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ABSTRACT

The long term soil fertility experiment under study involved a L=
year rotation of fallow, wheat, corn, wheats A range of manure treatments
using rates from 5 to 30 tons per acre, was applied once each gcyecle of
the rotation for 36 years. Soil and erop yield analyses were used to
measure the effects on the fertility of the soil of these repeated
applications of manuree.

Soll analyses indicated that the content of organio matter, nitrogen,
total, inorganio and available phosphorus was proportional to the rates
of manure applied. The carbon-nitrogen ratio was similar for all rates.
The organio phosphorus content was greater on the lower rates. Movement
into the profile of nitrogen and phosphorus had occurred.

Long term yield inorsases on gorn and wheat after corn were propor-
tional to the rates of manure applied, although inoreases on the wheat
on fallow orop from 10-ton and 30-ton rates were not significantly
different. Short term yield increases on oorn and wheat after acorn were
larger in later oyoles of the experiment, due %o the cumulative effect
of manure treatments and to deolining cheok yields. There was little
difference between returns of wheat on fallow in later years comparad
with those of earlier cycless Crop yields, particularly those of corn
and wheat after corn on the high rate treatments, indicated a high level
of fertility,_in agreement with the high nutrient contents obtained by
soll analyses. Under favorable seasonal conditions large yleld inoreases
resulted from this high yield potentiale Under less favorable econditions
very low returns were often recorded. The largest returns per ton of

manure applied, were obtained from the 5=ton rate.
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I, INTRODUCTION

For more than one hundred years agricultural soientists have used
field experiments to evaluate the effects of management preotices
on orop yields and on soil fertility. Since organiec materials were
frequently the prineipal source of plant nutrients available, numerous
experiments were established to d etermine their effects on erop production.
As mineral fertilizers were developed they have gradually received more
emphasis in experimental work,

Mineral fertilizers, as a ryle, are useful only as sourses of plant
nutrients. Beneficial effects of organic fertilizers are usually
attributable to their value both as sources of plant nutrients and
their effeot on physical properties of the soil,

The long term farm-manure experiment reported herein is of interest
since Manitoba soils are known to respond to the nitrogen and phosphorus
supplied by manure. In addition these soils respond to improvement in soil
structure dus to manure. 4s physical condition and fortility of soil
decline with continued cultivation and through erosion the value of organioe
materials becomes more important.

This paper presents an interpretation of the effects of repeated
applications of manure on the level of soil fertility as measured by
such chemiocal analyses as organio matter, nitrogen and total, organie,
inorganic and available phosphorus. In addition, these effects on the

resulting crop yields are interpreted,
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II. REVIEW OF LITERATURE

Farm manure is a valuable by-product of livestook production because
of its content of plant nutrients and organie eonstituents. When used
to increase erop production its effects may be due to the nutrients
supplied or to improvement in the physical properties of the soil, These
two-fold effeots have been shown to be most pronounced on soils of low
fertility or poor structure. Farm manure may be applied to the soil as

fresh undecomposed material or as rotted material, The term rotted manure

indicates that the original structure of the materisl s has largely dis-

appeared. Since the experiment outlined here is mainly concerned with the

rotted material, further use of the term manure refers t§ this forme.

In addition to supplying approximetely 0.5%N, 0.25% Po0g, and 0.5%
K00, rotted farm manure contains appreciable guantities of ocaloium,
magnesium, and sulphur, and mey also supply significant amounts of

manganese, zino and copper. Small amounts of boron may be present (12).

Farm manure also provides such plant growth promoting substances as oreatinine
(12)s The reducing action of manure decomposing in the soil aids in meking
iron and manganese available; +these elements are sometimes insoluble under

excessively oxidizing conditions. The soluble organic matter supplied by

manure is believed to aid in keeping phosphates in solution, thus inoreasing
their aveilability (19).
4 EFFECT OF FARM MANURES ON SOIL STRUCTURE

The valus of farm manure in relation to soil structure has been

emphasized frequently in the literature. The benefits from its use have
been most marked in heavy and on light textured soils. Menure improves
such physical properties as aggregation, seration, water holding capacity,

permeability and temperature relations. It also inoreases the biologieal

aotivities of soil organisms, thus making plant nutrients available for

immediate uses
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The importance of favorable soil physioal conditions has been emphasizéd‘
by Baver and Farnsworth (14) in an experiment with sugar beets. As aeration
was improved yields increased 3 to 5 fold; whilé. &t the same time, the
need for fertilizers increased on a soll which previously had given no
response to applieatiéns of fertilizerse. Russell and Appleyard (3) have
shown that the addition of manure to a fallow soil tripled the COp content .
of the soil air, an indioation of greatly inocreased biologicel sctivitye
Root orops have produced the greatest returns from improvement in soil
structure.

