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ABSTRACT

High rates of beef and swj-ne manureu u.p to 6?Z

kg N/ha, were applied to two Manitoba soils grovring reed

canarygrass and the results were compa.red to reed canary-

grass grown under similar conditions but fertil-ized wj-th

an inorganic fertil-izer. There were no harmfuL effects
on either the sand or clay soil studíed in terms of high

nitrate-nitrogen or conductivity. YieIds of the reed

canarygrass exceeded 10 MT/ha on the clay soil- and 9 lrt}/ha

on the sand soil. Crude protein levels averaged Ig,64% on

the clay and t6.Z?% on the sand. Toxic l-eveLs (0"3O7") of

nitrate-nitrogen of total- nitrate ín the plant tissue were

not a problem when beef or swine manure vras applied but

high rates of the inorganic fertilizer dj.d result in poten-

tially toxic l-eve1s of nitrate. No mine::al deficiencies

were apparent in the reed canarygrass in any of the treat-
ments
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r. INTRODUCT]ON

The animal industry in agricuf i,ure especially in
North Americau south Amerrca and Europe, finds itsel_f under

greater pressure each year from a growin¡i population to pro-
duce inc::easj-ng quantities of beef , swine and poultry pro-
ducts. rn order to keep up with such demand., confinement

and rearing of these animals in smaller areas has resulted.
Confinement animal operationso either open or

closed, can strain the environment through air, soil_ and

water pollution. A steer witt produce 1E to 26 kg of manure

per day or the equivalent waste of e]-even peopte. An open

confined feedl-ot of thirty thousand head is not uncommon

today and plans are near completion for feedrots with a

capacity of one hundred thousand head. The amount of manure

producedo in even the smaller feedl_ots is staggering.

Many feedlots and swine operations do not have

adequate land space avail-able for applica'tion of the manure

produced. This has resulted in stockpiling the manure on

the l-and that is available. This practice has given rise to
high nitrate levels in soirs and water and odors that have

camied for great distances rnaking life rinpleasant for sur-
rounding neighbours. Because of the extent of environmental

contamination from such agricultural practices, government

agencies are now trying to legislate agai-nst the stockpiring
of manure.

such restríctive laws have posed. another problem

for the animal- producer and that is how to handle the manure
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without spoiling the environment or coníng in conflict with
the authoriti-es" New techniques such as lagoonsn oxidation.
ponds, and oxidation ditches have proven successfur to a

point but tile fact reniai-ns; the most economical aird best
biologicar method for handri.ng manure _j_s stitl land dis-
posal.

rt has been the bel-ief in agricuftural- circl-es ín
past years that too much manure will decrease yield and crude
protein content while at the same time inerease the nitrate
content of forage crops to a point where ni_trate toxicity is
a factor. Research in waste management is increasing each

year not onry to prove new theories and techniques of manure

disposal- but al-so to determine just how much manure the l_and

will handle before an environmental- problem arises.
The problem of availabre lancl for manure disposalu

in canada has not become the probtem i.L has in the united
states mainly because of the small_er human population and

the greater area. However, as canada's agricul-bural industry
expands and as urban sprawr graduarly takes over agricurtural
rand for residential purposes, avail-abl.e rand. wirl- have

higher priorities than manure disposal"

such a l-and use problem is becoming apparent in
Manitoba" studies in heavy manure applì_cation rates on

Manitoba soils are almost nil. From thj.s fact rises the pur-
pose of this thesis" various rates of beef and swine manure

were applied to reed canarygrass and compared with the resul-ts
obtained. from growing reed canarygrass v,,j_th a cornmercial
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fertilizer, Reed canarygrass was studied because it is
already a known fact that forage crops wil-l incorporate

more nitrogen than other agricultural- .crops plus the fact
that reed canarygrass utilizes more nitr:ogen than many

other forage crops. Reed canarygrass -ì s known for its
ability to withstand extensive fl-ooding for extended

periods of time without loss of stand but it is also

drought resistant which enables it to a.riapt to several_

field conditions thereby making it a mnch valued hay crop

for intensified forage production.

Also studied in this experiment were the effects
of these organic and inorganíc fertilizers on two lüanitoba

soils, a clay and a sandc thereby hopi.ng to provide a

range of resrrlts to eneorrpass various clay-sand soil types.

It is hoped that the results obtained rnay be used in
developing guideLines for the appi-ication of hearry rates

of livestock waste on Manitoba soils.



IT " LITERATURE REVTE\,/

Intensive forage production requires a high degree

of nitrogen fertilization and as a result, a great deal- of
literature is availabl-e on the vari-ou.s effects of nitrogen
fertilization (mainly commercÍaI fertilizer) on alt of the
forage species grown" rn the following review, only a short
time will be given to pertinent aspects of nitrogen ferti-
lization of forages in order to provide an adequate know-

ledge of the general rure of behaviour of forages when fer-
tilized with nitrogen" From this ¡ åì rrore detaired review
wil-l be given on the studies and behaviour of reed canary-
grass under heavy nitrogen fertilization, The third section
of the review will dear with the environmentar effects of
application of animal manure on crops and soils under prac-
tical fiel-d conditionsu

Nitrogen fertilization wirl increase d.ry matter (DM)

yierd and crude protein (cp) content; the higher the rate of
fertirization the greater the crude protein content and the
higher the dry matter prod.uctiono Ramage et aI, (s4) fer-
tilized various forages with rates ranging from 55 to 448 kg

N/ha and found the average yields of each rate increased from

69It'9 kg DM/ha to to,i3z kg DM/ha as the rate of nitrogen
increased" The report on crude protein in this experiment

is that all- rates averaged 16"5% (2,6M nitrogen);



In an experiment studying crudc protein Reid et al,
(Sz) increased the rate of nitrogen fertirization from 0 to
¿l'48 kg N/ha. Crude protein values increased vuith each increase

in nitrogen from 7I.6 to 2O,O% in the first cut and g.+ to
73.0% in the aftermath cut of hay.

In two separate experiments conducted by WoeIfeI and

Poulton (52, 76) on timothy, yields increased. from 790 lbs

ÐM/acre at the zero level of n5-trogen apr,.lication to 2060,

2383, and 25I? 1bs Di\1/acre at the 50, lOCr and 200 lb N/acre

rate respectively on first cut timothy ilr the first experi-

ment and 528, I33?, IL+B?, and I52B lbs Dlvi/acre respectively

on aftermath timothy in the second experiment. The same kind

of results were obtained for crude protein. Values in the

first experiment were !t1"e 327, 452, a.nd 52I lbs CP/acre and

69, 2OO, 307 and 390 lbs CP/acre in the second experiment for
0, 50, 1O0r 2OO lbs Nr/acre respectively"

A greater concern when fertitizing forage crops

with heavy rates of nitrogen is the amoulrt of nitrate the

crop wil-l assimilate. Forage is noted for assimilating high

levels of nitrate (l¡03 ) although according to Crawford et

al-. (75), not as much as annual crops such as wheat and. oats"

Murphy and Smith (&e¡ in Missouri, classified sudangrass and

orchardgrass as accumul-ators of exceptionally large amounts

of nitrate-nitrogen (UOr-n) " TalI fescue, bromegrass,

timothy, and bluegrass all aceumulated less N03-N than did

orchardgrass. Ryan et al. (58) added tal-l fescue to the

list of perennial species that accumul_ate high 1evels of
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N03-l\l in rowa. Tall fescue and orchardgrass accumul_ated

more than N03-N than smooth bromegrass or reed canarygrass.
Nitrate in the prant behaves 

.tlre same way cp
l-eve1s and DM yields do in that concentrations increase with
increasing rates of nitrogen and decline after each cutting
and as the plant matures (zz, u6, 5?). riigh nitrate concen_
trations in forage are a threat to farm tivestock especially
ruminants because the intestinal- bacteri a of ruminants con-
verts the nitrate to nitrite lwor-) which in turn causes methemo-
globinemia resurting in death by asphyxiation (35, 6ru 6i, zo).
schipper and Atstad (ór¡ also state that the presence of
nitrite interferes with the conversion of the precursors of
vitamin A (carotene) ¡ so that vitamin A cieficiency is often
part of the complex of symptoms observed, There is al_so some

eviclence that vitamin E is d.estroyed by nitrate consumption.
I{uch research has been done on the cause and effects

of nitrate toxicity, one of the main issu.es of debate has
centered on the rever- of nitrate in the .fleed that the animar-

can ingest without succumbing to toxic effects. Thomas and

wil-lemsen (64¡ fed d.airy heifers ryegrass and wil-ted silage
containi.rg 3,Ø% NO3 and t.3% NO3 respectively without it
resul-ting in nitrate poisoning. contradicting the aforemen_
tioned l-evels, George et ar. (zÐ studied timothy, smooth
bromegrass, and orchardgrass and concluded that a l_evel_ of
O.15% N03-N in the feed was potentially toxic.

Hanway et al, (25) concruded that livestock woul_d

suffer nitrate poisoning if the NOr-N r_evet exceeded 0.3% on
a dry weight basis. This finding is supported by wright and
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Davison (ZZ) who regarded levels of 0,34 to 0,45/, NO3-N in
the feed as potentiatly toxicn

The two aforementioned studies are indirectty sup-

ported by sinclair and Jones (63) whose study with sheep

showed that while a dose of 50 gu of potassium nitrate into
the rumen induced methemoglobinemia, adapted animals showed

no adverse effects from consuming dried grass containing 0"5/"

NOI-N over a period of weeks; only a slight increase in the
nitrate level for such a long term of adaptation"

Reed canarygrass has long been studiedn especiarry
in the area of response to nitrogen fertilization with regard

to DM production, CP content, nitrate accumulationo growth,

and palatability"
One of the earliest studies on reed canarygrass

was made by Wilkins and Hughes (Z 5), Reed canarygrass was

compared to timothy and bromegrass and was the only one to
yierd on the average greater than 2ooo lbs u of dry matter per

year over a period of four years" rt also outyielded. the

other species in a drought yearo

Reed canarygrass is one of the many forage grasses

that is known for its response to nitrogen fertilization (+5,

490 6o), Bonin and romlin (6) fertilized reed canarygrass

with 0, 56, !L2, and 224 kg iv/ha and had significant yield
increases at each successivery higher rate of nitrogêha Reed

canarygrass produced more aftermath hay than did timothy
especiall-y at the highest rate of nitrogen application (zzl+

kg N/ha), rn an experiment conducted by l\,{ason and Miltimore
(+2), an application rate of only ILZ kg N/ha doubled the
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yield of reed canarygrass and sedge over that of the control- 
"

Ramage et aI, (55) fertilized reed canarygrass with 0 to ¿lOO

lbs N/acreu over a period of three yearse DIrí yieJ-d ranged

from 4g9t lbs/acre to g3Lg rbs/acren orchardgrass test
resul-ts were in between the figures for i:eed canarygrâss s

Yierds of orchardgrass were higher at the lorver rates of
nitrogen but l-ower when nitrogen was appl.ied at 4oo lbs/acre,
Dean and. C1ark (L?) applied, up to 6?Z t<S n/ha on reed. canary_
grasso Yields increased. from zooo kg/ha at the z,ero revel_

to 8000 Ug/ha when the application rate vras 6?Z l<S x/ha"
Johnson and Nichors (30) compared ereven grassêso Reed

canarygrass yields were just behind those of tall wheatgrass

when the plots were unfertilized and outyierded arr other
grasses in DIVI production when the plots v/ere fertilized with
100 lbs N/acre. Decker et al" (f a¡ also compare<l reed.

canarygrass to other species" Yields of 5 to 6 tons/acre
were recorded when reed canarygrass was fertilized at 4oo l_bs

N/acre although it is noted. these yierds were greatly affected
by precipitation, Al-so the aftermath yield of .reed canary-
grass j-n mid-season was high compared to the other specj-esn

rn a study comparing reed eanarygrass anci bromegrass, Marten

and Donker (41 ) found that LS? kg N/ha doubled the yierd of
reed canarygrass over the control-" The reed. canarygrass also
had a greater carrying capacity than did bromegrass and this
led to increased heifer gains per hectâf,€o

As stated earlier, cp leveIs usuarly i_ncrease with
increasing rates of nitrogen (5, 49), Unfertil_ized. reed

canarygrass averages a CP content of 10 to tl+/, Q9)" Crude
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protein of fertilized reed canarygrass j_ncrease quite sig-
nificantly. Chalupa et at. (13) reporteri Cp l-evels of
27.64% at the 2oo lbs N/acre rate which v,ras superior to
alfalfa at 78.7%, Dean and cl-ark (rZ) r-eported cp l-evel-s of
more than 20% at the highest l-evel- of ni brogen fer-birization
(6ZZ t<g N/ha). Johnson and Nichols (30) stated that reed

canarygrass was highest j-n crude proteinr DIvi yield, and per-

sistance of the eleven grasses they tested lvhile Duell (zo)
reported reed canarygrass to contain the highest mean cp per-

cent lvhen compared to orchardgrass and Kentucky bluegrass

over a period of three years.

Although previously stated tha b Divl yierd and crud.e

protein both increased with increasing rates of nitrogen, ít
is am important fact to note that Di!1 yiel.ds and crude protein
increase in a linear fashion only to a certain point and then

fall- off. Dean and cl-arlc (r7) found both DI4 yierd and crud,e

protein to increase in a l-ínear fashion up to jj6 kg N/ha and

then fall off although this response was nrore pronounced for
DM yield. Ramage et al . (55) noted this fal-r-off response

in DM yierd in reed canarygrass after JoO lbs N/acre whereas

cP l-evels fell off after application rates exceeded &oo lbs
N/acre. Similar findings on DM yields were reported by

Armitage and rempreman (4) for ryegrass i-n England whire

Dotzenko (rg) found the fal-l--off response at r-ower rates
between 160 ancl 320 lbs w/acre on six grasses grovyn under

irrigation and Carter and Schol-l ( 11) reported the fatl-off
response at an even l-ower range of 1,2o to z4o lbs N/acre in
orchardgrass and bromegrass. Brockman (B) obtained a rinear
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response in perenniar ryegrass up to 3zo lbs N/acre. rn the
case of crude protein many workers (tTu ZOr 2Tu 5Ð support
the f indings of Ramage et al_ " ( 55) and Á.r:mitage and rempleman
(4) of a ]inear increase to a higher r-eveJ of nitrogen before
the fall--off response occurred. Duel-r (20) ::eported that cp
linearly increased to a level- of 6Lvo rbs rl/acre.

The height at which reêcl canarJ¡grass is cut can
greatly affect both DM yield and cp content" Lawrence and

Ashford (33) found that DIvt yield d.ecreased with increasing
heights of cutting and increased with advancing maturity at
the time of taking the initial_ harvest. The highest yierds
were obtained from all species studied v¡hen clit at a height
of 3.8 cm during the seecr stage of dever-opmen-b. Davis (rc¡
studied clipping heights from 1 to 5 inches on reed canary-
grass. The plants were arlowed to grow i.0 ínches in height
before being cut. one or m.ore clippings were obtained from
the 3 inch stubble and. two or more clippings from the 4 to 5

inch stubbre than were obtaine<l from the i. to z inch stubble.
As the heíght of the stubbre increased, the number of days
needed to grow 10 inches of regrowth decreased. The number

of till-ers and DM yield were significant]y higher in the þ to
5 inch stubbl-e than any of the others. cutting at this par-
ticul-ar height offset the harmful effects of frequent d.efo-
riation by leaving enough active photosynthetic tissue to
meet the needs of the plants for carbohydrates. These resul-ts
are in agreement with the findings of Brougham (9) with res-
pect to the relation of rate of grass regrowth to deforiation
and photosynthetic activity. Lawrence et al-. (3t+) studied.
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the effect of the height of cutting on crude protein in inter-
mediate wheatgrassu bromegrass and reed canarygrass. Arthough
intermediate wheatgrass was recommended bècause of its higher
DM yield, reed canarygrass cp levefs were significantly higher
than the other two grasses over a periocì of four years. As

the height of cutting increased CP content j-ncreased. However,

CP yield decreased as the height of cuttilng increased with the
highest cP yierd occurring at a height o:[ 3.8 cm (64o kg cp/na)

Reed canarygrass has proven val-u.abl-e as a fall_-saved
pasture (10, 72, ?3), that isu extending the grazíng season

into fal-]. wedin et al-. Ql) defines the term ,'fal-r saving
of pasture" as the growth accumulated. from earry August to
l-ate October and made available for graz.ing in late october,
November and December. Reed cailarygrass was found to extend

the grazing season eight weeks or more over other grasses in
previous experirnents.

