397 (site 16) to 0.698 m (site 6). 

The average lengths and CV values for the fifth internode above the 

base should be viewed cautiously because of the low sample size involved 

-few mature main culms had a fifth internode (see Table 5.23). Based on 

the available data, average lengths ranged from 0.398 (site 3) to 0.710 m 



Table 5.10. Length of various segments of the mature main culm. 

Total Vegetative 

Site Avg. cv Avg. cv 

1-Hanson Lake 2.090 10.7 1.548 11.0 
2-Limestone Lake 1.850 8.5 1.432 10.1 
3-Deschambault Lake 1. 706 12.8 1.306 12.2 
4-Wapawekka Lake 2.090 8.3 1.605 9.2 
5-Montreal River 1.744 11.1 1.268 12.7 
6-Nemeiben Lake 1.907 12.4 1.402 13.7 
7-Morning Lake 2.243 9.0 1.796 9.8 
8-Black Bear Island Lake 1.804 12.7 1.384 12.6 
9-Mercer River 1.966 8.3 1.539 8.3 

10-Pinehouse Lake 1.831 11.4 1.460 11.0 
11-Little Seymour Lake 1.923 9.0 1.432 9.6 
12-Pine River 1.994 8.9 1.544 10.3 
13-Beaver River 1.982 8.9 1.490 9.6 
14-Lac ile-a-la-Crosse 1.471 10.0 1.089 10.9 
15-Keeley Lake 1. 784 10.1 1.445 9.2 
16-Canoe River 1.650 9.9 1.292 10.1 
17-Rosser Bay 1.945 8.7 1.437 9.6 
18-Aubichon Ann 1.883 10.4 1.456 9.9 
19-Kazan Lake 1.719 13.1 1.204 15.1 
20-Churchill Lake 1.568 13.4 1.137 13.9 

Length (m) 

Rachis Staminate 

Avg. cv Avg. cv 

0.536 16.1 0.294 18.3 
0.418 12.9 0.246 16.4 
0.400 20.3 0.229 26.0 
0.485 14.0 0.280 14.1 
0.476 16.2 0.258 20.3 
0.499 15.4 0.291 21.5 
0.444 14.7 0.253 21.5 
0.420 20.5 0.235 25.3 
0.427 13.4 0.242 18.2 
0.374 15.4 0.204 21.5 
0.491 11.3 0.269 15.5 
0.449 12.4 0.246 15.8 
0.492 12.7 0.277 19.3 
0.382 13.0 0.215 17.9 
0.339 19.2 0.197 25.1 
0.358 20.1 0.195 22.9 
0.508 14.3 0.265 20.6 
0.426 19.4 0.236 22.8 
0.514 14.3 0.284 19.1 
0.437 19.7 0.238 26.7 

Pistillate 

Avg. 

0.243 
0.172 
0.171 
0.205 
0.218 
0.208 
0.191 
0.185 
0.187 
0.170 
0.222 
0.203 
0.215 
0.167 
0.142 
0.163 
0.243 
0.190 
0.230 
0.201 

cv 

21.4 
16.8 
21.9 
21.3 
20.9 
15.4 
23.0 
21.0 
15.4 
19.4 
16.2 
18.7 
17.5 
14.8 
20.5 
23.4 
15.9 
23.4 
19.8 
20.9 

0'1 
\0 
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Figure 5.8. Average total mature main culm length. 
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Figure 5.9. Average length of the vegetative portion of the mature 
main culm. 
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Table 5.11. The vegetative and reproductive (rachis) lengths as 
percentages of the total culm length, and the staminate and 
pistillate lengths as percentages of the total rachis length. 

Percentage of total length 

Total culm Rachis 

Site Veg. Reprod. Stamin. Pistil. 

1-Hanson Lake 74.2 25.8 54.8 45.2 
2-Limestone Lake 77.3 22.7 58.7 41.3 
3-Deschambault Lake 76.7 23.3 56.9 43.1 
4-Wapawekka Lake 76.8 23.2 57.9 42.1 
5-Montreal River 72.8 27.2 54.2 45.8 
6-Nemeiben Lake 73.8 26.2 57.9 42.2 
7-Morning Lake 80.3 19.7 56.8 43.2 
8-Black Bear Island Lake 76.8 23.2 55.6 44.4 
9-Mercer River 78.3 21.7 56.1 43.9 

10-Pinehouse Lake 79.6 20.4 54.3 45.7 
11-Little Seymour Lake 74.5 25.5 54.7 45.3 
12-Pine River 77.4 22.6 54.8 45.2 
13-Beaver River 75.2 24.9 56.1 43.9 
14-Lac Ile-a-la-Crosse 74.0 26.0 56.1 43.9 
15-Keeley Lake 81.1 18.9 57.9 42.1 
16-Canoe River 78.4 21.6 54.4 45.6 
17-Rosser Bay 73.9 26.1 51.9 48.2 
18-Aubichon Arm 77.5 22.5 55.3 44.8 
19-Kazan Lake 70.0 30.0 55.1 44.9 
20-Churchill Lake 72.2 27.8 53.5 46.5 
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Table 5.12. Length of the individual vegetative internodes in the mature main culm. 

In tern ode length ( m) 

First second Third 
--

Site Avg. cv Avg. cv Avg. cv 

1-Hanson Lake 0.242 45.5 0.306 20.0 0.327 36.8 
2-Limestone Lake 0.240 36.0 0.288 17.7 0.449 44.2 
3-Deschambault Lake 0.228 48.3 0.315 12.8 0.288 37.0 
4-Wapawekka Lake 0.231 34.2 0.294 16.2 0.334 33.3 
5-Hontreal River 0.199 52.4 0.243 20.9 0.331 42.9 
6-Nemeiben Lake 0.184 44.8 0.273 19.8 0.361 45.3 
7-Morning Lake 0.408 49.9 0.433 18.6 0.338 31.2 
8-Black Bear Island Lake 0.262 37.7 0.313 18.3 0.305 49.0 
9-Hercer River 0.278 39.9 0.328 12.7 0.321 30.0 

10-Pinehouse Lake 0.315 35.6 0.337 15.7 0.318 43.6 
11-Little seymour Lake 0.239 41.6 0.269 15.5 0.292 33.5 
12-Pine River 0.258 48.1 0.327 17.8 0.307 28.8 
13-Beaver River 0.268 41.9 0.293 26.1 0.263 25.0 
14-Lac ile-a-la-Crosse 0.141 45.9 0.192 17.5 0.221 49.8 
15-Keeley Lake 0.339 36.1 0.353 21.0 0.330 32.4 
16-Canoe River 0.349 29.9 0.275 18.1 0.219 37.6 
17-Rosser Bay 0.262 33.2 0.289 16.6 0.270 35.4 
18-Aubichon Arm 0.312 39.5 0.320 17.4 0.254 25.4 
19-Kazan Lake 0.189 46.1 0.201 18.4 0.199 23.4 
20-Churchill Lake 0.220 32.9 0.219 20.4 0.211 43.9 

Fourth 

Avg. cv 

0.652 31.0 
0.653 16.0 
0.425 39.1 
0.657 26.4 
0.563 26.5 
0.698 18.4 
0.516 33.5 
0.513 33.4 
0.516 34.9 
0.508 24.1 
0.606 24.6 
0.493 39.2 
0.455 45.4 
0.496 31.9 
0.451 23.1 
0.397 36.5 
0.529 31.1 
0.439 41.3 
0.513 33.7 
0.423 44.8 

Fifth 

Avg. 

0.616 

0.398 
0.705 
0.521 
0.710 
0.545 
0.422 
0.548 
0.582 
0.625 
0.573 
0.553 
0.448 
0.480 
0.434 
0.657 
0.479 
0.590 
0.409 

cv 
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Figure 5.15. Average length of the first vegetative internode in the 
mature main culm. 
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Figure 5.16. Average length of the second vegetative internode in the 
mature main culm. 
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Figure 5.17. Average length of the third vegetative internode in the 
mature main culm. 
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(site 6). Because of the small sample sizes, this variable will not be 

included in any further data analysis or discussion. 

The reproductive portion of the main culm, the rachis, made up 18.9 

(site 15) to 30% (site 19) of the total mature main culm length (Table 

5.11, Figure 5.13). Average rachis lengths varied from 0.339 (site 15) to 

0.536 m (site 1) (Table 5.10, Figure 5.10). The CV's for this variable 

were slightly higher than those for the total and vegetative lengths, 

ranging from 11.3 (site 11) to 20.5% (site 8). 

Average values for the two components of the rachis, the staminate 

and pistillate portions, are also given in Table 5.10. The staminate 

portion of the mature main culm rachis was generally longer than the 

pistillate portion, consistently making up just over 50% of the rachis' 

total length (51.9 (site 17) to 58.7% (site 2)) (Table 5.11, Figure 5.14). 

The pistillate portion comprised 41.3 (site 2) to 48.2% (site 17) of the 

total rachis length. Average lengths for the staminate portion ranged 

from 0.195 (site 16) to 0.294 m (site 1); those for the pistillate portion 

ranged from 0.142 (site 15) to 0.243 m (sites 1 and 17) (Table 5.10, 

Figures 5.11 and 5.12). Coefficient of variation's were similar for both 

variables, varying from 14.1 (site 4) to 26.7% (site 20) for the staminate 

portion, and 14.8 (site 14) to 23.4% (sites 16 and 18) for the pistillate 

portion. 

5.3.2 Other variables 

At all study sites, the mature main culms were fairly consistent in 

the number of vegetative internodes they possessed (Table 5.13, Figure 

5.19). Generally, there were at least three vegetative internodes per 

culm, although at sites 13 and 19 the minimum was four. A maximum of four 

internodes was found at site 2, six at site 13, and five at all the other 

sites. The range for the average number of vegetative internodes per 

mature main culm was very narrow, from 3.7 (site 2) to 4.4 (site 13). 

Coefficient of variation values were also low and covered a narrow range: 

6.9 (site 11) to 10.3% (site 5), further reflecting this consistency. 

Table 5.14 further displays this data, grouping the mature main 

culms by the total number of vegetative internodes they possessed. Most 

mature main culms had four vegetative internodes. At sites 1, 3, 4, 7, 9, 



Table 5.13. Vegetative internode number and basal diameter in the mature main culm, and mature main culm and plant shoot dry weights. 

No. of vegetative 
internodes per 

mature main culm 

Site Avg. Min. Max. cv 

1-Hanson Lake 4.0 3 5 8.8 
2-Limestone Lake 3.7 3 4 9.8 
3-Deschambault Lake 4.1 3 5 10.1 
4-Wapawekka Lake 4.1 3 5 7.5 
5-Montreal River 3.9 3 5 10.3 
6-Nemeiben Lake 3.8 3 5 8.9 
7-Morning Lake 4.2 3 5 9.5 
8-Black Bear Island Lake 4.0 3 5 8.6 
9-Mercer River 4.2 3 5 9.1 

10-Pinehouse Lake 4.0 3 5 8. 7 
11-Little Seymour Lake 4.0 3 5 6.9 
12-Pine River 4.3 3 5 9.9 
13-Beaver River 4.4 4 6 10.0 
14-Lac ile-a-la-Crosse 4.1 3 5 8.2 
15-Keeley Lake 3.9 3 5 9.1 
16-Canoe River 4.1 3 5 8.3 
17-Rosser Bay 4.1 3 5 8.6 
18-Aubichon Arm 4.3 3 5 9.1 
19-Kazan Lake 4.2 4 5 7.4 
20-Churchill Lake 4.1 3 5 9.6 

Basal diameter (0111) 
Mature main culms 

Culm Rachis 

Avg. cv Avg. cv 

5.5 25.6 2.4 22.0 
4.6 27.1 1.8 20.7 
3.7 46.3 1.7 32.7 
6.0 25.8 2.4 19.0 
5.4 25.0 2.4 21.4 
6.5 26.5 2.3 21.3 
3.5 34.4 1.6 22.4 
4.2 32.2 1.8 33.2 
4.6 34.9 2.2 22.5 
4.1 40.1 1.8 24.6 
5.2 29.1 2.4 19.4 
5.1 26.5 2.3 28.7 
5.4 34.8 2.4 22.8 
5.2 35.3 2.1 24.8 
3.3 36.8 1.3 31.7 
4.1 36.6 1.8 26.1 
5.0 31.4 2.9 22.2 
4.1 42.0 2.1 25.7 
6.8 32.9 2.9 24.7 
5.2 36.8 2.5 29.4 

Shoot dry weight (g) 

Mature 
main culm 

Avg. cv 

4.39 44.5 
2.39 37.8 
2.03 56.1 
4.32 35.3 
2.90 33.5 
3.80 34.6 
2.60 46.1 
2.39 49.6 
3.18 36.1 
2.28 39.9 
3.44 33.5 
3.79 35.8 
4.45 38.0 
2.94 33.6 
1.60 53.5 
2.35 44.1 
4.57 35.7 
3.23 45.3 
5.92 39.6 
4.00 47.2 

Plant 

Avg. cv 

6.01 51.0 
2.64 47.3 
2.25 63.6 
5.41 38.2 
5.59 62.1 
5.44 61.4 
2.89 50.1 
3.58 67.3 
3.84 47.8 
2.38 45.3 
6.91 57.6 
4.09 40.1 
6.89 81.2 
4.34 52.1 
1.57 59.3 
2.38 48.4 

10.10 44.0 
3.33 51.6 

16.50 79.1 
5.86 65.1 
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Figure 5.19. Number of vegetative internodes in the mature main culm. 
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Table 5.14. Mature main culms grouped by the number of vegetative internodes per culm. 

Number of internodes 

3 4 5 6 

Site I % I % I % I % 

!-Hanson Lake 4 (8.0) 40 (80.0) 6 (12.0)1 
2-Limestone Lake 17 (30.4) 39 (69.6) 
3-Deschambault Lake 4 (7.7) 37 (71.2) 11 (21.2) 
4-Wapawekka Lake 1 (2.0) 41 (83.7) 7 (14.3) 
5-Montreal River 6 (17.6) 25 (73.5) 3 (8.8) 
6-Nemeiben Lake 8 (19.0) 33 (78.6) 1 (2.4) 
7-Morning Lake 2 (4.1) 35 (71.4) 12 (24.5) 
8-Black Bear Island Lake 5 (9.3) 44 (81.5) 5 (9.3) 
9-Mercer River 2 (3.9) 39 (76.5) 10 (19.6) 

10-Pinehouse Lake 5 (11.6) 35 ( 81.4) 3 (7.0) 
11-Little Seymour Lake 2 (4.1) 43 (87.8) 4 (8.2) 
12-Pine River 2 (3.6) 36 (65.5) 17 (30.9) 
13-Beaver River 23 (63.9) 12 (33.3) 1 (2.8) 
14-Lac tie-a-la-Crosse 2 (4.5) 36 (81.8) 6 (13.6) 
15-Keeley Lake 6 (13.6) 35 (79.5) 3 (6.8) 
16-Canoe River 2 (3.9) 41 (80.4) 8 (15.7) 
17-Rosser Bay 1 (4.2) 19 (79.2) 4 (16.7) 
18-Aubichon An 1 (1.6) 43 (69.4) 18 (29.0) 
19-Kazan Lake 18 (81.8) 4 (18.2) 
20-Churchill Lake 3 (6.1) 36 (73.5) 10 (20.4) 

1 May not add to exactly 100.0% due to rounding. 

11, 12, 14, 16-18, and 20 there were more with five vegetative internodes 

than there were with three, while at sites 5, 6, 10 and 15 there was a 

higher percentage of mature main culms with three vegetative internodes 

than five. Limestone Lake (site 2) was unique in that all of the mature 

main culms in its sample had only 3 or 4 vegetative internodes; Kazan Lake 

(site 19) was unique as all of the mature main culms in its sample had 

only 4 or 5 vegetative internodes, and at Beaver River (site 13) these 

culms had 4, 5 or 6 internodes. 

The diameter of the mature main culms at their base averaged from 

3.3 (site 15) to 6.8 mm (site 19), with CV values that range from 25 (site 
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5) to 46.3% (site 3) (Table 5.13, Figure 5.20). The diameter of the base 

of the rachis ranged from 1.3 (site 15) to 2.9 mm (sites 17 and 19) (Table 

5.13, Figure 5.21), and CV values were slightly lower, from 19 (site 4) to 

33.2% (site 8). The ratio of rachis:culm basal diameter ranged from 1:1.7 

(site 17) to 1:2.8 (site 6) (data not provided). 

The shoot dry weight of the individual mature main culms averaged 

from 1.60 g (site 15) to almost 4 times heavier at 5.92 g (site 19), with 

both of these extremes occurring on the western side of the province 

(Table 5.13, Figure 5. 22). This variable had fairly high CV' s (33. 5 

(sites 5 and 11) to 56.1% (site 3)). Average total plant shoot dry 

weights varied 10-fold over the study area (Table 5.13, Figure 5.23), 

largely due to the variation in the number of tillers possessed by each 

plant. The lowest weight, 1.57 g (site 15), and the highest weight, 16.50 

g (site 19), were both found on the western side of the province. 

Coefficient of variation values were correspondingly very variable, and in 

some cases very high- 38.2 (site 4) to 81.2% (site 13). 

Prop roots were found on plants in every sample (Table 5.15). The 

percentage of main culms with prop roots ranged from 10.7 (site 2) to 

66.7% (site 13). In the majority of these cases, the prop roots appeared 

from only the first node above the culm base. However, at sites 3, 4, 7, 

9, 13, 18, and 19, prop roots were found on the second node above the culm 

base (Table 5.16). No prop roots were observed growing from the third 

node above the base or higher. 

Prop roots were generally not common on root tillers and were even 

less common on stem tillers (Table 5.15). Prop roots were generally found 

growing from the first node above the base in root tillers at sites 1, 5, 

6, 8, 9, 11, 13, 14, 17, 19, and 20, although at site 19 one root tiller 

also had prop roots at the second node above the base. Stem tillers with 

prop roots (all growing from the first node above the base) occurred only 

at sites 4, 18, and 19. 

5.4 Seed Variables 

The number of pistillate pedicels per full and very full stage main 

culm (i.e., the potential number of seeds that could be produced) varied 
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Table 5.15. Number of culms with prop roots. 

Culms with prop roots 

Main culms Root tillers Stem tillers 

Site II % II % II % 

1-Hanson Lake 18 (36.0) 3 (12.0) 0 
2-Limestone Lake 6 (10.7) 0 0 
3-Deschambault Lake 31 (57.4) 0 0 
4-Wapawekka Lake 23 (46.9) 0 2 (13.3) 
5-Montrea1 River 18 (51.4) 2 (6.9) 0 
6-Nemeiben Lake 9 (20.9) 2 (8.7) 0 
7-Morning Lake 25 (50.0) 0 0 
8-Black Bear Island Lake 18 (32.7) 1 (4.5) 0 
9-Mercer River 24 (46.2) 2 (28.6) 0 

10-Pinehouse Lake 10 (22.2) 0 0 
11-Little Seymour Lake 26 (53.1) 8 (13.8) 0 
12-Pine River 15 (27.3) 0 0 
13-Beaver River 24 (66.7) 5 (50.0) 0 
14-Lac !le-a-la-Crosse 20 (42.6) 2 (5.9) 0 
15-Kee1ey Lake 6 (13.0) 0 
16-Canoe River 7 (13.5) 0 
17-Rosser Bay 14 (58.3) 9 (28.1) 0 
18-Aubichon Arm 24 (38.1) 0 1 (25.0) 
19-Kazan Lake 14 (58.3) 12 (30.0) 1 (3.7) 
20-Churchill Lake 18 (34.6) 1 (2.9) 0 
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Table 5.16. Number of main cu1ms: i) with no prop roots, ii) with prop 
roots only at the first node above the culm base, and iii) 
prop roots at the first and second nodes above the culm 
base. 

Location of prop roots 

No First First & 
prop node second 
roots only nodes 

Site 11 % 11 % 11 % 

1-Hanson Lake 32 (64.0) 18 (36.0) 0 
2-Limestone Lake 50 (89.3) 6 (10.7) 0 
3-Deschambault Lake 23 (42.6) 29 (53.7) 2 (3.7) 
4-Wapawekka Lake 26 (53.1) 22 (44.9) 1 (2.0) 
5-Montrea1 River 17 (48.6) 18 (51.4) 0 
6-Nemeiben Lake 34 (79.1) 9 (20.9) 0 
7-Morning Lake 25 (50.0) 24 (48.0) 1 (2.0) 
8-B1ack Bear Island Lake 37 (67.3) 18 (32.7) 0 
9-Mercer River 28 (53.8) 22 (42.3) 2 (3.8) 

10-Pinehouse Lake 35 (77.8) 10 (22.2) 0 
11-Litt1e Seymour Lake 23 (46.9) 26 (53.1) 0 
12-Pine River 40 (72.7) 15 (27.3) 0 
13-Beaver River 12 (33.3) 18 (50.0) 6 (16.7) 
14-Lac !1e-a-1a-Crosse 27 (57.4) 20 (42.6) 0 
15-Keeley Lake 40 (87.0) 6 (13.0) 0 
16-Canoe River 45 (86.5) 7 (13.5) 0 
17-Rosser Bay 10 (41.7) 14 (58.3) 0 
18-Aubichon Arm 39 (61.9) 23 (36.5) 1 (1.6) 
19-Kazan Lake 10 (41.7) 13 (54.2) 1 (4.2) 
20-Churchi11 Lake 34 (65.4) 18 (34.6) 0 
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from a minimum of 4 (site 16) to a maximum of 119 (site 19) (Table 5.17, 

Figure 5.24). Average values for this variable ranged from 18.9 (site 15) 

to 61.8 pedicels (site 19). Coefficient of variation values varied from 

28.1 (site 2) to 44.1% (site 19). 

Average values for the number of pistillate pedicels per plant 

varied from 18.9 (site 15) to 225.2 (site 19) (Table 5.17, Figure 5.25). 

