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‘ings: in the long term, the balance of nutrients in a lake may cted. An aquatic weed harvester
aas used to remove standing straw from part of a wild rice stand at the end of the growing season.
Compared to the control plot, grain production increased twofold in the following year. However, straw
~roduction also increased significantly and may exacerbate the problem in future years. Decomposi-
fon bags containing chopped and unchopped straw were submerged in a lake to assess the rate of straw
~reakdown: complete decomposition may require 3 yr. Decomposition occurred most rapidly during
:he early part of each growing season. No difference Wwas noted in rates of decomposition or nutrient
release between the chopped and unchopped straw. Reduced light levels under straw loadings up to
0 ~lin laboratory trials did not affect seedling development. However, seedling survival was
~everely reduced under artificia] straw loads and none survived straw additions equivalent to 5000 kg
ha”t
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Archibold, 0. W. 1997 Résidus de paille dans les champs de riz sauvage (Zizania palustris L.)
du nord de Ia Saskatchewan. Can. J. Plant Sci. 71: 337-345. L3 production de paille dans les champs
“¢ iz sauvage varje considérablement d’une année a I’autre. A court terme, une forte accumulation
<e paille peut réduire Je rendement grainier en €touffant les semis; 3 long terme, cela peut modifier
"dquilibre ep €léments nutritifs. Une moissonneuse de mauvaises herbes aquatique a été utilisée pour
climiner la paille sur pied dans une section d’un petit lac 2 la fin de la saison de croissance. L’année
a production de grains dans cette parcelle a été de deux fois supérieure 2 celle obtenue dans

émoi la production de paille a elle aussj augmenté de facon significative,

nées futures. Des sacs de décomposition contenant

eloppe-
des semis a toutefois été grandement

Cu 2 une addition de paille équivalant

Mot clés: Riz sauvage, Zizania palustris, Saskatchewan, production de paille, teneur en éléments nutritifs,
taux de décomposition
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A considerable amount of straw is produced
in a stand of wild rice (Zizania sp.) during
the growing season. Lee (1986) has reported
straw biomass as high as 17 000 kg ha~"! for
wild rice in lakes in Ontario. The amount of
nitrogen stored in this straw after harvest
averaged 130 kg ha™!, phos?horus 15 kg
ha~" and potassium 29 kg ha~!: in the more
productive lakes as much as 750 kg ha™!
nitrogen and 84 kg ha™' phosphorus might
be bound up in the straw. In paddy-grown
wild rice the average nutrient content of the
total crop (grain, leaves and stem) is calcu-
lated at 118 kg ha™! nitrogen, 43 kg ha ™!
phosphorus, and 291 kg ha™! potassium
(Oelke et al. 1982): of these amounts approx-
imately 40% of the nitrogen, 60% of the phos-
phorus and 85% of the potassium is stored in
the stems. Straw production in 20 lakes across
northern Saskatchewan for the period
1984-1987 is shown in Fig. 1. The highest
values, ranging from 1658 kg ha~! to
5388 kg ha™" occurred in 1984. The crop
was much reduced in 1985 because of
unusually high water levels (Archibold et al.
1989) and maximum straw production totalled
only 1184 kg ha™!. A progressive increase
in straw production was noted at most sites
during 1986 and 1987 when growing condi-
tions improved.

Wild rice grain matures progressively from
the top of the panicle and the stands are har-
vested about every 3 d over a 3- to 4-wk
period. Delays in harvesting and windy con-
ditions can result in as much as 40% of the
crop being returned to the lake where the seed
lies dormant over winter; thus, the stand is
maintained, and its density increased, by
natural reseeding. It is generally presumed by
growers that there is a causal relationship
between straw production and subsequent
crop development. Often the straw will per-
sist as a floating mat into the following spring.
This could shade out new seedlings. If the
straw sinks during the winter, seeds on the
lake bed could be smothered. Straw accumu-
lation is not a universal problem in wild rice
stands. Slow moving currents will normally
keep a site relatively straw free. Ice is partic-
ularly effective in uprooting the dead
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plants which are then carried off during
spring thaw. However, patchy producti
a site can often be traced to submerged
of straw. Straw decomposition is
northern lakes (Sain 1984). :

Nutrient reduction within a lake as a
of straw being drifted to the shore ha
noted by Keenan and Lee (1988): s
nitrogen for example, decreased from a i
concentration of 1.5-0.2 g m ™2 over 2
period and potassium decreased fro;
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Fig. 1. Straw production (dry weight) at 20;
across northern Saskatchewan for the pe

to 1987. The sites were distributed from ]
Lake (site 1, 54.7°N, 102.8°W) in the east !
La Ronge (site 5, 55.1°N, 105.3°W) to ]
Narrows (site 20, 55.9°N, 108.5°W) in th
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.~ . m~2. Such processes could underlie
e Sclical patterns seen in long-term produc-
“wn records of lake-grown wild rice across
nada (Archibold et al. 1989). Wild rice is
.own in Saskatchewan under natural condi-
~qs without fertilizer or other chemical treat-
~cats. Thus, nutrient storage and rates of
urient release from straw may become
mportant to the industry as it attempts to
acrease and stabilise production.