The last aspect of reed canarygrass to be considered
is palatability. Reed canarygrass if of-Len reported tow in
palatability" Andrelvs and HoveLand (3) f'ertilized reed.

canarygrass with â 0, 45, 90, and Ij5 l_bs NH4i\f03,/acreu and

fed the products to cattre" ft was found that the apparent

palatability of reed canarygrass increased with increasing
l-evels of nitrogen. The forage availabre, forage consumed,

and % of forage consumed. increased with :rncreasing levels of
f ertil-ization.

rn the last decade, growing coi-ìcern over the amount

of animar r,vaste produced from confíned animal operations and

their effect on the environment has occurred (3t). This
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situation has arisen from many factors. Bsfore the time of
confined operations, a cycle existed on 'the farms where the
manure produced was applied to grass crops which in turn
were fed back to the cattle (35). with the coming of easier
to handle commerciaf fertilizers, j.t becarne uneconomical_ for
the farmer to handle his manure. This r-esul_ted in the cycle
being broken when the farmer stockpiled the manure which in
turn began to pollute ground and surface water. Another
factor to be considered is that a growing population has

increased the demand, for beef and sv¡ine products (69). To

keep up with this demande the only way to maxirnize profit was

to go to confined operations. Viets (69) reports that in I95U
onry 4o% of America's cattte came frorn feedtots. By 1968 this
figure had increased to 6Z%. Mc0alla (32) reports that
approximately 2 billion tons of manure â-] e produced in the
United States each year.

Although there has been much research done on proper
application rates and the effects of these ratesu detailed.
informa-bion is lacking concerning optirnum and maximum appli-
cation rates of animar- waste (z), rnformation that has

alrearly been gathered shows a wide varia.-bion, and is sometimes

in conflict with other. reports. rn the papers he covered on
proper application rates, Gray (2+) reports recommendation
rates ranging from J to loo tons/acre/year. weeks et al, (24)
reported that corn was fertilized with as much as 6oo tons
manure/acre without any toxic effects at any level-. However,

he concluded by stating the most economicaf rate was 20 tons/
acre. Reddell et at " (56) appi-ied rates a.s high as 4J0 vr/ha
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(dry weight basis) to soil i.n Texas, plo'ghed it under and.

grew crops such as corn and sorghum. There were no toxic
effects to the crops and. no risk of porlr,;bion. This was

supported by Murphy et al. (47) where application rates were
as high as 720 I'rr/ha (ary weight basis)" A gener-al- trend
noted here is ploughing the manure under the so_il, This
prevents a great loss of nitrogen due to vol_atil-ization for
as McCall-a (36) noted¡ âs much as 90% ot the nitrogen in
manure can be lost in only three weeks v;hen l-eft on the sur-
face soil. sommerferdt et ar. (a+) repor.ted that lanci appli_
cation of manure at a rate of To MT/ha for over 40 years did
not cause an undesirabre buildup of N, pu or sol-ubl-e salts
iir the soil or porrute a nearby l_ake or three permanent

streants.

The main concern of environmeirtal-ists regarding
handling of animal ivaste is the formatio'and deposition of
nitrate into the environment. under aerobic condi tionsr
nitrate is formed which with sufficient moisture can pollute
ground and surface water (5ou 67). As sbatecl before, nitrate
in water can be harmfur and a governmen-h reguration in the
United States declares that any water wj th a nitrate-nitrogen
concentration of 10 ppm or higher is dec-rared. unsafe to drink
by man or beast (3Bu 40, 66, ZI). Grounciwater and soil
directly beneath feedrots are not usualry a source of nitrate
(zt¡ because the constant deposition of urine and manure pre-
vent aerobic conditions from forming in the soil. AIJ_ that
is formed under the anaerobic cond.itions that do exist is
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ammonia (6?) which is usually lost throu.gh volatil-ization.
A problem that occurs around feedlots anct rand where irriga-
tion is poor and manure is heavity applied besides high
nitrate is a high salinity content in the soil ( 1, 43, 6?).
Orsen et al-, (So) arso reported that uncler such conditions,
a waxy material formed on the surface of the soil- which pre-
vented water absorption. Mathers and stewart (4:) report
that good crop production can be obtainecl when high rates of
manure are appli.ed as 10ng as proper ir::igation exists to
prevent high nitrate and sal_t buildu.p in the soil.

Kirnble et al. (32) compared da.!ry manure to a

commercial N fertilizer. corn was ferti tized at rates of
0 and 224 kg N/na. Nitrate concentrations in the soil pro-
file were higher for the commerciat fertilizer treatments
than the dairy manure treatments. Consecluently, more nitrate
leached from the commercial fertil-izer soil profile creatíng
a greater environmental- hazard than the dairy manure.

Grass response to feedl-ot runoff is favourabl-e as

demonstrated by Satterwhite and Gil_bertson (59). Nine

grasses were tested" Reed canarygrass r¿vâs fourth in DM yield
behind orchardgrass, switchgrass and little bl-uestem and first
in cP content with a varue of z3.r\%" The results obtained
by this experiment demonstrate clearly the value of forages
for util-izing the nutrients from animal v¡astes.



III" }{ATERIALS AND IIIET]IODS

The experiment was conducted f'l-om the i,gth of l,ray

to the 26th of september r9?3 in a sheep fiercl on the yrest

side of the campus. An area of 50, x 90'was neeclecì for the
experiment. This area was enclosed. by a fence to prevent

the sheep from getting in.
The containers used in this er,lreriment, as large

planters, were eighty-four, ZJ gal'lon o:1 _t dnrms measuring

?4 cm in height ancl 46 cm in criameter. cire end of each clrum

had been cut away for the experiment. The cii:cumference of
each drum was marlred off in thirds and a1; each marlr, thi:ec

holes, 2.54 cm (f inch) in diameter., were drifled in the sj-de

of the drum at the 18, 33, and 6+ cm 1eve l-.

Figure I
Positj-on of Soil Sampting Hol_r:-, i.n Dru.nr

IJ cnt

30 cÍr

60 cm

clrainage -->

There

would
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not tr

3 cm cl_earance al.l_owed at the

e filled with soil- right to the

top since the drum

top. Therefore the

o

o

o
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ho]es drilled represent tire 15, 30 and 6o cm soir depth" A

terrth hole lvas al-so dri f l-ed at tlte botto¡,1 of the drurn to a1l-orv

for the coll-ection of any l-eachate from -t;he soil_ profile
Ea.ch d,rum rvas painted white to prevent l,,trn soil- fro¡r heating
from the side of the container.

Aftei: the drilJing vras compre-1;eclu the drurns \^/ere

set up in the enclosure in rows accordin,il to soil_ type, fer_
tilizer treatment and rate (nigure z). ,rhere were two r:epIi-
cations (a and b) for each soil-, -brea-bment and rate.

Figure 2

Layout of Experimenta-l_ Design

Each drum was made l-ever on the ground to ensure even seepage

of moisture through the soil prof ile. A-l so each drum v¡as set
at least 7.2 meters (4 reet) away from sr;rrounding drums to
ensure no shadows would cor¡er the prants cìuring -bhe clay, The

l-abelÌing of each drum was camj.ed out in the foll-owing manner!

the first l-etter representing the sojl, the second representing
the kind of fertilizer, the number lîepresenting the rate of
appricati on and the non-capital letter representing the

Bepf
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1-!2
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repljcation. Therefore CS-Ja would be irrterpre-berì as clay soil,
swine manìrre, 560 kg N/ha, first reprication. cs-oa, cr-obn etc.
wotiJd be the controls because no fertiljzêr was applied

The tvro soils tested rvere a Red River clay iaken
from a sumnterfal-low fiel-d at the Gl-enlea, lìesearch Sta-tion and

an Al-massippi loamy sand brought in from Ca,rrûañ, l\{anitoba,
f ifty miles south-west of winnipeg. Bef ore the soi'r s were put
into the dmms, a sample was taken from ra-ch and analysecl at
the Provincial soil Testing Laboratory ai the unive::si-ty of
illanitoba" The results are shown belov¡ in Table r.

Tabl-e t

Soil- Anal-ysis Before Fertilizerfr V,lere Applied

Cond. NO--l{ Total- Ava.il- " Avail '*_r^^^ ) N p K
Depth COnd. NO--t{ Iur,dr- }rvir.Il-' âva]I.
iñs. rexture cac o. pH mmrros nín,' ,il= nf, o5rn

0-6
0-6

C Iay
LFS

V.Loiv 7.0 0.2 1_8. (, 29.9 22.U ZO0+
V.Low 7.5 o.7 ) "8 6.9 L.¿ 33

The filting of the containers 1¡,ras carried out in
the following order. Pea gravel ( o.6tt cm in diameter) was

placed in the bottom of the drum sloping toward the drainage
hole. Plastic bags that had been made to fit the inside dimen-

sions of the drum were put in place so tha.t one cornerî of the
bag protruded from the drainage hole to al l_ow extraction of any

l-eachate by hypodermic needl-e and a 10 to rz cnr margin of bag

extending above the top of the drum. Thi s margin would l.ater
be folded in toward the center of the dri.rm to prevent any

precipitation from reaching the bottom o,f the soil profile
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along the inside of the prastic. The baqs wourd prevent any

metal contaminatjon of the soil- from the drums. pea graver
was then placed at the bottom of the dnrm.in the bag and

level-red, Total depth of the pea gravel both insirle and out-
side the plastic bag was approximatel.y 4 "?-5 cm, The soil was

then put in the dn:ms packing it b¡r hancl every now and then
to aid settling and soil- shrinkage dne to compaction rater
on. rn the drums that would be used to study the effects of
beef manure, thermocouples were ptaced jn both clay a.nd sand

drums at the 30 cm level-s to stucly so j I -r.emperature. Therrno-

coupres were also placed in the soil- of 1;he encl_osure; one

thermocouple in -bhe middre of each hal f cf the compound.

This enabred a comparison of soil. temper¿,',tu.re betv¡een the
drums a-nd the enclosure. Temperatures ,Â'ere taken once a
week. A side vieiv of a completed drum -i_s, as shov¡n jn
Figure 3.

Three days after the completiorr of filling the
drums with soil, the fertilizers were applied. The beef and

swine manure were brought in from Glenlea Research station;
the beef manure freshly scraped from a. pa.ved enclosure con-

taining very little straw and the swine s1.u::ry obtaj ned f rom

the pít below the farrowing barn. The j '.'organic f ei:til i ze r
used was strictly a nitrogen fertiri.zer (46-o-o) in the form

of urea (ttHrcONHz). To determine -bhe arnount of nitrogen in
the nlanurese four samples of each manure \^/ere analysecl using
the Kjeldahl method. The beef manure averaged 0.65% N

and the swine manure averaged o.9o% N. From this, calculations
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Figure 3

SIDE VIEI{ OF EXPERII{ENTAL DRUITT

SCALE lCX{ = 5CM
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\{elîe made and the following weights of n:rnulîes welre applied
resulting in the desirecl rates.

Table 2

Weights of Fertil-izers AppIierJ foi- Desired. Rates

Rate
Irg N/ha

Beef lüanu::e
kg

Swine ]\ianure
kg

Inorg, Fert.
ì<g

0

772
224

336
Lt48

560
6zz

0

o.283
0. 565
O. B4B

I.1_30

1_.t+D

r.696

0

0,204
0.408
o .61"2

0"816
7 . 02û!
I.225

0

0"004
0. 008
o.072
0.016
0.020
0.o24

tÊDrum CS-5b h?d a sl_ightly larger rlj.¿Lmeter of U7 cmso that .I"Of 6 kp of swine nìanuï.e v,/a.s: ai.lplied toequal 560 kg N/ña.

Each fertilizer was covered over wi.th soil_ _-ì,n the drum to
represent the ploughing under of the fei:tjrizer. The laye::
of fertilizer was approximately in the 2,5 to 6. J cn layer
of the soi-I profile. rn addition to thc nitrogen fertilizer,
the sand soil received, jg of i-1-¿t8-o and 3s of 0-0-60 fer-
tilizer to bring its nutrient content up to a l-evej recommended

by the Provincial Soil_ Testing Laborator.y.

An additional- breakdown of the manr.ìre was carried
out foi: various forms of nítrogen and for phosphorous. The

results are shown in Table 3.
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Tabl-e 3

LEVELS -N, ORG-N AliD P

I'tANURES

Sampl.e
i\H,-li ORG-N P

-) 
,P"-ttLI,r-v - 

mr¡/gm_)!

0F NH3

]N THE

Beef I o'432
2 0.LpB6

Swine 7 3.15

0.155
0.233
2.57

L03
0. B8

4. 5z
Lt ro2 2"86

*dry weight basis

The manures and inorganic fenbi Li_zer were applied
teir days before the reed canarygrass was put in the drums.

The reed cenarygrass was sov\rn in pots o.¡,rr two months before
being transpranted to the drums. when the grass rea_cÌ-red a

height of 3 to 5 cm or one month of age, it was transplantecl
into flats. At tv,¡o months of age grass jn the fl_ats rvas

moved outdoors to harden before the tz.ans;planting into the
drums. At the time of transplantíng el_er¡en reed canarygr:ass

plants were planted per drum equalling a seeding rate of
o. 56 wg/ha ( 0.5 lbsr/acre ) ,

Procedure

A daily 1og of air temperature and any precipi_tation
was lrept during the course of the experirnent" Air ternperature

was taken at 3 p.m. every afternoon. soi.l temperature was

afso recorded but only once a week. The potentiorneter used

to read the soil- temperature was only avaij-abte every
wednesday morning so temperatures,lvere read, at 10 a.mo Due
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to the possibre variance of temperature betvreen 10 a"m. and

3 Þ.fi., afternoon soil- temperatures were taken at 3 p.m. tr.vice

during the experiment and the resul_ts conpared

Although reed canarygrass is known to be high-ty
drought resistant, it v¡as decidecl to water the prants with
an adclitional 12"J cm (5 inches) of wa.tel- over the course of
the experiment to ensure enough moisture. This wateri-ng was

done twice a week adding 650 mls of watci: each time. As it
turned out, the verîy dry period d.uring the second and thircl
period of August required the remaining rvater for the experi-
ment (2,8 1) to be added to the pla.nts a-t .l- at once over the
course of one morning to prevent any fur-ther rvi-lting.

soil samplíng was carried out i n the thii:d week of
each mon-bh over the four month period, -It was originatty
intended to sampre the soil- through the s.ide of the drum at
each level for the first three mon-bhs; thus explain_ing the
division of each drum into thircls. The ilourth a.nd rast
sampling was to be a core sampling frorn the top of the soi-ì_

prof ile. unfortunately, a core sampler r,vas not avaii-able on

the clays of sampli.ng and the samples had to be obtained from
the side of tne drums through holes alreiicì;r ¡,ss¿. The soil
samples were obtained using a Ìength of r-,:fectricar conduit
(2.5+ cm in diameter) made into a large r-:pa.tula. upon obtaini_ng
the sample the hole in the sj-de of the drum nras corkecl to pre-
vent any water leakage du.ring rainfal-l- of watering. The z5u
samples col_lected each month v/ere then olrsn dried at IOOOC

overnight, ground, and sent to the provirrciaf soil resting
Laboratory i,vhere they lvere analysed for .itrate-nitrogen and
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conductivity according to techniques outrined by Bremner (? ) "
there were two cuts of hay takenu the first in the

third week of July and the second during the third week of
september" Plants were cut by hand using grass shears. As

soon as the prants were cut, they were packaged in prastic
bags and sealed to prevent moisture ross o Harvesting took
one full day so that the weighing of the wet grass was not

carri-ed out until the next day" The weights recorded for
the wet and dry grass include the weight of the grass, pras-

tic bag, elastic band and Iabel. After wet weighing, the

grass was oven dried at 10OoC overnight, weighed the next

day for dry weight and ground for analysingu According to
the results by Davis (t6) and Brougham (9), the grass was

cut to leave a stubbl-e of !2,J cm (5 inches) to ensure maxi-

mum dry matter yield and regrowth for the second cuto

Upon harvesting and processing the reed canary-

grass, samples *år" anal-ysed for /, nitrogen (crud.e protein)
using KjeldahJ- Techniques; K, Cau Mg, Fe, I{n and Zn using

atomic absorption; P and B using a colorimeter and nitrate
analysis using a technique developed by Milham et alo (þ4)

in Australia.

Nitrate Analysis

nitrat e

exchange

originaÌ

The technique deveÌoped by Milham to determine

content in pJ-ant tissue involves the use of an anion-

electrode, On1y slight changes were made from the

procedure,

An orion liquid ion exchanger was used in conjunction
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with a PHM53 digital pH/nV meter (naAiome-bern Copenhagen,

Denmark)u to give millivol-t (mv) readings" The instrument
conditions were as forlows¡ the indicating electrod.e was

hooked up to the main connectoro the reference el-ectrode was

at +l+5O, the range selector was on monovalent ion and the

polarity switch was on -ax-mVo

A standard curve was needed to interpret the MV

readings, The standard stock used in preparing the stan-

dard solutions used KNO, at a concentrati.on of 1000 ug

nOl/mf, The solution also contained. O,225/, NO3-N" The

standard sol-utions prepared contained 0, 50, j.00, ZOO, 5OO,

1000, 2000¡ and 3500 uS N0l/m1,

The buffer solution used in thi.s analysis contained¡

L3")290 g 0"01 M aluminum sutphate (ALZ(S0+)3" t8nrO);
6,2366 g O"01 M silver sulphate (Agaso4); 2"4?32 e 0"Oz M

boric aeid (HrBO, ) ; 3" 8840 g o" oz M surphamic acid (ttrlsoroä )"

The prepared buffer had a pH of 3"0" Any adjustment of the

buffer to pH 3,0 was made using 0"1 M sulphuric acid"

The plant sarnples analysed were done.in duplicateu

The sample contained 10 m1 of buffer added to a 200 mg

plant sampleo To this 10 m] of water were added, The mix-

ture was stirred, allowed to stand for 10 minutes and then a

millivolt reading was obtained" This was a change from the

original procedure of Milham who used a i-00 mg plant sample

to which he added only 5 mI buffer and 5 ml of water and

obtained the mV reading after onl-y four minutes of agitation.
An air-driven magnetic stirrer was used wirile the mV reading

was being obtained. Once the electrodes were placed into
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the mixture, a mV reading was obtained at exactl-y two minutes

from the time of electrode immerson" This two minute period

allowed the mV reading to stabilize,
From the standard curve, the mV reading gave ug

total- NO; in the mixture (tfre original curve gave NO.-N in))
ppm)" Dividing ug total *Ot by the weight of the plant

sample gave ug ItrOl,/S plant material which in turn was d.ívided

by 1000 to give q" NOi in the plant tissue, The amount of
N03-N in the plant material was easily obtained by muttiplying
the /" NO; by 0,225u Since two samples \ ere done from each')
drum the final- value given in the appendix is the average of

both 
"

Statistical- Analysis

Factorial analysis was carried out on NO,-N in
soil, conductivity in soiI, height of plant growth, DM yield,
CP contento and /' nitrate in the plant ti.ssue. Significance

found in fertilizer treatments was further analysed using

orthogonal contrast whil-e significance in rate, month or

depth was further analysed by linear regression.