Minimum and maximum values observed were 4 (site 16) and 714 pedicels 

(site 19), respectively, mostly due to the variability in the number of 

tillers per plant. Coefficient of variation values for this variable 

covered a very large range, from 37.1 (site 15) to 81.2% (site 19). 

Average seed length varied from 17.0 (site 2) to 22.5 mm (site 1) 

(Table 5.18, Figure 5.26). Minimum and maximum lengths ranged from 12 

(site 2) to 36 mm (site 11). Coefficient of variation values ranged from 

10.6 (sites 5 and 20) to 16.7% (site 11). 

Average seed widths ranged from 1.78 (site 2) to 2.27 mm (site 18) 

(Table 5.18, Figure 5.27). The minimum width observed was 1.5 mm (site 

2), the maximum was 2.9 mm (site 18). Coefficient of variation values 

were generally lower than for seed lengths, ranging from 4.9 (site 8) to 

10.8% (site 10). 

Awn lengths (for those sites where this variable was measurable), 

averaged from 27.7 (site 2) to 43.8 mm (site 1) (Table 5.18). Coefficient 

of variation values ranged from 13.8 (site 2) to 22.1% (site 3). Seed 

weights ranged from 28.86 (site 2) to 58.05 mg (site 11) (Table 5.18, 

Figure 5 . 2 8) . 

5.5 Culm Density 

The average culm density per quadrat measured in the 20 study stands 

is given in Table 5.19 (Figure 5.29). Values ranged from 3.8 (site 16) to 

26.0 culms per quadrat (site 2). Low densities were common in the western 

half of the province. The minimum number of culms found in a quadrat 

ranged from 0 (sites 12-14, 16-20) to 11 (site 2); maximum numbers ranged 

from 15 (site 20) to 46 culms per quadrat (site 7). Coefficient of 

variation values ranged from 28.9 (site 5) to 108.1% (site 20). Sites on 

the western side of the province also appeared to have a more variable 

culm density as indicated by their higher CV values. 



Table 5.17. Number of pistillate pedicels per full and very full stage main culm and per plant. 

Number of pistillate pedicels 

Per full and very full stage main culm 

Site Avg Min. Max. cv Avg. 

1-Hanson Lake 44.9 9 100 41.9 75.8 
2-Limestone Lake 32.0 14 71 28.1 37.2 
3-Deschambault Lake 21.8 7 45 37.6 25.6 
4-Wapawekka Lake 41.3 17 79 33.7 65.7 
5-Montreal River 41.0 14 98 42.4 103.3 
6-Nemeiben Lake 34.6 11 79 36.1 61.8 
7-Morning Lake 20.6 6 38 37.4 25.5 
8-Black Bear Island Lake 26.5 9 51 37.2 51.3 
9-Mercer River 39.2 21 78 34.4 53.1 

10-Pinehouse Lake 35.4 10 88 41.9 40.0 
11-Little Seymour Lake 33.3 10 60 36.5 89.2 
12-Pine River 53.4 19 102 32.2 61.0 
13-Beaver River 46.4 24 99 34.6 98.3 
14-Lac ile-a-la-crosse 31.2 15 48 30.0 54.6 
15-Keeley Lake 18.9 9 36 37.1 18.9 
16-Canoe River 26.3 4 57 40.2 28.0 
17-Rosser Bay 57.9 24 97 34.5 161.3 
18-Aubichon Ann 30.9 7 74 41.4 33.7 
19-Kazan Lake 61.8 26 119 44.1 225.2 
20-Churchill Lake 39.8 9 100 41.5 64.7 

Per plant 

Min. 

9 
14 
7 

17 
14 
22 
6 
9 

22 
10 
10 
19 
25 
15 
9 
4 

45 
7 

32 
9 

Max. 

187 
89 
87 

207 
287 
221 
69 

131 
185 
149 
276 
178 
331 
145 
36 
76 

352 
115 
714 
213 

cv 

61.1 
44.0 
56.1 
57.1 
72.3 
79.4 
56.6 
70.4 
57.8 
58.9 
70.0 
50.1 
79.6 
58.6 
37.1 
48.0 
50.8 
54.4 
81.2 
75.9 

00 
00 
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Figure 5.24. Number of pistillate pedicels per full and very full stage 
main culm. 
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Table 5.18. Seed length and width, awn length, and seed weight1• 

Seed length 
(mm) 

Site Avg. Min. Max. cv Avg. 

1-Hanson Lake 22.5 17 27 11.8 2.02 
2-Lirnestone Lake 17.0 12 21 11.0 1.78 
3-Deschambault Lake 20.7 14 28 14.1 1.99 
4-Wapawekka Lake 20.4 15 26 11.2 2.06 
5-Montreal River 19.1 15 23 10.6 1.99 
6-Nemeiben Lake 19.7 16 26 11.5 1.95 
7-Morning Lake 20.2 14 30 14.8 2.00 
8-Black Bear Island Lake 20.4 15 28 13.3 1.99 
9-Mercer River 19.0 14 25 11.0 2.14 

10-Pinehouse Lake 18.9 15 25 11.9 2.05 
11-Little Seymour Lake 21.3 15 36 16.7 2.09 
12-Pine River 18.3 13 23 11.6 1.91 
13-Beaver River 18.8 15 26 13.0 2.06 
14-Lac ile-a-la-crosse 19.4 14 24 12.7 2.05 
15-Keeley Lake 20.2 13 25 12.4 2.00 
16-Canoe.River 21.0 14 28 14.0 2.07 
17-Rosser Bay 18.6 13 23 10.7 2.04 
18-Aubichon Arm 21.4 17 30 12.6 2.27 
19-Kazan Lake 19.5 15 28 13.2 1.97 
20-Churchill Lake 18.8 15 24 10.6 1.99 

1 All measurements made with lemma and palea on. 

Seed width 
(mm) 

Min. Max. cv 

1.7 2.3 6.1 
1.5 2.0 6. 7 
1.7 2.3 6.2 
1.8 2.6 7.0 
1.7 2.4 7.4 
1.7 2.2 5.5 
1.8 2.5 7.1 
1.8 2.2 4.9 
1.8 . 2.8 10.6 
1.7 2.7 10.8 
1.7 2.5 8.5 
1.6 2.1 5.8 
1.8 2.6 7.8 
1.8 2.6 6.3 
1.6 2.4 6.5 
1.8 2.5 7.2 
1.8 2.8 8.4 
1.9 2.9 10.3 
1.8 2.2 5.0 
1.8 2.5 7.6 

Awn length 
(nm) 

Avg. cv 

43.8 15.0 
27.7 13.8 
34.9 22.1 

- -
41.2 15.7 

- -
- -
- -
- -
- -

38.9 14.1 
- -

31.3 17.8 
- -
- -
- -

33.1 16.7 
31.9 18.2 

- -
- -

Seed weight 
(mg) 

--
Avg. 

52.49 
28.86 
50.25 
38.18 
44.65 
45.15 
41.92 
42.17 
43.88 
39.99 
58.05 
34.97 
42.74 
42.90 
47.38 
49.18 
39.67 
52.16 
39.98 
37.56 

\0 
0 
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Table 5.19. Culm density at the twenty study sites. 

CUlm density 

Per 0.25 m2 quadrat Per m21 (estimated) 

Site Average Min. Max. CV Average Min. Max. 

!-Hanson Lake 19.0 7 36 42.1 76.0 28 144 
2-Limestone Lake 26.0 11 44 33.4 104.0 44 176 
3-DescbaJbault Lake 14.5 3 31 48.3 58.0 12 124 
4-Wapawekka Lake 14.0 4 27 36.7 56.0 16 108 
5-Montreal River 22.5 9 38 28.9 90.0 36 152 
6-Neaeiben Lake 14.0 5 28 39.4 56.0 20 112 
7-Morning Lake 18.1 7 46 43.7 72.4 28 184 
8-Black Bear Island Lake 19.6 6 35 41.6 78.4 24 140 
9-Mercer River 19.6 7 35 32.9 78.4 28 140 

10-Pinebouse Lake 9.9 3 24 52.9 39.6 12 96 
11-Little Seymour Lake 18.4 6 37 39.9 73.6 24 148 
12-Pine River 12.2 0 23 41.9 48.8 0 92 
13-Beaver River 6.5 0 17 87.9 26.0 0 68 
14-Lac tle-a-la-crosse 15.1 0 33 66.6 60.4 0 132 
15-Keeley Lake 24.4 1 41 52.9 97.6 4 164 
16-Canoe River 3.8 0 16 106.3 15.2 0 64 
17-Rosser Bay 10.2 0 24 53.2 40.8 0 96 
18-Aubicbon Arl 9.5 0 19 53.0 38.0 0 76 
19-Kazan Lake 8.3 0 17 60.0 33.2 0 68 
20-Churcbill Lake 4.3 0 15 108.1 17.2 0 60 

1 As each quadrat bad an area equal to one-quarter of a square metre, the 'per m219 value was estimated 
by multiplying the 'per quadrat' value by 4. 
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Table 5 .19 also provides a conversion of the culm density per 

quadrat data to a culm density/m2 estimate. The resulting average values 

ranged from 15.2 to 104.0 culms/m2
• Conversion of the minimum and maximum 

values gave a minimum range of 0 to 44 culmsjm2, and a maximum range of 60 

to 184 culmsjm2. 

The average culm density per quadrat was multiplied by the average 

number of culms per plant to get an estimate of the number of plants 

present per quadrat at each site. The resulting values are given in Table 

5.20 (Figure 5.30) and range from 2.2 (site 19) to 24.0 plants per quadrat 

(site 15), or 8.8 to 96.0 plantsjm2
• As with culm density, the lowest 

values were at sites located on the western side of the province. 

A value for the estimated maximum seed yield was also calculated for 

each site (Table 5.21, Figure 5.31). The estimated maximum yield for a 

site is a theoretical value equal to the maximum amount of seed that could 

be produced if all of the culms at the site matured and all pistillate 

florets produced seed, with all of this seed being harvested. Of course, 

this does not occur, as not all culms at a site mature before the end of 

the season, not all pistillate florets are pollinated and successfully 

produce seed, and not all seed can be collected because of losses due to 

shattering and inefficient harvesting methods. Because this variable was 

made up of three other variables (average culm density per quadrat, 

average number of pistillate pedicels per full and very full stage culm, 

and average seed weight), a low value in one can be compensated with high 

values in one or both other variables. The estimated yield values 

calculated in 1986 range from 197 kgjha (site 16) to 1790 kgjha (site 1), 

an almost 10-fold difference. 

5.6 Root and Stem Tiller Variables 

The same morphologic characteristics examined on the mature main 

culms (i.e., length, number of vegetative internodes, culm diameters, 

shoot dry weight, number of pistillate pedicels) were also examined on the 

mature root and stem tillers collected from each site. The data are 

presented in Tables 5.22 to 5.27. 



95 

Table 5.20. Estimated plant density at the twenty study sites. 

Estimated number of plants 

Site 0.25 m2 quadrat1 m2 

1-Hanson Lake 11.6 46.4 
2-Limestone Lake 21.5 86.0 
3-Deschambault Lake 12.1 48.4 
4-Wapawekka Lake 9.3 37.2 
5-Montreal River 9.9 39.6 
6-Nemeiben Lake 8.4 33.6 
7-Morning Lake 14.8 59.2 
8-Black Bear Is. Lake 11.4 45.6 
9-Mercer River 14.3 57.2 

10-Pinehouse Lake 8.9 35.6 
11-Little Seymour Lake 7.0 28.0 
12-Pine River 10.0 40.0 
13-Beaver River 3.3 13.2 
14-Lac tle-a-la-Crosse 7.6 30.4 
15-Keeley Lake 24.0 96.0 
16-Canoe River 3.5 14.0 
17-Rosser Bay 3.4 13.6 
18-Aubichon Arm 8.8 35.2 
19-Kazan Lake 2.2 8.8 
20-Churchill Lake 2.3 9.2 

1 Method of calculation: (average culm density per quadrat) x (average 
number of culms per plant, i.e., one main culm per plant plus the 
average number of tillers per plant). 



Table 5.21. Estimated maximum yield at the twenty study sites. 

Site 

1-Hanson Lake 
2-Limestone Lake 
3-Deschambault Lake 
4-Wapawekka Lake 
5-Montreal River 
6-Nemeiben Lake 
7-Morning Lake 
8-Black Bear Island Lake 
9-Mercer River 

10-Pinehouse Lake 
11-Little Seymour Lake 
12-Pine River 
13-Beaver River 
14-Lac Ile-a-la-Crosse 
15-Keeley Lake 
16-Canoe River 
17-Rosser Bay 
18-Aubichon Arm 
19-Kazan Lake 
20-Churchill Lake 

Estimated 
maximum 

yield (kgjha) 1 

1790 
961 
635 
886 

1648 
873 
623 
877 

1348 
562 

1425 
909 
517 
811 
876 
197 
941 
612 
822 
258 

96 

1 Method of calculation: average culm density per quadrat x average number 
of pistillate pedicels per culm x average seed weight. 
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Table 5.22. Length of various segments in the mature root tillers. 

Total Vegetative 
- --

Site Avg. '1 Avg. ' 1-Hanson Lake 1.735 23 1.253 23 
2-Limestone Lake 1.487 9 1.077 9 
3-Deschambault Lake 1.346 2 0.985 2 
4-Wapawekka Lake 1. 702 10 1.218 10 
5-Montreal River 1.524 26 1.051 26 
6-Nemeiben Lake 1.581 21 1.122 20 
7-Morning Lake 1.968 1 1.583 1 
8-Black Bear Is. Lake 1.574 21 1.126 21 
9-Mercer River 1.735 7 1.283 7 

10-Pinehouse Lake 1.535 3 1.162 3 
11-Little Seymour Lake 1. 734 52 1.259 53 
12-Pine River 1.584 2 1.230 2 
13-Beaver River 1.801 7 1.291 8 
14-Lac ile-a-la-crosse 1.222 18 0.849 18 
15-Keeley Lake 
16-Canoe River 
17-Rosser Bay 1.742 29 1.272 29 
18-Aubichon Arm 1.573 1 1.207 1 
19-Kazan Lake 1.631 34 1.099 34 
20-Churchill Lake 1.374 6 0.893 7 

1 The number of measurements taken. 

Length (m) 

Rachis Staminate 

Avg. ' Avg. 

0.482 23 0.222 
0.410 9 0.209 
0.361 2 0.128 
0.484 10 0.226 
0.474 26 0.207 
0.476 21 0.249 
0.385 1 0.191 
0.448 21 0.191 
0.452 7 0.222 
0.374 3 0.131 
0.471 53 0.212 
0.354 2 0.148 
0.518 8 0.247 
0.374 18 0.159 

0.469 29 0.217 
0.366 1 0.185 
0.532 34 0.264 
0.466 6 0.217 

Pistillate 

# Avg. 

23 0.260 
9 0.201 
2 0.233 

10 0.258 
26 0.267 
21 0.227 
1 0.194 

21 0.256 
7 0.231 
3 0.243 

53 0.259 
2 0.206 
8 0.271 

18 0.215 

29 0.253 
1 0.181 

34 0.268 
7 0.257 

# 

23 
9 
2 

10 
26 
21 
1 

21 
7 
3 

53 
2 
8 

18 

29 
1 

34 
6 

\0 
00 



Table 5.23. Length of the individual vegetative internodes in the mature root tillers. 

Length (m) 

First Second Third 

Site Avg. #1 Avg. # Avg. 

1-Hanson Lake 0.270 23 0.315 23 0.407 
2-Limestone Lake 0.308 9 0.273 9 0.353 
3-Deschambault Lake 0.292 2 0.247 2 0.243 
4-Wapawekka Lake 0.294 10 0.348 10 0.349 
5-Montreal River 0.243 26 0.250 26 0.355 
6-Nemeiben Lake 0.214 20 0.289 20 0.420 
7-Morning Lake 0.428 1 0.453 1 0.244 
8-Black Bear Is. Lake 0.292 21 0.288 21 0.387 
9-Mercer River 0.333 7 0.378 7 0.324 

10-Pinehouse Lake 0.475 3 0.262 3 0.188 
11-Little Seymour Lake 0.273 53 0.281 53 0.404 
12-Pine River 0.358 2 0.493 2 0.269 
13-Beaver River 0.237 8 0.252 8 0.253 
14-Lac ile-a-la-Crosse 0.137 18 0.214 18 0.331 
15-Keeley Lake 
16-Canoe River 
17-Rosser Bay 0.277 29 0.283 29 0.320 
18-Aubichon Arm 0.207 1 0.423 1 0.258 
19-Kazan Lake 0.190 34 0.207 34 0.252 
20-Churchill Lake 0.223 7 0.225 7 0.303 

1 The mlllber of measurements taken. 

Fourth 

# Avg. 

22 0.479 
8 0.411 
2 0.407 

10 0.456 
26 0.408 
19 0.550 
1 0.458 

21 0.478 
6 0.515 
3 0.355 

52 0.577 
2 0.490 
8 0.534 

18 0.429 

29 0.532 
1 0.319 

34 0.516 
7 0.332 

# 

11 
4 
1 
5 

13 
8 
1 
7 
4 
2 

28 
1 
7 
7 

20 
1 

27 
3 

Fifth 

Avg. 

0.570 

0.520 

0.649 

0.718 

0.692 

# 

2 

1 

1 

1 

2 

\0 
\0 



Table 5.24. Vegetative internode number, basal diameters, shoot dry weight, and the number of pistillate pedicels in the mature root tillers. 

Number of Basal diameter (nm) Shoot Number of Q 
vegetative dry weight pedicelsfr 
internodes Culm Rachis (g) tille 

-
Site Avg. #2 Avg. # Avg. # Avg. # Avg. 

1-Hanson Lake 3.5 23 4.8 22 2.2 23 2.69 23 47.5 
2-Limestone Lake 3.3 9 2.2 7 1.2 9 1.34 9 24.4 
3-Deschambault Lake 3.5 2 2.0 1 1.2 2 1.06 2 25.5 
4-Wapawekka Lake 3.5 10 3.8 10 2.1 10 2.52 10 48.5 
5-Montreal River 3.5 26 4.4 26 2.4 26 2.59 26 58.4 
6-Nemeiben Lake 3.4 20 5.6 20 2.3 21 2.65 21 41.3 
7-Morning Lake 4.0 1 3.6 1 1.6 1 1.98 1 26.0 
8-Black Bear Is. Lake 3.3 21 3.7 21 1.8 21 2.05 21 35.6 
9-Mercer River 3.4 7 4.4 7 2.0 7 2.54 7 36.3 

10-Pinehouse Lake 3.7 3 2.6 3 1.6 3 1.30 3 42.3 
11-Little Seymour Lake 3.5 53 4.5 53 2.3 53 2.69 53 38.8 
12-Pine River 3.0 2 4.8 2 1.6 2 1.07 2 47.5 
13-Beaver River 4.0 8 5.7 7 3.2 8 4.72 8 64.8 
14-Lac ile-a-la-crosse 3.4 18 3.8 18 1.9 18 1.87 18 38.0 
15-Keeley Lake 
16-Canoe River 
17-Rosser Bay 3.7 29 4.5 28 2.7 28 3.34 29 55.1 
18-Aubichon Ann 4.0 1 2.3 1 1.3 1 1.67 1 30.0 
19-Kazan Lake 3.9 33 6.0 34 3.2 34 5.45 35 77.6 
20-Churchill Lake 3.4 7 4.1 7 2.6 7 3.34 6 50.6 

1 Includes "full" and "very full" stage root tillers. 
2 The number of measurements taken. 

# 

25 
9 
2 

10 
28 
23 
1 

22 
7 
3 

54 
4 

10 
23 

29 
1 

37 
18 

....... 
0 
0 



Table 5.25. Length of various segments in the mature stem tillers. 

Total Vegetative 
- --

Site Avg. #1 Avg. 

1-Hanson Lake 1.613 5 1.053 5 
2-Lirnestone Lake 1.274 2 0.856 2 
3-Deschambault Lake 1.205 3 0.824 3 
4-Wapawekka Lake 1.461 13 1.000 13 
5-Montreal Lake 1.380 10 0.942 10 
6-Nerneiben Lake 1.196 5 0.803 4 
7-Homing Lake 1.477 6 1.015 7 
8-Black Bear Is. Lake 1.267 13 0.831 13 
9-Hercer River 1.290 6 0.823 6 

10-Pinehouse Lake 1.211 1 0.768 1 
11-Little Seymour Lake 1.370 16 0.890 16 
12-Pine River 1.218 2 0.760 2 
13-Beaver River 1.234 12 0.798 12 
14-Lac ile-a-la-Crosse 1.015 7 0.676 7 
15-Keeley Lake 
16-Canoe River 0.900 2 0.551 2 
17 -Rosser Bay 1.398 11 0.932 11 
18-Aubichon Arm 1.443 3 0.996 3 
19-Kazan Lake 1.153 14 0.704 14 
20-Churchill Lake 1.113 3 0.716 3 

1 The number of measurements taken. 

Length (rn) 

Rachis Staminate 

# Avg. # Avg. 

0.560 5 0.249 
0.418 2 0.152 
0.381 3 0.147 
0.461 13 0.195 
0.438 10 0.191 
0.468 5 0.206 
0.364 6 0.168 
0.436 13 0.171 
0.467 6 0.191 
0.443 1 0.200 
0.480 16 0.182 
0.458 2 0.153 
0.436 12 0.198 
0.339 7 0.155 

0.349 2 0.163 
0.466 11 0.184 
0.447 3 0.207 
0.449 14 0.193 
0.397 3 0.115 

# 

5 
2 
3 

13 
10 
5 
7 

13 
6 
1 

17 
2 

12 
7 

2 
11 
3 

14 
3 

Pistillate 

Avg. 