When used as a surface mulch, manure will retard soil erosion by wind
or water and reduce evaporation of soil moisture.
Be EFFECT OF FARM MANURES ON SOIL FERTILITY
le Soil Organic Matter and Nitrogen

Under most oropping systems there is a gradual and continuous deorsase
in soil organic matter and hence nitrogen, since the two are closely relatéd.
On & Red River olay soil Poyser et ale (15) showed that there hgs been an
over-all decrease of 27.9% in the organic carbon content, and 15.9% of the
hitrogen during a twenty-five year period of oropping to a fallow, wheat,
corn, wheat rotation. This decrease in soil fertility had been significantly
retarded by the applioation of 10 tons of rotted farm manure in the fallow
years Deta from the Ohio experimental station indicated that after 32
years of a corn, oets, wheat, olovqr, timothy ;otation with no manure, the
organic matter content was 76% of the originals With 8 and 16 tons of
manure, applied in the rotation, the organio matter was 93 and 102% of the
original (22).

Soil organio matter is not maintained only by the inoorporation of
straw or other material, the composition of which differs greatly from that

of stabilized soil humus. Much of the orgenioc matter of farm menure has a
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CaN ratio of 10z1 whioh is approximately the same as that of_goil‘humug,
whereas strew has a CzN ratio of about 5021 (22). While straw requires
nitrogen from the soil to decompose, good farm manure ocontains suffioclent
available nitrogen to decompose a normal amount of strew and also to

supply some nitrogen for the immediate needs of the crope.

Through ineressed biclogical asetivity menure inoreases the rate at
which nitrogen is made available. In two-year rotations of non-legumes

on a very fine sandy loem soil in Nebraska (22) where manure had been

applied at the rate of 6 tons per acre annually for 30 years, the

nitrifioation rate in the surfece soil was doubled, as compared to the

non-manured plots. The nitrification rate in the 6 to 12 inch layer was
also greatly inoreased.

During the fallow year of a fallow, wheat, wheat, wheat :otation
in an experiment located on a Red River clay soil, Michalyna (11) found
that 76.7 pounds of nitrate nitrogen pef eaore were accumulated to a depth

of 3 feet on manured plots as compared to L9+5 pounds on the non-manured

plotse Four tons of manure per acre had been applied for each orop grown
on the manured plotse

Since about 50% of the nitrogen of farm manure is in organic fraotions

which are relatively resistant to decomposition, the nitrogen in manure
is considered to be about one half as effective as the nitrogen in commercisl
fertilizer. With continued applications of manure the nitrogen is released

at a constant rate and over & period of years the over-all efficiency is

considerably greater than 50% of that of commercial fertilizer (19).
The residual effects of annual eppliocations of manure at 1l tons per
acre from 1852 to 1872 were determined on a long time experiment in England (8).

Forty years after these appliocations had cemsed the yield of barley on

these plots was still double that of the untreated plots. Since farm

manure contains nitrogen and phosphorus in organic form the effects
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of manure on orop yields tend to be distributed over a longer period of time
than those of commercial fertilizers,
2. Soil Phosphorus

#pplications of farm manure will inoresse soil phosphorus oontent,
On a Nebraska soil, 6 tons of menurs applied annually for 30 years doubled
the content of soluble phosphorus as compared to the non-manured soil (22),
On & Red River clay soil spplication of 10 tons of manure in & fallow, whesat,

corn, barley rotation significently inereased the total, inorgeniec and

available phosphorus in the surface 6 inches of soil (17). Menure had besn

applied once every four years over a period of 37 years.

The phosphorus in ferm manure oceurs in both organic and inorganie
ocombination. During decomposition the phosphorus is released from the
organic compounds into avel lable phosphorus in such forms as emmonium
phosphates and mono~-calcium phosphates. A review of a large number of
experiments indicates that the phosphorus in farm menure is as effective
a3 phosphorus in commercial fertilizer (22). Under some conditions the
phosphorus in farm manure may be more aoffective than that in commerecial
fertilizers. This is due %o increase in acidity from release of COp and

to other products of deocomposition which aid in meking phosphorus available,

>In addition, the gradual release of phosphorus from the organic complex may

result in less fixation by the soil (22). Olsen and Fried (1) show that
availability of phosphorus may be increased by the presence of organio

metter. An inorease in totsl and aveilabls phosphorus due to appliocetions

of menure has been obtained by Lipps and Fox (10).
The effect of the phosphorus in farm manure is epparent for a number
of yeers. 1In a North Carolina experiment (22) the phosphorus was found te

be effective for 10 years after applications had ceased,
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In & greenhouse experiment on Grey Wooded soil, Wyatt (27) showed
that the yield of four consecutive orops grown in pots receiving menure
was equal to that obtained from pots fertilized with commercisl fertilizers
supplying N, P, K and lime. The complete commercial fertilizer resulted
;in 8 higher yield of the first orop but gave very little residual effect.
Manure, on the other hand, resulted in a 28% increase in yield of the
fourth erop as compared to the yield of checkse