IV. RESULTS

C l-imats

The wea-ther during the col,"se crf the experiment

was good for the niost par:t. Daily air .Lempera-tures for each

month are listed in Appendix I"
Tota} 'ai nf al-l_ f or the expe::in,ilnt was good. and

fai.r'}y rvel-l distributed except for the _r_¡.st v¡eelr in August

when little nroi sture and high temperatu.i:e reclr.rired watering
the plants v¿j-th the remainder of the a-drij.t;ional_ water. The

dates of additional watering are risted in Appendi>r J. The

amount of rai.nfall- each month is l-i.sted t¡elolv in Tab1e Lp and

is compared to the average rainfa.ll ove:: the same period from
IB74 to 7971 (lg) . The figures quoted f'or ra.infal] at the
enclosure were recorcled at the Universit], v¡eather station
0.4 kilometers away from the experimeirta.-'1. area

Table +

Rainfall
ltvera.se

Enc Io sure 1 R,7LL-. "= ¿'" 1971IVionth

lrlay

June
July
Aug.
Sept 

"

Tota I
Avera.ge

r,96 4"9?
4.+5 tr. jo
4.t+5 17.30
7.98

?. "?_o 5.59
3,10 7,87
3.oo 7"62
2"52 6,53
2 " t4 5.++

13.oI 33.05
2"60 6"6t

5,02
2.96 ? . 52

I5.Bo 40.11
3 " 76 B.oz

The total- amount of moistu.re the experimental- plants received
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from rainfarl and additional watering was zo"B inches (52,BL cm),

Although the total- amount of moisture is higher than average

rainfall for the same period, the amount of leachate collected
was negliglble" only a smal-l number of drums produced a

leachate o

Soil- Temperature

soil- temperature of the enclosure was usuall-y in
between the temperature of the "clay" d.rums and the "sand."

drums especialry from the beginning of June to the end of
Augustu Encrosure temperature was lower than drum tempera-

tures during May and higher in September (nigure 4), The

highest drum temperature reached by the cray soir was zz"zoc
(?zor) on the llth and 25tn of July" The sand soil also reached

a high of ?2,2oc on the zsth of Julyo The highest enclosure
temperature reached. was zo"6oc (6gop) on the l5th of August"

The fluctuation in temperature in the d.rums from

10 aomo to 2 p.ms w€rê taken twíce during the experiment" The

results are shown below in Table 5"

Table 5

comparison of soil Temperature (oc) variation in Drums

Date July tlth Sept" 5th
]-me âelll¡ L0 âeIIìs 2 pumu

Clay
Sand

Enclosure

22"2
20 "o
20 "o

23,3
23 "3
20 ,0

14.4
L2,2
L7 "3

L3 "3
L2"2
L6.z

The sand fluctuated to a greater degree

that the increase in temperature during July and

in September was of no detrimental-.consequence to

but it is felt
the decrease

the plantso
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Crop Yea.r

The plants took approximateÌ¡r 'i;lvo rveeks to become

established in the drums after transpla-n.Ling. cold weather
and a very hard rain in the beginning of June díd not herp,
However, by the third week in Juneu the l,l_ants tvere in good

physical conditícn.

By the middte of Julyo the plir.'t tips began to turn
brown and shrivel" This was most appailent in the sancl d.¡rms

with the swine manure treatment. Al-r d:r.urns fron JJ6 kg N/ha

to 672 kg N/ha contained very brovrn dry nlants" Because har-
r,'esting was so close at hand at this pojrrt¡ the watering was

suspended until after the harvest and then appried to the
stubble. v/hen the f irst cut of hay was -r;aken some hea.ding

had already occumed in some drums and r:oot penetration had

extended to 6o cnr in all- drums of both soil- types.
The second growth of hay began yery welr but dry,

hot weather a.gain caused the plants to trirn sli.ghtJ_y brown

by the third week in August. Because of the dry weather, the
plants were given the remaining extra water to-camy them over.
From this point onc plant growth and col ou::a.tion vras good untit
the second cut of hay was taken in the third v,,eek in septernber.

I'litra-be-Nitroqen in the Soil
soils treated wi-th the i.norgani c f ertil.izer rvere

significantJ-y higher in NOr-trt than soils treated v¡ith either
beef or slvine manure (p<,01). The sv¡ine nanure treated soirs
were signi-ficantly higher in NO3-N tha:n soi_t_s treated with
the beef manure (p<,01)" The clay soil contained signifi-
cantly greater amounts of NO3-N than the sand soir (p<.01).
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The higher the. rate of nitrogen applied, the
greater the average N03-N content of the soil (r=O "76), As

demonstrated by Figure 5, the average NOI-N in the soirs at
0 kg N/ha was 4e ppm which increased to l2O ppm at 6?Z XS tt/ina"

A fal-l-off response in N03-N level occurred between jj6 kg

N/ha and 448 kg N/ha"

Figure 5

Average Leve1 of NO,-N in Soil as

Affected by Rate of Nitrogen

E
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The lever of NOr-N in the soir- was significantly
affected by the length of time after apprication of ferti-
lizer (p<"05)" NO3-N deereased in concentration from June

through to August but increased again in september (¡'igure 6) 
"

Figure 6

Average Level- of NOr-N in the SoiI as Affected
by lime after Fertilizer Application

r = -0,06
Ék
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The lever of NOr-N at the lo cm depth in the drums

was significantry higher than concentrations at the L5 or 60 cm

depth 1p<.01 ) "

Although five factors were studied in both NO3-N

and conductivity in the soilo namely fertilizer (¡'), soil (s),
rate (R), month (wl), and depth (D), only double and triple
interactions were analysed since it is felt only these
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interac-bions are of significa.rrt importance,

As mentj oned bef ore in this section, the NO3-i\f

concentration increased in the sojl_ r,vheir clifferent fertil_izers
v/erîe applied. This j ncrease in concent::r.'tion from beef to
swine to inorganic ferti-l-izer v¡as un'ìforrn in both clay and

sand. However the significa.nt differencc _in concen-bration

betrveen the tv¿o soils is best _illustrater,l i.n Figure f .

Figure 7

Fertilizer by Soil- Interac i.;ion
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The si gni.f ican-b diff erence j-n the arnount of nitrate in the
soil profile from cach rate of fertilizer. is signif_i.cantly
shown in Figure B. Sr,vine manure treatmerrts had four tj_mes

as much NO"-N j-n the soil prof il e as be e ''' menu.re ancl i;he inor-)
gairic f ertilj zer had ten times as rnuch j\t(j_-l\ as beef manure at
the highest rate (pé.01)"
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Figure B
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The fertilizer by month interaction was significant
to the Ly', reveL" N03-N levels from each manure decreased in
concentration from the time of application while the amount

of NO,.-N in the soil profile from the inorganic fertirizer)
increased in concentration each month fron the time of appli-
cation (¡'igure 9)"
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Figure 9

Fertilizer x Month fnteraction
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The l-evel of NOr-N in each soil was significantry
different on a monthry basisn The generar trend in the clay
was a decrease in NOr-N concentration from June to september
with a very slight increase in August, The NO3-N concentra-
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tion in the sand, however, increased from June to september
except for a slight d.ecrease in concentration during August"

There was no significant interaction between rate
and month but there was between rate and soir 1p5"01)" Both

soils increased in NO3-N with an increase in rate" The cray
had a significantly higher NO3-N concentration" There was a
fal-l--off response between j36 kg l!/ha and 448 kg N/ha in the
cray soil but no such response occurred in the sand.,

The highest accumuration of NOr-N in the soil pro-
fil-e was at the J0 cm l-evero rnteractions of depth with
month, soil, rate, and fertilizer were all significant (p_<"01

and in all cases the highest concentrations were never lower
in the profiì-e than JO cm. The interaction between soir pro_
file depth and kind of fertil-izer clearly demonstrates where

accumul-ation took place and what fertil-izer contributed the
most N0"-N (Figure 1O)")

Figure 10

Fertilizer by Depth Interaction
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Fiqrrre 10 also shov¡s a. break from the ge.eral trencl in tha-b

the total N03-N concentration on the bee i manure treatments
was highest at the 6O cm depth

There v,¡ere several- three-vlay jrrteractions that were

signi f icant. The FxRxs interact j on was s;i gnif icant ( p 
-< . 

01 ) .

The I\10,-¡l concentrations of the i_norgani c f ei:til_izer on the)
sa-nd soi-l- were higher than e j ther 'beef o:ir swine NO3-N con-
centrations on the clay or sand. Fal_l--orf responses to :fer-
til izatj-on occurred on the 'treef and ino:rganic f ertil izer
treatments on the clay soil and the beef and swi ne ti:eat-
ments on the sand soil.

The l/ixRxs i.nteracti.on ,,vas significant (p_<.0i ), The

tvrc m,-:.in po-i-nts of interest srrovrn by thi s-r inte::actio¡ are:
1) the NO,-N concentration in the clay soif 1.,,¿s highect in
June but the tol;al ltOj-N concentr.ation o l' each f e.r-bilizer
level led off with slight fluctuation frorn JulV to September;

2) the I\oe-N concentr.ation in the sa.nd sroil- in september: was)
si.gnificantly gi:eater at the higher râ-trì:,: than previor;s con-
centrations from June through August

From the ÐxI{xF interaction (p<"01), jt is notecl

that increases in N03-N concenti:atj_on occurred at the r5 and

30 cm depth in afl three fertirizers fro'r.r August to septembe::

but such a response did not occur at the (,0 cm depth. Also,
concentratiolrs of t'lOJ-N increasecl at each nronth at the 15 and

30 cm depth when treated r^¡i'bh inorganic lertj-li-zer but this
vras not the case at the 6O cm depth" Concentrations decreased
each month in all three fertilizers.

The significance fou.nd in the Dxli,lxs inter-a.c-bion was
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l-ow (p4.05) compared to the others" The main significance
was that concentrations of NOr-N were higher in cl-ay than in
sand soil and the fact that the 30 cm depth had the highest
concentrations, both points of which have been stated before.

The remaining two significant triple interactions
(nxnxR and DxFxS) will not be elaborated upon; the main points
of interests have already been discussed in other interacti-ons"
The interactions that were not d.iscussed are listed in the
factoral anarysis tabre for soir nitrate-nitrogen (Appendix 5) "

Conductivity in the SoiI
conductivity increased. and d.ecreased. in proportion

to the rising and falling of NOr-N in the soil" This response
onry occumed, howeveru until conductivity levels were in the
range of 0,2 to 0oþ mmhos, once these revel_s were reached,
conductivity remained reratively stable" stabilization of
conductivity did not usually occur untiÌ as rate as August"
The factors studied for conductivity were the same as those
for NO?-N. The same interactions that were significant for)
N03-N were also significant for conductivity, with the excep-
tion of one or two. The one difference between the sets of
interactions is that the reasons for significance differ
slightly"

soil treated with beef manure had a significantry
higher sal-inity content than did soil- treated with swine
manure (p( "01). The swine manure treatments had the l_owest

salinity content of the three fertilizeFss There was also a
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significant difference in conductivity between the manures

and the inorganic fertilizer (pS "05),
The clay soil- was significantly higher in conduc-

tivity than the sand soil" Totar conduclbivity in the cl-ay was

more than 2.J times as great as the conductivity in the sando

The higher the rate of nitrogen applicationu the
greater the soil conductivity (r=0 "BZ), As with NOr-No a

fall-off response also occured with conductivity levels
between 336 kg N/ha and 448 ke i\,/ha (Figure t1)"

Figure 11

Conductivity in the Soil as Applied

by Various Rates of Nitrogen
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There was a signíficant difference in salinity
content in the soil the longer the time period after fer-
tilizer application" As can be seen by Figure LZu conduc-

tivlty fructuated significantry and the corueration between

conductivity and length of time after fertilizer application

is very low,
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Figure tz
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The highest salinity content corlected. at the 30 cm

l-evel in both clay and sand soil profiles" This accumul-ation
was significantly higher than accumurations at the L5 or 60 cm

depth (p ( .01 )"

The same double interactions that were significant
for NOr-N were also significant for conductivity. only some

of the interactions wilr be discussed" The fertilizer by soir
interactÍon was significant (p ("01). The conductivity for
beef manure and inorganic fertil izer were approximateÌy equal
for the clay soilo The sand soir that was treated with beef
manure has a much higher content than either of the other
sand soil treatments.

Each rate of beef manure contributed a greater
amount of sarts to the soil profire than either swine or
inorganic fertiLizer although the inorganic fertil-izer was a
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close second. The same kind of resul_ts r,/?re obr¡i6lr= in the
fertifizer by rnonth interac-bj-on (p(,01), conchrctivi-t¡z in
the bee.fl'b:reatnlents was higher -bhan the o-Lher tv¡o bu.t ilre
i-norga.nic fertiljzer \ras not fa:r behincl. Thcre \,/erîe slight
fl-ttctlta.tjons in monthly sal-ini.t¡r content .rs mentio¡ed .6efore

br-r-t an interes-bing point brou.ght out by -i;his interaci;ion i.s

that the range of ftuctu.atj-on was very srirãrl:ì_ jn the inor-
ga.nic fertj-tj-zer which remainecl reta-tivel;,r stable for each

month. Fluc'hua,t-i ons in sal-t content 1veï'q more apparent j_n

the organic fertilizers.
Couducti.vity level-s jn the rate by so-jl interac-l;ion

(p-< .05) shov¡ed a stead.y'increase in sal-'r-, conten-b v¡jth an

increase i.n the rate of niti:ogen appl ied. One sl_ight dj_f -
ference between the soj-Is was that a fal-l -off response occurred
betr,veen 336 lrg ll/ha and 4/+B kg Nfta i.n the clay lvirereas there
was alrvays an increase in sal t content wj th each rate in the
sancL soil

The remain.ing double interactj.cns ancl those 'briple

interactions tha.t \Á/ere signr.ficant v¡jl-l ilot be cl.j-scussed since
the main points of difference and intereErt to the reader. have

alread¡r been brought for.ward" The complete resufts for con-
ductivjty from soil- analysis are listed i.n Appendix 6 and the
factorial- analysis table for. sal--b conteni is listed in
Appendix 7.