0.311 5 
0.266 2 
0.234 3 
0.266 13 
0.247 10 
0.261 5 
0.224 6 
0.266 13 
0.275 6 
0.243 1 
0.295 16 
0.305 2 
0.238 12 
0.184 7 

0.186 2 
0.282 11 
0.240 3 
0.256 14 
0.282 3 

# 

~ 
0 
~ 



Table 5.26. Length of the individual vegetative internodes in the mature stem tillers. 

Length (m) 

First Second Third 
-

Site Avg. #1 Avg. # Avg. 

1-Hanson Lake 0.278 5 0.294 5 0.372 
2-Limestone Lake 0.394 2 0.252 2 0.420 
3-Deschambault Lake 0.274 3 0.188 3 0.362 
4-Wapawekka Lake 0.307 13 0.242 13 0.312 
5-Montreal River 0.299 10 0.249 10 0.400 
6-Nemeiben Lake 0.264 4 0.334 4 0.411 
7-Morning Lake 0.368 7 0.308 6 0.447 
8-Black Bear Is. Lake 0.321 13 0.229 13 0.365 
9-Mercer River 0.255 6 0.306 6 0.306 

10-Pinehouse Lake 0.376 1 0.392 1 
11-Little Seymour Lake 0.292 17 0.249 17 0.427 
12-Pine River 0.236 2 0.175 2 0.350 
13-Beaver River 0.265 12 0.243 11 0.322 
14-Lac fle-a-la-Crosse 0.181 7 0.244 7 0.352 
15-Keeley Lake 
16-Canoe River 0.305 2 0.246 2 
17-Rosser Bay 0.242 11 0.292 11 0.355 
18-Aubichon Arm 0.331 3 0.318 3 0.285 
19-Kazan Lake 0.182 14 0.203 13 0.314 
20-Churchill Lake 0.229 3 0.258 3 0.212 

1 The number of measurements taken. 

# Avg. 

4 0.460 
1 
3 

12 0.424 
9 0.351 
2 
6 

10 
4 0.350 

14 
2 
9 0.275 
5 

9 0.397 
2 0.470 

11 0.402 
2 0.266 

Fourth 

# 

2 

5 
1 

1 

3 

3 
1 
3 
1 

Fifth 

Avg. # 

..... 
0 
rv 



Table 5.27. Vegetative internode number, basal diameters, shoot dry weight, and number of pistillate pedicels in the mature stem tillers. 

Number of Basal diameter ( nm) Shoot Number of 9 
vegetative dry weight pedicels per 
internodes Culm Rachis (g) tillezl 

-
Site Avg. #1 Avg. # Avg. # Avg. # Avg. # 

1-Hanson Lake 3.2 5 - - 2.1 5 2.22 5 51.1 7 
2-Limestone Lake 2.5 2 - - 1.4 2 0.77 2 23.7 3 
3-Deschambault Lake 3.0 3 - - 2.2 3 1.24 3 30.6 5 
4-Wapawekka Lake 3.3 13 - - 2.0 13 1.95 13 50.6 14 
5-Montreal River 3.0 10 - - 2.1 10 1.66 10 49.5 11 
6-Nemeiben Lake 2.5 4 - - 1.6 5 1.56 5 41.4 5 
7-Morning Lake 3.0 6 - - 1.2 7 1.34 6 25.4 8 
8-Black Bear Is. Lake 2.8 13 - - 1.6 13 1.36 13 38.9 15 
9-Mercer River 2.8 6 - - 2.3 6 1.71 6 50.7 10 

10-Pinehouse Lake 2.0 1 - - 1.2 1 0.83 1 24.0 1 
11-Little Seymour Lake 2.8 16 - - 2.0 17 1.87 16 48.1 16 
12-Pine River 3.0 2 - - 1.5 2 1.66 2 53.2 5 
13-Beaver River 2.9 12 - - 2.0 12 1.99 12 55.4 22 
14-Lac ile-a-la-Crosse 2.7 7 - - 1.5 7 1.07 7 19.1 8 
15-Keeley Lake 
16-Canoe River 2.0 2 - - 1.8 1 0.80 2 28.3 3 
17-Rosser Bay 3.1 11 - - 2.4 11 2.12 11 58.9 15 
18-Aubichon Arm 3.0 3 - - 2.2 3 2.03 3 35.5 4 
19-Kazan Lake 2.9 14 - - 2.1 14 2.37 14 55.3 19 
20-Churchill Lake 3.0 3 - - 2.3 3 1. 76 3 50.6 8 

1 The number of "full" and "very full" developmental stage stem tillers. 
2 The number of measurements taken. 

~ 
0 
w 
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These average values and their corresponding CV values should be 

viewed cautiously because of the small sample sizes associated with them. 

At best they provide only a suggestion of tiller morphology at the 20 

study stands, in particular: a) the average total and vegetative portion 

lengths of the mature main culms are generally longer than those of the 

mature root tillers, which in turn are longer than that for the mature 

stem tillers, and b) there was a higher average number of vegetative 

internodes on the mature main culms than the root tillers, and that the 

root tillers had a higher average number than on the stem tillers. 

Tables 5.28 and 5.29 provide values for the percentage of the total 

length made up of the vegetative and reproductive portion lengths, and the 

percentage of the total rachis length made up of the pistillate and 

staminate portion lengths. The vegetative and rachis portions on the 

mature main culms appeared to be similar in proportion to those on the 

mature root tillers. However, the vegetative length on the mature stem 

tillers was shorter (and the reproductive length was correspondingly 

longer) than on either the main culms or the root tillers. All three culm 

types appeared to have similar proportions of staminate and pistillate 

lengths. 

5.7 Water Characteristics 

The values for water depth, temperature, pH, and conductivity at the 

study sites are given in Table 5.30 (Figures 5.32 to 5.35). Water depth 

had the highest variability of the four characteristics, although overall 

the CV values were quite low, ranging from 3.5 (site 1) to 15% (site 10). 

The shallowest water depth measured was 0.52 m (site 6), and the deepest 

was 1.75 m (site 7). Average depths varied from 0.69 (site 6) to 1.51 m 

(site 7). 

The overall water temperature range was from 10.0 (sites 19 and 20) 

to 18.4°C (site 6), with average values between 10.1 (site 19) and 18.1°C 

(site 6). It was fairly consistent within each stand except at site 20 

where the CV was 15.2%, possibly due to the presence of springs within the 

stands. At the remaining sites CV values were between 0.7 (sites 6 and 

19) and 5.3% (site 16). 
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Table 5.28. The vegetative and reproductive (rachis) lengths as 
percentages of the total culm length, and the staminate 
and pistillate lengths as percentages of the total rachis 
length - mature root tillers. 

Percentage of total length 

Total culm Rachis 

Site Veg. Reprod. Stamin. Pistil. 

1-Hanson Lake 72.1 27.9 54.3 45.7 
2-Limestone Lake 72.5 27.5 49.1 50.9 
3-Deschambault Lake 73.4 26.6 63.0 37.0 
4-Wapawekka Lake 71.4 28.6 53.5 46.5 
5-Montreal River 69.0 31.0 56.8 43.2 
6-Nemeiben Lake 69.8 60.0 48.4 51.6 
7-Morning Lake 80.4 19.6 50.4 49.6 
8-Black Bear Island Lake 71.4 28.6 57.5 42.5 
9-Mercer River 73.8 26.2 51.1 48.9 

10-Pinehouse Lake 75.6 24.4 64.7 35.3 
11-Little Seymour Lake 72.6 27.4 54.9 45.1 
12-Pine River 77.8 22.2 60.8 39.2 
13-Beaver River 71.6 28.4 52.5 47.5 
14-Lac Ile-a-la-Crosse 69.4 30.6 57.5 42.5 
15-Keeley Lake 
16-Canoe River 
17-Rosser Bay 73.0 27.0 54.3 45.7 
18-Aubichon Arm 76.7 23.3 49.5 50.5 
19-Kazan Lake 67.3 32.7 49.9 50.1 
20-Churchi11 Lake 66.1 33.9 55.8 44.2 
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Table 5.29. The vegetative and reproductive (rachis) lengths as 
percentages of the total culm length, and the staminate 
and pistillate lengths as percentages of the total rachis 
length - mature stem tillers. 

Percentage of total length 

Total culm Rachis 

Site Veg. Reprod. Stamin. Pistil. 

!-Hanson Lake 64.9 35.1 56.7 43.3 
2-Limestone Lake 66.0 34.0 63.2 36.8 
3-Deschambault Lake 68.2 31.8 61.8 38.2 
4-Wapawekka Lake 68.4 31.6 57.5 42.5 
5-Montreal River 68.2 31.8 56.5 43.5 
6-Nemeiben Lake 62.8 39.6 57.0 43.0 
7-Morning Lake 75.6 24.4 63.3 36.7 
8-Black Bear Island Lake 65.3 34.7 60.4 39.6 
9-Mercer River 63.9 36.1 58.6 41.4 

10-Pinehouse Lake 63.4 36.6 54.9 45.2 
11-Little Seymour Lake 64.7 35.3 61.3 38.7 
12-Pine River 62.1 37.9 67.4 32.6 
13-Beaver River 63.4 36.6 55.1 44.9 
14-Lac ile-a-la-Crosse 66.4 33.6 54.4 45.6 
15-Keeley Lake 
16-Canoe River 62.6 37.4 51.6 48.4 
17-Rosser Bay 66.5 33.5 60.8 39.2 
18-Aubichon Arm 69.0 31.0 54.2 45.8 
19-Kazan Lake 60.1 39.9 57.0 43.0 
20-Churchi11 Lake 64.6 35.4 72.3 27.7 



Table 5.30. Water characteristics at the twenty study sites. 

Depth Tem~rature 
(rn) (oc) 

Site Range Avg. cv Range Avg. 

1-Hanson Lake 0. 98 - 1.10 1.04 3.5 13.5 - 14.5 14.0 
2-Lirnestone Lake 0.77 - 0.90 0.84 5.2 14.5 - 15.2 15.0 
3-Descharnbault Lake 0.82 - 1.04 0.94 5.9 13.4 - 14.0 13.8 
4-Wapawekka Lake 0.89 - 1.15 0.98 7.3 14.0 - 14.9 14.4 
5-Montreal River 0.70- 0.91 0.81 8.0 14.3 - 15.5 15.0 
6-Nemeiben Lake 0.52 - 0.91 0.69 13.7 18.0 - 18.4 18.1 
7-Morning Lake 1.16 - 1. 75 1.51 13.9 15.0- 15.7 15.4 
8-Black Bear Island Lake 0.84 - 1.15 1.04 8.3 13.0 - 14.0 13.7 
9-Mercer River 0.98- 1.58 1.33 13.6 15.0 - 15.8 15.4 

10-Pinehouse Lake 1.07 - 1. 74 1.40 15.0 11.9 - 13.1 12.3 
11-Little Seymour Lake 0.89 - 1.18 1.04 7.9 12.1 - 12.9 12.5 
12-Pine River 1.09 - 1.28 1.16 5.2 12.1 - 12.9 12.5 
13-Beaver River 1.07 - 1.38 1.22 8.6 11.5 - 12.7 12.0 
14-Lac ile-a-la-crosse 0.78-1.01 0.87 7.4 11.0 - 12.0 11.2 
15-Keeley Lake 1.03 - 1.21 1.12 4.5 11.2 - 12.2 11.9 
16-Canoe River 0. 78 - 1.21 1.03 10.1 12.7 - 15.7 14.3 
17-Rosser Bay 0. 94 - 1.20 1.05 7.4 13.0 - 15.4 14.4 
18-Aubichon Arm 0. 96 - 1.20 1.06 5.4 12.0 - 14.5 13.0 
19-Kazan Lake 0.71 - 0.84 0.80 4.4 10.0 - 10.2 10.1 
20-Churchill Lake 0.94 - 1.09 1.01 4.5 10.0 - 16.0 14.0 

Water 

pH 

cv Range Avg. cv 

1.6 7.2- 8.6 7.7 5.7 
1.1 7.5- 7.8 7.6 1.3 
1.5 7.2- 7.6 7.4 2.1 
1.9 6.9- 7.6 7.1 2.4 
2.4 8.4 - 8.8 8.6 1.0 
0.7 7.1- 7.6 7.3 1.9 
1.5 6.7- 7.0 6.8 1.7 
2.6 7.1- 7.4 7.2 1.5 
2.0 5.2- 7.0 6.4 9.4 
2.8 7.2- 7.7 7.6 2.1 
1.9 7.6- 7.9 7.8 1.0 
2.2 7.4- 7.6 7.5 0.6 
2.7 7.6- 7.9 7.7 1.2 
2.8 7.4- 7.9 7.6 2.2 
2.0 7.4- 8.4 7.7 3.2 
5.3 7.3- 7.8 7.5 2.0 
4.3 7.3- 7.8 7.6 2.2 
4. 7 7.0- 7.6 7.2 2.2 
0.7 7.5- 7.8 7.6 1.3 

15.2 8.2 - 8.4 8.3 0.4 

Conductivity 
(f.'S/an) 

Range Avg. 

98 - 112 108.8 
136 - 148 140.1 
98 - 106 101.3 
80 - 89 82.6 

161 - 170 167.8 
50 - 51 50.7 
60 - 65 62.1 
75 - 80 78.4 

108 - 112 110.4 
85 - 92 89.7 
82 - 83 82.5 

104 - 107 105.3 
227 - 241 234.1 
140 - 188 156.3 
190 - 206 199.3 
125 - 175 145.3 
113 - 130 118.3 
110 - 148 115.0 
112 - 114 113.1 
141 - 214 161.1 

cv 

3.2 
2.4 
2.5 
3.2 
1.4 
0.9 
2.7 
2.4 
1.1 
1.9 
0.6 
0.7 
2.2 

10.4 
2.1 

11.0 
3.5 
9.6 
0.8 

15.3 

~ 
0 
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Coefficient of variation's for pH also were very low, generally < 

4%, except at sites 1 and 9 where the CV's were 5.7% and 9.4%, 

respectively. Average values ranged from 6.4 (site 9) to 8.6 (site 5), 

with the overall range from 5.2 (site 9) to 8.8 (site 5). 

Average conductivity values covered a large range, from 50.7 (site 

6) to 234.1 pSjcm (site 13). Again, CV values were generally< 4%, except 

at sites 14, 16, 18 and 20 (10.4, 11, 9.6 and 15.3%, respectively). The 

overall range of values was from 50 (site 6) to 241 pSjcm (site 13). 

5.8 Miscellaneous Observations 

The wild rice stands examined in this study were commonly found 

growing with other (mainly submerged) aquatic plants, although the 

specific species were not noted. Waterlilies (species unknown) were the 

only floating aquatic species noted and were common within and around the 

stands. 

No insect infestation was observed in the plants collected from any 

of the 20 study sites. During data collection the sound of insects 

(flies, bees, etc.) buzzing around in the wild rice was heard, often quite 

loudly, although pollination by insects was not observed. Minor 

infestations of such wild rice diseases as stem rot and stem smut (Nyvall 

1989), and some minor leaf lesions caused by an unidentified disease were 

seen on the plants collected in the samples. According to Orcajada (pers. 

comm., 1994) insects and diseases are not a major problem in northern 

Saskatchewan, although rice worms (Aiken et al. 1988) have been found in 

some eastern areas without having any significant affect on the harvest. 

The hulls of the seeds collected from the 20 study sites were 

examined for surface morphology and all were found to conform to those 

characteristics representative of members of Z. palustris (Aiken et al. 

1988), i.e., thick, with prickle hairs only over the nerves. 

5.9 Comparison with 1984 and 1985 Correlations 

Since the study stands and methodology used in this research were 

the same as used by Archibold and Weichel in 1984 and 1985 (1984b, 1985a, 

1985b, 1986), it was thought that a comparison of the three years of data 

might be useful in revealing any growth trends at a site that were 
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consistent from year-to-year despite fluctuations in climate and 

environment, e.g., seeds that were consistently light-weight, or culms 

that were always very long. Unfortunately, several factors made such a 

comparison difficult: 

a) the sheer size of such a detailed, site-by-site, variable-by

variable comparison would be impractical in this situation; 

b) the reports containing the data for 1984 and 1985 present the 

information mainly in the form of graphs, with only a few of the 

actual values specifically mentioned in the text. Therefore, 

obtaining values for each variable at each site would entail reading 

the majority of them off of graphs, which would be very time

consuming. Accuracy would also suffer; 

c) the plant variables used in the data analysis in 1984 and 1985 were 

never fully defined. It was therefore difficult to determine if, 

for example, the characteristic labelled "length" was based on only 

mature culms or on all developmental stages. This uncertainty made 

comparisons among the years questionable. However, it was assumed 

that they were composed of mature culm data; and 

d) several variables introduced in this year's study (i.e., 1986) were 

not used in 1984 and 1985 and, therefore, no data exists for them. 

These problems limited the year-to-year comparison to one that examined 

the range of average values obtained for some plant variables. These are 

provided in Table 5. 31. Unfortunately, a data range only provides a 

glimpse of the minimum and maximum values - all the data that lies between 

cannot be examined. 

The years 1984 and 1986 were good in terms of wild rice production 

in northern Saskatchewan. However, 1985 was a poor year (Archibold and 

Weichel 1985a; Orcajada 1986), with Archibold and Weichel (1985a) 

suggesting a possible straw buildup from the previous year's good growth 

as one cause of the lower productivity. However, other factors, such as 

poor weather and high water levels, more likely brought about the 

declining growth (Archibold and Weichel 1985a). During this particular 

year a cool, late spring delayed growth (Orcajada 1986), high water levels 
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(Orcajada 1986) resulting from spring runoff and heavy spring 

precipitation adversely affected the plants' growth (Archibald and Weichel 

1985a), and early fall frosts (Orcajada 1986) and cool fall weather 

(Archibald and Weichel 1985a) brought the growing season to a close 

prematurely. 

As would be expected, the majority of the culms were in the very 

full developmental stage when the stands were examined late in the growing 

season in 1984, 1985 and 1986. Stand maturity appeared to be most delayed 

in 1985, with one site, Aubichon Arm, having only 10% of its culms in the 

very full stage at sampling time. This same year the largest percentage 

of culms in the very full developmental stage was at Limestone Lake -

91.9%, and the second highest was at Pine River - 63.4%. In 1984, the 

lowest percentage of very full stage culms was 81.3% (Little Seymour 

Lake). In 1986, the lowest percentage was 74.2% (Montreal River). 

Tillering appeared to be quite variable at each site from year-to

year. For example, at Keeley Lake in 1984 just over 40% of the 

culms examined were main culms, slightly less than 40% were root tillers 

and approximately 20% were stem tillers. However, in 1985 these values 

were -92, -3 and -5%, respectively, while in 1986 they were 97.9, 0 and 

2 .1%, respectively. At Churchill Lake in 1984 main culms made up 

approximately 20% of the culms, root tillers over 70% and stem tillers 

just under 10%. In 1985 these number were -23, -50, and -27%, with 52, 35 

and 13%, respectively, in 1986. 

Tillers were prevalent in 1984 and 1986, with all plant samples 

containing some tillers. Root tillers were the most common type. In 1985 

relatively few tillers were produced, with none in the samples collected 

from Deschambault Lake, Canoe River, Rosser Bay and Aubichon Arm. 

In 1984, 1985 and 1986 there were sites at which none of the plants 

had root tillers (1984: Rosser Bay; 1985: Hanson Lake, Limestone Lake, 

Wapawekka Lake, Montreal River, Morning Lake, Black Bear Island Lake and 

!le-a-la-Crosse; 1986: Keeley Lake and Canoe River). In 1986 Keeley Lake 

and Canoe River had only stem tillers. 

The largest number of root tillers found per plant in 1984, 11, 

occurred at Churchill Lake. The second highest number was found at Kazan 

Lake with 10 root tillers per plant. In 1985 the highest number of root 



Table 5.31. Average value ranges for selected variables from 1984 to 1986. 

Study period 

August 24-27 August 25-29 September 1-7 
Variable 1984 1985 1986 

% of culms in the very full stage 81.3(#5) - 98.0(#2)1 10.0(#18) - 91.9(#2) 74.2(#5) - 100.0(#7&13) 

% single-stemmed plants 0(#19) - 94.1(#17) -11.9(#19) - 100(#3,16,17,18) 18.4(#11) - 97.8(#15) 

Average culm length ( rn) 
main culms 1.41{#14) - 2.01(#15) 1.19(#11) - 2.06(#7) 1.471(#14) - 2.243(#7) 
root tillers 1.32(#3) - 2.28{#10) 0.90(#11) - 1.51(#12) 1.222(#14) - 1.968(#7) 
stern tillers 1.14(#19) - 2.09(#4) 0.83(#14) - 1.74(#7) 0.900(#16) - 1.613(#1) 

Average length of the pistillate portion (rn) 
main culms 0.149(#6) - 0.252(#19) 0.126(#17) - 0.243(#19) 0.142(#15) - 0.243(#1&17) 
root tillers 0.125(#7) - 0.276(#19) - 0.181(#18) - 0.271(#13) 
stern tillers 0.210(#5) - 0.293(#19) - 0.184(#14) - 0.311(#1) 

Average length of the staminate portion (rn) 
main culms 0.191(#7) - 0.298(#15) 0.163(#17) - 0.348(#20) 0.195(#16) - 0.294(#1) 
root tillers 0.150(#7) - 0.265(#20) - 0.128(#3) - 0.264(#19) 
stern tillers 0.145(#6) - 0.335(#20) - 0.115(#20) - 0.249{#1) 

Average culm basal diameter ( lllll) 
main culrns 2.2(#7) - 9.5(#19) 2.0(#1) - 8.3(#19) 3.3(#15) - 6.8(#19) 
root tillers 1.6(#7) - 7.4(#19) 1.9(#11) - 6.9(#19) 2.0(#3) - 6.0(#19) 
stern tillers 2.6(#11) - 5.7(#18) 1.4(#14) - 6.0(#5) n/a 

(continued ••.. ) 

1 '#' = site number. I-' 
I-' 
w 



Table 5.31 (continued). Average value ranges for selected variables from 1984 to 1986. 