Wright et al. (25) indicated that applicstions of manure have inoreased
the organioc matter level, the readily soluble phosphorus and the exchangeabls
base content of an acid fine-sandy-loam soil, They state that manure has
been extremely beneficial on this soil.
C. EFFECT OF APFLICATIONS OF MANURE ON CROP YIELDS

On a Red River clay soil applications of 10 tons of manure in the
fallow year of fallow, wheat, corn, wheat and fallow, wheat, corn, barley
rotations counsiderably increased yields on all orops (9, 17). On the other
hand, Ridley (17) found thet mineral phosphorus fertilizer increased yields
on the first crop, but geve no residual effect on second end third orops.

In general the less fertile the soil the more valuable the manures.
In one experiment in Ohio (22) the surface soil was removed from a plot
and spread over a similar untouched area of the same size. These two
plots and one with a normal depth of %top soil, were cropped for a number
of years with and without applications of manure. The manmure was most

valuable on the area with the top soil removed and lesst valuable on the

plots with a double thickness of top soil.

On eroded Souris light sandy loam, an experiment was established to
compare manure with commereial fertilizers on a fallow, wheat, wheét
rotation (16). The 20-year average yields of wheat on fallow resulting

from 10 tons of menure applied in the rotation have been equal to those
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dbtained from 11-48-0 at 4O pounds per ascre. Increases in yield of second
crop wheat due to the residual effect of the manure have been similar to
those from 16-20-0 at 96 pounds per acres
In an experiment which compered fertilizers with manure on a podzol
gravelly loam in Quebec, oropped to a rotation of turnips, oats, clover,
hey and timothy, applications of manure gave the highest yields of all
orops (20)s The best combination appeared to be manure and superphosphates
A ;imilar experiment which compared the effeots of manure and chemiocal
fertilizers for the production of potatoes on a fine sandy loeam soil (pH 5.0)
was conduoted in Prince Edward Island (25). The largest yields were obtained
on the manured plots. The yields were larger where manure alone was used
than where half manure and half fertilizer was employede
In general, manure has been most effective in inoreasing orop
yields when appliéd on soils of low fertility, on eroded soils, or on
those of poor struotures Root erops appear to benefit most from the use

of manure.
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IIT. EXPERIMENTAL PLOT DESIGN AND METHOD OF SAIPLING

The experiment outlined here consists of a four-year orop rotation
of: Year 1 - Fallow; Year 2 - Wheat; Year 3 - Corn; Year L - Wheat.
Although established in 1919 annuél yields from these orops are incomplete
since barley was substituted for wheat in 1919, 1920, 1927, 1929 and
1930. The rotation is located on four fields, or blooks, sach bloek
repressenting a year in the rotetion.

Each block is divided into eleven plots 1/40 amecre (16 x 68 fest)
in size. There is a four-foot guard strip between plots and along
each end to eliminate the border effeet, The manured and ron-manured
treatments are located on these eleven plots in & systematie order.
The experiment provides for all orops and all treatments, onse sach year,
with no repliecation. Table 1 shows the arrangement of the treatments
and the rates of manure epplied. The manure is applied on wheat stubble
of year 2, and plowed down. Corn is thus the first oerop after manuring.

Individual plots were harvested each yeer. Yields of wheat were
recorded in bushels per acre and yields of corn were recorded in tons
per acre, green weight,.

In the fall of 1956 duplicate samples at two depths, 0 to 6 and 6
%o 12 inches, were obtained from plots 1, 2, l, 5, 6, 8, 10 and 11 on each
block. Each sample was a composite of three sites. The samples were

air dried in the laboratory and ground to pass through a 2m sieves
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Table 1. Experimental plot arrangement and manure treatment.