The hei.ght of growth

different fertil izer treatments

of the reed callar)¡grass due to
l^/as not si.gnificant. Grolth
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of forage from the beef and swine treatments was armost iden-
tical- with the inorganic fertilizer treatment sJ_ightry higher"
Growth was greater on the clay soil than on the sand 1p_< "01 )
and greater for the first cut of hay than for the second
(p _<,01 ) "

The general trend for growth in response to dif-
ferent rates of nitrogen fertirization was an increase in
height for each increase in rate (r=0"g3), A fa1l_off res_
ponse occumed in growth from 224 kg N/ha to 336 kg N/ha and

whil-e growth increased again from 336 kg Nr/ha to 448 kg N/hao
it remained unchanged from 448 kg wrlha to 560 kg w/na, The

average height increased from 26 cm at o kg N/rra to almost
30 cm at 6?z ue N/ha"

The response in growth was found to be significantly
dependent in the fertilizer by soiJ- interaction (p -'<.05) and

the fertilizer by rate interaction (p (.05), In the FxS

interaction growth was highest in the clay soil treated with
inorganic ferti.rizer whire swine was higher than beef " rn
the sand soilu however, the highest growth occurred in the
beef manure treatmentn The swine treated sand and the inor-
ganic fertilized sand had. ar-most identicar responses in
growth n

In the fertilizer by rate
response mentioned earLier occurred

interactiop, the fall--off
in al-l three fertilizers

lVhile the swine andbetween Zz4 kg N/ha and T6 kg N/ha"

inorganic fertilizer
úbeatments continued

treatments again increasedu the beef
to deerease in growth response up to
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ancl incl-ucling the 560 kg lr/ha rater at r,,hich tjrne it íncreaseci

to a. comparîative level. with the inorgani c f crti_r_ izer. f n

rnost cases the grorvth response was higher'-at every rate v¡hen

the inorganic fertilizer l¡as usccl

The amount of response in grorvi;h v¡as g_i_gnificantry

clepenclent on the rate of nitrogen appl-ici.tion ancJ the cut of
ha¡r (p<.01). Each r.ate had a higher re:rponse in gi:orvth for
the first cut of hay than the second cu1;.

significaret dependence v,/as ev:ident in the fertil-i-zer
soir by cut intera.ction (p< "01) wh_ich can best be expla.inecl

Fi-gure 73.
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The four vray interaction (pxsxRxc ) was significant
to the 5% revel which provides some indication that there is
much dependence fron one factor to another in determining the
response in growth" This is substantiated by the fact that
al-L four 3-way interactions were significant (Appendix g) 

"

Dry l[atter Yield

The clay soil had a significantly higher dry matter
production than the sand soil 1pg.01)" Dry matter production
on the clay increased from 9909, Bgjj and gZ3B kg/ha at O kg

w/ha to Lo3o5t Loz3zo and g9?o kg/ha at 6zz ks N/ha for the
beefo swine and inorganic fertilizer respectively. produc-

tion on the sand increased from ?3L8, ?3uB and z622 kg/ha at
0 kg N/ha to 8933, 9360 and. 8658 kg/ha at 6Zz kg N/ha for the
beef, swj-ne and inorganic fertirizer respectively"

The inorganic fertirizer was significantly higher
in total dry matter procruction than the organic fertirizers
(p 

-< "05) while swine manure produced more dry matter than
beef manure (p .< . 01), The average total DM production was

BB11 ¡ 9120¡ and 9L55 ug/ha for beefo swi-ne and inorganic
fertil-iz er respectively"

The amount of dry matter production was signifi-
cantly dependent on the rate of nitrogen applied (p ( .01 ) 

"

The greater the rate of apprication, the greater DM produc-
tion (r = 0"85)u Average yield increased from B3g+ kg DI,IAa

at 0 kg N/ha to 9659 kg DM/ha at 6?2 kg x/ha, A fatt_off
response occurred in yield between ZZU and T6 kg N/ha"

Dry matter production was significantly dependent
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on the soil type and the kind of fertilizer used (p _< u OS) 
"

swine manure produced the highest total yieJ-d on the cray

soil followed by the inorganic fertil-izer whire the inor-
ganic fertil- izer had the highest totar DM yield on the sand

soil followed by swine and beef manure respectively, The

exact same results occurred in the fertilizer by cut inter-
action (p-<.01)" swine manure had. the highest totar- yierd
for the first cut and the inorganic fertirizer had. the

highest total yield for the second cutu

The fertilízer by rate interaction (nigure 14) was

significant (p -<o01), and clearly illustrates that the inor-
ganic fertilizer produced higher yields at the lorver levels
of nitrogen application up to þ48 ks N/ha than either beef

or swine manure" swine manure produced the highest yields of
al-l fertilizers at 560 and 612 ke N/ha whire beef manure out-
yielded the inorganic fertilizer at 6?Z tig Nr/hau As can be

seen in Figure L4o each fertilizer shows a faII-off response

between 224 and 336 kg Nr/ha" The beef manure also has a
faIl-off response between 0 and LLz kg N/ha while the inor-
ganic fertirizer treatment had a deerease in yield between

J6o and 6?z xs x/ha"

Crude Protein Content

The inorganic fertilizer produced significantly
higher crude protein levers in the reed canarygrass than the

animal manures (p 
-< " 

0I ), The CP content f or the swine treat-
ments was significantly higher than in the beef manure treat-
ments (p 

-< " 
01 ).
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Figure L4
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Reed canarygrass growrr on clay soir had a higher
CP content than grass grown on sandy soil (p _.u01 ). A1so,

the first cut of reed canarygrass was higher in crud.e pro-
tein than the second cut (p ("Ol).

The crude protein level in reecl canarygrass increased

as the rate of nitrogen fertilization increased (r=0"86)"
Each rate increase produced a significant increase in crud.e

protein (p ("01). The average crude protein ranged from

LL+"??, 14"80 and L4, 24 l" at 0 ke i,l/ira to 18"ol , 20"55, and

20"66y'' at 6ZZ kg N/ha for the beef, swine and. inorganic
treatments respectively" A breakdown of average crude pro-
tein levels for each treatment is listed in Appendix 11"

Crude protein level-s were greater than ZL,% at the higher
rates of fertilization for some treatmentsu

Nitrate Content of Plant Tissue

The nitrate content of the reed canarygrass fer-
tilized with the inorganic fertilizer was significantly
higher than nitrate leve1s in either of the manures (p -< " 

01 ) 
"

Furthermore, plants fertilized with swine manure were sig-
nificantly higher in nitrate than plants treated. with beef

manure (p <"01), Plants grown on the clay were significantly
higher in nitrate than plants grown on the sandy soil (p-<.01),

The nítrate content of the first cut hay vras significantly
higher than the nitrate content of the second cut hay (p<"01)"

Nitrate content increased as the rate of nitrogen
application increased (r=0"?L) arthough¡ ãs Figure 15 veri-
fies, considerable fluctuation occuredu
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Figure L5
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Nitrate accumul-ation in plant tissue was signifi-
cantly dependent on the kind of fertil_izer and the rate at
which the fertirizer was applied (p ( "01)" Figure 16 d.emon-

strates how much more nitrate the prants on the inorganic
fertilizer treatment accumulated than the plants treated
with manureu An interesting point brought by Figure 16 is
that nitrate content of plants treated with beef manure

remained rerativefy constant whereas the other two ferti-
lizers continually increased nitrate content of the prants"
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Figure L6
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There was a signíficant clecreas:e in nitrate con-

tent for each fertil_izer from the first cr.¡.t to the second

cut. This decrease is cJ-earty demonstra-i;cd in Figure rT,

Figure t7
Fertil-izer & Cut f nterac t;i on
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The same kind of decrease in n-i -t,rate seen in
Figure 1/ was also apparent in the rate b1¡ cut interaction
( p .-< .01) , Aver"age nitrate decreased f rorn O.6j to O ,IO% at
0 kg N/ha and from 7.75 to O,)B/" at 6?2 Ì<çç N/ha from the

first cut to the second cut respectivel¡r"

There were three three-way interactions that rvere

sign-ificant; namely FxSxC, FxRxc and sxR>rc. These interactions
did not bring forth any new points of in1;erest; only those

already discussed in earl_ier interactions"



50

Mineral Content of Pl-ant Tissue

For the most part, mineral eJement content of the

reed canarygrass remained unchanged between fertilizers on

each soil within each cutn Decreases in Pu K and B were

apparent in the second cut from the first cut, Ca and IVig

remained relativel-y unchanged between cuts" Increases or

decreases in element content between rates were negligible
in most cases with the exception of Mno Increases in Zn

content between rates were slight" Table 6 is a condensed

form of the raw data for mineral content, Original data for
both cuts is listed in Appendix L6"

Table 6

Average Mineral Content of Pl-ant Tissue

/, PPmPKCaMSFeMnBZn
Clay

Beef manure o"2B 3"3 o"3t+ 0"2? t26 48 6.69 48
swine manure o,29 3"3 0"35 0"26 LzO (54) 6"gg 4z
Inorg" fert u 0,26 3"j 0"38 0"26 118 Sq 6;ZB 48

Sand
Beef manure (o"jo)(z"z) 0"JB o"4z 99 Q3) B"g5 30
Swine manure (o.zg) t,9 o" j9 0"43 Lzz (?B ) g"65 C))Inorgo fertn ooZt* 1.8 (o"52) 0"49 99 (fo9) ?"9j (jB)
2nd cut

C1ay
Beef manure o"z4 z"B 0"36 0,25 Lzl+* j6
Swine manure 0"23 2.7 0"3? O,25 Lt6 j?
Inorgo fert u 0,22 3"0 0" 38 O,25 L36" (44

Sand
Beef manure 0,36 (1.8 ) O"JB (0.3? ¡1, f Og (gg
Swine manure o,z9 L"6 e"4o 0"43 109 (86
rnorg. fert " o"?4 L,5 0"44 0.45 111 (ttj
( ) concentration increased from 0 to 6Zz l<s. ¡llha( ).t -concentratíon decreased from 0 to 6Zz uá u/na
+r - high Fe concentration at one rate due to possible con-

tamination from the drum,

lst cut

B.4o 3L
?,6L 32
B "6+ (35)

10" 03 26
Lo "79 (zs)
tL "7L (29)



vn DISCUSSION

The tota] amount of moisture received during the
experimentu including additionar water given, was zo,g inches
(52"81 cm)" This figure is ? "?g inches (f g"?6 cm) greater
than the annual average rainfall as seen in Tabre 4, This
high moisture varue might be viewed as bringing forth data
representative of an area of a higher rainfall rather than
southern Manitoba" This is considered a wrong evaluation of
the experiment" Rainfall was higher this year than average
but the additional water making up the greatest increase of
the moisture difference was given for two reasons; l) to
stave off retardation of plant growth due to severe dry
weather conditions even though reed canarygrass is considered
to be drought resistant and, z) to make up the difference of
moisture }oss due to greater soil temperature in the drumso

rt was a known fact that even painting the drums white wourd

not completery eliminate greater temperatures in the soils
studied (especially the clay) as compared to soil, temperature

of the enclosureo The greater soir- temperature did not

affect prant growth since reed canarygrass is reported to
have a 20y'" decrease in net photosynthesis at 38oc from the
optimum temperature of zooc (26) but it wourd have caused a
greater'loss of soir moisture than is normalo The extra
water given eliminated this problem and kept soil moisture
conditions near normal and representative of the area,
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The generaì- behaviour of nitrate-nitrogen in the

soil conforms to what other researchers have already found

namely; as nitrogen fertilization increased N03-N in the

soil increased¡ N03-N decreased in soil- as the time period

after application increased, and the highest concentrations

of NO,-N accumul-ated at the 30 cm depth of the soil profile")
(5t, 62)" However, deviation from the general rule of beha-

viour did exist in the resul-ts" The fall-off response in
NO--N between ))6 and 448 kg N/ha rate is such a deviation,)
By I-ooking at the various interactions, this deviation

mainly occurred on the clay soil treated with the inorganic

fertilizer at the t5 cm depth at the above said rate. All-

possibilities for this occurrence have been carefully con-

sidered but no supporting evidence was found in order to

attain a solution (65)" Therefore, no explanation can be

given as to why it happened"

Another deviation in behaviour was the i-ncrease

in soil N02-N concentration from August to September" Here,)
the explanation appears logicalo As mentioned in the

Literature Review, water on a nitrogen source will aid in
the formation of nitrates, The addition of the remaining

extra water to stave off severe drought effects on the reed

canarygrass in August caused a release of nitrate-nitrogen in
high concentrations which would have not normally occurredo

If the addition of the extra water had been applied according

to schedule, more than likely there would have been no

increase in soil N03-N for September. This also would have

improved the correlation coefficient between NO?-N concentration
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and time period after fertilization"
As the results indicateu the contamination threat

to ground water of high N03-N concentrations came not from

the animal- manures but from the inorganic fertil-izer" This

is most clearly il-lustrated in Figure 9 o The threat of environ-
mental contamination is continuously decreasing in both manures

but becoming an ever-increasing problem at d.angerously high
leve1s in the inorganic fertilizer. This probJ-em is even more

serious when it is rearized the N03-N levels from the inor-
ganic fertil-izer are so much higher than the animal- manures

to begin with.

If the average of the control replications for each

fertil-izer at the 6o cm depth are converted to zero by sub-

tracting their true varue and this same value is subtracted.

from the average of eaeh rate in the respective fertirizer,
it is apparent that at even the highest rates of nitrogen
application the N03-N in the soils from the animal- manure is
less than 10 ppm for each month of the growing season thereby
eliminating the chance of groundwater polrution. This, how-

ever, is not the case for the inorganic fertirizer" At rates
higher than 224 kg N/ha, the l-evels of NO,-N in the soil exceed

10 ppm and consequently present an environmental probrem. rt
is quite evident that farmers using commercial- fertilizer wiLl
probably never appry it at such rates higher than zz4 kg x/na

but an error in carculation for application rates for a com-

merical fertilizer presents a greater possibiJ_ity of an

environmental hazard since the margin for error j,s much

smaLl-er than with animal roârtìr€o
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conductivity increase in the soir is highry cor-
rel-ated wíth N03-N increase in the soir" This fact is quite
apparent in this experiment when one consid.ers the same

interactions were significant for both and the general beha-

viour of conductívity was similar to that of NO3-N. As

expected the beef manure treatments had the highest cumula-

tive salt content. lVhat was not expected was how high the
values for the inorganic fertilizer were. rn some cases sart
contribution from the inorganic fertilizer were greater than
contributions from the beef manure. The sart content of
the soil treated with swine manure was l_ow. sows in the
farrowing barn at the Grenlea Research station are not fed.

recycled wastewater as are the boars and guilts. Because

of the piglets, the water supply is ordinary tap water. rf
the swine manure had been taken fronr the pit of the barn
housing the boars and guilts, the high salinity content of
the wastewater would probably have resulted in a higher
salinity content in the swine treated soil_s, As stated
earlier, the inorganic fertilizer and beef manure were very
close in conductivity l-evel-s especialry on the clay soir.
The difference between the two was greatest on the sand

soil where salt content of the beef treatment v¡as signifi-
cantly higher in most cases than where inorganic fertirizer
was applied.

At no time during the course of the experiment
did the salinity content of either soir present a problem
in terms of growth retardation of the reed canarygrâssn
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Although salt content did reach fairry high l-evel-s in some

instances, the fact that the moisture the soil received
distributed the sarts throughout the soil- profile helping
to eradieate high concentrations at various depths. The

highest concentrations of salt, rike NOj-I,i, accumurated at
the 30 cm depth. The salts that are add-ed when beef manure

is applied could present a problem in an area of l-esser rain-
fall, The salts woul-d then be brought near to the surface
and a serious problem coul-d arise. From the results obtained
in this experimento a salinity probrem does not seem possibre
in this area of lrlanitoba as rong as the normar pattern of
rainfall occurs.

The amount of growth in terms of height was not
significantly different from one fertílizer to another but
the values for the inorganic fertilizer were slightly higher
than values for the other two. The resul_ts obtained from
the singre factors studied were as expected; growth was

greater on the cray soil and the first cut of hay and the
height of plants grown increased in accordance with increasing
rates of nitrogen applicatíon, The diminishing returns curve
between 224 and 336 kg N/rra was arso expected since a fall_-off
response has been reported by many workers in terms of dry
matter yield (4, B, II, I?, 19, 55). AÌthough height of
plant growth is a good indication of plant prod.uctivityo
more varidity can be placed and is placed on the resurts
obtained for Dùi yield..
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Dry-matter prod.uction was greatest on the inorganic
fertilizer tneatment on an overall basis" As can be seen in
Figure 18, swine manure had greater yields at the higher

rates on both soils and vras the highest yielding treatment

on the clay when application rates exceeded ILZ kg N/ha.