Apart from broadcasting seed in the fall to
screase acreage, most wild rice stands in
Suskatchewan are visited only at harvest time.
However. as readily accessible sites become
—ore difficult to locate, local growers are
~ccoming more interested in stand manage-
ment as a means of increasing production.
The objective of this study was to determine
1 straw removal affected wild rice yields in
.wbsequent crop years. Nutrient storage in the
«raw and release during decomposition was
1iso monitored along with the physical effect
of straw on seedling development.

MATERIALS AND METHODS
standing wild rice straw was removed from 1.5 ha
atone end of a small lake near Ile-a-la-Crosse in
aorthwestern  Saskatchewan  (55°27'N,
107°53"W) during the fall of 1987. An aquatic
aeed harvester, with a submerged cutting knife and
conveyor system attached to the front of a 5-m-
long steel barge, was used for this operation. The
straw was cut approximately 10 cm above the lake
bed in water that was about 0.8 m deep. A fence
constructed from chicken wire (5-cm mesh) was
¢rected around the plots to prevent straw from
drifting into the cleared area. The adjacent,
u{xcleared part of the lake was used as the control
plot.

The effect of straw removal on plant perfor-
mance was monitored during the 1988 growing
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density X mean stem weight. The effect of the
depth of cut on the amount of straw removed was
determined by weighing a-sample of 40 oven-dried
plants that had been cut into 30-cm lengths. Chem-
ical analysis of each segment of plant tissue was
performed on five samples each comprising
material from five plants.

In 1986 a series of decomposition bags, prepared
from straw collected at the end of harvest, was sub-
merged in a lake near La Ronge (55°06'N,
105°17’W). The decomposition bags were con-
structed of nylon flyscreen (1.5-mm mesh) which
was sown into pouches approximately 25 X 25 cm
in size. The bags consisted of four pouches each
containing 25 g of air-dried straw. Half of the
sample was chopped in a horticultural shredder
giving fragments approximately 3 cm in length.
Chopped straw and whole, folded plants
(unchopped) were used to fill alternate pouches.
A total of 21 bags was submerged in October,
1986. Three bags were retrieved at approximately
3-mo intervals for dry weight determination and
chemical analysis. The last set was collected in
August 1988.

A laboratory experiment was conducted during
the winter of 1988 to determine the effect of
different straw loadings on plant performance.
Eight 3-d-old seedlings were transplanted into
growth tanks 30 X 30 X 25 cm deep containing
12 cm of soil. The surface of the soil was then
covered with differing amounts of wet straw and
the tanks filled with water to a depth of 30 cm. The
tanks were set out in a growth room equipped with
incandescent and fluorescent lights (temperature
21°C, 16 h photoperiod at 60 uE m > s~") and
the performance of the seedlings monitored over
a period of 6 wk. Six straw treatments were used
each with six replicates. The treatments included
adding chopped or whole wild rice straw at rates
of 125, 250 and 500 g m ™2, these being equiva-
lent to 1250, 2500 and 5000 kg of straw per hec-
tare. Six control tanks, which contained no straw,
were also distributed randomly amongst the
samples.
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season. Stem density was measured just prior to
harvest in 50 0.25x0.25-m quadrats placed 10 m
apart along two transects in both the control and
test areas. Plant morphological characteristics,
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'RESULTS
Stand density in the growing season following
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including number of tillers, stem length, stem
dmr_neter, stem weight and number of seeds per
panicle were recorded for 100 plants collected from
each area. The potential grain yield of each plot
was calculated as the product of mean stem den-
Sity X mean seed number per stem X mean seed
weight. Straw production was calculated as stem

clearing was 96 stems m > in the cleared
plots; this represented an increase of 43%
over the control plots which -averaged
68 stems m 2. Much of this increase in the
cleared plot resulted from improved tillering
(Table 1) since the actual number of plants
established here was 28 m ™ compared to
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Table 1. Morphological characteristics, potential grain yields and straw production of wild rice plants grow
the cleared and uncleared plots (mean + SE, n=100; all values are significantly different between treatments, P :' 0
using Students r) e