Plot Treatment and rate of appliceation Represented
No. by:

1, Check Cheak

2. Fresh manure, long straw, 10 tons per acre F.M.,L.S. 10T,
3 Fresh manure, short straw, 10 tons per acre FeM.S.Ss 10T,
Le , Rotted‘manure 5 tons per acre R.Me 5.7,

5e Rotted manure 10 tons per acre ReMo 10.T,

6. Cheok Check

Te Rotted manure 15 tons per aore ReMe150 T

8. Rotted manure 20 tons per acre ReMe20.T,

e Rotted manure 25 tons per acre ReMe25,Te

10, ~ Rotted manure 30 tons per acre ReMe30,T,

11, Check Check
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IV, SOIL TYPE

The soils on which the experiment is located have been desoribed

by Ehrlioh et ale (5) as members of the Red River and Fort Garry

associations. These sre olay textured soils developed from lacustrine

deposits. The clay is variable in depth and is underlain by a highly

caleareous silty clay loam substrate.

The soils in the mep of the experiment (4ppendix i) representing

the plot area have been interpreted on the basis of the depth of the

clay over the ocaleoareous material,

They are represented by the followings

1.
2.
3
L.
5e

Fort Garry clay, imperfeotly drained, O to 12 inches

Fort Garry olay, imperfectly drained, deep phase, 12 to 2 inches.
Red River olay, imperfeotly drained, 2l to 36 inches.

Red River olay, imperfectly drained, 36 inches or more.

Red River olay, poorly drained, 36 inches or mores



11,
V. TINVESTIGATIONAL PROCEDURE
4 Soil Analyses
le Organic Carbon, Organic Matter and Inorganic Carbon.

The total carbon and'inorganic carbon were determined by the wet
combustion method developed by Adams (1) and Waynick (24) end modified
by O« G Caldwell of the Soils Department, University of Manitobae. The
orgeanie carboh, ise., the difference between the total carbon and the
inorgenic oarbon content was multiplied by the Van Bemmelen factor of
1,72, to obtain the organic matter ocontent (Waksman 23),

The total carbon was determined by oxidizing a 1 grem sample of less
than 2mm. oven-dry soil with a 55 mle of & chromio-sulphuric acid mixture,
The carbon dioxide evolved was dried by passing it through a sulphurie
@aoid bath and over caleium chloride and magnesium perchlorate crystals,
Any chlorides present were removed from the gas by passing‘it over
amalgamated zine. The carbon dioxide was collected in a tared Nesﬁitt
tube containing Asecarite. The weight of carbon dioxide evolved was
converted to total earbon.

The inorganic carbon was determined by digesting 2 grems of less
than 2 mm. oven-dry soil with 60 ml. of 1:10 HCI, Carbon dioxide was
removed from the air entering the digestion flask by bubbling it through
conoentrated NaOHe The carbom dioxide evolved from the digestion was
drawn through an absorption train consisting of a tube of Dehydrite and
caleium chloride. The gas was then collected in a Nesbitt tube containing
Ascarite. The weight of the carbon dioxide collected in the Nesbitt

tube was converted to inorganic oarbon,
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The difference between the total and the inorganic carbon represented
the organic oarbon content. The organic carbon, expressed in percent of
the total weight of the samples was then converted %o percent organic
matter by multiplying by the factor 1,724.

In addition, the inorganie carbon was expressed as caleium carbonate
in peresnt of the weight of %he sample.

2, Total Niﬁrogen

Total nitrogen content was determined by the modified Kjeldahl

method (2). A 2-gram sample of 2 mm. oven-dried soil was placed in a

digestion flask and the following materials were added: 10 grams of K280),,
0e3 grems of Cul0);, 0.7 grams of'Hgo and 25 mle of eonecentrated HpS0)« The
sample was digested for 30 minutes. After cooling, 200 ml, of Hs0, 25 ml.
of NepS20z solution, 60 ml, of concentrated NaOH and a f ew pieces of zine
were addgd.

The flask wes placed on the distilletion reck and the contents were

distilled for 20 minutes into 25 ml. of 0.1N HQSQQ. The distillate was
then titrated with 0.1N NaOH. 4 Blenk titration of the 25 ml. of acid
was made with the NeOH. The ml. of NaOH, equivalent to the nitrogen in

the soil sample converted to (NHh)QSOA, was equal to the difference

between the ml. of base required for the blank and the ml. of bage
used for the semple titration.
The nitrogen content was then caleulated in percent by weight as followss

Percent nitrogen = Normelity of Naoﬁ x ml. of NaOH x 1l x 100,
1000 x weight of sample

3. Carbon-Nitrogen Ratio
The carbon-nitrogen retio was caleulated by dividing the orgenie

earbon by the total nitrogen contents
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s Total Phosphorus

The total phosphorus content of the soil was determined by the
ignition method outlined by Saunders and Willisms (18). 4 2-gram
sample of less than 2 mm, air dry soil was ignited in a muffle furnace
at 55000 for one hour. The ignited semple was shaken in 100 ml. of
0.2N HpSQ), for 3 hours end filtered,