August 24-27 August 25-29 
Variable 1984 1985 

Average rachis basal diameter (mm) 
main culms 1.6(#7) - 3.8(#19) 1.4(#11) - 4.1(#19) 
root tillers 0.9(#7) - 3.5(#18) 1.0(#11) - 3.7(#19) 
stem tillers - 0.8(#14) - 3.0(#20) 

Average shoot dry weight/plant (g) 1.7(#7) - 42.2(#19) 0.95(#3) - 30.43(#19) 

Number of pistillate pedicelsjculm 
main culm 17(#7) - 107(#19) 15.0(#1) - 60.3(#20) 
root tillers 8(#7) - 102(#19) -22(#11) - 70.8(#19) 
stem tillers 19(#6) - -90(#20) -11(#4) - 82.2(#19) 

Average seed weight ( mg) 25(#2) - 52(#11) nfa 

% plants with no prop roots -23(#1) - 100(#19) -29(#7) - 91.6(#19) 

Culm density ( culms/rn2) 57(#12) - 207(#7) 0(#10) - 112(#2) 

Potential yield1 (kg/ha) 1133(#3) - 3342(#15) nfa 

Water 
depth (m) -0.40(#20) - -1.44(#7) 0.63(#11) - 1.84(#10) 
temperature (0c) -17.4(#13) - -23(#6) 14.1(#19) - 18.6(#5) 
pH -6.7(#6) - -8.5(#19) 7.1(#8) - 8.4(#5) 
conductivity (~/ern) 43(36) - 286(#13) 51(#6) - 233(#15) 

Sources: 1984 data (Archibald and Weichel 1984b); 1985 (Archibald and Weichel 1985b). 

September 1-7 
1986 

1.6(#7) - 2.9(#17&19) 
1.2(#2&3) - 3.2(#19) 

1.2(#7&10) - 2.4(#17) 

1.57(#15) - 16.50(#19) 

18.9(#15) - 61.8(#19) 
24.4(#2) - 77.6(#19) 
19.1(#14) - 58.9(#17) 

29(#2) - 58(#11) 

33.3(#13) - 89.3(#2) 

15.2(#16) - 104.0(#2) 

197(#16) - 1790(#1) 

0.69(#6) - 1.51(#7) 
10.1(#19) - 18.1(#6) 

6.4(#9) - 8.6(#5) 
50.7(#6) - 234.1(#13) 

1'-"l 
1'-"l 
-!==" 
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tillers per plant occurred at Kazan Lake - 12, while Churchill Lake had 

the second highest number - 8. The third highest value occurring at 

Little Seymour lake - 4. In 1986 Churchill Lake had a maximum of only 2 

root tillers per plant, but Kazan Lake and Little Seymour Lake had a 

maximum of 5 (the highest number recorded that year). 

The maximum number of stem tillers observed per plant in 1984 was 3, 

at Little Seymour Lake, Beaver River, Keeley Lake and Kazan Lake. In 

1985, the highest number of stem tillers per plant occurred at Morning 

Lake with 9 stem tillers. In 1986, Kazan Lake had the highest number of 

stem tillers per plant- 6. The second highest numbers occurred at Little 

Seymour Lake and Beaver River. 

Plant height was also variable from year-to-year. Based on the 

average value ranges, main culms appeared to be longer in 1986 than in 

1984, with those that grew in 1985 being the shortest. More detailed 

reports for 1984 and 1985 would have allowed for more detailed comparisons 

and better detection of year-to-year trends at any given site. For 

example, Lac ile-a-la-Crosse had the shortest average main culms lengths 

in 1984 and 1986, while Morning Lake had the longest average lengths in 

1985 and 1986, but it cannot be gleaned from the ranges if these two sites 

consistently placed in the lower and upper ranges, respectively, from 

growing season to growing season. Root and stem tillers seemed to be 

longest in 1984 and shortest in 1985. Generally, stem tillers appeared to 

be shorter than root tillers, which in turn were shorter than the main 

culms. 

The length of the pistillate portion of the main culm did not appear 

to be noticeably different from 1984 to 1985. Generally, the pistillate 

portion appeared to be longest on the stem tillers and shortest on the 

main culms. 

The average length of the staminate portion of the main culm covered 

a larger range in 1985 than in 1984 or 1986. In 1986 the length on the 

mature main culms was longer than that on the root or especially the stem 

tillers. This was more difficult to see in 1984 but appeared to be 

similar. 

The culms that grew in 1986 appeared to be some of the thinnest, and 

overall, main culms were thicker than root tillers and especially stem 



116 

tillers. The plants that grow at Kazan Lake have particularly thick 

culms, with this site commonly having the highest average value for all 

three culm types. Morning Lake plants were commonly the slenderest. 

The average number of pistillate pedicels on the main culms appeared 

to be greater than that on the root or stem tillers in 1984, but in 1985 

and 1986 root tillers seemed to be generally more productive. Kazan Lake 

again often had the highest average value for all three culm types. This 

site also had the highest average plant shoot dry weight for all three 

study years. However, this value decreased by over one-half from 1984 to 

1986. 

Seed weights were not available for 1985, but those from 1984 and 

1986 appeared to be similar in range. Both years the highest and lowest 

average values were held by the same sites: Little Seymour Lake and 

Limestone Lake, respectively. 

The highest culm densities occurred in 1984, and were almost twice 

of that in 1985 and 1986. Those in 1985 were low. In fact, the Pinehouse 

Lake stand was completely drowned out. Interestingly, Limestone Lake had 

the highest culm densities in both 1985 and 1986. 

As with the plant variables, the water depth, temperature, pH and 

conductivity average ranges were variable from year to year. Water depths 

were highest in 1985 and lowest in 1984. Temperature was highest in 1984 

and lowest in 1986. Conductivity and pH seemed fairly consistent from 

year to year. 

The estimated maximum yield varied substantially. No data were 

available for 1985, but maximum production in 1984 was almost twice that 

of 1986; minimum production was approximately six times that of 1986. 

It was difficult to detect any distinct year-to-year trends for any 

particular variable, given the lack of detail in the 1984 and 1985 reports 

and the fact that the ranges provided only the minimum and maximum values 

obtained. 

Some sites did have consistently high or low values from growing 

season to growing season despite environmental change. For example, the 

plants growing at Kazan Lake seemed to be consistently robust and highly 

productive, while those at Little Seymour Lake and Morning Lake were 

smaller and less productive. The data did point out one very important 
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fact about wild rice growth in natural stands, however - it is highly 

variable. 



CHAPTER 6 

6.0 ANALYSIS AND DISCUSSION 

This chapter provides the results of the statistical analysis on the 

differences in development at the 20 study sites (Section 6.1), and the 

relationships between the various plant and environmental variables 

(Section 6.2). 

6.1 Development 

The developmental variability observed in the quadrats at the study 

stands (see Table 5.1) was analyzed using three separate approaches. The 

first was to examine the data as given, using the five arbitrary 

developmental stages (Section 6.1.1). The second was to examine the data 

from the view of the number of immature and mature culms present (Section 

6.1.2), and the third was to focus on the number of culms with and without 

all of the pistillate florets out of the boot (Section 6.1.3). 

6.1.1 Developmental stages 

To test whether there was any statistically significant difference 

in development among the study sites at the time of sampling, as defined 

by the five arbitrary developmental stages, a Kolmogorov-Smirnov two

independent-samples test was conducted on each possible pair of sites 

(Table 6 .1). 

The test indicated that 55 of the 190 possible site pairings were 

significant (a 0. 01). Forty-nine of the significant pairs included 

either site 3, 5, 14, or 20; the remaining 6 involved site 18. Sites 3 

and 5 were significantly different from sites 1, 2, 4, 6-13, 15 and 17. 

Sites 14 and 20 were significantly different from these same sites with 

the exception of site 4, and in the case of site 20, also site 10. Site 
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Table 6.1. K-S same-site two-independent-samples test for differences in development at the twenty study sites. 

Site 1 2 3 4 5 6 7 8 9 10 

1 - 0.003415 0.224937** 0.101329 0.245376** 0.016607 0.012632 0.013845 0.002427 0.068014 
2 - - 0.228352** 0.104744 0.248791** 0.016778 0.009217 0.017260 0.002063 0.071429 
3 - - - 0.123609** 0.023889 0.211781** 0.237569** 0.211092** 0.227365** 0.156924** 
4 - - - - 0.144047** 0.088172 0.113960 0.087484 0.103756 0.033315 
5 - - - - - 0.232219** 0.258007** 0.231531** 0.247803** 0.177362** 
6 - - - - - - 0.025788 0.011461 0.018841 0.054857 
7 - - - - - - - 0.026477 0.010204 0.080645 
8 - - - - - - - - 0.016272 0.054169 
9 - - - - - - '- - - 0.070441 

Site 11 12 13 14 15 16 17 18 19 20 

1 0.009060 0.007105 0.011908 0.201654** 0.013324 0.092632 0.022525 0.139267** 0.117176 0.237368** 
2 0.012475 0.010520 0.015323 0.205069** 0.013496 0.096047 0.025940 0.142682** 0.120591 0.240783** 
3 0.215877** 0.217832** 0.213029** 0.023283 0.216292** 0.132306 0.202413** 0.085670 0.107761 0.046757 
4 0.092268 0.094223 0.089420 0.100326 0.092684 0.025251 0.078804 0.037939 0.033298 0.136040 
5 0.236315** 0.238270** 0.233467** 0.043721 0.236731** 0.152744 0.222851** 0.106108 0.128199 0.026361 
6 0.020753 0.016344 0.022923 0.188498** 0.006551 0.079475 0.019016 0.126111 0.104020 0.224212** 
7 0.021692 0.019737 0.024540 0.214286** 0.021277 0.105263 0.035156 0.151899** 0.129808 0.250000** 
8 0.010051 0.006740 0.012220 0.187809** 0.007420 0.078787 0.008680 0.125422 0.103331 0.223523** 
9 0.011488 0.009533 0.014336 0.204082** 0.015558 0.095059 0.024952 0.141695** 0.119604 0.239796** 
10 0.058953 0.060908 0.056105 0.133641** 0.059369 0.029329 0.045489 0.071254 0.049163 0.169355 
11 - 0.004410 0.002848 0.192594** 0.017471 0.083571 0.013464 0.130207** 0.108116 0.228308** 
12 - - 0.006579 0.194549** 0.013061 0.085526 0.015419 0.132162 0.110071 0.230263** 
13 - - - 0.189746** 0.019640 0.080723 0.010616 0.127359 0.105268 0.225460** 
14 - - - - 0.193009** 0.109023 0.179129** 0.062387 0.084478 0.058201 
15 - - - - - 0.083987 0.015734 0.130622** 0.108531 0.228723** 
16 - - - - - - 0.070107 0.048368 0.024545 0.144737 
17 - - - - - - - 0.116742 0.094651 0.214844** 
18 - - - - - - - - 0.056414 0.104313 
19 - - - - - - - - - 0.120192 1-' 

1-' 
1..0 

"**" = significant at a = 0.01. 
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18 was significantly different from a smaller subset of these sites, i.e., 

1, 2, 7, 9, 11 and 15. 

6 . 1. 2 Immature and mature culms 

This approach divided the number of culms examined in the quadrats 

into immature (aerial, initial, emergent and full stages) and mature (very 

full stage) portions. The results of the chi-square two-independent

samples test on the various site pairings indicated that 118 of the 190 

possible pairings were significantly different (a = 0.01) (Table 6.2). 

All of the significant pairings included one of the following sites: 3, 4, 

5, 7, 10, 14, 16, 18, 19, or 20. As with the five development stages 

analysis (Section 6.1.1), the sites seemed to form groups such that the 

sites in any particular group were not significantly different from each 

other but were significantly different from the same other groups, e.g., 

sites 1, 2, 6, 8, 9, 11, 12, 13, 15 and 17 were generally all 

significantly different from sites 3, 4, 5, 10, 14, 16, 18, 19 and 20. 

Sites 3, 5 and 20 formed another group that were significantly different 

from sites 2, 4, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16, 17 and 19, and sites 

16, 18 and 19 formed a third group that were significantly different from 

sites 1, 2, 3, 5-9, 11-13, 15 and 17. 

6.1.3 Pistillate florets 

This last approach probably most closely approximates what the 

average wild rice grower "looks for" when he assesses a stand for its 

harvest readiness. A grower is more concerned with the number of culms 

that have pushed their pistillate florets free of the boot and produced 

seed (i.e., the number in the full and very full developmental stages), 

than he is with the number of culms that also have their staminate florets 

in anthesis (only the very full stage). The staminate florets themselves 

do not produce seed, and whether or not they are blooming on a particular 

plant does not affect the ability of the pistillate florets on the same 

plant to produce seed. The staggered development of main culms and 

tillers, and the cross-pollinating nature of wild rice plants, ensures 

that there is usually pollen available for the pistillate florets even if 

the staminate florets on the same culm are not yet out of the boot. 

The number of significant pairings (93 out of 190 possible), as 

determined by a chi-square test, were lower than that for the immature/ 



Table 6.2. Chi-square test for the difference in the number of immature and mature culms between each of the twenty study sites. 

Site 1 2 3 4 5 6 7 8 9 10 

1 - 0.06621 106.24468** 39.40868** 124.58350** 1.28181 3.95023 1. 73580 0.00269 19.82287** 
2 - - 146.91393** 57 .12082** 171.29485** 3.17565 2.65832 4.09617 0.01879 30.13109** 
3 - - - 18.71528** 0.49051 68.84520** 120.06635** 90.50615** 112.81460** 25.24247** 
4 - - - - 27. 74723** 20.89856** 54.21036** 26.55831** 43.47107** 1.78947 
5 - - - - - 82.65318** 136. 07811** 110.14952** 131.48117** 33.36955** 
6 - - - - - - 9.58167** 0.02484 2.14183 9.44001** 
7 - - - - - - - 10.26541** 2.90554 34.67437** 
8 - - - - - - - - 2.75859 11.33324** 
9 - - - - - - - - - 22.85877** 

Site 11 12 13 14 15 16 17 18 19 20 

1 0.66738 0.23746 0.47711 93.45460** 0.71342 21.61936** 3.15325 55.24529** 43.19451** 88.45237** 
2 2.14748 1.09783 1.41777 129.93272** 2.33158 32.00618** 6.09032 78.49860** 58.83311** 123. 41166** 
3 91. 71002** 65.85684** 35.90888** 0.57366 116.35867** 7.93832** 47.22671** 6.48136 9.65113** 0.07039 
4 29.35909** 22.14946** 11.37048** 13.23308** 36. 78652** 0.05681 12.38798** 1.80931 0.31093 12.26070** 
5 110. 01313** 77 .80088** 42.17985** 2.36558 140 . 7 5405** 10.51763** 57.15700** 10. 71183** 14.38245** 0.03044 
6 0.02161 0.06402 0.04749 59.44044** 0.05068 9.65620** 0.18309 31.66401** 23.32572** 54.08666** 
7 8.01206** 6.66038** 7.68989** 107.33168** 8.05444** 42. 77729** 13.41587** 72.44337** 57.91203** 113. 33884** 
8 0.23087 0.13376 0.02232 78.09027** 0.31954 11.09695** 0.19181 40.05381** 28.91604** 67.43369** 
9 1.34705 0.64766 0.94501 99.56581** 1.44172 25.10128** 4.41100 60.26675** 45.05558** 95. 79165** 
10 13.83001** 11.28908** 4.65659 19. 76577** 15.26206** 0.25872 4.80664 6.02434 2.95752 18.83061** 
11 - 0.00536 0.00934 79.67022** 0.02769 13.54574** 0.69364 43.10884** 32.06633** 71.30988** 
12 - - 0.00004 57.30216** 0.00851 11.62251** 0.74501 32.48492** 24.81430** 54.26177** 
13 - - - 30.96260** 0.00232 6.12917 0.10373 17 .40571** 13.22438** 32.59472** 
14 - - - - 101.14258** 5.80770 40.20811** 3.68034 6.36925 0.61990 
15 - - - - - 15.83261** 0.90014 53.51507** 39.34589** 87.08553** 
16 - - - - - - 6.65121** 1.23572 0.36648 7 .10382** 
17 - - - - - - - 20.22100** 14.36579** 39.33999** 
18 - - - - - - - - 0.44484 4.78355 
19 - - - - - - - - - 7 .24824** ~ ,_. 
"**" = significant at a = 0. 01. 
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mature approach but were higher than for the five developmental stages 

approach (Table 6.3). Again, sites 3, 4, 5, 7, 10, 14, 16, 19 and 20 were 

involved in the largest number of significant pairings. These sites 

formed a group that was significantly different from sites 1, 2, 6-9, 11-

13, 15, 17 and 18 - almost the same group of sites as in the second 

approach. 

6.1.4 Summary 

The results of these three tests indicate that significant 

differences did exist in wild rice development across northern 

Saskatchewan during the 1986 growing season, but that there did not appear 

to be any spatial trend as indicated by those involved in the province's 

wild rice industry, i.e., that sites on the eastern side of the province 

mature approximately one week earlier than those in the west (Archibald 

1988a). 

When the data are grouped according to the five arbitrary 

developmental stages, sites 3, 5, 14, 18 and 20 stand out as the most 

developmentally delayed sites, being included in all of the significant 

pairings. Division of the data into mature and immature parts highlighted 

a larger group of sites involved in all of the significant pairings. This 

group included the same sites as in the first test, plus five other sites: 

4, 7, 10, 16 and 19. This larger group was involved with all of the 

significant pairings in the third test when the presence/absence of the 

pistillate florets out of the boot was examined. Thus, essentially the 

same set of sites was consistently singled out as having significantly 

different development. 

Obviously, some factor(s), either environmental or genetic in nature 

(possibly tillering, changing water levels or climatic variations), are 

apparently active at these sites and is/are responsible for a significant 

delay in the development of the wild rice plants at these sites. 

Unfortunately, because of the nature of the distribution of the 

development data (i.e. , a Poisson distribution), whether the environmental 

factors examined in this study were responsible in whole or part for this 

difference could not be tested, since linear correlation requires normally 

distributed data. 



Table 6.3. Chi-square test for the difference in the number of culms with pistillate florets out of the boot between each of the twenty study sites. 

Site 1 2 3 4 5 6 7 8 9 10 

1 - 0.120914 31.792818** 13. 424118** 45.516885** 3.045985 1.240712 0.384346 0.001215 10.493195** 
2 - - 42.223206** 17.867833** 61.097342** 4.072265 1.346243 0.593242 0.004021 13. 737244** 
3 - - - 3.432862 1.429194 12.623725** 38.891926** 25.732108** 35. 755009** 3.482759 
4 - - - - 9.518732** 3.306905 20.089055** 8. 785323** 16.264348** 0.054241 
5 - - - - - 21.909632** 51.291210** 39.868605** 49. 761378** 8.379788** 
6 - - - - - - 8.275657** 0.847546 4.648118 1.521647 
7 - - - - - - - 3.793943 0.424165 17 .601752** 
8 - - - - - - - - 1.128093 6.208548 
9 - - - - - - - - - 13 .193633** 

Site 11 12 13 14 15 16 17 18 19 20 

1 0.221978 0.172230 0.125009 26.299400** 2.573572 17.120357** 0.010866 3.177919 26.351075** 43.009898** 
2 0.271634 0.129896 0.142116 34.882837** 3.571132 21.589134** 0.007820 4.143045 34.659117** 55. 790992** 
3 36.434237** 21.027986** 12.830084** 0.340659 22.006508** 0.006547 19.625690** 8.399650** 0.002278 2.143165 
4 17 .600357** 8.700332** 6. 720377** 1.696953 6.321513 0.506013 8. 711043** 1.443403 2.534971 7.404723** 
5 49.409215** 29. 7 89609** 18.972252** 3.359298 38. 566277 ** 0.643272 26.962325** 14.591957** 1.056856 0.482187 
6 6.011791 1.896269 2.451653 9.316811** 0.011590 4.442074 2.461972 0.007984 9.186909** 18.232039** 
7 0.000097 1.009439 0.000000 33.371286** 7.305187** 28.156549** 0.083117 8. 797119** 34. 731978** 54,894486** 
8 2.057723 0.167144 0.890726 20.494749** 0.528186 11.174076** 0.517323 0.979768 20.054000** 34.261754** 
9 0.002801 0.001054 0.000002 29.969766** 4. 077065 21.060991** 0.328705 4.811086 30.380190** 48.854169** 
10 14.804819** 6.912317** 5.823409 1.925099 3.240890 0.671636 7.212231** 0.796803 2.741966 7.123990** 
11 - 0.132432 0.295924 30.883955** 5.315603 23.587811** 0.100106 6.276869 31.681039** 50.529707** 
12 - - 0.086707 17 .404177** 1.513297 11.896466** 0.022324 2.052123 17 .473110** 29.113131** 
13 - - - 10.794343** 2.092290 9. 711756** 0.051942 2.651159 12.155137** 19. 713264** 
14 - - - - 16.535222** 0.021338 16.484853** 6.099699 0.205050 2.968647 
15 - - - - - 7.222175** 2.052383 0.062090 15. 744599** 28. 778402** 
16 - - - - - - 2.364057 3.679752 2.061995 11. 268346** 
17 - - - - - - - 37 .601179** 31. 050579** 62.813047** 
18 - - - - - - - - 18.259813** 44. 5606 77 ** 
19 5.087666 t-1 - - - - - - - - - N 

w 

"**" = significant at a = 0.01. 
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6.2 Morphology and Environment 

Three types of relationships among the various variables were 

examined using Pearson's product-moment correlation: i) environmental 

variable versus environmental variable; ii) environmental variable versus 

plant variable; and iii) plant variable versus plant variable. 