Yields were good on both soil-s and the second cut was not

significantry ress than the first cut, The fal-l-off response

expected occurred between the same rates as reported by Dean

and Clark (I?) and Ramage et al, (55) for reed. canarygrass

on a clay soil.
The results for DM yield ill-ustrated in Figure 18

might possibly be used as a guide for anyone who wants to

know what fertilizer is best at what rate for what soil.
The farmer who has ]and on a clay type soil with a l-ow

animal production will consequently have a low waste pro-

duction not adequate enough to meet his fertirizer require-
ments. As long as application rates do not exceed zzr+ kg N/hau

the farmer's best bet is to use a commercial- fertilizer to

maximize yields. For a farmer or a commercial feedtot
operator who has a large animar production and a rarge amount

of waste to handl-e, maximum yields of hay wirl be obtained if
animal manure is used at rates of 448 kg N/ha or higher.
Even though the commercial fertilizer is higher producing

than the beef. manure between 224 and 4ll8 kg N/ha, the cost
of commercial fertilizer would probabry not warrant its use

at higher rates because the economic return woul-d be small_.
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For an ani-mal producer on a sandier type of soil,
it is recommended that inorganic fertilizer be used. only at
very l-ow rates. Economic returns woul-d probably not justify
high rates of inorganic fertilizer but as shown in Figure 9,
N0.-N in the soí1 contínues -bo increase after appJ_ication)
while animar manure NOI-N d.oes not. For a sandy soiL the
recommendation is simply if inadequate manure exi-sts, use

an inorganic fertilizer at l-ow rates and if ad.equate manure

exists appry at 6?2 kg N/ha or hígher to maximize DM yield.
There is another al-ternative that can be used to

obtain maximum DM production from the fand and that is a

combination of inorganic and organic fertilizer. Hubbard

and Nicholson (28) finalized a report on reed. canarygrass

versus grass-legume mixtures by sayingr

lïhen a1l- factors v¿ere taken into
account the bromçgrass-orchard¿5rass-
Iadino cl-over gave the most satjisfactory
resul-ts followed--elosely by the reed
canarygrass-ladino clover mixture. Reed.
canarygrass alone produced the l_olvest
nurnber of sheep days over a three year
period and the lowest actual_ gains: per
hectare" The reed canarygrass plus
309 kg ¡y'ha produced the ñightest actual
weight gain, 640 kg/ha and ihe greatest
number of sheep days, 22+0. llowever the
nitrogen fertil-izer cost $B4rlna which
eannot be justífied in terms of ad.di-
tional- T. D. N. produced.
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It is in a situation l-ilce this that one o:f tv¡o courses can be

talten. From the aforementioned reportu jt is evicient that rvith
fertilj-zation, reed canarygrass the highcst yierds of art
grasses and grass-legume mixtureci studierl . To maximize )rieIcIs¡
animal- nranulîe, preferably sline manure, ca.n be applìed in place

of the inorga.nic fertil-izer in orcle¡. to,,.r1üâ.1 l0o lig l,l/ha or
the inorganic fertil-izer can be applied Lo an economic rate
and the animal- manure can be applied wil;h it to make up -bhe

difference in nit::ogen required, rn th¿:."L rva-r¡ the inorganic
fertilizer would cost l-ess than fij\/nao vreight gains and sheep

days woul-d be maximized, and all i'b,¡¡ou.ìd cost the farmer other
than the inorganic fertilízer would be a, little more time taken
to apply the animal- manure" The economjc returns from the
latter method. woul-d probably jus-bify the r.ìse of such a method.

crude protein content for the .¡:'eed canarygrass was

very good for both cuts and both so-i_l-s. Leve'l s at 224 kg N/ha

were higher than Chah-rpars (1j) 2t"64% cspeci_alJ-y on the sivine

and inorganic fertilizer treatmerrts on 'r;lre cJ_a.y soil-. The

inorganic fertilizer was significantly l.retter than the animal
manure (p(.01). This was mai-nly due to the fact.bhat cp

levels for the inorga.nic treatnient on the sand were much

highe:: than cP levers for ihe beef treai;nrent on the sand. The

three fertilizers were fairl-y equ.al on the clay soil for both

the first and second cut in terms of cp content. The l.inear
response of crude protein to nitrogen fel:'til-ization occurred
as expected" The response \¡Ias similar to reports by othe:r

workers (IZu 20, 27, 53). Al_ilrough crude pro-bein l-evel_s were

best from the inorganic trea-tments, svrfri:: manure j.s i:ecoinmended
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for fei:ti]-izer use at high ra-bes not onl-:¡ becau.se it ha.rj sig-
nif icantly better CP level-s tha.n beef rn.lîì;.jîc but because j t
presents less of a chance of environnlentr.l contami.nat-i on flran
the commercial fertil-i-zer.

The level of |iOr-ll in thc pl_ar-, I tjssuc.tirat lvas

corls j.riered potentiai-ly toxic to a-n,inal- h,.a.lilr v¿as o. jo/,. This

figuz'e is based on the reports b¡r Wri.gh,; arld Davison (ZZ) who

regarcled levers of 0.)+ to o.+5,þ i'toJ-t't at, potential_l.y toxic
ânri Ha.nway et al-. (25) who conclucleci nil;l..a.te poisoni.ng of
I i.vestock vrould occnr i-f revels exceedecl o,3o%. The f igu,re

of 0.3% T'lo?-l'i js equal to !.3i% total nj t;rate jn the ptant)
t-issu.e.

The inorgani-c f ei:ti-r izei: Ìrad l;he highest nitrate
l-errel s on both soil-s a,nd both cuts of ha1r" To>,ic Jevels wer?e

reached for alr rates of the inorganic fri.tj.-l-jzer (e>:cept for
the control) on the cray soil ancl tire h:ì,-..[rest rates on the

sand soil for the first cutt" Toxic l-evels wei:e never reached

in either of the animal manures. Irlitra-hc l-evels had a -ben-

dency to clecrease for treef treatments in the first cut of ha¡r.

Arthough high applicatjon rates of the iiro::ganic fertilízer
v¿il-l- probably never be a.ppli ed to the lai'rc due to economic

reasons, the resul-ts crearry shor,¡ how po1,enti.all¡' rethar a

cornmercial- fertili-zer can be to l-i.vestocl:; if misused. From

the resltlts obtained in this experimento hr.gh a.pp1i_cation rates
of animal- manure on land appear to pose r. lesser threat to the

environment and/or farm li-¡estoclç than i-norganic fei:tilj.zer.
ca-btl-e marlure treatments had the I ov¿est ni t::ate I evels in the
z.eed canarygrass whj-ch is quite important s-ince the cattle
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popuf at j on and the amount of malrure pr.ocluced per animal f ar
exceed eo,uivalent val-ues for other fa.i:m -r-.ì-vestoclr. values
for lJO.-l'l and totar- N0; in the plant tissue are listed in))
Appendix 1-l+.

The mi'eral- co.tent of the recd canarygress \A/as

cornparable to values set down by the lla-hi or-ra.l Academy of
Sciences (48) for P, Ca, irjg; higher in j( but l_ou,er in Fe and

Þin. rn comparing the nutrient val-ues for the i.norganic fer-
titizer rvith the values obtained by Dsarr and cJa.rl< (taul.e Z),
only P, It,tlg and B were approximately equr,rl " Val-ues for Ca ancL

I( in this experiment vrere tlvice as nuch a.s val-ues obtained in
Dean's experi-ment. Zi.nc vaLues were lor,rlr in the Dean expe:li-
ment ancl liln was higher than in this expei:_.i-ment. Dean,s val_ues

f or iron fluctua-bed considerablrv as can t,ie seen in Tabl-e Z.
The ca:l\ig ratio in Deanf s values v¡as r:1 rvhile the ca:p ratio
fl-uctuated considerably as compared to a Jzz 'nd J:4 ratio for
Ca:l'{g and Ca:P in thj.s experi.ment

Tabl-e 7

Ivlineral content of Reed canai:ygr,,rss Fertir-ized

Experiment I

U/ith an Inorganic Fertj_lj zer (q)

% ppm
1st Cut P I( Ca lvlq Fe t..1n B Zn

O kg I'l/ha O "28 L.02 o .I9 O ,22 61 32 6 1?
I72 ÌcgN/ha O.23 1..t+? 0.14 O"Ig 63 21 5 15

Znd cut
o ltg N/ha o.45 I"?4 o.I9 o.22 :1 oo ¿ro Z IB

I72. kgt'r/ha 0"37 7.69 o,I9 0.2! ?O l+rl 6 ß
Experiment 2

:1 st cut
o kg N/ha o.1g o "gI o.2o o.2o ?3? 44 10 20172)rgll/ha" 0"18 2.09 O.2o 0.19 1.?.2 Zt+ B Z!
Znd cut
0 kg N/ha o " 51 2.34 0. 18 O ,29 ? 69 37 17 35

7I2 kgw/ha o"þ1 3.+6 0.16 0,25 1?o jU ? 36
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Separatc tests on reed. ca.naryglra.ss f ert-ì.f i z,ed

wi-bh anj.mal v¡aste \¡/ere conclucted b;' Clarl, (tl+) a_t Glenlea

Research station" The mineral varue,.; foi' 0r-arrc's experi-
ment compared to val-ues of this experirnent were relatively
the same for P, K, ù1g¡ i\1n¡ and Zn. I'lo rr:l-ues for^ B v¡ere

gi.ren in Cl-a-rir! s data. Cla-rk¡ s va-lucs f'-r Ca_ r,vel:c I 'il-ia

'l cvel-s rn thi s e:iperiment ancl the Fe le.'^..].s i,,'er:e eutrcri-c1.,'

highei: than Fe levels in this experimenl, (tabl-e 8). The

Ca:lt'lg ra.-tio in Cl-arir's data v¡as approxir,vtel.y 2z) for the

contro-ì-s and I¿2 for the trea-bed plots vilr_i1s the Ca,:P was

I¿2 thr"oughout the data."

In comparing the forrr sets of ,lzta, it vrorì:l-d

appear the mineral content of the reerf c:-,Ìlârffiîâsis foz. this
experiment is compa::able to simil_ar clata. :flrom the o-ther

experiments. The reed canarygrass wonlrJ pi:obat-rfy meet the

rna jor-i-hy of requirements fo:: feecl f or farrn ]-ivestoclç. Some

mineral- supplement woul-d probably be neerjed -in most ca-ses

but the amount and kind of suppJ-ement v¡orrfrl depend ra-rgely

on the type of anima1 bei-ng fed.
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Table B

l4ineral- Content of Reed Canarygrass
in Animal Waste Experimentsu

Glenlea Research Station, I973 (f+¡

Rate I\4e
ppm

MnB Zn
control

0 lbsu N/acre
(o ks r,r/ha)

0,27 2" 5
o "28 2.2
o "26 2"4
0,22 2"2

o,L7 0.26
o" 16 o"z+
0" 16 o"26
0" 1g o"23

379

386
t46 5
1305

25

33
4B

4z

9<

20

25
oa

Beef l4anure

J0 lbs"N/acre 0"25
33"6 kgN/ha ) o.z?

1Bo lbs "N/acre o.jz
(zoz kgr'r/ha ) o. 39

2,2 0,16
z,l+ o,zl+

2"2 0 "Lg
2"! 0" 1g

o,26
o "26

o "24
0,2!

1465

365

L58

99

+3

2L

65
þB

26

24

24

2L

Sv¡ine lVianure

6o lbs"N/acre o,)j
(67 kg N/ha) 0"34

180 lbs n N/acre O" 4.4

(zoz keN/ha) 0"44

2"4 0,L5
2,6 0" 16

3.0 o,2)
2"9 0"21

L5B5 54

1200 50

665 59

3235 1oo

0. 28

0, 30

o,36
0. 40

35

32

+2

6l
Inorganic Fertilizer

6o l¡s,N/acre
(62 t<s N/ha )

0"23 2.0
0"31 3"t
o,28 2,7
o"29 2"9

o"!6 0.35 481O

o" 18 0,30 560
o, 1B o "32 LB25

o" 1B 0,31 g7g5

tL+
t+3

4B

5L

4L

39
&o

l0



VI . SUivlir'iARY AND C Ol{CLUSir Otis

The expe:r':ì-rnent '.vag ccndllcted :tr._r the sl_r.p¡nu" of I9Z3

to cletermine various eff ec-ls of heav-y ra bes of beef and sr,¡ine

lnanure compared to an inorganic fertiliz.t: on the produc-bion

of reed canar)/grass grown on tv¿o l,,ianitc-rl:a soirs; a sa¡d and

a cra¡r. seven rates of fertilizeï' wejîe lirpl-iecl r:anging f::om

o to 6?z kg N/tra"

Tvrenty-five gallon oil drr-ims tr,/ljre used to conta.i-n

the soils under invesrtigat-ion and grow l;lie reed canarîygrails.

Each drr.rm had holes clri]-led in the side .!n orcle:: that soil_

sarnpl i-no. colrl-cl be carried. out duri-ng thc coì).rse of the

e>:pei:iment. The j-nside of each dr.rrrn \vasr lined with plastic
j-n oi:der to prevent metal- contam-ination of the soíl- from the

drum. soj-l- samples v\relîe taken once evelr:/ forr weeks from

the 15, 30 and 6o cni depth in the drum ancl analysed for
nitrate-nitrogen and concluctivit¡r. Two cuts of hay were

taken, the first at the end of Ju.ry and the seconcl at the

end of septernber. Dry-matte:r yierd, crLr.cie protein, y'" ni.trate,
and mineral content of the plant tissue iia-s then cletermined.

lleavy concentrations of ni-tratr:-ni-brogen \¡rer.e con-

tributed from all- three sources of nitro¡.,.en at the begjnning of
the experiment. These hlgh concentrations never accurnulatecl

l-ower in the soil prof ile than JO cm" irti trate-nitrogen from the
manures decreased as the expe::iment p::ogressed but increaseci j.n
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concen-brat-ion fronl the i-norgani-c tr.eatmei.i"Ls. As the exnerj-
ment progressed NO3-IV concentr.ations froli the inoi:gani-c fer-
tilizer continued to increa-se and poserl ¡Ì1 ever-increasing
-bh::eat of envirorunental contami nation,

Sal-inity content of the soi-]. l:ose and fel-I in
accorclance wit'h the levels of N03-l'f . As expectecìu the cla¡r

soil treated with beef manure had the h-l,r,,jrest concìuctivit¡r.

Adequate moistnre aided in preventing hi,3;h concentrations of

sal-ts from bu j lding up near the surf ace. The::e r^/ere no harm-

ful- effects on the growth of the reerl crlnarygrass from sal.t

concentrations. Growth of reed canar.vgruss was goocl on all
treatments of both soil-s"

Dry-matter yie'ld from a.ll- fertì-ì.jzers v/as very good.

The inorganic fertilizer had the hi.ghes'i, ;rields at the lov¡er

rates while the animal manures ha.d the ¡,r'eatest production in
the highest ni-trogen applicat-ion rates. Swine rnenure harf the

highest yi.elds on the clay usil a.t al-t r"r.-tes er:cept 112 kg

ll/ha. There was only a sljgh-b decrease ilr yield for the

seconcl cut of ha-y as compared to the fj-,::'s-b

Crude protein content t'las ver,')r good in all -breat-

ments especially for the fj-rst cut on thr cla¡r soil. The

average CP content was over 2I% on tlne c Lay soil anci over 18%

on the sand for the first cut" A l-j-neai:' j,ncrease in CP leve]

as nitrogen rates increased lvas alwa-ys a,oDarent"

Total nitrate in plant tissue i:ea.ched potenti ally
toxic levels from most rates of the inor¿1anic fertilizer only,

The leve-ì- at which n-ïtrate-nitrogen was cons j dered potentially

harmful i,vas 0.30%. The animal ìïanures l,/ore alwa.ys .l..ower in
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nj trate concentration, v¡ith the exceptiorr of one or tr,¿o

instances, than what wa-s considered harrrr.ii;l to lj-vestock.
irlineral content of the fertilizcci grass l^/as coln-

parabre to data of a simil-ar nature fr.o," o-bher ex1:e:ri-ments.

Slight increa.ses in some element concen'1;r-3fj.6ns wejre apparent
on t|eated gra-ss as compared to the conti:.ols. There was also
s3-i"ght fluctuation in ca:K and ca:p ratjr¡s in this cxperiment
as compai:'ed to ratios -i_n sjmilai: experiri,-lrts.

It j.s the opinion of flre lvrit,:.'.. that flris experjment
bri-ngs :Ílorth the possibility tha.t hea.vy i'a.tes of a-n-imal. rnanu.rc

might possibJ-y be a.ppJ-ied to ii'iairj.toba so,ì l- v¡jthout e¡dangeri¡g
the environmen-b or causing toxic level s c-i nj-trate to accumula-be

in a forage crop. This does not mea.n tJr. chances of envi-ron-
mental contamination are nil. The th::ea.J; of such contaminatio;r
-is stj-11 presctrt bl.tt unCer ca¡:eful- rr-a.rra.¡-r-iiicirt ancl a ',"/atchfu.l

eVêr farmers anri feedl-ot operators lvho h'rr,,e a r,vaste rj.-isposal

problenr ca"n appl)¡ heavier rates to land ,:'Ì:o\,,ri-rrg a suitabre
crop v¡ith greater con-f idence in that ne.i'r,her the cnvj ronrnent

or l-irrestocl< lvill- be harmed

Reed canarygress has proven ir can uti-r ize the nut-
rients fronr animal waste r,¡j-flrout beconiin¡r to;<ic. rn the past,
this forage has proven better than other fo:rages for thi s pur-
pose. There is great potential- .i_n the f',.,ct that r.eed canary-
grass can producc very hi-gh yields from c,l:.ga"nic fertilj_zer.
Thi s grass can be fed back to animal-s on farms and feedrots
thereby producing a cyclical opera-tion rvJrei:e most of the
nutríeirts of the manure arîe re-utir ized ir.yr indirectl¡r con-
verting them to grass and refeedíng the gr:ass. A process
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l-ike this could cnt rl.oivn on the anrounl; of'ha.y a feecllot
operation v¡or-r'l d have to bring in for thc aninlals.

The swine manure pi:oved the be st .in terms of cirop

proc'[uction but beef ma]'ìure contrjbi-rted .l lss nítrate-ni-trogen
to the soil- pi:ofile. lvhen applyirrg a-nj_nLe.J marlul:es to the
land, incorporation into the soil wou'ld p::obab]¡r þs the best
method for maximum utilization of nu-brients a.nd minimui.n oclor

problems. v/hen a.pplying heav¡r rates of r'reef manure, another
factor -bhat shoul-d be considered j.s the 'h¡rpe of cljmate.
Heav-y rates of beef manlire would_ proba.b]\¡ cause a sal_init¡r
problern on the soil surface in areas r,vhe:r"e annu,al moisture
is not enotrgh to effectively clistribute t_:he sa.lts thror_¡ghou.t

the soil profiJ-e.