4 10 ml. aliquot of filtrate was placed in & 100 ml. volumetric
flesk and diluted to approximately 90 ml. with distilled water. Four ml.
of 2.5 perecent ammonium molybdste in 10N HpSQ), were added and the solution
was shaken several times. One ml. of a freshly prepared 0.8 percent
solution of SnClpo 2HpC in 10 percent by volume BCl was then added. The
solution was diluted to 100 ml, with distilled weter, shaken and allowed
to stand for 30 minutes to permit meximum color developmente

The total phosphorus extracted by this method wes measured
oolorimetrically as ammonium phosphomolybdate by meens of a Colemen Universal
Spectrophotometer set at a wavelength of L;50 millimicrons. Results were
expressed in parts per million of soil.
5¢ 1Inorgenic Phosphorus

The method used for inorgenic phosphorus was the seme as that used
for total phosphorus except that the soil semple was not ignited.

6. Orgsnic Phosphorus

The difference between the total phosphorus and the inorganie
phosphorus represented the orgenic phosphorus content,
7. Aveilable Phosphorus

Availeble phosphorus was determined using the method described by
Olsen et als (13)e Five grams of less than 2 mme. sir dry soil were
sheken for 30 minutes with a teaspoonful of pre~treeted oharooai in

100 mle of 0.5M NaHCO;. The extraction mixture was then filtered and
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a 50 mle aliquot of the filtrate was placed in a 100 ml. volumetrie fiask.

The colerimetriec method of Dieckman and Bray (6) was used to
quantitatively determine the svailsble phosphorus extracted. The
following steps were performed in & minimum of time. To the 50 ml,
aliquot of filtrate were added 1.5_m1. of concentrated HC1l and 20 ml.
of ammonium molybdate in HC1l solution. These were added slowly and
with constent shaking. The neck of the flask was rinsed with distilled
weter and 10 ml. of dilute reducing agent were added.

The solution was diluted to 100 ml. with distilled water, shaken
well and allowed to stand for 5 to 20 minutes to permit maximum oolor
development.

The available phosphorus was determined colorimetrically as
outlined for the total phosphorus determination. Results were expressed

in parts per million of soil.
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Be Crop Yield Analyses

The soil fertility experiment under study provided for each erop and
all fertility trestments each yeer, but did not include the other two factors
necessery for a standard statistical analysis of the yield data, i.e.,
randomization and replieation. Termen and Freemean (21) suggested that lack
of replication for any one year in the experiment is partially offset by
providing for repetition of all orops and treatments each yeer. They
presented a method of analysis which uses a eyole of one orop in the
rotation, to represent a replioate. A similar proocedure has been outlined
by Cochran (5). 1In the interpretation of this experiment the following
procedures were applied to each of the three orops.
l. Years as Repliocation

Average annuel yields of all trestments were arranged in lj-yeear aeyocles,
acoording %o the ranges on which these yields ocourred. The 28 annual
yields were considered as repliecates and enalyzed to determine the effect
on production of seasonal fectors and of differences among ranges. The
results of this procedure for wheat on fallow are outlined in 4ppendix (iii).
2. Cycles as Replication

Since each crop completed a eyole of the L ranges every L years, 28
years of the experiment were represented by 7 oomplete oycles or replicates.
Each treatment therefore, ocourred 7 times on each renge. This analysis was
used to determine significant differences within treatments, Li-yesr cyeles
end ranges and to indiocate differences in response to treatments on different
ranges. The renges or fields were analyzed as main plots and the 1l trestments
&s sub-plots. This method for wheat on fallow is presented in Appendix (iv).
5« 1long Term Yield Trends and Yield Variability

The long term trends in yields for esch erop, representing seasonal

end treatment effects, were determined by caloﬁlating a regression
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coefficient for each trestment. This term indicetes the slope of the lineer
equation representing the yislds obteined during the experimente The degree
of yleld variability wes meesured by means of the standard deviation spplied
to check, l0=ton and 25-ton treatments. The variability of each trestment
was expressed in percent of its mean yield, i.es, the coefficient of
veriebility. Annual yields and yield trends of treatments 1, l, 5, 6, 8,
10 and 11 are presented in Figures 1 to 9 in Appendix (ii).
L« Short Term Yield Increases due to Treetments

Four-year average inoreases in yield over the adjacent cheoks were
determined Yo demonstrate the short term effects of manure treastments on
yields of each crop.
5+ Long Term Yield Inoreases due to Treatments.