Prior to inclusion in the statistical tests, each site's data was 

tested, by individual variable, for normality. The resulting calculated 

'D' values are given in Tables 6.4 to 6.7. The majority of the data was 

normally distributed. The data that did not have a normal distribution 

could not be "normalized" with a transformation function and so was 

eliminated from the correlation analysis. 

Non-normally distributed variables removed from the correlation 

analysis included the number of tillers per plant (all tillers, root 

tillers, and stem tillers), all·of which had a Poisson distribution at 

each site (Table 6.4). The data for the length of the third vegetative 

internode at Limestone Lake (site 2), Black Bear Island Lake (site 8) and 

Lac !le-a-la-Crosse (site 14) were also not normally distributed (Table 

6.5). The reason for this is unknown, and no literature could be found 

that particularly addressed this internode's growth either in terms of its 

relationship to the environment or the growth of the rest of the wild rice 

plant. Possible explanations include changes in water level, the presence 

of more than one variety, or some factor relating to tillering. An 

examination of the frequency distributions for this variable (not 

provided) revealed slight skewing towards the lower values at these three 

sites. These non-normal distributions are particularly interesting as the 

other length variables at these sites were normally distributed. 

Seed width data were also non-normally distributed at the majority 

of the study sites (Table 6.6), thus this variable was totally eliminated 

from the correlation analysis. The frequency distributions for this 

variable appeared to be slightly skewed to the left at almost every site, 

with a small number of exceptionally large values occurring at the far 

right. Part of the explanation in this case may be the difficulty in 

accurately measuring such a small feature, thus introducing error into the 

data and thereby influencing the distribution. 
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Table 6.4. K-S calculated 'D' values 1 for the number of each tiller type 
per plant. 

Number of tillers 

Site Total Root Stem 

!-Hanson Lake 0.085 (50) 0.014 (50) 0.009 (50) 
2-Limestone Lake 0.016 (56) 0.024 (56) 0.001 (56) 
3-Deschambault Lake 0.019 (54) 0.001 (54) 0.013 (54) 
4-Wapawekka Lake 9.029 (49) 0.002 (49) 0.042 (49) 
5-Montreal River 0.071 (35) 0.084 (35) 0.080 (35) 
6-Nemeiben Lake 0.072 (43) 0.062 (43) 0.009 (43) 
7-Morning Lake 0.003 (50) 0.000 (50) 0.019 (50) 
8-Black Bear Island Lake 0.019 (55) 0.011 (55) 0.048 (55) 
9-Mercer River 0.021 (52) 0.009 (52) 0.025 (52) 

10-Pinehouse Lake 0.016 (45) 0.020 (45) 0.001 (45) 
11-Little Seymour Lake 0.108 (49) 0.056 (49) 0.034 (49) 
12-Pine River 0.016 (55) 0.016 (55) 0.010 (55) 
13-Beaver River 0.066 (36) 0.104 (36) 0.033 (36) 
14-Lac Ile-a-la-Crosse 0.038 (47) 0.070 (47) 0.035 (47) 
15-Keeley Lake 0.000 (46) 0.000 (46) 
16-Canoe River 0.003 (52) 0.003 (52) 
17-Rosser Bay 0.150 (24) 0.151 (24) 0.201 (24) 
18-Aubichon Arm 0.013 (63) 0.000 (63) 0.002 (63) 
19-Kazan Lake 0.272 (24) 0.186 (24) 0.134 (24) 
20-Churchill Lake 0.091 (52) 0.104 (52) 0.029 (52) 

1 Values given are for a K-S one-sample goodness-of-fit test for a Poisson distribution. 
2 The value of 'n' for each test is in parentheses. 
BOTE: All 'D' values in this table are non-significant. 



Table 6.5. K-S calculated 'D' values1 for the length of various portions of the mature main culm. 

Length 

Site Total First Second Third Fourth Fifth 

!-Hanson Lake 0.151 (49)2 0.072 (50) 0.120 (50) 0.188 (50) 0.112 (46) 0.226 ( 6) 
2-Limestone Lake 0.093 (56) 0.080 (56) 0.132 (56) 0.264 (56)•3 0.083 (39) -
3-Deschambault Lake 0.082 (52) 0.097 (52) 0.082 (52) 0.177 (52) 0.108 (48) 0.196 (11) 
4-Wapawekka Lake 0.075 (49) 0.093 (49) 0.065 (49) 0.209 (49) 0.164 (48) 0.205 (7) 
5-Montreal River 0.159 (35) 0.115 (35) 0.151 (35) 0.252 (35) 0.218 (28) 0.380 (3) 
6-Nemeiben Lake 0.076 (42) 0.097 ( 43) 0.095 (43) 0.218 (43) 0.097 (35) -
7-Morning Lake 0.066 (50) 0.071 (50) 0.083 (50) 0.155 (50) 0.056 (47) 0.132 (12) 
8-Black Bear Is. L. 0.144 (54) 0.065 (54) 0.067 (54) 0.235 (54)* 0.131 (49) 0.178 (5) 
9-Mercer River 0.094 (51) 0.127 (52) 0.083 (52) 0.177 (52) 0.141 (50) 0.145 (11) 

10-Pinehouse Lake 0.082 (43) 0. 081 ( 44) 0.080 (44) 0.182 (44) 0.098 (39) 0.271 (3) 
11-Little Seymour L. 0.082 (49) 0.096 (49) 0.075 (49) 0.227 ( 49) 0.158 (47) 0.247 (4) 
12-Pine River 0.103 (55) 0.137 (55) 0.074 (55) 0.149 (55) 0.099 (53) 0.091 ( 17) 
13-Beaver River 0.107 (36) 0.148 (36) 0.173 (36) 0.134 (36) 0.152 (36) 0.288 (13) 
14-L. ile-a-la-crosse 0.108 (41) 0.100 (44) 0.125 (44) 0.286 (44)* 0.208 (42) 0.242 (6) 
15-Keeley Lake 0.116 ( 44) 0.083 (44) 0.113 (44) 0.245 (44) 0.090 (38) 0.321 (3) 
16-Canoe River 0.124 (51) 0.067 (51) 0.077 (51) 0.156 (51) 0.135 (49) 0.261 (8) 
17-Rosser Bay 0.088 (24) 0.158 (24) 0.174 (24) 0.230 (24) 0.190 (23) 0.339 (4) 
18-Aubichon Ann 0.062 (62) 0.094 (62) 0.086 (62) 0.103 (62) 0.152 ( 61) 0.149 (18) 
19-Kazan Lake 0.155 (23) 0.190 (23) 0.125 (23) 0.156 (23) 0.122 (23) 0.291 (4) 
20-Churchill Lake 0.079 (49) 0.071 (50) 0.098 (50) 0.217 (50) 0.117 (47) 0.182 (11) 

1 Values given are for a K-S one-sample goodness-of-fit test for a normal distribution. 
2 The value of 'n' for each test is in parentheses. 
3 '*' = significant at a = 0.01. 

Vegetative Staminate 

0.146 (50) 0.089 (50) 
0.102 (56) 0.080 (56) 
0.091 (52) 0.105 (52) 
0.093 (49) 0.060 (49) 
0.171 (35) 0.098 (34) 
0.057 (43) 0.114 ( 42) 
0.090 (50) 0.073 (49) 
0.052 (54) 0.066 (54) 
0.072 (52) 0.055 (52) 
0.097 (44) 0.080 (43) 
0.108 (49) 0.065 (49) 
0.086 (55) 0.078 (55) 
0.082 (36) 0.091 (36) 
0.081 (44) 0.112 ( 44) 
0.140 (44) 0.103 (44) 
0.110 (51) 0.090 (51) 
0.148 (24) 0.114 (24) 
0.082 (62) 0.078 (62) 
0.099 (23) 0.123 (23) 
0.090 (50) 0.072 (50) 

Pistillate 

0.142 (50) 
0.073 (56) 
0.056 (52) 
0.105 (49) 
0.124 (35) 
0.088 (42) 
0.064 (50) 
0.070 (54) 
0.067 (51) 
0.106 (43) 
0.074 (49) 
0.089 (55) 
0.127 (36) 
0.123 (41) 
0.124 (44) 
0.081 (51) 
0.127 (24) 
0.123 (62) 
0.137 (23) 
0.073 (49) 

Rachis 

0.112 (50) 
0.085 (56) 
0.090 (52) 
0.072 (49) 
0.092 (34) 
0.106 (42) 
0.058 (49) 
0.084 (54) 
0.105 (51) 
0.095 (43) 
0.069 (49) 
0.054 (55) 
0.140 (36) 
0.090 (41) 
0.110 ( 44) 
0.091 (51) 
0.106 (24) 
0.071 (62) 
0.172 (23) 
0.091 (49) 

~ 
N 
0'\ 



Table 6.6. K-S calculated 'D' values1 for various mature main culm, plant and seed variables. 

Basal diameter Shoot dry weight No. of pistillate pedicels 
-

Site Culm Rachis Main Plant Main Plant 

!-Hanson Lake 0.086 (48)2 0.101 (50) 0.124 (50) 0.162 (50) 0.136 (50) 0.186 (50) 
2-Limestone Lake 0.077 (55) 0.124 (56) 0.097 (56) 0.154 (56) 0.095 (56) 0.207 (56) 
3-Deschambault Lake 0.139 (52) 0.108 (52) 0.118 (52) 0.159 (54) 0.106 (52) 0.185 (54) 
4-Wapawekka Lake 0.098 (49) 0.160 (49) 0.065 (49) 0.088 (49) 0.156 (49) 0.131 (49) 
5-Montreal River 0.090 (35) 0.134 (34) 0.072 (35) 0.129 (35) 0.103 (35) 0.188 (35) 
6-Nemeiben Lake 0.102 (43) 0.119 (43) 0.083 (42) 0.195 (42) 0.134 (42) 0.237 (42) 
7-Morning Lake 0.118 (50) 0.103 ( 49) 0.132 (50) 0.139 (49) 0.129 (50) 0.167 (50) 
8-Black Bear Is. Lake 0.076 (54) 0.110 (54) 0.085 (54) 0.132 (55) 0.065 (54) 0.173 (50) 
9-Mercer River 0.094 (52) 0.111 (52) 0.102 (51) 0.135 (51) 0.139 (51) 0.158 (52) 

10-Pinehouse Lake 0.078 (44) 0.150 (44) 0.093 (43) 0.086 (44) 0.123 (43) 0.165 (44) 
11-Little Seymour Lake 0.069 (49) 0.100 (49) 0.117 ( 49) 0.148 (47) 0.091 (48) 0.132 (46) 
12-Pine River 0.089 (55) 0.129 (55) 0.074 (55) 0.100 (55) 0.097 (53) 0.182 (53) 
13-Beaver River 0.186 (36) 0.118 (36) 0.094 (36) 0.216 (36) 0.183 (36) 0.181 (36) 
14-Lac ile-a-la-Crosse 0.066 (44) 0.113 ( 44) 0.087 (41) 0.097 ( 44) 0.074 (41) 0.176 (42) 
15-Keeley Lake 0.081 (44) 0.150 (44) 0.133 (44) 0.137 ( 46) 0.139 (44) 0.136 (46) 
16-Canoe River 0.060 (51) 0.116 (51) 0.116 (51) 0.129 (52) 0.098 (51) 0.145 (51) 
17-Rosser Bay 0.134 (24) 0.183 (24) 0.115 (24) 0.151 (24) 0.132 (24) 0.098 (24) 
18-Aubichon Arm 0.089 (60) 0.081 ( 62) 0.098 (62) 0.126 (63) 0.138 (62) 0.181 (63) 
19-Kazan Lake 0.095 (23) 0.168 (23) 0.131 (23) 0.176 (24) 0.151 (23) 0.161 (24) 
20-Churchill Lake 0.074 (49) 0.110 (50) 0.123 (49) 0.105 (50) 0.141 (49) 0.189 (51) 

1 Values given are for a K-S one-sample goodness-of-fit test for a normal distribution. 
2 The value of 'n' for each test is in parentheses. 
3 '*' = significant at a = 0.01. 

Seed 

Length 

0.088 (53) 
0.125 (53) 
0.119 (53) 
0.137 (53) 
0.118 (53) 
0.183 (53) 
0.143 (53) 
0.087 (53) 
0.132 (53) 
0.142 (53) 
0.161 (53) 
0.104 (53) 
0.164 (53) 
0.111 (53) 
0.134 (53) 
0.160 (53) 
0.150 (53) 
0.148 (53) 
0.122 (53) 
0.178 (53) 

Width 

0.308* (53) 
0.160 (53) 
0.237* (53) 
0.254* (53) 
0.267* (53) 
0.234* (53) 
0.260* (53) 
0.243* (53) 
0.229* (53) 
0.316* (53) 
0.225* (51) 
0.247* (53) 
0.279* (53) 
0.339* (53) 
0.243* (53) 
0.217 (53) 
0.379* (53) 
0.147 (53) 
0.237* (53) 
0.297* (53) 

~ 
N 
....,j 



Table 6.7. K-S calculated 'D' values1 for the various environmental variables. 

Water 

Site Depth Temperature pH Conductivity 

1-Hanson Lake 0.216 0.236 0.221 0.458 
2-Limestone Lake 0.153 0.417 0.224 0.452 
3-Deschambault Lake 0.098 0.281 0.183 0.205 
4-Wapawekka Lake 0.190 0.354 0.257 0.173 
5-Montreal River 0.155 0.158 0.235 0.361 
6-Nemeiben Lake 0.210 0.225 0.166 0.417 
7-Morning Lake 0.249 0.346 0.135 0.145 
8-Black Bear Is. Lake 0.202 0.322 0.157 0.283 
9-Mercer River 0.149 0.227 0.228 0.215 

10-Pinehouse Lake 0.214 0.279 0.264 0.239 
11-Little Seymour Lake 0.182 0.281 0.129 0.331 
12-Pine River 0.245 0.167 0.189 0.332 
13-Beaver River 0.174 0.353 0.191 0.296 
14-Lac ile-a-la-crosse 0.159 0.263 0.149 0.218 
15-Keeley Lake 0.133 0.370 0.212 0.175 
16-Canoe River 0.189 0.149 0.253 0.246 
17-Rosser Bay 0.155 0.169 0.139 0.264 
18-Aubichon Arm 0.152 0.266 0.204 0.469 
19-Kazan Lake 0.155 0.304 0.139 0.262 
20-Churchill Lake 0.215 0.349 0.145 0.317 

1 Values given are for a K-S one-sample goodness-of-fit test for a normal distribution; all are non-significant. 

Culm 
density 

0.123 
0.102 
0.111 
0.146 
0.100 
0.146 
0.169 
0.109 
0.108 
0.180 
0.190 
0.104 
0.166 
0.116 
0.157 
0.191 
0.117 
0.137 
0.165 
0.207 

...-.a 
N 
00 
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The correlation coefficients obtained are presented in Table 6.8, 

with Table 6.9 providing a description of the code words used for the 

variables. 

6.2.1 Environmental trends 

Correlation of the various environmental variables with each other 

produced few significant 'r' values. Site latitude was significantly 

correlated with longitude (r = 0.7383**), indicating that the study site's 

latitude increased with longitude. This is, of course, the case in this 

study, with the study sites forming a rough southeast to northwest 

transect cross the province: from 54°45', 102°50' (Hanson Lake) to 55°49', 

108°25' (Churchill Lake). 

The length of the frost-free season was not significantly related to 

latitude or longitude. This may·be due in part to the non-linear nature 

of the length of the frost-free season across the study site transect with 

the length of the frost-free season being shorter in the middle than at 

either end (see Table 3.2). The estimated nature of these values may also 

be a factor. 

The number of growing-degree days (see Table 3. 2) significantly 

decreased towards the north (r = -0.6181**), but was not significantly 

correlated with longitude. This variable also had a significant positive 

linear relationship with the length of the frost-free season (r = 

0.8186**) indicating, as would be expected, that the number of growing

degree days increased as the frost-free season became longer. 

In 1983, Weichel (1985) found that water depth decreased from the 

east to the west across the wild rice growing region, with the highest 

water temperatures found in the central region of the province and the 

highest pH values in the west. (see Table 2.2). In this study, neither 

water depth, pH or conductivity were significantly correlated with 

latitude or longitude. Water temperature significantly decreased towards 

the west (r = -0.4943*), but was not significantly related to latitude. 

Interestingly, water temperature had a significant negative 

relationship with the length of the frost-free season (r = -0.4583*), 

indicating that as the frost-free season became longer, the temperature of 

the water decreased. The temperature of the water would actually be 



Table 6.8. Pearson's product moment correlation coefficient 'r' for various plant and environment variables. 

Variable TTLLENG 1STLENG 2NDLENG 3RDLENG 4THLENG VEGLENG STAMLENG PISTLENG RACHLENG 

TTLLENG 
1STLENG 0.4423 
2NDLENG 0. 7011** 0.8203** 
3RDLENG 0.5190 0.3019 0.4033 
4THLENG 0.4535* -0.3714 -0.0527 0.0953 
VEGLENG 0.9547** 0.6290** 0.8577** 0.4855* 0.3086 
STAMLENG 0.5290* -0.4080 -0.1649 0.2636 0.6684** 0.2617 
PISTLENG 0.3935 -0.3456 -0.2613 0.2825 0.4260 0.1153 0.8618** 
RACHLENG 0.4834* -0.3903 -0.2163 0.2819 0.5741** 0.2012 0.9683** 0. 9611** 
BASALDIA 0.0060 -0.7278** -0.6637** 0.0515 0.5402* -0.2511 0.7619** 0.6963** 0. 7563** 
RACHDIA 0.0405 -0.5473* -0.5890** 0.1015 0.2570 -0.2199 0.6778** 0.8601** 0. 7906** 
PEDCULM 0.1297 -0.4201 -0.4246 0.1217 0.1970 -0.0865 0.5830** 0. 7666** 0.6940** 
PEDPLANT -0.0290 -0.4441* -0.5282* 0. 0138 0.1590 -0.2626 0.5809** 0. 7468** 0.6841** 
INDDRYWT 0.2044 -0.4299 -0.4462* 0.1517 0.2649 -0.0505 0. 7696** 0.8328** 0.8281** 
PLTDRYWT -0.0193 -0.4480* -0.5406* 0.0139 0.1678 -0.2597 0.6251** 0.7427** 0. 7059** 
SEEDLENG 0.1548 0.1960 0.1594 0.2859 -0.0185 0.1389 0.0700 0.0917 0.0856 
SEEDWT 0.0022 0.1213 0.0575 0.3506 -0.1169 -0.0129 -0.0082 0.0694 0.0312 

LATITUDE -0.2423 0.0125 -0.2409 -0.0787 -0.4102 -0.2792 -0.0911 0.1808 0.0382 
LONGITUD -0.3423 0.1505 -0.2291 -0.0328 -0.6071** -0.3123 -0.3110 -0.0540 -0.1961 
FROSTFRE -0.3306 -0.1162 -0.3284 -0.3092 -0.2844 -0.3573 -0.0924 0.0251 -0.0371 
GIDIDEG -0.0165 0.0386 0.0099 -0.1623 -0.0101 0.0149 -0.0853 -0.1195 -0.1033 
WTRDEPTH 0.4947* 0. 7727** 0.7491** 0.3146 -0.3413 0.6428** -0.2899 -0.1855 -0.2489 
WTRTEMP 0.3378 0.0766 0.2663 0.2643 0.4551* 0.3170 0.2452 0.0753 0.1680 
WTRPH -0.4679* -0.3998 -0.5530* -0.0673 -0.0275 -0.5661** 0.0363 0.2312 0.1329 
WTRCOND -0.3967 -0.0377 -0.2887 -0.1662 -0.4568* -0.3633 -0.2615 -0.1741 -0.2295 

CULMDENS 0.2289 -0.0208 0.2928 -0.0988 0.4891* 0.2761 0.0320 -0.1795 -0.0707 
PLTDENS 0.2388 0.3082 0.5601* -0.0273 0.2124 0.4018 -0.2685 -0.5290* -0.4062 
ESTYIELD 0.3236 -0.3147 -0.0340 0.1957 0.6247** 0.1940 0.4724* 0.4650* 0.4856* 

(continued •.•. )~ 
0 

"*": significant at a = 0.05; "**": significant at a = 0.01. 



Table 6.8 (continued •.. ). Pearson's product moment correlation coefficient 'r' for various plant and environment variables. 

Variable BASALDIA RACHDIA PEDCULM PEDPLANT INDDRYWT PLTDRYWT SEEDLENG SEEDWT 

'M'LLENG 
1STLENG 
2NDLENG 
3RDLENG 
4THLENG 
VEGLENG 
STAMLENG 
PISTLENG 
RACHLENG 
BAS ALOIA 
RACHDIA 0.8192** 
PEDCULM 0.7210** 0.9055** 
PEDPLANT 0.6996** 0.8459** 0.8347** 
INDDRYWT 0.8347** 0.9153** 0.8726** 0.8210** 
PLTDRYWT 0.7414** 0.8428** 0. 7960** 0.9768** 0.8753** 
SEEDLENG -0.1094 -0.1495 -0.3201 -0.1663 -0.0397 -0.0792 
SEEDWT -0.1440 -0.1318 -0.3280 -0.1244 -0.1336 -0.0815 0.8500** 

LATITUDE 0.1201 0.3509 0.2087 0.2700 0.2651 0.3010 -0.0119 0.0997 
LONGITUD 0.0046 0.2272 0.2237 0.2811 0.2022 0.2905 -0.1490 0.0091 
FROSTFRE 0.0065 0.1478 0.2058 0.1650 0.2208 0.2120 0.0331 -0.0084 
GROWDEG -0.1543 -0.1397 -0.0346 -0.0703 -0.0273 -0.0637 0.0194 -0.0428 
WTRDEPTH -0.5784** -0.3380 -0.1775 -0.3322 -0.2450 -0.3474 0.0231 0.0049 
WTRTEMP 0.0154 -0.0880 -0.2294 -0.3193 -0.1713 -0.3211 -0.0413 -0.0571 
WTRPH 0.2529 0.2704 0.2169 0.2816 0.1030 0.2163 -0.1383 -0.0056 
W'l'RCOND -0.0842 -0.0079 0.0680 0.0591 -0.0352 -0.0016 -0.2720 -0.0797 

CULMDENS -0.2288 -0.3974 -0.3592 -0.2608 -0.4402 -0.3184 -0.0283 0.0041 
PLTDENS -0.5338* -0. 7007** -0.5508* -0.5623** -0.6359** -0.5891** -0.0648 -0.0990 
ESTYIELD 0.2834 0.2549 0.2350 0.2339 0.1465 0.1667 0.1771 0.2529 

(continued ... ) ~ 
J---i 

"*": significant at a = 0.05; "**": significant at a = 0.01. 