Resea.rch in this area j_s only lreginning. Irjore

exteilsive resealrch r,vilt have to l:e ca.:rriccl olrt so tha-b the
eff ec'cs of animal- and human v,aste recyc_l .:cl back into the
environment are completeJ-y known in ordr,¡ir that the possi-
bility of environmental contami nation is,r ::ednced to al_most

ni]. The nutrients in manures, both ana;i¡1¿1_ and hunan, are

a great resource that has not been utj_l_jzect in the most use-
fu.] and economj.c r,vay, Proper rec)¡clj.ng nf these nutrients
v¡-ill- mean greater forage procìuction on e;ri-sting l_and space

and cheaper foocì sources for greater l_ir¡cstock production.
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Appendix 1

Tabl-e 9u Daily Air Temperature (oC) frorn Ir,{ay 19¡ I9?3rt,o

September 30, L973"ti

J

Date oc Date oc Date oc Date oC Date oC

l4ay
L9 tB "g
20 24,t+

?L 23,3
22 L6"t
23 18"3
2+ t3"g
25 10"0
26 t9"4
27 25.6
28 22u2

29 23"3
30 t9,t+

3t 20,O
une

L 22,2
? 27"?

3 20,6
4 L5"o

5 L6"?
6 Lz"?

7 L5'6
B L3"3

9 24.4
10 !7 "2
11 18"3
12 L9 "t+
t3 26,?
t4 22"8

June
L5

L6

L7

1B

r9
20

2t
22

23

2t+

25

26

27

28

29

3o
July

1

2

3

4

5

6

B

9

10

11

28 "3
23,3
!7 "2
L6 "?
L3 "g
L3"3
20 "6
23,9
28"3
24 "l+
20 "6
tB "g
L9.l+

TL.7
2t"L
24"+

27,2
22"2
1B. g

zI+ 14

23 "3
25"6
24,4
25, 6

25,0
23 "9
26 "?

July
L2 25 "6
t3 t5"6
L4 zL^L

L5 22.2
L6 z6"L
L7 23"3
18 L? "2
L9 22"8
20 2+"+
21 26"L
22 26.1
23 25"6
24 23"3
25 22.8
26 22"8
27 t9,4
28 ?2"2
29 19 "4
30 L6 "L
31, 22"2

Airg"

L 23"9
2 27"2
3 26"1
4 zz"B
5 2!"7
6 26"?

7 23,9

Augu
B 20"6
9 20.6

10 22"8
11 26"L
12 20,6
L3 23,3
L4 27 "B
L5 28,g
76 ?? "Bt7 25"6
1B 30 "6
L9 zL"L
20 22"2
2L 2t "722 23"9
23 23,9
24 20"0
25 27.8
26 26,?
2? 3L,L
28 26"L
29 30" 0

30 28 "3
3t 30"0

Sept,
7 23"9
2 L6"?

3 16,?

5

6

7

B

9

10

11

t2
L3

L4

L5

L6

L7

1B

tg
20

2t
22

23

24

25

26

27

2B

29

3o

t 5,6
L7 "2
L?,8
1B"g
23 "9
25"0
20 "o
2L "L
20,6
LIt.,4

8,9
10.0
L5.6
L7 "B
tg "4

Qâvc)

11" 1

r'l aI ov

L2"2
14" þ

L2.2
L7 "2
16,?
20 "6
2L "7
1B"g

?L "7

Sept 
"b

Ji Temperatures recorded at 3 n. m. ria,:1y,
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Appendix 2

Table 10n

May ?3

l0
June 6

L3

20

27

JuIY t+

LL

1B

25

Aug" 1

B

L5

22

2g

Sept, J

t2

t9

26

Vleekly Soil îemperatures (oC) in the

Drums and the Enclosure

L4"5

1B"B

L4,l+

L5"O

L4,4

LB "9
L7,8

2?"?

lB"g

22.2

L7 "B

2L "L
27 "L
L7 "B

18. g

t4 "l+
L2,B

11" 1

tt,7

L4"5

L6,3

L2"2

L2"B

L3,3

L5 "6
L5,6

20,o

L6,?

22"2

16,?

20,o

20 "6

L6,?

L6"L

!202

B"g

9,4

9"4

!2"2

L2,8

t2"B

L3,t

L4 
"tP

LB"9

17 
"B

20 "0
1B"g

20 "0

LB "9
20. 0

20 "6

l_8" I
1B"g

L7 "8
15"0

14.4

LL "7

!2"2

L?"8

L2"2

t3 "3
14.4

1B, g

17"8

20"0

18" g

?Q "O

1B. g

20 "o
20,6

17"8

1B"g

16 "?
L5.O

tl+ "4
L!,?

Enclosure
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Appendix 3

Date

-/June b

7

L2

L4

JuIy 11

L6

1q

3o

TabIe LL" Additional 'iíatering Dates

Amount (mls ) Date

650

650

65o

650

1300

650

650

1300

August

Amount (mls )

13 oo

z6oo

13oo

13oo

13oo

13 o0

5200

1

7

10

1')

2L

22

a(
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4

Nitrate-Nitrogen Concentrations (ppm)

in the Soils for the l\{onth of June

Appendix

Table L2.

Drum

Depth (cm)

L5 30 6o Drum

5"2
8,0
4"4
6 

"l+5'4
l5' o
8,2
9"4
B.B
6"8
8.6
6,9
þ.0
6"8

L4 "45'o
?,6

LO "27"0
LL U6
L3,4
10" 6
4"6
7"8

L3 "26,2
5,2
7"0

Depth (cm )

L5 30 6o

1"0
0,4
t,2
)to
2"+
1u0
9"6 1

10.6
2"O
6"4 1

l_0n 0
?"4 L

l¿1" B z
L1_"2 2

L"2 0"6 7,2
õ;B r"z L5.+

rj:4 ? "O 2,t+
i "o 6 "4 Lz'o

zâiø 52"o L+,4
Lz:6 39 "o t6 "4L9:+ 15 "4 10 

" 
4

4"0 22"8 9"2
5,2 L6.6 7 ,4

L1,+ 5? ,O Ls"O
L5.t+ 38"6 11,8
TuZ 33"O 9"0

IB "6 37 ,O Lz"O
L6 "z 49,+ L7 "B

0u4
1n0
L,6
5,4
L"2
3,O
1"0
2"4
2"8
3"4
O¿1
1"4
0.2
3"2

SB-0a
0b
La
10
2a
2b
3a
3b
4a
4b
5a
5b
6a
bD

CB-Oa 4.0 39"0 34,20b 2,4 L7 "2 4?,8
La 5"0 3r"l+ 42"2
lb 20. B 32"8 47 "Bza 6 "6 32.4 49" B
2b Lg,4 32"4 36 "43a 4"4 t9"+ 84" o
3b 13,0 þ0" o 38 "t+4a !2"2 Lg,6 23.0
4b 20 "2 36,Lt t+? ,B
5a 23,4 37 "2 5? "B5b 7L"2 4O"2 50.86a 8"4 28,2 26,2
6¡ 1B"B 35"6 50"2

7,1+ L "60"8 0"8
lu8 4"?
4"0 5"8
9 "It' 6,8

?B"B L7 "25,O L6,2
2+"O L2,2
L6,O 25,8
?,6 L? 

"O11 . þ 25,0
4"2 L5,z

L4"2 22"8l+3.8 2g "2

40 "4?7 "O
LI+ "418"4
3?,4
22"6
24 "B
37 "4L,6
18" 0
28. 0
27 "4oô./ov
2L,O

SS-0a
0b
1a
1b
aó-
2b
3a
)b
Ua
4b
5a
5b
6a
ob

S I-0a
0b
La
Lb
2a
2b
3a
3b
4a
l+b

5a
5b
6a
6¡

CS-Oa 2,4 14" 0
ob 1"8 1g"Bla 6 "4 z3"o
1b 20.4 30,42a 38. B 56,42b L2,? l+0"2
3a 33 "4 38,6
3b 33"4 45"0I+a j?,1, LL3"o
&u 4"2 ? j.o
5a Lg "1+ 53 "B5b L55"O 86. o
6a 330"0 6L,o
6v z8o"o LVS"o

25.4 36 "427,4 68" O

83.o 47.4
54"t+ 40. o
33"6 ?g"O2L,O 58" og5"o 82" o
03" o 96 "o64"0 115"0
57 "B 54" B
)2"0 68 

" 
o

7 5,0 72"O
9 5"o þB , ¿t.

65"o 4? "4

C I-0a
0b
La
1b
2a
2b
3a
3b
Ia
4¡
5a
5b
6a
6v

3'B
Bo0

36,0
7,2
+"6
50"2 L
11"0 1

265,0 1

3?"0
6,6

L5"4 I
58"0 2

t27 "O 1

250,0 2



Appendix 4 ( cont' ci )

Table L3" Nitrate-iriitrogen Concentrations (ppm)

in the Soils for the l,{onth of July

Drum Drum

CB-0a
0b
La
1b
Za
2b
3a
3b
4a
4¡
5a
5b
6a
Cr ll

ep
6oL5

2r6
4"0
4"2
2rB
4"4
3"6
3"2
3"4
?"6
5"o
8"6
5"0
3'2
6"6

2"2
3"0
5"8
5"6

33,+
L4,6
28"+
20.6

108" 0
6? "o40.4
64 "or55.O

107"0

8,6
3,6

54,4
33 "445,2

L32,0
L7 oo
54" O

9"4
L24"O
200.0
110" 0
L2!, O

27O,0

20 "446,6
46 "6
54 "6l+1" o
30" 0
44,6
38" 0
4L.6
44" o
34.6
29"6
3L' 6
39 "O

29 "22!,2
LB "628. 0
43 "626 "O37,2
36, Z
26,4
23 "B
39,B
24,6
26,2
30"0

/1 r)
( ør-

38" 0
5? '4
39 "+46 "480" 0
Bg" 0
56"0

?L+ "Q43"4
48" 0
20,+
50,4
43"2

SS-0a
0b
ta
IO
2a
2b
3a
3b
tl.a

þ¡
5a
5b
6a
6u

lnO
2,l+
L"2
2"4
2"6
laO
2"6

00" I
2uB
2r6
2"O
ôOLø()
1"0
1n0

0u0
1"8
1"0
L"2
O16
7"2
3"0

L3,4
4,2

39.2
3,8
6.0

64"o
L,6

2.6
0u4
2"6
2r4
L,2
oQa.a\)
2.8
Irz
2"6
2rB
2.6
2"4
0,8
2"8

0.6
L"4
L"2
o"o
0n 0
2"8
4,8
o,
-/aÇ

3"8
L?"6

5,O
0,8

3L.6
Boz

L,l+
0"4
3,6

42"4
Low

t65"o
63"0
42"6
31.0
58 "4L7l+ 

"Or39 
"OL34.0

L27,O

BO

2,6
2rB
2"4
2"6
2"8
5,4
3"8
2"0
6"4
)Qaav
4"6
100
3"2
'7t)oç

2rO
3"8
208
1"8
2rB
6.2
6,8
2"0
2"6
6.8
8"4
3,6

LL,+
5"4

to0
L"2
ll, I

i-0"4
7'o

L4"2
0"8
B" ¿+-

L3 ,6
L5" 6

? "64þ" B

18"þ
20 

"B

3o 6o3o1(

)øZ
?,6
L"4
J"0
4"4
3"8
I+,6
3'2
1øO
)"6
3.4
4,6
4,4
5,0

CS-Oa 2,6
0b )"o7a 5"?1b 3 "Lt2a 7"22b 3,1+3a 3,+lb +"6
4a 4"0
4b 5"0
5a ?"6
5b 4L "46a t5? "O6b 5.0

SB-0a
0b
La
1b
2a
2b
3a
lb
4a
4¡
5a
5b
6a
6b

C I-0a
0b
!a
1b
2a
?b
3a
lb
4a
4b
5a
5b
6a
6u

cQ
4,4
4.8
4"6
3"6

L9 "O270"O
Lg"6
5"6
5,6

L44,0
44,2

255,0
7 5"0

0a 6"2
0b L"2
La 0"&
lb 2L,6
2a L,6
2b 3"4
3a L6 "43b 2.8
4a 25"8¿+.b 9 "LI,5a 9'4
5b 4.6
6a 125"0
6b Bz"o
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Appendix 4 (cont'd)

Tabl-e 14. liitrate-Nitrogen Concentrations (ppm)

in the Soils for the l,{onth of August

Drum

CB-0a
0b
La
1b
2a
2b
3a
3b
4a
þ¡
5a
5b
6a
6b

CS-0a
0b
La
1b
2a
2b
3a
3b
4a
4¡
5a
5b
6a
6a

Depth
L5 )0 6o

L2,O
18"þ
22.0
18" 0
22"0
29 "422"0
4? "otB.4
10,4
37 "o19" 0
32,0
37 "o

Drum

SB-0a
0b
LÕ-

1b
2a
2b,)^
)d.

3b
4a
4b
5a
5b
6a
ÔD

S I-0a
0b
1a
1b
2a
2b
)a
3b
4a
4b
5a
5b
6a
6¡

t,6
L,6
0.8
4"0
4"0
4.0
1,0
J"O
0"4
1"0
3"2
1"0
r"6
1"0

0r4
L"6
0"2
0"0
0"8
1n0
1.0
1"0
0"8
1"0
oo2
t"6
o'¿t
1,0
o"2
0"þ
0"4
4"0
6"0
0,2

35, O

0.0
36,4
0"4

26"0
0.4

B2, o
LL5,O

2"O
1"0
1"0
L,6
0"8
1u0
1,0
JuÔ
ZoO
1,0
100
1"0
L.6
L.6

0.4
0"2
o"¿l
L"0
L.0
Lr6
1.0
0r6
0"6
o"¿+
0"8
1"0
6"4

23"0

0'0
0"4

r? "42L "O18,4
27,0
20 "4L25,0

L02"0
L7 "4

L57 'o
27 'orL5"0

L45, O

L.6
L"6
2"6
2.6
3"6
+"6
L"6
2rO
Lo0
2rO
t"6
2"6
2uO
Lr6

0"8
0rB
0. ¿l

Orz
1"0
2r0
4.0
3"0
2.11,
4"4
7,O
2"6
8"0
6.6
0"2
0"4
+"4
1.8
4"4

Lt,6
1"0
3.0

11.0
Bu0

2?,6
52"O
L3,6
14"0

6o30L5

4,0 4"+
L"6 9 "o
3" o 3,22"0 6 "o2,O 3"42"0 ¿+.0
2"0 3"0
1" B 5"02,O 5.0
3,0 3.22"1+ 4"4
t, 8 2oo
2,0 2'0
J" 0 6"+

SS-0a
0b
1a
l-o
2a
2b
3a
lb
4a
¿+b

)ó,
5b
6a
bt)

!2,+
3,4
8"0

L3.LY
L3 "4
34 "O26,O
22,O
22,O
30 "625"0
27,0
2L "635.4

1"0
3,0
3"0
+,6
5,6
3,4
4"0
3,4
2"4
2,4
5"6
9"0
4"0
3"4

4"6
29"6
31" 0
34"0
)),0
t+8"6
60" o
7 5"O
22"6
48 "6
63 "o
33 "6
58" 0
42.6

CI-Oa 3,60b 4"0
Ia 3"61b 4"0
2a 4"6
2b 4"0
3a 10" 0
3b 170.0
4a 38"6¿l-b 8"6
5a 63,0
5b 170"0
6a L?O.O
6u 11" o

2.4
3"o
J,o
9,0

18"4
22.6
30,0
37 "oL3"l+
31" 0
73 "O118"0
39 "0
70,O

5"6
4,6

)2,6
1J0.0
t45.o
105" 0
2+5. O

180,0
27O,0
245"O
2I+5"O
345"O
230"0
L45,O



B2

.A.ppendix 4 (cont'd )

Tabl-e t5" Nitrate-Nitrogen

in the Soils for
Concentrations (pp*)

the lionth of September

6o Drum1< 15
Depth (cm)

30 60Drum

CS-0a
0b
La
Lb
2a
2b
3a
3b
4a
þu
5a
5b
6a
bb

4"6
6"2
6,4

10, 4
9no
).0
8,4
8"4
7"0

t2"4
4.4
R2
3"6

17 ,0

6"4
5"0
)"6
9"o
6,4
l+ 

"64"0
9,+

11.0
8"0
5"0

41, 0
10"0
10" 0

l+ 
"63"2

10" 0
6"6
8"2

LT "2
37 "0178"0
30"0

?62"0
?70 "o32'l+
206 "o
33,8

SB-0a
0b
La
1b
2a
2b
3a
3b
4a
þ¡
5a
5b
6a
6u

3"0
5"0
B"o

L4,4
5"o
2"4
7"0
7,0
4.0
4"+
?Q
) ø'J

4,6
3,6
?"0

CB-0a
0b
!a
Lb
2a
2b
3a
3b
Ua
4b
5a
5b
6a
6¡

SS-0a
0b
!a
1b
2a
2b
3a
3b
4a
4b
5a
5b
6a
ôb

)"6
l+"6
5"0

L3 "410" 0
L5"O
7.4
9"0
7"0
5 'l+14, 0

13, 0

7,1+
26 "4

S I-0a
0b
ta
1b
2a
2b
)ó"
3b
4a
4b
5a
5b
6a
bb

C I-0a
0b
IA
1b
2a
2b
3a
3b
4a
lJ.b

5a
5b
6a
6¡

Depth (cm

30

10.0
18" 0
L4"+
L4.+
L4"4
6,2

1l-n0
19" 0

B"þ
19.0
L3 "67"+
6,2

22,1+

L2"4
11,4
10" 0
18"4
l-1.0
35,0
37,4
47,0
28"0
37,O
3 5,0

108.0
3 5"O

105.0

6"2
LO"6
4 5.tv

196. o
Ll+z"0

20 00
??6"0
18B"0
t?6 "o244"0
274"0
200" 0
L66 "O
148, 0

3"8
6"2
9,0
6"4

19" 0
12"o
L6 "430.4
?"4

LL "227 "O
5"0

29.6
L5"6

0"4
1"0
0"0
0.4
0"8
0"8
0"8
0.4
or6
0,0
0"4
0"6
0"6
0"4

o16
L"2
0,6
o"6
or6
1"0
0r6
100
1u0
Or6
2"0
1"0
3"4

L7 "O
1.0
0r0
3.0
J"0
4,4

L4 "4
37 "t+0u2
3+ "O14"0

LL5"o
4.0

140"0
260 .0

0"8
0,6
0"0
0"6
0.4
100
1"0
0.8
0"6
0"¿l
1"8
0"6
Orz
0.4

0"þ
0"¿l
0"0
1"4
0"6
1"0
L,4
1"0
3"0
1"1+
L"6
1OIcU
1,4
1"8

1" 0 L.2
0"8 1"0
0,8 0" 6
l-.0 1.0
L"6 1,0
1.0 L "6
1 ,4 3,4
1, ¿l ?uor"2 7 "40,6 4,4
1"¿l 1"4
5,4 ln O