Cleared
Stand density (stems m~2) 96.4+5.6
Number of tillers/plant 2.4+0.3
Stem length (cm) 157.0+2.3
Stem diameter (mm) 4.0+0.1
Stem weight (g) 14.4+1.6
Number of seeds/panicle 73.8+2.5
Potential grain yield (kg ha~') 1992.0
Straw production (kg ha~!) 4108.1

Table 2. The biomass (mean dry weight kgha~! + SE,
of wild rice straw cut at different heights above the lake bed

n=40) and nutrient content (mean kg ha~! + SE,

Stem segments (cm above stem base)

Straw biomass 0-30 31-60 61-90 >90
and nutrient (kg ha™1)

Straw biomass 1041 +66 1268+70 995+69 804+82
Nitrogen 5.79+0.36 9.51+0.51 10.26+0.51 7.67+0.13
Phosphorus 0.69+0.05 1.09+0.06 . 1.514+0.15 1.21+0.10
Potassium 5.48+0.36 9.13+0.62 10.7240.55 7.06+0.25
Calcium 1.85+0.16 2.94+0.36 4.28+0.31 3.25+0.12
Magnesium 0.98+0.09 1.67+0.16 1.6140.09 0.10+0.02
Manganese 1.30+0.13 1.38+0.24 0.33+0.11 0.07+0.01
Sulphur 0.83+0.04 1.27+0.04 1.15+0.07 0.85+0.03

31 m ™2 in the uncleared plot. Straw clearing
also increased stem length by over 20 cm,
with corresponding increases noted for stem
diameter and stem weight. Seed production,
which averaged 74 seeds per panicle for the
plants in the cleared plot, was 47% higher
than for the control plants. Average seed
weight was 28 mg and resulted in a potential
yield of 1992 ka ha™! compared to 950 kg
ha~!. However, the stimulative effect of
straw removal on plant growth resulted in
increased biomass at the end of the growing
Season: straw production was calculated at
4108 kg ha™! in the cleared area: this
represented an increase of 65% over .the
control plot.

Cutting off the plants at the lake bed (0 cm)
would have removed a weight of straw
equivalent to total stand production (4108 kg
ha~!, Table 2). By raising the cutting bar the
amount of straw removed would have
dropped to 3067 kg ha~! at 30 cm, 1799 kg
ha™" at 60 cm, and 804 kg ha~! at 90 cm
above the lake bed. Corresponding amounts

of nutrients that would be removed at §
cutting heights is also given in Table ZTE? ,
greatest amounts of nitrogen, phosphorus and-
potassium are stored in the 61-90 cm
ments which contain only 24% of ‘the"
biomass; comparatively high concentrations?
of these nutrients are also found in the upper=
most portion of the plants. A similar distz:
bution was found for calcium, magnesium 2
sulphur. However, manganese tended
concentrated in the lower portions of:
plants. 4

The amount of straw remaining ‘in
decomposition bags at various interval
their submergence is shown in Fig."2. 3
65% of the bulk of the straw was los
the 2-yr duration of this experiment. Ini
the unchopped straw decompose
faster than the chopped material, b
the second year weight loss was so

more rapid for the chopped straw. ‘ 4

some decomposition occurred immediateless
after the straw was submersed, the bulk of thé:
material was broken down in the first gro
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season. Complete decomposition should occur
after three seasons irrespective of the straw
treatment used.
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The change in macronutrient concentration
in the straw residues over the 2-yr period is

shown in Fig. 3. Nitrogen was the most vari- -

able. For the unchopped material, nitrogen
levels remained more or less constant through
the first winter, then dropped markedly in the
early part of the 1987 growing season. Values
increased again in the second season and the

1988
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spsorbed onto dead organic matter and this
_ould account for the steady increase in phos-
~horus over the second winter. It is expected
‘nat this would be released during later grow-
v scasons. Unlike the other two macro-
~utrients, potassium concentrations dropped
.0 very low levels over the first winter and
cemained stable for the duration of the
experiment.