Table 6.8 (continued ... ). Pearson's product moment correlation coefficient 'r' for various plant and environment variables 

Variable LATITUDE LONGITUD FROSTFRE GROWDEG WTRDEPTH WTRTEMP WTRPH WTRCOND 

LATITUDE 
LONGITUD 0.7383** 
FROSTFRE -0.1414 0.1924 
GROWDEG -0.6181** -0.1806 0.8186** 
WTRDEPTH 0.1844 0.1566 -0.2482 -0.1148 
WTRTEMP -0.2340 -0.4943* -0.4583* -0.3038 -0.0940 
WTRPH 0.0009 0.1034 0.3168 0.1594 -0.4658* -0.2098 
W'I'RCOND -0.0938 0.3671 0.4595* 0.4063 -0.0521 -0.4011 0.4978* 

CULMDENS -0.6304** -0.5537* -0.2520 0.1854 -0.0618 0.2347 -0.0585 -0.0962 
PLTDENS -0.7004** -0.4546* -0.0926 0.3727 0.1666 0.1980 -0.2413 -0.0139 
EST YIELD -0.3901 -0.4622* -0.1877 0.0885 -0.1718 0.1474 0.1226 -0.1474 

"*": significant at a= 0.05; "**": significant at a= 0.01. 

CULMDENS 

0.8415** 
0.6744** 

PLTDENS 

0.2930 

f--l 
w 
N 



133 

Table 6.9. Code names used for the variables in the correlation analysis. 

Code Name Variable description 

TTLLENG 
lSTLENG 
2NDLENG 
3RDLENG 
4THLENG 
VEGLENG 
STAMLENG 
PISTLENG 
RACHLENG 
BASALDIA 
RACHDIA 
INDDRYWT 
PLTDRYWT 
PEDCULM 

PEDPLANT 
SEEDLENG 
SEEDWT 

LATITUDE 
LONGITUD 
FROSTFRE 
GROWDEG 
WTRDEPTH 
WTRTEMP 
WTRPH 
WTRCOND 

CULMDENS 
PLTDENS 
ESTYIELD 

Average total length of the culm *1 

Average length of the first vegetative internode * 
Average length of the second vegetative internode * 
Average length of the third vegetative internode * 
Average length of the fourth vegetative internode * 
Average total length of the vegetative portion * 
Average length of the staminate portion of the rachis * 
Average length of the pistillate portion of the rachis * 
Average total length of the rachis * 
Average diameter of the base of the culm * 
Average diameter of the base of the rachis * 
Average shoot dry weight of the individual culm * 
Average total plant shoot dry weight 
Average number of pistillate pedicels per 

individual full and very full stage culm * 
Average number of pistillate pedicels per plant 
Average seed length 
Average seed weight 

Latitude 
Longitude 
Average length of the frost-free season 
Average number of growing-degree days 
Average water depth 
Average water temperature 
Average water pH 
Average water conductivity 

Average culm density 
Estimated plant density 
Estimated maximum yield 

1 '*' = in the mature main culms. 

expected to increase because of the longer period of time with 

temperatures above freezing. 

A significant negative correlation was obtained between water pH and 

depth (r = -0.4658*), and a significant positive correlation was found 

between water conductivity and the length of the frost-free season (r = 

0. 4595*). These odd combinations indicate that the significant values may 
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have more to do with other unmeasured factors that varied along the same 

lines than with these particular variables. A significant, positive 

relationship was observed between water conductivity and water pH (r = 

0.4978*), indicating that an increase of salts in the water affected the 

acidity of the water. 

6.2.2 Environmental effects on plant growth 

It was hoped that correlating the latitude and longitude of the study 

sites with the various plant variables might reveal trends in growth 

across the study area. However, only one significant 'r' value was 

obtained, between longitude and the length of the fourth vegetative 

internode (r = -0. 6071**). The reason for this relationship is not 

understood. Linear correlation of latitude and longitude with the other 

culm length variables yielded mainly negative non-significant correlation 

coefficients, and those with other plant variables were mainly positive 

and non-significant. 

The length of the frost-free season and the number of growing-degree 

days estimated for the 20 study sites were not significantly correlated 

with any of the plant variables measured, possibly due to the roughness of 

these estimates. 

Significant positive linear relationships were found between water 

depth and the total length of the mature main culm (r = 0.4947*), the 

length of the first (r = 0.7727**) and second (r = 0.7491**) vegetative 

internodes, and the total length of the vegetative portion of the mature 

main culm (r = 0.6428**). Longer culms are one of the responses of wild 

rice plants to deep water; low water levels produce opposite results (Dore 

1969; Plunz and Orcajada 1985a; Saskatchewan Advanced Education and 

Manpower 1986; Sain 1981; Saskatchewan Agriculture 1985; Weir and Dale 

1960). In addition, a significant negative linear relationship was found 

between water depth and the diameter of the mature main culm base (r = -

0.5784**). The development of thinner culms with increasing water depth 

has also been reported by several authors (AgroMan 1984; Dore 1969; 

Manitoba Agriculture 1984; Neilson 1964; Plunz and Orcajada 1985a; 

Saskatchewan Advanced Education and Manpower 1986; Sain 1981; Saskatchewan 

Agriculture 1985). Other responses in wild rice to deep water include 
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delayed development, weaker growth, lower seed production, reduced 

tillering and lower plant density (AgroMan 1984; Brown and Scofield 1903; 

Dore 1969; Maclns 1969; Manitoba Agriculture 1984; Nickels 1952; Payne 

1979; Plunz and Orcajada 1985a; Rogosin 1958; Saskatchewan Advanced 

Education and Manpower 1986; Sain 1981; Saskatchewan Agriculture 1986c, 

1988, 1991). 

Water temperature was significantly correlated with the length of the 

fourth vegetative internodes (r = 0.4551*). Wild rice prefers water of a 

uniform temperature for growth, and any temperature changes must be 

gradual (Saskatchewan Advanced Education and Manpower 1986; Saskatchewan 

Agriculture 1985). Plunz and Orcajada (1985a) found that rapid, large 

drops in summer water temperature in Demchenko Lake, northern 

Saskatchewan, may be due to "muskeg melt" caused by heavy rains. Low 

water temperatures increase tillering, while high temperatures increase 

production (Gibbard 1969). 

Water pH was found to be significantly associated with the total 

length of the mature main culms, the length of the second vegetative 

internode and the total vegetative length. All three of these plant parts 

were shorter when water pH was higher (r =-0.4679*, r = -0.5530*, and r = 

-0. 5661**, respectively). Boland and Burke (1992) found that var. 

aquatica plants responded with significantly shorter culms and leaves, 

lower root dry weights, and more tillers per plant as the pH was decreased 

from 5.6 to 4.0 and 3.0. In total, very little is known of the effect of 

water pH on wild rice, except that the plant appears to be able to 

tolerate a wide range of alkalinity/acidity, with reported values from 

commercial natural stands and paddies ranging from 4.1 to 8.8 (Moyle 1945; 

Payne 1979). 

Water conductivity was significantly correlated only with the length 

of the fourth internode in this data set (r = -0. 4568*). Water 

conductivity values of 10 - 250 ppm have been recorded in wild rice stands 

(Payne 1979). 

6.2.3 Plant variables 

Several significant relationships were noted in the correlations of 

the various plant variables with each other (Table 6. 8). All of the 
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individual segments of the mature main culm had positive relationships 

with the total culm length. The majority of these, except those for 

length of the first and third vegetative internodes and the length of the 

pistillate portion of the rachis, were significant. There was also a 

significant positive relationship between the length of the first 

vegetative internode and that of the second vegetative internode (r = 

0. 8203**), and between the length of the fourth internode and the 

staminate portion (r = 0.6844**). 

The lengths of the first, second and third vegetative internodes had 

a significant positive relationship with the overall vegetative length of 

the mature main culm (r = 0. 6290**, r = 0. 8577** and r = 0 .4855*, 

respectively). Similarly, the average length of the staminate and 

pistillate portions of the mature main culm rachis were positively 

significantly correlated to each other (r = 0.8618**) and to the total 

average rachis length (r = 0.9683** and r = 0.9611**, respectively). 

Significant negative correlation coefficients were obtained for the 

culm and rachis basal diameters with the lengths of the first and second 

internodes, indicating that as the two internodes became longer, the main 

culm became thinner. Significant positive relationships were obtained 

between the various reproductive lengths, and the culm diameter, 

pistillate pedicel number and shoot dry weight variables, indicating that 

long rachis lengths in the mature main culms were associated with thicker, 

heavier and higher producing mature main culms and plants. 

No significant correlation coefficients were obtained between the seed 

length or weight and any of the plant variables. Seed length was 

significantly positively related to seed weight (r = 0.8500**), indicating 

that longer seeds were heavier. 

6.2.4 Culm density 

The density of culms in the quadrats was significantly and negatively 

correlated with latitude and longitude in this study (r = -0.6304** and r 

= -0.5537*, respectively), indicating that culm density decreased from 

southeast to northwest across the study area. In 1983, Weichel (1985) 

found the highest culm densities in the central region, and the lowest 

values in the east. Correlation of culm density with the other 



environmental variables produced non- significant 'r' values. 

was significantly correlated to only one plant variable: 

internode (r = 0.4891*). 
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Culm density 

the fourth 

Estimated plant density decreased significantly towards the north (r 

-0.7004**) and west (r = -0.4546*). Correlation of this variable with 

the various plant variables revealed several significant relationships, 

including the length of the second vegetative internode and the pistillate 

portion of the rachis, and negative, significant relationships with the 

various culm diameter, pedicel number and shoot dry weight variables. 

These values indicate that an increase in plant density was associated 

with increased length in some internodes and decreased culm thickness, 

weight and production, possibly due to competition for light and 

nutrients. Correlation coefficients between estimated plant density and 

seed length and weight, the four water characteristics, and the frost-free 

season length and the average number of growing-degree days, were non

significant. 

Increasing density is thought to have an adverse affect on wild rice 

growth. The density of wild rice plants in a stand naturally decreases 

through the growing season (Whigham and Simpson 1977) in response to 

competition for light and nutrients (Lee and Stewart 1981; Weiner and 

Whigham 1988). Under natural conditions, densities can be greater than 

300 plantsjm2 (Aiken et al. 1988). Higher plant densities result in lower 

yields (Aiken et al. 1988), while conversely, lower densities increase 

tillering (Chambliss 1922, 1940; Elliott 1980; Willson and Ruppel 1984) 

which can increase yields (Bean 1909; Brown and Scofield 1903). Maximum 

productivity has been reported when densities are approximately 40 

plants/m2 (Aiken et al. 1988; Agroman 1984; Oelke et al. 1978; Saskatchewan 

Advanced Education and Manpower 1986; Saskatchewan Agriculture 1985). At 

such densities, three to six tillers per plant (Oelke et al. 1982) has 

been found. Other studies have observed one tiller per plant at densities 

of 19.3 wild rice plants/m2
, and 10 tillers per plant at 4. 6 plants/m2 

(Oelke et al. 1982). Plants in dense stands have more slender culms, are 

usually single-stemmed (Goldman 1991; Willson and Ruppel 1984), and 

produced fewer seeds (Saskatchewan Agriculture 1985). Rogosin (1958) 

found that an increase in culm density is associated with decreasing 
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average dry weight per plant, percentage of flowering plants, culm length 

and estimated maximum yield. 

The estimated maximum seed yield decreased significantly from east to 

west across the study area ( r -0. 4622**). It was significantly 

associated with the length of the fourth vegetative internode (r = 

0.6247**), the staminate (r 0.4724*) and pistillate (r = 0.4650*) 

portions of the rachis, and the total rachis length (r = 0. 4856*), 

revealing that mature main culms with longer reproductive portions 

produced higher numbers of pistillate pedicels. 

6.2.5 Stlllllllary 

Only two of the environmental factors measured in this study varied 

significantly across the study area: water temperature decreased from east 

to west, and the estimated number of growing-degree days decreased towards 

the north. The length of the fourth vegetative internode was the only 

plant variable to show any significant spatial (longitudinal) trend, 

becoming shorter towards the west. Culm and estimated plant density had 

significant spatial variation across the study area, both decreasing from 

the southeast to the northwest. Estimated maximum yield decreased 

significantly towards the west. 

Several of the effects on wild rice of various environmental 

conditions noted in the literature were also noted in this data set. For 

example, the effects of water depth on wild rice growth were also 

confirmed in part, with deeper water producing longer and thinner mature 

main culms. Water pH also significantly negatively affected some aspects 

of mature main culm length. 

The results of the data analysis indicated the following: 

a) the length of the mature main culm segments contributed positively 

and significantly to the total length, but there was no significant 

relationship between the length of the mature main culms and their 

thickness, weight or productivity; 

b) longer first and second internodes were significantly thinner in the 

mature main culms; 

c) long rachis lengths were significantly associated with thick, heavy, 
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high producing mature main cu1ms and therefore heavy, high producing 

plants; and 

d) there was no significant relationships between plant morphology and 

seed size. 

It should be kept in mind that the correlations discussed above 

reflect the linear relationships of the plants and their environment as 

they were late in the growin~ season. Therefore, for example, although 

water conductivity had no significant relationship with the length of the 

first vegetative internode in early September, 1986, it may have had an 

effect earlier in the growing season. 

6.3 Comparison with 1984 and 1985 Correlations 

Unfortunately, correlation coefficient comparisons with the data 

collected in 1984 and 1985 by Archibold and Weichel (1984b, 1985a, 1985b, 

1986) for these same sites could not be made. Their reports did not 

define the variables they used in their correlations analysis, and 

therefore it was not known whether the comparisons would involve the same 

variables. 



CHAPTER 7 

7.0 SUMMARY AND CONCLUSIONS 

The examination of wild rice morphology and development across the 

main wild rice growing region of northern Saskatchewan at the end of the 

1986 growing season, and the associated environmental conditions, revealed 

considerable variation across the province. This agrees with the results 

of Archibald and Weichel (1984b, 1985a, 1985b, 1986) and Weichel (1985) 

who conducted research on the same study area in previous years. However, 

little of the variation noted in the current study was statistically 

significant. 

The observation of growers that the wild rice stands in the province 

mature approximately one week earlier in the province's east than in the 

west (Archibald 1988a) was not confirmed by the statistical analysis of 

the 1986 data. Although certain sites were found to have significantly 

delayed development (i.e., Deschambault Lake, Wapawekka Lake, Montreal 

River, Morning Lake, Pinehouse Lake, Lac tle-a-la-Crosse, Canoe River, 

Aubichon Arm, Kazan Lake and Churchill River), these sites were not in any 

one particular region and no spatial trend was found. 

Almost no significant spatial variation was revealed in plant 

morphology, either, contradicting the statement that western plants are 

more robust (Archibald 1988a). Grower's observations of variable growth 

across the province (Anonymous 1987) was supported, though. Culm and 

estimated plant density decreased significantly from the east to the west 

and the south to the north. The estimated maximum yield of seed per site, 

the most important variable in this study from the grower's perspective, 

showed significant spatial variation during the 1986 growing season, 

decreasing from east to west across the study area. Thus the most 

productive, and densest, stands were in the southeastern region of the 

main wild rice growing area. 

140 
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A small number of the environmental factors showed significant spatial 

variation, including a decrease in the number of growing-degree days with 

increasing latitude and a drop in water temperature towards the west. 

The variability in growth and stand density could not be correlated 

with many of the environmental factors measured. Water depth was 

significantly correlated with longer and thinner mature main culms. Water 

pH was also significantly correlated with longer mature main culms. 

It must be emphasized that these results are only applicable to the 

1986 growing season in the study area. To be interpreted correctly, and 

to obtain a truly accurate view of the growth of wild rice plants in this 

region and the ideal conditions and locations in which to grow this crop 

in the province, particularly given the large area involved and the great 

variability in climate, water, sediment and other environmental factors 

present, the results of this study must be considered in connection with 

results from several growing seasons. 

7.1 Future Research 

Although three consecutive years of wild rice growth have been studied 

in the province so far, considerable research still needs to be conducted 

regarding the plant's relationship to its environment in order that 

growers canmore readily and more accurately determine the appropriateness 

of a site. 

Unfortunately, due to the large number of sites used in this research, 

many potentially important aspects of plant growth could not be examined. 

Future researchers should consider substantially reducing the number of 

study sites while increasing the number of variables, adding such 

characteristics as the dry weight of the individual sections of the mature 

culmsjplants (i.e., vegetative/reproductive portions and staminate/ 

pistillate portions); the number of staminate florets present on each culm 

and their weight; and the weight, length and width of seeds without hulls. 

It might also be helpful to determine which of the sites are statistically 

different for each variable. The actual environmental characteristics at 

each site, including such conditions as daily temperature (frost-free 

season length, number of growing-degree days, date of last spring frost 

and first fall frost), water level fluctuations, water and sediment 
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nutrient conditions, as they change over the course of the growing season 

should be examined and correlated with plant growth. Plunz and Orcajada 

(1985a) have already conducted some preliminary research of this type. 

The results may also help to answer the puzzle concerning the non-normally 

distributed length of the third vegetative internode, as discussed in 

Section 6.2. 

Work also needs to be conducted on genetic differentiation among the 

plants across the province, as Counts and Lee (1987, 1988a) have done in 

northwestern Ontario. Punter (Manitoba Natural Resources 1988) has 

suggested that the short lifespan of wild rice pollen restricts gene 

exchange between lakes, and that selection pressures may cause these 

isolated stands to undergo rapid adaptation to the local environment. The 

existence of different "strains" of wild rice have also been noted in 

Manitoba: "the rice from a given lake tends to maintain a characteristics 

identity which may make it readily recognizable to an experienced 

observer" (Manitoba Natural Resources 1988:1) and Minnesota: wild rice 

grown on different stands is sufficiently different so that an experienced 

buyer can often tell where it came from by looking at it" (Moyle 1969:6). 

In Saskatchewan, for example, the wild rice plants from Limestone Lake are 

"known" for their slender stature and thin, light seed. Research would 

aid in determining whether the morphological and phenological variation 

noted in the plants in northern Saskatchewan was the result of plasticity 

in response to environmental factors or had a genetic basis. This could 

be achieved by growing seed collected from across the main growing region 

in northern Saskatchewan under uniform conditions. Unfortunately, because 

of a lack of record-keeping amongst provincial producers, it is generally 

not known what seed source or sources were used to seed any given site. 

This may complicate research into this area. 

Further topics of research include research into detection of suitable 

wild rice habitat through study of aerial photography and satellite 

imagery. Some promising preliminary work has been conducted by Weichel 

(1985), but further research is still needed. Work into paddy production 

in the province has just begun and should continue. Use of the abundant, 

muskeg in the province's northern could substantially increase 

Saskatchewan's wild rice production even further by increasing area. 
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Continued research into increasing harvester and harvesting efficiency 

would further enhance yields. Comments in the Saskatchewan literature 

such as "the prevalence of mixed varieties in a stand ... (can be) ... easily 

seen in the non-uniformity of flowering as well as maturity" (Orcajada 

1984:3), and "many growers feel that the intrasite existence of different 

wild rice varieties may be a factor in the low harvesting recovery" 

(Orcajada 1985:1) indicate that the presence/absence of the two varieties 

of Z. palustris in the province needs to be determined with certainty. 
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In this appendix the observations from Chapter 5 are discussed on a 
site-by-site basis in order to provide a comprehensive view of plant 
growth and water conditions at each site. In Section A.l the average 
values from each site are ranked, and these are used in Section A.2 as 
each site is discussed. 

A.l Rankings of average values 
The average values obtained for the various variables discussed in 

Sections 5.3 to 5.5 were ranked to aid in the description of the wild rice 
plant growth at the 20 study sites (Tables A.l to A.3). These rankings 
are used extensively in Section A.2. 

A.2 Site discussion 

Site 1, Hanson Lake - The majority of culms examined in the quadrat survey 
at this study site were in the very full developmental stage at the time 
of sampling (98.7%). The immature portion consisted of equal percentages 
of emergent and full stage culms. In the plant sample taken from the 
site, 95.1% of the culms were mature with the immature percentage 
comprised of two full stage root and two full stage stem tillers. In 
total, 99.3% of the quadrat culms and 100% of the plant sample culms had 
all of their pistillate florets out of the boot and therefore available 
for pollination and seed production. 

Tillers made up 39% of the culms collected from this site. Twenty
five of these (78.1%) were root tillers. Over one-half of the plants 
sampled (58%) were single-stemmed, the remainder made up of almost equal 
numbers of plants with one (20%) or two (22%) tillers. Those plants with 
one tiller had mainly root tillers, those with two tillers had either two 
root tillers (five plants), or one root and one stem tiller (six plants). 

The plants from Hanson Lake had the 2M longest average total mature 
main culm length (2. 090 m) and the third longest average vegetative 
portion length ( 1. 548 m) . The average length of each vegetative internode 
was longer than the preceding one (the fifth internode excluded). Having 
the average length of each succeeding vegetative internode longer than 
that of the previous one occurred only at study sites 1, 2, 4, 5, 6, 11, 
and 14. Only the average length of the fourth internode could be 
considered "notable" in terms of the average values for this variable at 
the other sites, ranking 4~ longest. 