Average yield increases for each of the three ocrops, for the 28-ysar

period were compared with the recent 12-yesr period,
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VI. EXPERIMENTAL RESULTS AND DISCUSSION
A« Soil Analyses
The results from soil analyses of plots which have been under

treatment once every L-yesr rotetion cycle for 36 years are presented

in Tables 2 and 3,
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The results in Table 2. for checks 1, 6 and 11 indicate an inorease in
orgenic matter and nitrogen content from plots 1 to 11, It is possible
that there hes been sufficient movement of soil from the adjacent plots
2te affect the organic matter contents. This would be expected to affect
plot 6 more than plot 1 beceuse it is between two manured plots. It would
also be expected to have an apprecisble effect on plot 11 singe its
adjacent plot has received the highest rate of menure appliocation, ieee,
30 tons per acre. Due to this lack of agreement among checks comparisons
were made between treatments and cheoks 1 end 6,

Following applications of manure every four yesrs for thirty-six
years there has been no increase in organio metter dues %o the 5-ton rate.
The inorease due to the fresh manure at 10 tons per acre was 0e2%. This
is equal to that obtained with the seme rete of rotted manure. While
10 tons of rotted manure increased the organie matter content by 0.2&%
the difference due to the 20-ton rate was 0.92%. The 30-ton rate has
produced an eight-fold greater increase in organic matter than the
10-ton rate. 1In general, rates greater than 10 tons per aore resulted in
orgenic matter contents which were substantially higher than those on the
check plotse

Applications of menure have had a similar effect on nitrogen content
as on orgenic matter at the O to 6 inoch depth. There was little difference

between the 5-ton and 10-ton rates or between fresh or rotted manure.

However, as rates were incressed from 10 to 20 tons per acre the incresase
in nitrogen content as compared to check plots, rose from 0.004% to 0.054%.

The inorease due to an application of 30 tons per acre was 0.083%.
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The average increase in nitrogen resulting from manure treatments
et 6 to 12 inches was almost equal to those at the 0 %o 6 inoch depth.
This oould be due to greater root growth in the lower depth of manured
plots. This fact ocould also be the result of downward movement of nitrate
nitrogen and its reduetion to organie form at that level,

The oarbon-nitrogen ratios caleulated from organic ocarbon apd
nitrogen determinations on the 0 to 6 inch depth represent the effaeact
of repeated applications of manure. A relatively high carbon level
in relation to nitrogen on the fresh manure treatment was probebly due
to the faot that this application supplied more organiec matter per
ton than rotted manure. The lower ratio of oa£bon-nitrogen on the
5-ton rate indicates a greater rate of decomposition of organie
matter, l.e. increased biological activity on these plots over those
of the checks or other rates.

The inorganic carbon content expressed as calcium carbonate does

not appear to have been influenced by applicetions of manuras
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Table 3., Soil phosphorus content at 0 to 6 and 6 to 12 inches in depth on
check plots and those receiving the manure treatments indicated.
(4verage of the L ranges in pepeme).

Organie phosphorus Inorganie phosphorus
Plot Treatment Inorease - Inoresase Increase Ingresase
No. tons/acre 0 to over 6 to over 0 to over 6 to over
6" checks 12" checks 6" checks 12" checks
1,6 1,6 1,6 1,6
1 check 282 226 21l 2k
2  F.M.1.5.10T, 292 10 218 230 16 239
L R.M. 5T. 286 17 206 13 234 225
5 R.M. 10T, 286. 17 234 L1 280 32 236 1
é cheok 269 195 248 235
8  R.M.20T. 250 228 35 386 138 296 61
10 R.M.30T, 209 192 L57 209 299 ély
11  check 275 220 279 a6
Average 1,6,11 274 213 247 2
Total phosphorus Available phosphorus
Plot Treatment Increase Increase Inorease Increase
No. ‘tons/acre 0 to over 6 %o over 0 to over 6 to over
6" checks 12" ochecks 6" checks 12" checks
1,6 1,6 1,6 1,6
1 check 496 L67 Uib 6.5
2  FoM.L.S.10T. 522 @ 26 L57 20.6 6.0 7e2 o7
i R.Me 5T 520 3 L31 3 25.2 2.0 6.9
5 R.M.10T. 566 L9 L70 L2 35.0 11,8 843 l.l
6  oheck 517 428 23,2 7.2
8  R.M.20T. 636 119 52 96 62.3 39.1  29.9 22,7
10 R.M.30T. 666 149 L91 63 83.3 60.1  35.6 28.44
11 check 55l Lé6 28.0 10.2