The concentration of secondary nutrients
~emaining in the decomposing straw is shown
a Fig. 4. The amount of calcium stored in
‘he dead tissue decreased steadily during the
first growing season and parallels the break-
sown and loss of organic material. The sub-
«equent increase over the next year possibly
reflects the development of algal and bacterial
Jlimes within the residue. Magnesium tended
10 be released quickly from the wild rice straw
1nd by the end of the first season about 80%
of it had been lost. As with the other elements,
the steady accumulation of magnesium during
the second season is thought to reflect the
increased micro-organism population which
s harboured by the straw. The pattern of man-
zanese release is similar to that noted for
potassium with negligible amounts remaining
after 3 mo submersion. Manganese is not con-
sidered to be an important nutrient for micro-
organisms, and this probably accounts for the
lack of accumulation in the decomposition
bags that were removed later in the study. The
zradual increase in sulphur noted in the straw
residues suggests that the activities of sulphate
reducing bacteria leads to the production of
insoluble sulphur compounds which remain
within the poorly oxygenated straw layer. The
amount and state of sulphur in the sediment
can greatly affect the availability of other
nutrients and ultimately the productivity of a
lake. Under anaerobic conditions sulphur is
often immobilised as insoluble iron sulphide,
but other sulphides which are toxic to plants
can also be present and this could again result
In poor wild rice yields in straw-choked sites
if pH drops below 6.5.

The deleterious effect of the straw on the
survival of wild rice seedlings is shown in
Table 3. In the control tanks survival was
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Table 3. The effect of different straw treatments on the

survival of wild rice seedlings (mean + SE, n=6)

Seedling survival (%)

Straw treatment

(gm™? After 21 d After 35 d
Unchopped
125 44+10b 41+6b
250 - 4xdc 2+2¢
500 0Oc 0c
Chopped
125 60+12b 56=10b
250 31+6b 27+5b
500 0c 0c
Control 94+4a 94+10a

a-cMean values followed by the same letter in any
horizontal row OR vertical column are not significantly
different at P<0.05.

better than 90%. The average number of
plants surviving after 5 wk decreased as straw
loading increased and none survived a load
of 500 g m™2: chopping the straw increased
seedling survival and loads up to 250 g m™2
of chopped straw did not significantly reduce
establishment compared to the 125 g m™2
treatment. Long-term survival appeared to be
unaffected by straw loading. The effect of
chopped and unchopped straw on light attenu-
ation is shown in Fig. 5. Light intensities
dropped off rapidly when the more densely
packed chopped straw was used. The higher
survival rates noted under chopped straw sug-
gests that light may not be the most impor-
tant factor in long-term plant performance.
Indeed, seed germination will occur in murky
lake water with depressed light levels.

DISCUSSION
The short-term effects of straw accumulation
in a stand of wild rice are thought to be
threefold. The straw can shade out the plants
and the seedlings may die because of shortage
of light, the straw may be too thick for the
weak-sternmed seedlings to penetrate or, toxic
conditions develop beneath the straw because
atmospheric oxygen is prevented from mixing
with the sediment. When straw is chopped it
takes up far less volume than loosely folded
stems and leaves. Perhaps, under poor
growing conditions the weak-stemmed plants
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are less able to dislodge a great thickness of
heavy, waterlogged straw and so continue
their growth to the surface of the water. Loss
of seedlings through physical suppression may
be high. Butin addmon poor stand establish-

ment w111 probably result from the chemical
conditions which develop beneath the straw.
Anaerobic conditions can restrict germination
of wild rice (Svare 1960), while in white rice
aquaculture Ponnamperuma (1978) has noted
that toxic chemical products can also inhibit

seedling development. Painchaud and
Archlbold (1990) have noted a relationship
between wild rice performance and sediment
redox (Eh) levels: commercial stands develop
in sediments with Eh readings above
—150 mV while very poor g growth occurs at
sites with Eh readings below —200 mV.
Compared to other cereal crops, wild rice
has a relatively high requirement for nitrogen,
phosphorus and potassium (Oelke et al. 1982)
Approximately. 30% of the nitrogen and 20%
of the phosphorus and potassium are taken up
during the first 50 d of development. In the
following 30-d period from jointing to early
flower production this increases to approxi-
mately 80% for nitrogen and potassium and
70% for phosphorus. The remainder accumu-
lates during the 20-d period when flowering
and grain production occur (Oelke et al.
1982). The timing of nutrient release from
decomposing straw could therefore affect
long-term productivity in natural stands.
Maximum release of nitrogen occurs during
the first season, but this is a time when straw
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obtains most of its nutrients from the soil. Jf(eenan, T. J. and Lee, P. F. 1988. Ecological

These would normally be replaced through
Jecomposition of organic residues. Removal
of nutrients in the straw and through
narvesting can be significant (Keenan and
Lee 1988). In the absence of chemical
rertilizer applications straw removal, which
Lt best is a costly and laborious process, there-
fore may not benefit production over the
long term.
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