This site had the longest average rachis (0. 536 m) and staminate 
segment length (0.294 m), and the 2nd longest average pistillate segment 
length (0.243 m) of all 20 stands examined. The general trend at most 
sites was to have similarly ranked rachis, staminate and pistillate 
segment lengths. 

The mature main culms taken in the Hanson Lake plant sample were 
fairly robust, as indicated by their 17~ ranked average culm basal 
diameter (5.5 mm) and 15~ ranked average rachis basal diameter (2.4 mm), 
and relatively large average mature main culm and plant shoot dry weights 
(4.39 g- 17~, and 6.01 g -16~, respectively). 

The average number of pistillate pedicels per full and very full main 
culm and per plant was also relatively high (44.9 pedicels - 16~, and 75.8 
pedicels- 15~, respectively). The seeds were the longest (average: 22.5 
mm) and 2M heaviest (average: 52.49 mg) of all those sampled from the 



Table A.1. Rankings of the average values for the various length variables in the mature main culms. 

Length 

Rank Total Vegetative First Second Third Fourth 

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

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

Rachis Staminate 

15 16 
16 15 
10 10 
14 14 
3 3 
2 8 
8 18 

18 20 
9 9 

20 12 
7 2 

12 7 
5 5 
4 17 

11 11 
13 13 
6 4 

17 19 
19 6 
1 1 

Pistillate 

15 
16 
14 
10 
3 
2 
8 
9 

18 
7 

20 
12 
4 
6 

13 
5 

11 
19 
1 

17 

t-> 
Ul 
w 



Table A.2. Rankings of the average values for various mature main culm, plant and seed variables. 

Basal No. of pistillate 
diameter Shoot dry weight pedicels 

-
Rank Culm Rachis Main Plant Main Plant 

1 (smallest) 15 15 15 15 15 15 
2 7 7 3 3 7 7 
3 3 3 10 16 3 3 
4 10 10 16 10 16 16 
5 18 2 8 2 8 18 
6 16 8 2 7 18 2 
7 8 16 7 18 14 10 
8 2 18 5 8 2 8 
9 9 14 14 9 11' 9 

10 17 9 9 12 6 14 
11 12 6 18 14 10 12 
12 20 12 11 4 9 6 
13 14 11 12 6 20 20 
14 11 13 6 5 5 4 
15 5 1 20 20 4 1 
16 13 4 4 1 1 11 
17 1 5 1 13 13 13 
18 4 20 13 11 12 5 
19 6 17 17 17 17 17 
20 (largest) 19 19 19 19 19 19 

Seed 

Length Width 

2 2 
12 12 
17 6 
20 19 
13 5 
10 8 
9 3/20 
5 15 

14 7 
19 1 
6 17 
7 10 

15 14 
4/8 13 

3 4 
16 16 
11 11 
18 9 
1 18 

Weight 

2 
12 
20 
4 

17 
19 
10 
7 
8 

13 
14 
9 
5 
6 

15 
16 
3 

18 
1 

11 

~ 
V1 
+='"-



Table A.3. Rankings of the average values for various culm density, yield, and water variables. 

Density Estimated 
maximun 

Rank Culm Plant yield 

1 (smallest) 16 19 16 
2 20 20 20 
3 13 13 13 
4 19 17 10 
5 18 16 18 
6 10 11 7 
7 17 14 3 
8 12 6 14 
9 6 18 19 

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

Water 

Depth Temperature 

6 19 
19 14 
5 15 
2 13 

14 10 
3 12 
4 11 

20 18 
16 8 
11 3 
8 1 
1 20 

17 16 
18 17 
15 4 
12 2/5 
13 9 
9 7 

10 6 
7 

pH 

9 
7 
4 

18 
8 
6 
3 

16 
12 
10 
14 
17 
19 
2 

13 
15 
1 

11 
20 
5 

Conductivity 

6 
7 
8 

11 
4 

10 
3 

12 
1 
9 

19 
18 
17 
2 

16 
14 
20 
5 

15 
13 

1-' 
lJ'1 
lJ'1 
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20 stands, but were not correspondingly the widest (average: 2.02 mm -
10~). Prop roots were found on both main culms (36%) and root tillers 
(12%) at this site; all at only the first node above the base. 

The average culm density measured in the quadrat survey was 
relatively high at Hanson Lake (19.0 culmsjquadrat - 15~), as was the 
estimated plant density (11. 6 plants/quadrat - 15~). The estimated 
maximum yield at Hanson Lake was 1790 kgjha, however, the largest yield 
calculated for any of the study sites. 

Water depth, temperature and conductivity at Hanson Lake were not 
notable in comparison with the other study sites, however, average pH was 
high (7.7 - 17~). 

Site 2, Limestone Lake - Almost all of the culms examined in situ at 
Limestone Lake were mature (99.1%). A small number of initial, emergent 
and full stage culms made up the immature portion, thus, the percentage of 
culms with all pistillate florets out of the boot was only slightly higher 
than the mature percentage (99.4%). In the plant sample there was only 
one immature culm (a full stage stem tiller), resulting in a 98.5% 
maturity rate and a total of 100% of the culms with all of their 
pistillate florets out of the boot. 

Only 17.6% of the culms sampled from Limestone Lake were tillers, 
three-quarters of which were root tillers. The majority of the plants 
sampled (82.1%) consisted of only a main culm; one tiller was found on 
14.3% of the plants and 3.6% had two tillers (two plants with two root 
tillers each). 

None of the mature main culm length variables had average values 
that were particularly notable (ranks: 6~ to 11~), except the third and 
fourth internodes which had some of the longest average lengths (0.449 m -
20~, and 0.653 m- 18~, respectively). 

The mature main culms collected from this site had the lowest 
average number of vegetative internodes of all 20 study sites- 3.7. Each 
culm had three or four internodes. Although all of the other site's 
samples contained mature main culms with five internodes, none were found 
here. 

The average values obtained for this site's basal diameters, shoot 
dry weights, and number of pistillate pedicels, were not particularly 
unusual and all ranking between 5~ and 8~ place . The seeds , however , were 
the smallest and lightest sampled (average length - 17 mm; average width -
1.78 mm; average weight - 28.86 mg). None of the tillers, and very few of 
the main culms (10.7%) collected, had prop roots. 

The average culm density measured in the quadrat survey was the 
highest of all the sites studied (26. 0 culmsjquadrat). The estimated 
plant density was 2nd highest (21. 5 plants/quadrat), but the estimated 
maximum yield placed only 16~ (961 kgjha) due to the low potential 
productivity of the mature main culms and plants. 

Average water depth at Limestone Lake was one of the lowest measured 
(0.84m- 4~), with a relatively high temperature (average: 15.0°C- 16~). 
Average pH and conductivity were not notable. 

Site 3, Deschambault Lake - The plants examined at Deschambault Lake 
showed the development of this wild rice stand to be delayed. Only 76.2% 
of the culms observed in the quadrats were in the very full stage of 
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development. Initial, emergent and full stage culms made up the immature 
portion. In the plant sample, most of the main culms (96.3%) and all of 
the root tillers were mature, but only one-third of the stem tillers were, 
for an overall site total of 87.7%. Four emergent culms (all stem 
tillers) and four full culms (two main culms and two stem tillers) made up 
the immature portion. However, as 91.7% of the quadrat culms and 93.9% of 
the plant sample culms had all of their pistillate florets out of the boot 
and therefore able to produce seed, this stand could still be considered 
to be mature from a grower's view-point. 

Tillering was low at this site (16.9% of all culms sampled), with 
stem tillers making up the largest portion (81.8%). Approximately 80% of 
the plants collected were without tillers, those with tillers having only 
one tiller each. 

The plants at this site had some of the shortest average total main 
culm (1.706 m- 4~), vegetative portion (1.306 m- 6~) and rachis (0.400 
m - 5~) lengths. The rankings of the average vegetative internode lengths 
were not notable except for that of the fourth internode (0.425 m- 3rd). 
The average total rachis, staminate and pistillate segments were also some 
of the shortest (0.400, 0.229, and 0.171 m, respectively; all 5~). 

The mature main culms in the Deschambault Lake sample were some of 
the slenderest (average culm basal diameter: 3.7 mm, average rachis basal 
diameter: 1.7 mm; both 3ro), lightest (average mature main culm shoot dry 
weight: 2.03 g, average plant shoot dry weight: 2.25 g; both 2M) and 
lowest producing (average number of pistillate pedicels per mature main 
culm: 21.8, per plant: 25.6; both 3rd) observed in the study. The seeds 
collected from this site were fairly long (20.7 mm- 15~) and quite heavy 
(50.25 mg- 17~), but were not particularly wide (1.99 mm- 7~). 

None of the tillers sampled from this site had prop roots, although 
slightly over half (57.4%) of the main culms did. Two main culms had prop 
roots on the first and second node above the base. 

Culm density was 11~ (14.5 culmsjquadrat) at this site and the 
estimated plant density ranked 16~ (12.1 plantsjquadrat). However, the 
low number of pistillate pedicels per mature main culm and plant resulted 
in an estimated maximum yield of only 635 kgjha (7~). 

The average values for this site's water characteristics were not 
notable in terms of the values for the other study sites, all ranking 
between 6~ and 10~. 

Site 4, Wapawekka Lake - Just over 88% of the culms examined in the 
quadrats at Wapawekka Lake were mature, the remainder being in the 
initial, emergent and full developmental stages. The total percentage of 
culms at this site with all of the pistillate florets out was 95.2%. Of 
the culms sampled from this site, one emergent and one full stage stem 
tiller were the only immature culms, and almost 99% had all of their 
pistillate florets out of the boot. 

Approximately one-third of the culms collected were tillers, 60% of 
them stem tillers. The percentage of single-stemmed plants was 61.2%. 
Plants with one tiller were twice as common (26.5%) as plants with two 
tillers (12.2%), the maximum number found per plant at this site. Five of 
the six plants with two tillers had one root and one stem tiller each, the 
sixth having two root tillers. 
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Wapawekka Lake had the 3rd longest average total mature main culm 
length ( 2. 090 m), the 2nd longest average vegetative portion length ( 1. 605 
m), but only the 7~ longest average rachis length (0.485 m) of all 20 
study sites. The first and second vegetative internode average lengths 
were not notable, but the 3rd and 4~ vegetative internodes were relatively 
long, with an average of 0.334 m (17~) for the third, and almost twice 
that for the fourth (0.657 m - 19~). The staminate rachis segment was 
also relatively long (0.280 m - 17~), but the pistillate segment placed 
only 13~ (0.205 m- 13~). 

The mature main culms growing at this site were fairly thick 
(average culm basal diameter: 6.0 mm- 18~; average rachis basal diameter: 
2.4 mm- 16~) and heavy (average shoot dry weight: 4.32 g- 16~), but the 
plants ranked only 12~ in weight (average shoot dry weight - 5.41 g) due 
to a low average number of tillers per plant. 

An average of 41.3 pistillate pedicels was produced per mature main 
culm at Wapawekka Lake (15~), with an average of 65.7 produced per plant 
(14~). The seeds sampled were not particularly long (20.4 mm - 14~) or 
wide (2.06 mm- 15~), but were quite light (38.18 mg- 4~) in relation to 
the other seed samples. 

Prop roots were found on 46.9% of the sampled main culms. One main 
culm had prop roots at both the first and second nodes above the base. 
Two stem tillers also had prop roots, but no root tiller did. Stem 
tillers with prop roots were found only at sites 4, 18 and 19. 

Average culm density, and estimated plant density and maximum yield 
had values that were not notable. Average water depth at this site was 
not unusual, although the average temperature was 14.4°C (15~), the average 
pH 7.1 (3rd), and the average conductivity 82.6 ~Sjcm (5~). 

Site 5, Montreal River - Development at this site was slow, with only 
74.2% of the culms in the quadrats in the very full developmental stage. 
Again, initial, emergent and full stage culms comprised the immature 
component. Only 89.3% of the culms had all of their pistillate florets 
out of the boot. In the plant sample 88.6% of the culms were mature, with 
93.7% of the culms with all of their pistillate florets out. Of the nine 
immature culms, there was one full stage main culm and one emergent and 
two full stage root tillers, but four emergent and one full stage stem 
tiller. 

Over one-half of the culms collected from this site were tillers 
(55.7%), a large portion of which were root tillers (65.9%). The average 
number of tillers per plant at Montreal River was much higher than for the 
previous four sites, i.e., 1.257 tillers, indicating that the average 
plant had at least one tiller. The maximum number of tillers per plant 
found in the sample was four, with only one plant having this number 
(three root and one stem tiller). Four plants had three tillers, ten had 
two, and eight had one, all made up mainly of root tillers or a mixture of 
root and stem tillers. Approximately 34% of the plants in the sample were 
single-stemmed. 

The mature main culms sampled from the Montreal River study site 
were fairly short (average length: 1.744 m- 6~). The average vegetative 
portion length was 1.268 m (4~), and the average pistillate rachis length 
was 0.218 m (16~), but the rachis and staminate lengths were not notable. 
The first and second average vegetative internode lengths were also short 
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(0.199 and 0.243 m, respectively; both 4~). In comparison, the third and 
fourth internodes had 16~ and 15~ place rankings (0. 331 and 0. 563 m, 
respectively). The average number of vegetative internodes per mature 
main culm was 3.9 at this site, one of the lower values observed. 

The mature main culms from Montreal River were some of the thicker 
ones observed (average culm basal diameter: 5.4 mm - 15~; average rachis 
basal diameter: 2.4 mm- 17~), but were not correspondingly heavy (average 
shoot dry weight: 2.90 g- 8~). Plant shoot dry weight (5.59 g- 14~) was 
almost twice that of the individual mature main culms, due in part to the 
high average number of tillers per plant. 

The large number of tillers per plant also helped produce the 3rd 
largest number of pistillate pedicels per plant observed at any of the 
study sites (103.3 pedicels). The number per individual full and very 
full main culm was 41.0 pedicels (14~). The only notable seed size 
variable at this site was average seed width (1.99 mm - 5~). Just over 
one-half (51.4%) of the main culms at Montreal River had prop roots, as 
did two root tillers. 

Average culm density was very high at this site (22.5 culmsjquadrat 
- 18~), as was estimated maximum yield was also high (1648 kgjha - 19~), 
despite a low estimated plant density (9.9 plants/quadrat - 12~). 

The water was particularly shallow at Montreal River (average: 0.81 
m- 3rd), with relatively high average temperature (15.0°C- 16~), pH (8.6 
- 20~), and conductivity (167.8 ~Sjcm- 18~). 

Site 6, Nemeiben Lake - Development at Nemeiben Lake was well-advanced, 
with 97.4% of the culms examined in the quadrats in the very full 
developmental stage. As in sites 2 to 5, initial, emergent and full stage 
culms were also present. A total of 97. 7% of the culms had their 
pistillate florets available for pollination. This data compares closely 
with that of the plant sample, where 95.8% of the culms were in the very 
full stage and 98.6% had all of their pistillate florets out. Two full 
stage root tillers and one emergent stage stem tiller were the only 
immature culms present. 

Tillers made up 40.3% of the culms sampled (79.3% of which were root 
tillers). The maximum number of tillers found per plant in the sample was 
three - three plants had this many, each with two root and one stem 
tiller. Those plants with two tillers had either two root tillers or one 
root and one stem tiller. Fifty-eight percent of the plants were single-
stemmed. 

The average total mature main culm and vegetative portion lengths 
were not notable, but the average rachis length ranked 17~ ( 0. 499 m) . The 
ranks of the average vegetative internode lengths were quite variable: 
first - 0.184 m (2~ shortest), second - 0.273 m (6~), third - 0.361 m 
(longest) and fourth- 0.698 m (2~ longest); but the reproductive segment 
lengths were fairly long, staminate - 0.291 m (2~ longest) and pistillate 
- 0.208 m (7~ longest). The mature main culms sampled at Nemeiben Lake 
had the 2~ lowest average number of vegetative internodes (3.8). 

The mature main culms sampled from this site were very thick at the 
base (average 6.5 mm- 19~), but narrowed considerably towards the apex, 
such that the average diameter at the rachis base was only 2.3 mm (11~), 
2.8 times smaller. There was a difference of 1.64 g between the average 
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shoot dry weight of the individual mature main culm (3.80 g - 14~) and 
that of the whole plant (5.44 g - 13~). 

The only notable average value in regards to seed size and number at 
this site was width (1.95 mm- 3rd). Approximately 21% of the main culms 
at this site had prop roots, as did two of the 23 root tillers. Average 
culm density, estimated plant density and maximum yield values were not 
notable. 

Nemeiben Lake had the shallowest average water depth of the 20 study 
sites (0.69 m), and the lowest average conductivity (50.7 ~Sjcm), but the 
warmest water (18.1°C). Average pH for the site was not notable. 

Site 7, Morning Lake - Morning Lake was the only study site at which all 
the culms in the quadrat survey were in the very full developmental stage. 
In comparison, in the plant sample 6.5% of the culms were still immature 
(one emergent stage stem tiller, one full stage main culm and two full 
stage stem tillers), 93.4% of the culms were in the very full stage, and 
98.3% had all of their pistillate florets out of the boot. 

Only 18% of the culms collected were tillers (91% were stem 
tillers). Single-stemmed plants made of 80% of the sample, the remainder 
of the plants consisting of one plant with two tillers (one root and one 
stem tiller) and nine plants with one stem tiller. 

Morning Lake had the longest average mature main culm total length 
of all 20 study sites: 2.243 m. The average vegetative portion (1.796 m), 
and first (0.408 m) and second internode (0.433 m) lengths also ranked 
20~. The third internode averaged 18~ longest (0.338 m), but the fourth 
internode ranked only 12~ (0.516 m). The average rachis, staminate and 
pistillate segment lengths were not notable. 

The mature main culms were very slender at this site (average culm 
basal diameter: 3.5 mm- 200

; average rachis basal diameter: 1.6 mm- 200
), 

and were fairly light (average shoot dry weight: 2.60 g- 7~). The small 
difference between the average mature main culm and plant shoot dry 
weights (2.89 g - 6~) is mainly due to the low average number of tillers 
per plant. 

The average number of pistillate pedicels on the individual main 
culms and plants was very small at Morning Lake (20.6 and 25.5, 
respectively, both 2nd). Seed size and weight were not notable. Prop 
roots at this site were limited to one-half of the main culms. 

The average culm density was 18.1 per quadrat (13~) at Morning Lake, 
and estimated plant density was high at 14. 8 plants/quadrat ( 18~) , but the 
low productivity of the plants resulted in an estimated maximum yield of 
only 623 kgjha (6~). 

This site had the deepest average water depth (1.51 m) and the 2nd 
highest average water temperature (15. 4°C), but the 2nd lowest pH ( 6. 8) and 
conductivity (62.1 ~Sjcm) averages. 

Site 8, Black Bear Island Lake - Culms in the very full developmental 
stage made up 97.4% of those examined in the quadrats, the immature 
portion composed of almost equal numbers of emergent and full stage culms. 
Only 1.2% of the culms did not have all of their pistillate florets out of 
the boot and ready to produce seed. A slightly lower percentage of culms 
in the plant sample were mature (92.6%), with one full stage main culm, 
one full stage root tiller, and three emergent and two full stage stem 
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tillers present. The percentage of culms with all of the pistillate 
florets out of the boot were 98.8% and 96.8% in the quadrat survey and 
plant sample, respectively. 

Approximately 42% of the culms sampled were tillers, with nearly 
equal proportions of root (55%) and stem ( 45%) tillers present. Just 
under one-half of the plants (47.3%) in the sample were single-stemmed. 
The majority of plants with tillers had only one tiller (34.5%). Plants 
with two tillers most commonly had one root tiller and one stem tiller, 
although three plants had two root tillers. The one plant with three 
tillers (the maximum number of tillers observed per plant) had two root 
and one stem tiller. 

None of the length, diameter, weight, pedicel number or seed 
variables averages were notable at this site, all having ranks between 5~ 
and 14~ place. Prop roots were found on 32.7% of the main culms, and on 
one root tiller. Culm density was relatively high at 19.6 culmsjquadrat 
(17~), with an estimated plant density at 11.4 plants/quadrat (14~) and 
maximum yield at 877 kgjha (12~). 

Water depth and temperature were not notable in terms of the values 
at the other study sites, but pH averaged 7.2 (5~), and conductivity 
averaged 78.4 JJS/cm ( 3rd). 

Site 9, Mercer River - Development at Mercer River was very advanced 
according to the data obtained from the quadrats - 99% of the culms were 
in the very full developmental stage and 99.6% of the culms had all their 
pistillate florets out. All of the immature culms collected in the plant 
sample were stem tillers (two emergent and four full stage culms -
totalling one-half of the stem tillers present), 91.5% of the culms were 
in the very full stage, and 97.1% had all of their pistillate florets out 
of the boot. 

Stem tillers were more common than root tillers at this site, with 
tillers making up 26. 8% of the culms sampled. The maximum number of 
tillers per plant in this sample was two with two plants having this 
number, both with one tiller of each type. None were found on 67.3% of 
the plants. 

The total average mature main culm, vegetative portion and first and 
second internode lengths ranked between 15~ and 17~, while the ranks of 
the remaining variables were not notable. 

Average values for the basal diameter, shoot dry weight and number 
of pistillate pedicels variables had rankings that placed between 9~ and 
12~. Seeds at this site were not notably long or heavy but were 2nd widest 
(2.14 mm). 

Almost one-half (46. 2%) of the main culms, and two of the root 
tillers, had prop roots at this site. Two of the main culms had prop 
roots at both the first and second nodes above the base. 

The average culm density (19. 6 culmsjquadrat), estimated plant 
density (14.3 plants/quadrat) and estimated maximum yield (1348 kgjha) 
were all high at Mercer River, all ranking 17~. 