bverage 1,6,11 499 N 21.9 8.0
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The results in Table 3 for check plots 1, 6 and 11 indicate increasing
inorganic and available phosphorus contents from plots 1 to ll. - The
amounts of inorganio phosphorus at the 0 to 6 inch depth of these plots
Qere 214, 2,8 and 279 p.peme, respectivelye Good agreement has been obtained
between plots 1, 6 and 11, (241, 235 and 246 PsPems respectively) at the
6 to 12 inch depthe Available phosphorus inoreased from check 1 to check 11
at each depthe At O to 6 inches 14«6, 23.2 and 28,0 Pspemo for 1, 6 and 11,
respsectively, were obtained. The amount determined at 6 to 12 inches was
645, 7.2‘and 1042 pepems These results, whioh are similar to those obtained
with organio matter and nitrogen, appear to be due to either inherent soil
differences in the ranges or to a surface transfer of manure to the checks
from adjacent treatments. Because of this lack ofbagraement betwean
checks comparisons were made between treatments and checks 1 and 6 for
all phosphorus determinationse

Following repeated applications of menure there appears to be an
inverse relationship between organie phosphorus and the amount of manurs
applied when measured at the 0 to 6 or 6 to 12 inch depthse 1In fact, more
organic phosphorus ocours on the lower rates at each depthe On 20-ton
and 30-ton rates the phosphorus level was generally less than the cheoks.
This would suggest that the rate of mineralization to inorganic forms is
greater on the higher rates.

Applications of rotted menure at five tons per acre did not inoreass
the inorganie phosphorus content over that of the adjacent check 6; at
the 0 to 6 inoh depthe The 10=-ton rate of rotted manure produced a 32
Pepem. inorease compared to 14 Pepeme from the same rate of fresh manursee
This is due to a greater content of phosphorus per ton in rotted manure than
in fresh manure. Although the 1l0-ton rate raised the inorganic phosphorus

content by 32 pep.m., the 20-ton rate produced an inorease of 138 pepomo
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The difference between the 30-ton rate and check 6 was 209 pepeme

Although little or no inorease of inorganic phosphorus was obtained
on the low rates at the 6 to 12 inoh depth, increases of 61 and 6l pepeme
woere determined on the 20=-ton and 30-ton rates.

The total phosphorus content above that of check 6 at the 0 to 6
inoh depth became greater as rates of manure were increased, esgo 3
pPepeme at 5 tons and 149 pepems st 30 tons per acre. More phosphorus
has been acoumulated from the rotted manure, L9 pe.p.m., than from the
fresh manure %reatment, 26 p.p.m., at 10 tons per aorae. Very little
difforenée was obtained between the 5-ton rate and the adjacent check 6.
The increase in total phosphorus was 3 pspems on the 5-ton and 63 PePolie
on the 30-ton rate at the 6 to 12 inch depth.

The amount of available phosphorus inoreased rapidly from low to high
rates of manure at each depthe At O to 6 inches the 5-ton rate of rotted
manure resulted in 2.0 p.p.m. more than the adjacent check 6, while from
the 30-ton rate an increase of 60.1 p.p.m. was obtained. More available
phosphorus over that of the check was determined on the rotted manure rate
of 10 tons per aore i.e., 1le8 p.pem., compared to the increase on the
fresh manure treatment of 6 Pepemes Ridley (17) found that on non-manured
plots the content was usually below 20 pepeme Although this is true for
check 1, 2 transfer of manure from adjacent treatments aould explain why
oheoks 6 and 11 are somewhat higher than the 20 p.pem. lsvel. Although
little inorease in available phosphorus ocourred on the low rates at the 6
%o 12 inch depth, 22,7 and 28.l; p.p.ms respectively, were obtained on the
20-ton and 30-ton treatments.

The faoct that relatively high levels of total, inorganic and available

phosphorus have been obtained on the 20-ton and 30-ton rates at




2,
6 to 12 inches indicates a downwerd movement of these constituentse. This
has been observed by Ridley (17), who suggested that repeated phosphate
applicetions result in a saturation of the phosphorus fixing oapacity of
the soils This leads to a high level of soluble phosphorus and its

downwerd movement.
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Be Crop Yield #nalyses
The results of yield analyses of each of the three crops from plots
which have been under treetment of various retes of manure every L years

for 36 years are presented in Tables l; to 20.
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Teble e The veriebility of annual ylelds of wheat on fallow, determined
by using 28 years as replication in the analysis. (Average of
all treetments in bushels per acre).