B.B LOOZtz,o 7,0
ouo 1"0
1u O 1"6
luo 3,6
6,0 5"6

105" o 6" o
go" o 8"4
3t"o 4"2

230"0 t"o
L2+"0 L2"O
113" o 22"+
l8o. o 13.4
130. o 42"4
23O "O 22"+
2go"o 39"o



B3

Appendix 5

Tabl-e L6 
"

Factorial Analysis for NOr-N

in the SoiI

egrees
Freedom VaIue

Total-

-t'er-t1I1Zer (!'J
soil (s )

Rate (R)

Month (tt{ )

Depth (D )

FxS
FxR
Fx14
SxM
RxIVI
RxS
DxI[
DxF
DxR
DxS

MxFxR
I[xFxS
FxRxS
MxRxS
DxMxF
DxMxR
DxMxS
DxFxR
DxFxS
DxRxS

Sub-total

Eryor

20 5250 " LLÞ

LB55Lo" 60

364t+9 "93
3055"3+

6L824,4L

20802,64
L5043 "84

7238 "6L
741+L "23

827 "7O
5024 "+O
5292"37

47859 "Bz
8324 "? 5
692? "3t

L269,7 5

t6gz,Bo
3318,01
2059 "36
t+LB? 

"gz
806" 1g

z44z"4t
'7toa o'))L ( r-ø.-)

4469 "BL
L6Lo "3t

22" 54 rrJr

L6 "30 +ttå

7 " 
BIl. J*re

B. 06 ¿tJe

0"90 noso

5,44 +rÊ

5 "7 3 r+rf

5I "86 r$'r+

9 "02 rfr+

7"56 J+.:t

L"38 rros s

L"83 tìoso

3 "60 r++f

, )2. +J+

4 
" 54 {-Jt

O"87 ñosø

2"65 ìq

3 " 55 {-+r

4 
" 
Bþ ¡K'Jf

L"75 rrosc

LOOT

2

L

6

3

2

222.4L
20t.02
39,50

3 "3L
66.99

**

2

T2

6
.))

1B

6

6

4

L2

2

ltl

6

L2

1B

L2

36

6

24

4

L2

25L

756 922,83

J+ = (p 4,05) #r+ = (p 4"0L) nøso = not significant



B4

.A.ppendix 6

Tabl-e L7 
"

Drum

CS-0a
0b
la
1b
2a
2b
3a
3b
4a
4b
5a
5b
6a
6a

C I-0a
0b
1a
1b
2a
2b
3a
3b
4a
¿l.b

5a
5b
6a
00

C onduct ivity
for the

(mmhos) of the Soil-s

Ivionth of June

Depth (cm)
15 30

r"r 1"1
L,L L.3
L N2 L, 4
L"2 L"4L,+ 1, B

Lo7 L,l+
L"4 1.¿l
L"4 L.6
1,4 2"J
1"1 L.g
L "2 L"6
L "7 zu)
3,7 L"9
3,3 2"7

1,0 7"3
1,1 L"3
L"2 L"6
1" 0 1,3
1.0 1,2
L") 1"8
L "L 2"4
2") Lu7
Lo? t,5
1ul 1"4
1"1 1"8
t, 5 2"7
L "7 znj
2"2 21 5

60
Depth (cm )

L5 30 6o

0"3 0"3
0"3 0"4
0"4 0,6
1.0 0.8
0,6 0"5
1"0 0"5
t"3 L"3
1"1 0"5
0,7 0"8
L,7 L"+
t"3 L"2
L"3 Luz
2.0 L"5
2"3 L "l+

1"1
Lr2
L"3
L"3
t,4
1"4
L,6
1"4
1"1
L"6
!.5
L,9
L"6
L"5

0.8 L,?
o"7 0,8
0"9 L,2
L"4 L,}
1"4 !"1+
1" 4 1.4
1, 1 L,2
1"4 1"8
L"6 L.4
L,6 L"6
zoL L"9
L, 5 L,9
L,4 1" 8
L"9 L,9

CB-0a
0b
ta
1b
2a
2b
3a
3b
ba
4b
5a
5b
6a
Õo

0"4
OnZ
0"4
^2
o"¿+
0"6
o"5
0"6
0,7
0"6
0"7
0"4
0,7
0"7

SS-0a
0b
1a
1b
?a
2b
)d-

3b
4a
4b
5a
5b
6a
6u

7"5
r"4
1"¿i-
L,+
L,5
I,lt
1"4
L,7
L"4
Lu2
L"3
1,4
Icl
L,2
,l)
Ls )
L,7
l_"4
1"0
L"6
IuO
1,8
1.8
L"5
1.4
I"5
L"5
1"4
!,1+

Drum

SB-0a
0b
IA
1b
2a
2b
Ja
3b
Lta
4b
5a
5b
6a
6a

SI-0a
0b
la
1b
2a
2b
3a
3b
4a
4b
5a
5b
6a
ôb

o13
OnZ
o.2
0"2
0"J
0,7
0.3
0"6
0rþ
o"J
0"4
Orz
0"8
1')L.)

0'?
0"2
0"3
0"2
ot4
0.3
0.6
0"3
0"2
0"4
0"4
0"2
0r4
0"4

0r4
0"4
o.3
0"4
0"4
0"4
0r4
0r4
0,4
0"4
o. ¿l

0"4
0,J
0nþ

0"¿l
Ou2
0"2
or2
o"2
0"4
0"3
0.3
0"2
or2
0"3
or2
O"2
0"3

0") 0"2
0u2 0.3
0"6 oo2
0"3 0,)
O,7 0"3
0.7 0"20"4 o,3o"5 0"2
0"4 0.2
0"8 0"3
0"7 0"3
0"6 0"3
0"6 0"3
0"7 0"3
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ept

Appendix 6 (cont'd)

Table 18" Conductivity (mmhos ) of the Soils

For the i'/ionth of JuIy

Drum r5 30 6o Drum L)

0"3
o"2
0"¿l
0"5
0"5
0.4
0.4
Orz
0"4
o"5
0.6
008
0.þ
0"6

0"5
o,5
0"5
o'5
Qn7
L"2
o,g
or3
2uO
0"8
2uL
L"3
1.0
L"3

0r5
0"4
0"5
o"/l
1"1
L"3
0r5
1"0
L"2
0"5
1(
Lø )

0"7
1"0
o17

0"2
0"2
o.2
0"3
0,8
0"5
0"6
0"8
0.4
0"5
0,6
0,3
0"8
O"¿l

0"2
O"2
Oo2
or2
or2
o, ¿+

O"2
0"6
0"3
1" i-
0"J
0"4
1"8
Ou2

Ir5
L,4

SS-0a
0b
1a
1-b
a^
¿,d

2b
3a
3b
t+a

4u
5a
5b
6a
6v

S I-0a
0b
La
IO
2a
2b
3a
2Ì.
)v
4a
4b
5a
5b
6a
6a

o"¿+
On2
o"2
o"5
0"2
O"2
0.5
O"2
0.5
0"J
0"3
0r3
L"5
1rì¿óv

?ô

or2
O"2
0"2
0"6
0"3
1_"9
0,8
0"7
L,7
0"7
L.5
L.5
t"5
L"5

6o

o"3
0.2
0"J
o"2
0"2
or)
0"3
0"2
oo2
0.2
or2
0"2
0,2
o"3

0.2
0"2
or2
0'2
or2
0"3
o,2
0u2
0,3
0"3
O"2
0"6
0r4
0"5

SB-0a
0b
1a
1b
a^ad.
2b
)d,

3b
4a
4b
5a
5b
6a
OD

L"2
L"5
t"5
t"6
L"5
L"4
r"5
L"L+
Lr+
L"3
1.4
L.+
1lt-c )
L"5

Iet*
1/)L6-

L.4
Lr5
L"5
L,4
r.o
Ir5
1Q¡ru
1"4
IoO
LuLþ
L"4
Lu2

Ls_)
1,5
1"4
1"6
1(¿o )
1"8
1"8
IsO
1"8
1"¿l
t14
r"4

1"3
L,2
L"5
L"3
L"4
L"9
L"2
lcO
2"2
L"B
2"2
1,8
1"8
1ø (

C I-0a
0b
IA
1b
2a
2b
)ë-
3b
4a
4b
Ë^)o.
5b
6a
ôf)

L"l-
1,0
!.2
L"2
L,6
L.6
L,7
L"7
L"6
1" B
ln )
a'>La )
2"3
2')

CB-0a
0b
1a
1b
Za
2b
)é.
3b
4a
¿{-b

5a
5b
6a
6¡

L"2
Lr2
r"3
L,3
L"5
L13
L"4
L.6
t"g
1-, 5
L,6
L"g
Zø(
2"1

CS-0a
0b
la
1b
Za
2b
a^)é.
3b
Ua
4b
5a
5b
6a
6¡

1" l-

1"1
L.2
L"2
Irj
L"5
r.6
2"0
1.8
1"8
L,7
1"8
2.L
1.8

1"1
1"L
1. l-
L.1_
1"1
1"1
L"3
tn2
L,2
1"1
L,3
L.6
2rB
t"3

1n1
\"2
t.2
1"1
1a
LaÇ

L,2
2"5
Lel
1"1
Lcl
200
1"3
2u2
L"5



Appendix 6 (cont'd)

Table 19, Conductivity (mmhos ) of the Soils

For the l'lonth of August

Dept
Drum L5 30 OU Drum L5

SS-0a
0b
LÓ-

1b
Ld-

2b
3a
lb
4a
4¡
5a
5b
6a
6¡

Sf-0a
0b
Ia
1b
Ld"

2b
1-)é-
lb
4a
4b
5a
5b
6a
6¡

B6

)v 6o

0"3
0"2
0"5
o"5
o"6
0"7
o"5
L"6
L"2
0"5
L"6
0,5
L"4
t"5

0"3
0"3
0"4
Or5
0" _5

0"4
o.5
0,3
0"3
0"4
0r4
0r9
0"4
or6

0"4
0,3
0"4
onlf
o.7
0"5
L,3
0"9
0"5
1"1
0,5
l_"1
L"+
L"1

0"þ
o"3
0.3
0r3
0" 5
0"8
0"6
0.6
0"6
0,6
0"8
r,5
1"0
0"8

SB-0a
0b
Ia
1b
2a
2b
ã^
)4.
JD
4a
4¡
5a
5b
6a
bCr

CB-0a
0b
la
1b
2a
2h
1^)a
3b
4a
þ¡
5a
5b
6a
6u

o"3
0"J
0.3
0,3
0"3
0,3
o"3
o"3
0"3
0"4
0"4
ou2
0"4
0,3

0"3
0"J
0"3
0,3
0.3
0.3
0"4
or3
o.3
0"4
o"3
0"3
0"7
0"8

0"3
0" J
0"3
0"3
0.J
0.3
0"4
0"3
0"3
0"3
0"3
0"4
0"J
0" 5

CS-0a
0b
IA
1b
2a
2b
3a
3b
ha
4¡
5a
5b
6a
6¡

or)
0"3
0,3
0,3
0r4
0"¿l
0"3
0,3
0.3
0"3
o"¿l
o17
0"4
0,4

0.J
o.2
o.3
^1wø)
0ub
0"3
0"6
0"3
0"6
0r3
0"4
o"3
1"1
lôLøL

L"2
L"4
1"þ
t,5
L,l+
L,+
L"5
L,5
l-"1
L"5
L"5
r.4
L,2
r,3

C f-0a
0b
Ia
1b
Za
2b
3a
3b
4a
&¡
5a
5b
6a
6¡

1"0
0"9
1u0
1"0
2"0
0"8
2"!
L"7
108
2"0
L17
L"5
1"8
2rL

1,0
0.8
1,0
1" 1
or9
1"0
t.3
1"0
1.1
1"0
1" 1-

L,+
0.9
1.1

100
1"0
1,.!
1"0
1"1
1u0
100
2rL
Lu2
0"9
L"4
2"!
2"L
1"0

1.0
l-, 0
Lu2
1')
L6 )
1-B
100
l-oB
T,5
1"B
2rO
tr5
r"7
z. )
2"5

0,9
0"9
Iel
i_,1
L"2
L,4
L,3
L"5
1"0
L"3
1"8
2r5
L.3
L"7

1"1
Lrz
L"3
l_"8
L"g
L"7
)2Lø I

2"3
2"8
2,4
2"5
1oö
2"7
200

1"0
1"1
L"4
L"3
L"2
Lo2
L"2
L"3
i_"1
1u1
L"3
,la
LaL

I"4
!o2

0r9
o"g
1.1
1,1
1aLoa
L,3
4ato,)
L.L
1"1
L"3
L.2
L,3
Lrj
L,?



Appendix 6 (cont'd)

Tabl,e 29" Conductivity (mmhos ) of the Soils

For the lvlonth of September

B7

6oDrum
Depth (cm

15 30 6o Drum

SI-0a
0b
La
1b
2a
2b
3a
3b
4a
4u
5a
5b
6a
6a

Depth
L5 )0

013
0"J
0"4
0"4
o"5
0"3
or6
0r3
0"4
0"5
0.6
0"9
0"4
0.9

SB-0a
0b
La
1b
2a
2b
)a
3b
Ua
4b
5a
5b
6a
ob

CB-0a
0b
La
1b
2a
2b
3a
3b
4a
4b
5a
5b
6a
6n

SS-0a
0b
lL̂Õ.

Lb
2a
2b
3a
)b
4a
4b
5a
5b
6a
6b

L.2 L"2
1.2 Lu7
1. 0 L,3
!.2 ruz
Loz L"2
!,L 1"3
!,4 L, 51"4 L"5
L,2 1" 4
L,2 L" 5L"l+ L,5
L"6 2,L
L.2 1" 1
1,3 L"g

CS-0a
0b
ta
1b
Za
2b
3a
3b
l+a
¿+u

Ja
5b
6a
6a

0.3
0'3
0"3
0"3
0"4
0.3
Q"3
0"3
0n4
0r4
0"4
0.6
or5
0"6

o" J 0"4
0,3 o")0,3 0,4
0"4 0"4
0"4 0"8
0"4 1"0
0"6 0"6
0"3 t"3
0,5 L"3
0.6 0" B

0" B ?"+
o" 3 2,!
L,4 !"2
2,0 L"5

C I-0a
0b
!a
1b
2a
2b
3a
3b
4a
4b
5a
5b
6a
6¡

L"t
1aLøL

101
1"8
Lr6
1"4
L"g
L.L
214
1.0
2r!
1,8
2"3
1" 1

1" 1
aaaøL
1"4
L"2
L"7
L"7
L"6
1"¿+
1"8
2"L
2,!
L"g
2t
-8 L

1"1

1" 0 L"2
lu 1 L,2
1"1 1,4.
1,0 t"g
l" 1 L"3
Lnz 1ul
t u2 2u)
Lr9 2'Or") r"6
Lu7 2"0
2"3 2" 5
\ "3 2"0
2,O 1" B
t"3 L,g

1"1
1,1
L'3
2.L
1n1
1"0
2.2
1"1
Lo2
1"1
1"1
L"2
L.2
L"g

1"1_
1"1
I"2
1"4
0'3
I,2
L.3
Lu2
Lu2
1u1
L"4
1. l_

1n1
L"3

L"2
t.3
7.2
L"2
L,1
1')Le)
1"1
1"þ
Lel
L,3
to2
L"3
r")
L"3

0. ¿+

o"6
0.3
0"6
0"6
0"4
0"7
0"7
o"?
0"4
100
o"g
L"2
r"g

0"3
o"3
0.4
0"4
0r4
0"4
0"4
0"¿l
0.4
0"3
0"þ
o"¿l
017
0"7

0r3
4.JLa)

0"3
o,7
0"7
1"L
1,1
1"1
0.6
0"9
t2
0"9
2"4
Lc)

0"4
0,3
o"5
o.3
0uþ
o"g
or5
Lø 4
0"4
0"5
0"3
0"6
0"7
0"7

0.4
0.4
0.þ
o 

"l+0"3
0.4
0"4
0"4
0"4
0"4
0"6
0"3
0"4
0"3
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Appendix 7

Table 21, Factorial Analysis for Soil Conductivity

egrees o
Freedom Square

F
Value

ean

Total

Fertilizer
Soil-
Rate
Month
Depth

r_ 007

2

1

6

2

2

T2

6

I

aOIO

6

6

4

L2

2

36

6

t2
1B

t2
36

6

24

4

L2

25t

?56

4"54
207 

" 55

5"72
o "39

A A âñLv.)(

1,38
0"19
0,44
o "49
0"08
o,I7
0 "L5
t "09
L "L7
o"55

.0, L0

o, 3B

0, 16

0" l3
o,L2
0"09
o "26
0 "L2
0, 14

o "07

64 "85
2965"Oo

BL "77
5" 57

148" 14

v-&

gÍ

r t\'

-94

F

F

F

S

R

Dt\

D

D

D

D

X

L

X

X

x
X

X

X

x

X

X

X

X

X

x

X

x

R

I\4

ï\i

Ir'l

ù
tl
lri

ñr
R

S

F

F

R

R

T1

M

IVI

F

F

R

vI

M

F

M

D

D

D

D

D

D

XR
xS
XS
XS
XF
XR
XS
xR
XS
xS

L9,71 *'^'

^ n4 v-&éa ( L

A tQ. J+.ì?

ry nn JsJ+

L,L+ noso

2,42 ,l+

2, L4 J+

'l < <,7 +r J+L)a )t

L6 "? 1 xJ+

7 "85 *sn

L,42 rross

5"42 r+n

?" 28 *'r+

L "85 J+

L"7L rìo s o

1,28 nos.
) "7L *rn

1 ry1 tS¡q f ¿

2"00 nasa

1" 00 t1 o s o

Sub-totaI

Error 0"07
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Appendix B

Drum

CB-0a
0b
1a
1b
2a
2b
3a
3b
4a
4b
5a
5b
6a
6¡

CS-0a
0b
La
1b
ô^LÓ.