The water depth and temperature rankings were also high (average 
depth: 1.33 m- 18~, average temperature: 15.4°C - 17~), but the average 
pH was only 6.4 at this site, the lowest of all the study sites. The 
conductivity average was not notable. 
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Site 10, Pinebouse Lake - As at many of the other study sites, initial, 
emergent and full stage culms were present in the quadrat survey at 
Pinehouse Lake, with 91.9% of the culms mature and 95.5% with all of their 
pistillate florets out of the boot. In the sampled plants, there was only 
one emergent stage stem tiller and one full stage main culm out of a total 
of 50 culms, and for a total of 96% very full stage culms and 98% with all 
pistillate florets out of the boot. 

Only five of the culms in the plant sample were tillers (10%): three 
root tillers and two stem tillers. A maximum of two tillers per plant was 
observed at this site -one plant with two root tillers. Over 91% of the 
plants collected had no tillers. 

Notable average lengths at Pinehouse Lake belonged to the first 
(0.315 m -17~) and second (0.337 m - 18~) vegetative internodes, and the 
rachis (0.374 m - 3rd), staminate (0.204 m - 3rd) and pistillate segments 
(0.170 m- 4~). 

The mature main culms sampled from Pinehouse Lake were fairly 
slender (average culm basal diameter: 4.1 mm - 4~; average rachis basal 
diameter: 1.8 mm- 4~), and light-weight (average mature main culm shoot 
dry weight: 2.28 g - 3ro) The lack of tillers at this site meant that the 
average plant shoot dry weight was not much different from that of the 
individual mature main culms (2. 38 g - 4th). The average number of 
pistillate pedicels per individual mature main culm (35.4 - 11th) and per 
plant (40.0 - 7th) were also fairly similar due to the low number of 
tillers present. The seeds collected from this site were not notable in 
size or weight. Prop roots were not common at this site, appearing only 
on 22.2% of the main culms. 

Average culm density was fairly low (9.9 culmsjquadrat - 6th), with 
an estimated number of plants per quadrat of 8.9 (lOth), and an estimated 
maximum yield of 562 kgjha (4th). 

The only water variables with a notable average value at Pinehouse 
Lake were depth (1.40 m- 19~) and temperature (12.3°C - 5~). 

Site 11, Little Seymour Lake - A large portion of the culms examined in 
the quadrats at this site were in the very full developmental stage 
(97.8%). With a nine of the ten immature culms in the full stage, 99.8% 
of the culms had their pistillate florets exposed and ready for 
pollination, in comparison with 93.9% of the plant sample culms. The 
immature culms consisted of eight emergent stage (two root and six stem) 
tillers and one full stage root tiller. A total of 93.1% of the culms in 
the plant sample were in the very full stage. 

At the Little Seymour Lake stand 62.3% of the culms taken in the 
plant sample were tillers, the third largest percentage of all 20 study 
sites. Almost three-quarters of these (71.6%) were root tillers. There 
was also a high average number of tillers per plant in this sample -
1.653. One plant was observed with seven tillers (five root and two stem 
tillers), the second largest number found during the entire study. In 
addition, one plant had five tillers (four root and one stem), one plant 
had four (three root and one stem), and three had three tillers each. 
However, the majority of the plants had only one (24.5%) or two (44.9%) 
tillers. Just over 18% had none. 

Rankings for the various mature main culm length variables at Little 
Seymour Lake were not particularly notable, placing between 5 and 17~. 
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Average culm diameters were not unusual either. Mature main culm average 
shoot dry weight was 3.44 g (12~), but that for the whole plant was twice 
as large (6.91 g), the 3~ largest total weight. 

The large average number of tillers per plant at this site meant 
that the average number of pistillate pedicels per mature main culm, 33.3 
(9~), almost tripled to that for the plant, 89.2 (16~). Average seed 
measurements for this site were consistently high (length: 21.3 mm - 3rd 
longest; width: 2.09 mm- 3rd heaviest; weight: 58.05 mg- largest). Prop 
roots were found on over one-half of the main culms sampled at this site 
(53.1%). Eight of the 58 root tillers also had prop roots. 

Average culm density at Little Seymour Lake was 18.4 culmsjquadrat, 
(14~), but estimated plant density was only 7.0 plants/quadrat (6~), 

indicating the presence of a high number of tillers per plant. The 
estimated maximum yield was very high at 1425 kgjha (18~). 

Water depth and temperature at this site were not notable, but 
average pH was 3rd highest ( 7. 8) and conductivity was 4~ lowest ( 82.5 
JLS/cm). 

Site 12, Pine River - Almost all of the culms in the quadrats at this site 
(98%) were in the very full developmental stage. The remaining immature 
portion was made up of initial, emergent and (mostly) full stage culms. 
The percentage of culms with all of their pistillate florets available for 
pollination was 99.3%; in the plant sample data this value was 95.6%. 
Only 88.1% of the culms were mature in the plant sample, the immature 
portion made up of three emergent stage stem tillers and five full stage 
culms (two root tillers plus three stem tillers). 

Two-thirds of the tillers taken in the plant sample were stem 
tillers, tillers making up only 17.9% of all the culms collected. The 
largest number of tillers found on a plant in the sample was two, with 
just two plants producing this number (one with two root tillers and the 
other with one of each type). Approximately 82% of the plants were 
single-stemmed. 

The Pine River mature main culms were relatively long, averaging two 
metres (1.994 m - 17~) in length. The vegetative portion average length 
was also quite long (1.544 m- 17~), but the average rachis length was not 
(0.449 m- 12~). The individual vegetative and reproductive portions all 
ranked between 7~ and 16~. Pine River mature main culms had one of the 
highest average number of vegetative internodes of all the study sites, 
4.3. 

Basal diameter and shoot dry weight averages were not notable, but 
the average number of pistillate pedicels per mature main culm ranked 3rd 
highest at 53.4 pedicels. The corresponding number per plant was just 
slightly higher at 61.0 (11~). The seeds collected from Pine River proved 
to be some of the smallest, with length, width and weight placing only 2M 
in the rankings (18.3 mm, 1.91 mm and 34.97 mg, respectively). 

Prop roots were found only on the main culms (27.3%) in the plant 
sample. Values for both density variables and the estimated maximum yield 
at Pine River were not notable. 

The water was fairly deep at this study site (average 1.16 m- 16~), 
but temperature, pH and conductivity were also not notable. 
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Site 13, Beaver River - Only four of the 163 culms examined in the 
quadrats at Beaver River were still immature (2.5%). Because all were in 
the full stage of development, the site total for the percentage of culms 
with all of their pistillate florets out of the boot was 100%. Morning 
Lake was the only other site at which this occurred. The plant sample 
development data appeared to be quite different from the quadrat data, 
with only 78.9% of the culms mature, but as mentioned in Section 5.1, 
statistical analysis showed no significant difference between the two data 
sets. In the plant sample all of the main culms were mature, one stem 
tiller was in the aerial stage, two were in the emergent stage, and 12 
culms (two root tillers and 10 stem tillers) were in the full stage for a 
total of 95.8% with all of their pistillate florets out. 

The Beaver River plant sample contained 2. 5 times as many stem 
tillers (71.4%) as it did root tillers (28.6%), with tillers making up 
49.3% of the culms sampled. The largest number of tillers found on a 
plant in this sample was four (two plants, each with three root tillers 
and one stem tiller). The nine plants that had two tillers each consisted 
of a mixture of plants with two root tillers, two stem tillers, and one 
root and one stem tiller. The nine plants that had only one tiller all 
had stem tillers. Approximately 44% of the plants sampled were single
stemmed. 

All of the length variables measured on the mature main culms at 
had averages that were not notable, ranking between 6~ and 
The mature main culms had the highest average number of 

internodes of all those studied - 4. 4. None had three 
and only one had six, almost two-thirds had four, and 33.3% 

Beaver River 
16~ place. 
vegetative 
internodes, 
had five. 

The average basal diameters on the mature main culms were not 
notable. The total plant shoot dry weight (6.89 g) was 1.5 times that of 
the individual mature main culms (4.45 g), with both values fairly large 
in comparison with those of the other study sites (17~ and 18~, 
respectively). 

The number of pistillate pedicels per mature main culm and per plant 
were also relatively large (46.4 and 98.3, respectively; both 17~). The 
seeds collected were short (18.8 mm- 5~), but not notably wide or heavy. 

Two-thirds of the main culms and one-half of the root tillers had 
prop roots. Six of the main culms had them on both the first and second 
nodes above the base. 

Average culm density was very low at this site (6.5 culmsjquadrat -
3rd) - six of the quadrats examined had no culms in them. The estimated 
plant density was also low (3.3 plants/quadrat- 3rd), as was the estimated 
maximum yield ( 517 kgjha - 3rd) . 

The water at Beayer River was deep (average 1.22 m - 17~), while 
temperature was conversely low (average 12. 0°C - 4th). pH and conductivity 
averages were high compared to the other study sites (7.7- 15th and 234.1 
~Sjcm- 20th, respectively). 

Site 14, Lac tie-a-la-Crosse - The development of the Lac !le-a-la Crosse 
wild rice stand studied was delayed- only 78.6% of the culms were in the 
very full stage of development (quadrat data). All developmental stages 
were observed, but the majority of the culms were in the emergent, full 
and very full developmental stages. The combined full and very full stage 
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percentages resulted in a value of 92.9% of culms with all their 
pistillate florets out of the boot at the time of sampling. The plant 
sample data confirmed this delayed development, with only 73.4% of the 
culms in the very full stage, and 80.8% with all of their pistillate 
florets out. All three culm types contributed to the immature portion. 

Half of the culms collected in the plant sample were tillers, with 
approximately three-quarters of them (72.3%) root tillers. Three tillers 
per plant was the maximum number observed in the sample (one plant with 
three root tillers, and another with two root tillers and one stem 
tiller). There were more plants with one tiller (36.2%) than there were 
plants with two tillers (25.5%), or even no tillers (34%). Those with two 
tillers had either two root tillers or one tiller of each type. The 
average number of tillers per plant was 1.0 at this site. 

The plants sampled from Lac 1le-a-la-Crosse were the shortest 
observed during the study (average: 1.471 m), and included the following 
average lengths: vegetative (1.089 m- 1•t); first (0.141 m- 1•t); second 
(0.192 m- 1•t); third (0.221 m- 4th); fourth (0.496 m- 8th); rachis (0.382 
m- 4th); staminate (0.215 m- 4th); and pistillate (0.167 m- 3N). 

Despite their short stature, the plants at Beaver River were not 
notable in their thickness or weight. Their seed production and size were 
not notable either. Approximately 43% of the main culms and two root 
tillers had prop roots. 

None of the values calculated for the average culm density, the 
estimated plant density or the estimated maximum yield were notable at 
this site. 

The average water depth at Lac 11e-a-la-Crosse was less than a metre 
(0. 87 m - 5th). Water temperature was low (average 11. 2°C - 2nd), pH 
averaged 7.6 (11th) and conductivity averaged 156.3 ~S/cm (16th). 

Site 15, Keeley Lake - Almost 98% of the culms in the quadrats at this 
site were in the very full developmental stage and 98.1% of the culms had 
all of their pistillate florets out of the boot. The plant sample data 
was similar, with one emergent stem tiller, two full stage main culms, 
93.6% of the culms in the very full stage, and a total of 97.9% of the 
culms with their pistillate florets out. No root tillers were found in 
the plant sample, and only one stem tiller was collected. 

Although the average length of the mature main culm and the 
vegetative portion were not notably long at this site, the average rachis 
length was the shortest of all 20 sites (0.339 m). The first, second and 
third internodes were relatively long (averages: 0.339 m - 18th; 0.353 m -

19th; and 0. 330 m - 15th, respectively), but the fourth internode was quite 
short (0. 451 m - 5th). The average staminate and pistillate segment 
lengths were also short (0.197 m- 2nd and 0.142 m- 1•t, respectively). 

The mature main culms and plants taken in the sample from this stand 
were the lightest and lowest producing of all 20 sites examined, and the 
mature main culms were the slenderest observed. The seeds were not the 
smallest or lightest as might be expected, though: length- 20.2 mm (13th); 
width- 2.0 mm (8th); and weight- 47.38 mg (15th). Only 13% of the main 
culms had prop roots. 

The Keeley Lake stand was the 2nd densest site (24.4 culmsjquadrat), 
and had the highest estimated number of plants per quadrat (24), but these 
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values did not result in the highest estimated maximum yield (876 kgfha -
11~) due to the low number of pistillate pedicels per culm. 

Keeley Lake had some of the high average water depth ( 1.12 m - 15~) , 
pH (7.7- 16~), and conductivity (199.3 ~S/cm- 19~) values observed, but 
the 3rd lowest average temperature (11. 9°C). 

Site 16, Canoe River - All five arbitrary development stages were found in 
the quadrat survey at Canoe River. Very full stage culms made up 89.5% of 
the sample, and 92.7% of the culms had all of their pistillate florets 
out. The plant sample data seemed slightly more advanced, with one 
emergent stage main culm and one emergent and one full stage stem tiller 
present, 94.6% of the culms fully mature, and 96.4% with all of the 
pistillate florets out of the boot. 

Four stem tillers were the only tillers present in the plant sample, 
each appearing singly on various plants. 

The Canoe River mature main culms were the 3rd shortest sampled 
(average 1.650 m), with the vegetative portion averaging 1.292 m (5~) 
long, and the rachis 0.358 m (2nd). The staminate and pistillate rachis 
segment lengths were also relatively short (average: 0.195 m - 1st and 
0.163 m - 2nd, respectively). The first internode was the 2nd longest 
(0.349 m), followed by the second, third and fourth internode lengths 
which placed considerably lower in the ranks (0.275 m - 7~; 0.219 m - 3rd; 
0.397 m- lrt, respectively). 

The basal diameter, shoot dry weight and pistillate pedicel values 
all ranked 7~ or lower, indicating slender, light, low producing main 
culms and plants. 

Although pedicel numbers were low, the seeds themselves were 
relatively large, with an average length of 21.0 mm, an average width of 
2. 07 mm, and an average weight of 49.18 mg (all ranked 16~). As at Keeley 
Lake, very few of the main culms (13.5%), and none of the stem tillers, 
had prop roots. 

Unlike Keeley Lake, Canoe River had the lowest average culm density 
per quadrat - 3. 8 culmsjquadrat. The estimated plant density was 3. 5 ( 5~) 
at this site, and the estimated maximum yield was the lowest at 197 kgfha. 
None of the water variables at this site had particularly notable average 
values. 

Site 17, Rosser Bay - Like most of the other study sites, the wild rice 
stand studied at Rosser Bay was mature, with 96.5% of the culms examined 
in situ at this site in the very full stage. With 3.1% of the immature 
portion in the full stage, 99.6% of the culms therefore had all of their 
pistillate florets out of the boot. The percentage of very full stage 
culms in the plant sample was 87.7%, with 93. 2% with all pistillate 
florets out. All of the main culms were mature, but there were three 
emergent stage root tillers, and two emergent and four full stage stem 
tillers. 

Just over 67% of the culms collected from this site were tillers 
(root tillers comprised 65.3%). This was the only study site at which 
every plant sampled had at least one tiller - the average number of 
tillers per plant was 2.042. One-quarter of the plants had one tiller, 
the majority had two tillers (45. 8%), and the rest had three tillers 
(29.2%). All plants with three tillers had two root tillers and one stem 
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tiller. Those with two tillers had either two root tillers, or more 
commonly, one root tiller and one stem tiller. 

The majority of the length variables measured on the mature main 
culms ranked between 7~ and 14~ place, except for the average rachis 
length which was 3rd longest (0.508 m) and the average pistillate segment 
length which was the longest (0.243 m). 

Mature main culms at this site had an average culm basal diameter of 
5.0 mm (10~) and an average rachis diameter of 2.9 mm (19~). They were 
heavy (mature main culm average weight: 4.57 g - 19~) and contributed to 
an average plant shoot dry weight of 10.10 g (19~). 

The average maximum number of seeds that could be produced by a 
mature main culm at this site was 57.9 (19~), and by a plant 161.3 (19~). 
The seeds were not large though, they were the 3ro shortest (18.6 mm), 11~ 
widest (2.04 mm), and the 5~ lightest (39.69 mg). 

These plants had the second highest percentage of main culms with 
prop roots (58.3%). Approximately 28% of the root tillers also had prop 
roots. 

Although Rosser Bay was not a densely populated site (average culm 
density: 10.2 per quadrat - 7~; estimated plant density: 3.4 per quadrat -
4~), the estimated maximum yield was 941 kgjha, the 15~ highest value. 

All of the water variables for this site were not notable with rankings 
between 12~ and 14~. 

Site 18, Aubichon Arm - Of the 237 culms examined in the quadrats at 
Aubichon Arm, six were still in the emergent stage, 30 were in the full 
stage and 84.8% were mature. Thus, 97.5% had all of their pistillate 
florets out of the boot. The plant sample data had a higher percentage of 
mature culms (97.1%), with two full stage culms (one main culm and one 
stem tiller) as the only immature culms. All of the culms in the sample 
had all of their pistillate florets out. 

Only five of the culms in the plant sample were tillers - one root 
and four stem tillers. Three plants had one stem tiller each and one 
plant had a tiller of each type. 

The mature main culm length variables measured at this site had 
average values that ranked between 4~ and 13~ place. Aubichon Arm was one 
of two sites with an average of 4.3 vegetative internodes per mature main 
culm, the 2M highest value observed. 

The basal diameter, shoot dry weight and pistillate pedicel number 
averages for this site were not notable and ranked between 5~ and 11~ 
place. Seeds produced at this site were relatively large though, with an 
average length of 21.4 mm (2nd largest), width of 2.27 mm (largest) and 
weight of 52.16 mg (3rd largest). In this sample 38.1% of the main culms 
had prop roots (one with prop roots on both the first and second node), as 
did one stem tiller. 

Average culm density (9.5 culmsjquadrat - 5~) and estimated plant 
density (8.8 plants/quadrat - 9~) were low at Aubichon Arm, as was the 
estimated maximum yield (612 kgjha - 5~). Only water pH had a notable 
average value at this site (7.2 - 4~). 

Site 19, Kazan Lake - There were more emergent stage culms in the Kazan 
Lake stand quadrat survey than there were culms in the other two immature 
stages present (initial and full). Eighty-seven percent were in the very 



168 

full stage. The percentage of culms with pistillate florets exposed was 
91.8%. In the plant sample one culm was still in the initial stage (a 
stem tiller), eight were in the emergent stage (two root tillers and six 
stem tillers) and nine were in the full stage (one main culm, three root 
tillers, and five stem tillers). Ninety percent of the culms in the plant 
sample had the pistillate portion of the rachis completely out of the 
boot. 

An extraordinary 73.6% of the culms in the plant sample were 
tillers, resulting in an average of 2.792 tillers per plant. Almost 60% 
of the tillers were root tillers. Two of the plants taken in the sample 
had ten tillers each (one with four root and six stem tillers, the other 
with equal numbers of each). There were also two plants with six tillers 
each (both with four root and two stem tillers), three plants with five 
tillers and one plant with four tillers. There were also plants with one, 
two and three tillers each. One-third of the plants had no tillers at 
all. 

While the total culm, vegetative portion and internode average 
lengths were short, ranking less than 6~ place, the average rachis and 
staminate and pistillate segment lengths placed much higher (0.514 m -
19~, 0.284 and 0.230 m, respectively; both 18~). 

All basal diameter, shoot dry weight and pistillate pedicel number 
averages for this stand ranked highest of all 20 study sites, but average 
seed length was not correspondingly high (19.5 mm - 10~). Seed width 
(1.97 mm - 4~) and weight (39.98 mg - 6~) were relatively low. 

Prop roots were found on over one-half (58.3%) of the main culms, 
30% of the root tillers and 3.7% of the stem tillers. They were found 
only on the first node above the base, except on one main culm where they 
were also at the second node. 

Culm densities were 4~ lowest at Kazan Lake (8.3 culmsjquadrat) and 
the estimated plant density was the lowest (2. 2 per quadrat), but the 
estimated maximum yield was higher due to the high seed weight (822 kgjha 
- 9~). 

Average water depth and temperature were low at Kazan Lake (0.80 m-
2nd and 10. 1 °C - 1st, respectively) , but pH and conductivity were not 
notable. 

Site 20, Churchill Lake - Churchill Lake was the least developed of the 20 
study sites - the culms examined in the quadrats were only 75% mature. 
Although 12% of the culms were in the full stage, this still left 
Churchill Lake with the lowest percentage of culms with pistillate florets 
out (87%). In the plant sample 60% of the culms were in the very full 
stage and 79% had their pistillate florets out of the boot. Only two of 
the main culms were immature, but approximately 80% of the root and stem 
tillers were. 

Almost one-half of the culms taken in the sampling were tillers -
72.9% were root tillers. There were approximately equal number of plants 
with (53.8%) or without (46.2%) tillers in the sample. Three plants had 
three tillers (each with two root and one stem tiller), 14 had two tillers 
(generally with two root tillers but occasionally with one of each tiller 
type, and never with two stem tillers), and 11 had one tiller. 

Churchill Lake had low rankings for the average total, vegetative 
and all vegetative internode lengths (5~ or less), and slightly higher, 
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but not notable, rankings for the rachis, staminate and pistillate segment 
average lengths. 

None of the basal diameter, shoot dry weight, or pedicel number 
averages were notable except for the average rachis basal diameter which, 
at 2. 5 mm, placed 18th. Seeds were small at Churchill Lake, with an 
average length of 18.8 mm (4th), an average width of 1.99 mm (7th) and an 
average weight of 37.56 mg (3rd). 

No prop roots were present on 65.4% of the main culms at this study 
site. Only one tiller, a root tiller, had prop roots. 

This site also had the 2nd lowest culm density (4.3 culmsjquadrat), 
estimated plant density (2.3 plants/quadrat), and estimated maximum yield 
(258 kgjha). 

Average water depth and temperature for this site were not notable, 
but average pH was relatively high (8.3 19th), as was that for 
conductivity (161.1 ~S/cm- 17th). 
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