2b
')ê'
3b
4a
4b
5a
5b
6a
bb

C f-0a
0b
1a
1b
.)^
t-ó-

2b
3a
3b
4a
4b
5a
5b
6a
6¡

after before
trans- 1st

planting cut

24
2)
L2
L4
L3

6
10
L2
L6
L5
L2
1B
22
?L

t0
L2
10
1B
L6
L6

<2

4B
4B
4t+
<1

+?
46
46
45
4B
¿r.B

49
5o
52

Table 22u Height (cm) of Reed. Canarygrass

after Transplanting and Before Each Harvest

Hei He i-eht

<)
53
46
54
52
45
46
43
45
50
44
4Z
52
5o

L3
L7
11
t5
1B
t2
20
L9
24
L9
20
2T
24
1B

SB-0a
0b
la
1-b
2a
2b
3a
lb
4a
4b
\q

5b
ôo
6a

10

36
35
2g
3o
3B
3t+
)/
)o
36
42
4o
42
4t+

2n
t?
1B
L6
22
20
1<
L4
t6
tu
L4
t6
1q
L9

SS-0a
0b
1a
1b
o^Ló-
zb
ã^
) <t_

lb
4a
4b
5a
5b
6a
6u

39
44
+3
)B
45
4z
39

42
40
43
38
+2
44

+5
4B
55
46
¿+.8

52
4Z
4g
5o
4B
t+5

4g
54
53

29
25
37',
39
âQ)w
4z
41
35
4t
44
37
¿+o

4o
âQ
)t)

43
?o
4z
4z
)9
+o
43
)ó
4o
+3
L+3

46
)9
3B

44
36
3B
þo
43
4z
37
)6
43
+)
4L
4B
4z
4z

20
L6
L5
L3
L2

9
Lt+

B

before
2nd
cut

43
t+L

42
4L
4z
t+5

4z
?R

39
44
tvj
42
+4
44

Drum

SI-0a
0b
IA
1b
2a
2b.)^
JA

3b
4a
4¡
Ja
5b
6a
ôtt

after
trans-

planting

T7
1B
11

8
t3
L5
L2
12
L6
1-0
L2
L2
10
L4

1t)LL
1?
L7
t+
1B
L6
24
25
L4
L7
1lI (_,,

1B
L5
T6

before
lst
cut

44
4Z
39
3B
4t
4z
1+4

45
4z
33
3B
42
40
t+3

33
4L
+2
44
42
+T
3R
þo
+L
4t
I+4

4z
4B
46

before
2nd
cut

34
2B
3o
3L
33
?<

)9
39
33
28
33
36
37
+t
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Appendix 9

Tabl-e 2J, Factorial Analysis for Height of Grov¡th

Degree of
Freedom

iliean
Square

F
Value

Total-

Fertil-izer (F )
soil (s )

Rate (R )

cut (c )

FxS
FxR
FxC
SXR

RxC

Fx
Fx
Sx
Fx

Sx
Sx
Rx
Rx

R

C

t/

c

FxSxRxC

Sub-total

Error

*
2

t2

6

L

6

167

2

1

6

t

L2

2

6

L2

L2

B3

Bþ

4" o9

1506"00

38"5t
26A 

" 
00

29 "24
2L " 5t+

B"58

36.29
28 "35
29,28

33 "09
L57 "35

20 "70
1c Q,)
)LøVL

T7"5L

8"41

0 "49
L79.O7

4"58

30"92

3,48
2" 56

L,06
4.32
3 "37
3,48

3,93
LB "7L

2 "+6
? orì

2"08

IIe S e

-ÌN

XÍ

IloSo
*g

l'ìc S s

*x

*
**

!
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Appendix 10

Drum

C I-0a
0b
ta
1b
2a
2b
)d.

3b
4a
þ¡
5a
5b
6a
ó¡

Tabl-e 24" Dry lvtatter Yield (kg/ha)

for the First and Second Cut

YieId
1st cut 2nd cut Drum

Yie
lst cut Znd cut

C B-0a
0b
ta
1b
2a
2b
3a
3b
4a
4¡
5a
5b
6a
6b

CS-0a
0b
La
1b
2a
2b
)a
3b
Ua
4b
É^
)Õ.
5b
6a
6¡

506r
5000
t+t46
t+5Lz
5000
4573
4i9o
45?3
t+B?B

4512
5LB3
5LB3
5L22
5244

45tz
4û4
5244
469 5
+7 56
4939
5122
5000
5122
48L?
t+BZB

54BB
56to
56Lo

4? 56
4oB5
5L22
4939
47 56
445r
4Ø4
4329
4zo7
45zl
5ooo
4? 56
48t7
47 56

5000
4? 56
48L7
4329
4634
4Ø4
43go
4zo?
Ðso
4939
4eza
4gjg
506L
5TB3

43go
4329
48L?
4t46
54BB
4573
46)4
4451
469 5
506L
5L22
48L?
5305
4939

506L
t+57 3
5tB)t+û4
524t+
506L
469 5
t+5Lz

524r+
L+? 56
506L
506L
5LB)
5tB3

40zU
3 598
3902
t+o8 5
þoe 5
3B4'L
4024
4zo?
)4?6
4zo?
4zo?
4024
+512
4stz

37Bo
uoe 5
)963
4t46
4zo7
4t46
37Bo
4t46
45L2
4631+
469 5
469 5
4? 56
¿lBZB

3415
? <oR

3 598
4t46
3902
þoB5
4oB5
4oz4
4oB5
45?3
40B5
4oz4
45?3
4z68

3415
34L5
4oB5
3537
t+zo?
4zo7
4329
4oB5
4z68
4oB5
4451
45zl
+69 5
43go

36 _qB

34?6
)902
Ðzs
4t46
4Ø4
47 56
48?B
4glç
5L22
45t2
457)
4z68
4Ø4

SB-0a
0b
La
1-b
2a
2b
3a
3b
4a
4b
5a
5b
6a
6¡

SS-0a
0b
La
1b
2a
2b
3a
3b
4a
¿l.b

5a
5b
6a
ôþ

SI-0a
0b
La
1b
2a
2b
?^
r)a

lb
4a
4b
5a
5b
6a
6¡

4329
)780
4t46
43zg
4oB 5
43go
48L?
4oB 5
445t
4z68
4oz4
4? 56
4)29
4oB 5
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Appendix 11

Tabl-e 25" Factorial Analysis for DM Yield

Degree of
Freedom

I[ean
Square

F
Value

Total

Fertil-izer
S oil
Rate

Cut

FxS
FxR
FxC
SxR
SxC
RxC

Fx
Fx
Fx
Sx

Sx
Sx
Rx
Rx

R

c

Ç

FxSxRxC

Sub-total-

Error

L6?

¿

L

6

I

2

L2

2

6

L

6

L2

2

T2

6

L2

B3

B4

502256 "6t+
L6299549"o5
loBB 579,45

L4B7B "34

280699 "?g
L59? 57 "69
?L6439 '27
zg64j9 "62

77 5,? 2

r3o528 "38

108264 
" 

25

84625 
" 

L6

5458 5,BL
92628 "98

446L? "L5

59462 "68

8"44
274 "LL
18"30

o "25

4 "?z
2,68

r2"04
4" Bl
0"01
2" L9

1" 82

1,08
0" g1

L"55

0"75

x*

flo S o

x

J¿f

T*

11 oSo

lls S e

I'loSo

11 aSo

IIo S o

IIo S o

hd¡¡o u a



Appendix Lz

Drum

C B-0a
0b
La
1b
2a
2b
)ó.
3b
Ua
4¡
5a
5b
6a
6v

C I-0a
0b
IA
1b
Za
2b
)d

3b
4a
4b
)d.

5b
6a
oo

Tabte 26" Crude Protein Content (l)

for the First and Second Cut

CP Content
lst cut 2nd cut Drum 1st cut

a\a

CP Content

SB-0a
0b
1a
1b
2a
2b
3a
lb
Ua
4b
5a
5b
6a
oo

SS-0a
0b
La
Lb
2a
2b
3a
3b
4a
4b
5a
5b
6a
ôb

CS-0a
0b
IA
1b
2a
2b
)o"
3b
4a
4b
5a
5b
6a
6u

SI-0a
0b
1a
1b
2a
2'Õ

3a
)u
4a
4¡
5a
5b
6a
6u

2t "L920.63
23.3L
2L"69
2L "BB
2L "632L"L3
22"L9
20"50
21.63
20"BB
2L"6)
2t"63
20. BB

2L"L3
2! "8L20 "3L2L.L9
24, Lg
2L "3L
2T "3L22"3L
21"50
22"O0
22"00
22"L9
2L,BB
2L "t9

20. BB
2L "L32t, B1
22"50
22"8t
23 "382),OO
22,8t
26"6)
23 "69
23 "L)22"00
23,50
22"O0

14' 69
16"88
15. 00
L4. 50
18, 13
17"88
16. B1
18, 31
1_7 

" 
BB

L7 "L318. 00
18"00
16"88
t7 "63

16"00
L4 "L3T6,38
L6.BI
L6 ,69
t7 "3LL7 "T3L7.50
16"81
t8"63
L? "691B"BB
T9,L9
18,38

12"88
15"88
L6"50
L6 ")LL9,BL
LB"69
20,3L
LB "3Lt5,L3
LB "63
20 "3818, 81
18" 00
L6.63

14"00
L4 "3L14.81
I)oÕÕ
L5.T9
t9 "3Lt7,3L
17"50
tg "L318"38
1,8"3L
18"00
LB"3B
20,50

12,31
L3 ")Btg "6920"81
20 "3r20, 8B
20 "BItuñ
22,6)
21"88
24,3L
2L.Lg
24.OO
24"50

2nd cut
B"BB
7 "6)9'oo

10" 50
9. B1

L3 "3813.00
t3 "3Lt2,38
L2,L3
12, BB
11" 3B
L¿.ÖÖ
L5"37

g, B1
B "69

14 "6914,88
13,88
18,00
16"00
L4,69
17"88
L6 "tg18. 13
18. B1
18. 31
LB ")L

B'38
7.8L
8"81
Q 1,a.)L

10"38
L3,50
14.00
L4 "Lgr 5,69
t6.38
L6 "69L5"63
LB "6)21"00

t7 "3811"81
L 5.38
16"81
16. B1
20 "3L2! 

"OO20,81
20"81
20 "3L2L.3L
21 10
LLOL/

22"8L
2L,38
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Appendix 13

TabIe 27" Factorial Analysis for CP Contentl

Degrees of
Freedom

['lean
Square

F
VaIue

Total

Fertilizer
Soil-
Rate
Cut

FxS
FxR
FxC
SxR
SxC
RxC

FxSx
FxSx
FxRx
SxRx

FxSxRxC

Sub-totaI

Error

R

c

C

L6?

z

t
6

L

2

L2

2

6

L

6

L2

2

L2

6

t2

Q?\))

B4

L "92
L2,L9
L,gg

27 "87

o,66
0" 14

0,00
o"75
0, 13

0" 07

0" 06

0 "05
0" 06

0"03

0. o3

o"o3

64, oQ +rJt

4o6,33 ''Ê'rr

66 "3) nrå

929.o0 tr+

22" OO rf n

0"00¿l noso

0.00 noso

25, O0 nrr

l+ "3j 
n

2 "33 #'

2.OO ++

L,6? rtsso

2"OO r+

1"00 rlase

1r00 11 oso

lv"tr"= used
nitrogen in
multiplying

here for statistical analysis were those of %the plant tj-ssueu These values obtained by
CP content by 0"16"



Appendix L+

Drum

Table ZBa" Percent Nitrate and Nitrate-

Nitrogen in lst Cut Reed Canarygrass

i!0: Drum NO:

1" 01
! ,21+
0. 85
L.02
0 "96
1" 04
o.?6
0"85
0"94
o,7 5
0" 7B
o "7L0"78
0.79

t,t2
o'91
t.36
1.38
1. BJ
L,45
t "23
1 ,40
L.67
L,5L
r"70
r"57
L.46
r "69

0 "23o"28
0"19
o"23
o "22
o "?3o"L7
o,Lg
0,2L
o "170" 1B
0. 16
0" 1B
0" 1B

0 "23
o ,29
o "23o"20
o"23
o"22
0,24
0 "27
0 "27
o ,29
0"26
o"29
0,32
o"25

o "250020
0"31
o "3L0" 41
o "330" 28
o "32
o "36
o "340"38
0 "350"33
o, 3B

SB-0a
0b
La
1b
2a
cÌ-

3a
3b
l+a
4b
5a
5b
6a
6u

SI-0a
0b
La
1b
2a
2b
t^
)d-
)v
4a
4b
5a
5b
6a
6a

a"28
o,L2
0 "23
o "t2
o .2I
0"66
0"55
0.61
0. Bg
0"85
L "05
0 "821"11
L,17

95

0, 05
0" 01
0, 0L
0"02
0"0¿l
o "o7O, Oþ
0"06
0"04
0"07
0"0¿t
0"03
0"05
o,t2

o. o3
0, 03
0"13
0"1-þ
0"2L
0 ,211
0"tg
o "200,)2
0 "34
0 "35
0 n22
o "Lt60.35

NO

o,2L
0, 05
0,05
0"09
0"19
o,33
0" l-B
o"29
0" 16
o "29
o "L70" 13
o"2L
o"5+

CB-0a
0b
!a
1b
o^Lö-
2b
3a
lb
4a
4b
5a
5b
6a
6¡

o,06
0"03
0"05
0. 0J
0. 05
0"15
o "t20. 1þ
0,20
0,L9
0,24
0"18
0.25
o ,26

SS-0a
0b
La
1b
1b
2h
3a
3b
4a
4¡
5a
5b
6a
6u

1,04
r "27L.O2
o" Bg
1, 03
o,96
1" 06
1-,18
L,20
1"30
L "L5T,2B
1 ,40
1"10

CS-0a
0b
La
1b
2a
2b
3a
3b
4a
4b
5a
5b
6a
6¡

0,13
0" L4
0" 58
0 "620,93
loUO
o. B¿t
0"90
1.40
L,l[9
7"57
0 "gg2"03
L"55

C I-0a
0b
1a
Lb
a^
¿- Õ-

2b
)a
lb
l+a
4¡
5a
5b
6a
6¡



96

Appendix tt+ (Cont'd )

Tabl-e ?Bb, Percent tlitrate and Nitrate-
Nitrogen in 2nd Cut Reed Canarygrass
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Appendix t5

Tab1e 29" Factorial Analysis

in the Plant

for Nitrate
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Table lOa" l'lineral- Content of Lst Cut

Reed Canarygrass Grown on the CIay Soil
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Tabl-e 30b" l4ineral Content of 1st Cut

Reed Canarygrass Grown on the Sand Soil
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Appendix t6 (Cont'd)

Table lOc" llineral Content of Znd Cut

Reed Canarygrass Grown on the Clay Soil-
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Table 30d" I\lineral- Content of Znd Cut

Reed Canarygrass Grown on the Sand Soil-
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