Cycles Ranges Mean L years
2 2 2 2
1, Yeer 1923 1922 1925 192,
Yield 19,2+ 35.5 31,7 28.0 28.6
2. Year 1931 1926 1933 1932
Yield 39.7 55 9% 3Ll 2844 395
3¢ Year 1635 1934 1937 1936
Yield Ugely* Lo.3 34.8 18, L* 27,0
Le Year 1939 1938 1941 1940
Yield 39.8 . 23.,0% L7.0% L1,9% 37.9
5e¢ Year 1943 1942 1945 1944
Yield 38s1 514 5% 3Ly Ll 22 L2.1
6. Yeer 1947 1946 1949 1948
Yield 27, 0% 3843 28.4 38.2 33.0
Te Year 1951 1954 1953 1952
Yield 37.3 23 .y 32,8 3645 32,5

Meen of renges

30.8 38.1 3L.8 33,7

1955

Li0.6 Mean 28 yesars 3Ly
CeVe = 22,0% Year L.SeDe (P = 0.05) = 645 bushels

Yields significantly above or below the 28~year average, %,
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The results shown in Table lj. represent everage annual yields, of all
treatments, of wheat on fallow arranged in L-~year cycles according to the
ranges on which they occurred. The yield of L0.6 bushels per secre for the
year 1955 is presented as an extra year in addition to the seven complaete
oycless The highest average yield (38.1 bushels per acre) was obtained on
Renge 23 while the lowest (30.8 bushels per acre) ocourred on Range 22.
The average yield for the 2B-year period was 3L.l bushels per acre,

although yields varied from l.l; to 55.9 bushels per acres These extremes

were probably due to severe rust damege in 1935 and to unusually favourable
growing conditions in 1926. The wide veriation between years is also
indicated by the high coefficient of variebility of 22% and a relatively
high L.8.D. of 6.5 bushels required to show significant differences
between years. In 11 of the 28 years, yields were significantly above
or below the average yield.

Four-year average yields also indicate a considerable range from
27.0 to 42.1 bushels per acre. Above average ylelds were recorded in
the periods 1926 - 33 (eyele 2) and 1938 - L5 (oyecles L and 5). The
lowest averages ocourred in eycle 3. Figures 1, 2 and 3 (4ppendix ii)

showing annual yields of wheet on fallow for the mamured and non-

manured treatments illustrete a similar seessonal effect iee., cycles 2,

Ly and 5 have been periods of high yields and oycle 3 of low production.
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Table 5. 4n analysis of ylelds of wheat on fallow by trestments,

using seven li-year cycles as replicetions

(Bushels per

acre).
froatments (Mea&ar-lg;syears) Mean - 28 yesars
2 2 2 2

1. Check 28.1 340 32.8 26.8 30.4

2 FeMoLoS,10Ts  30.7 35.2 3546 30,1 32,9%

3¢ FoMeSe8,10T. 30,7 35.2 3648 31.0 33.L%

Lie RM. 5T, 32,0 © 37.0 36.8 3046 3Le1

e ReMs10T. 32.L L2.0 36.0 33,9 364 1%

6+ Check 29,7 35.4 28,7 30.8 31,2

Te ReM.15T, 30,0 Li.2 33.4 37.0 356 lyx

B. ReM.20T, 29.2 L2.1 377 36.7 364y

9 R.M.25T, 31,3 39.9 37.8 10,1 37030k

10. R.M.30T, 31,3 L2.8 35.6 38.6 370 1%

11, Check 33.2 36,2 31.0 3L45 3347
Mean of ranges 30.8 3841 34.8 33.7
Mean of the checks 31.8
Cycles (4 yeer) N.S.

Ranges NeSe CeVe = 10.7%
. Ireatment L.S.D. Meen - 28 years, (P = 0.05) = 2.3 bus.*

L. S .D.

Treatment x Range L.S.D. (Moan - 7 years; P

L.SeDs

Significsnt at 5% level

Significant at 1% level *#*

(P

0s01) = 3,1

P=0

0.05) = 3,8 bus.

001 - 501
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Treatment effects on the crop yields for the 28 years of the experiment
were interpreted by the results shown in Table 5., These data have been
arranged in li-yeer cycles representing the L fields or renges of the
experiment. Eaéh treatment has therefore occurred 7 times on a
partiouler range. Table lj. indiceted that orop yields have been influenced
appreciably by seasonal effects and to some extent by differences between
rengess The method used in Table 5. measures the variations due to these

factors under "ocycles" and "ranges". This procedure has resulted in

a coefficient of variabilityvﬁgrnﬁhe analysis of 10.7% compared with

the 22% obteined in Table L. This method has also produced a relatively

low L.S.D. for significsnt differences between treatments lege, 243
bushels per acre. The variations between oyocles and between ranges
were not significantly different from one another. However certain
treatments reacted differently on different ranges as shown by the
significant troatment x range interaction.

A comparison of the non-manured checks shows that the 28-yoar
éverage yield of check 1l was significantly greater than that of 6
or 1. The fact that yields inoreased from plots 1, 6 to 11 (30.4,
31.2 and 33.7 bushels per acre, respectively) is in agreement with
the increasing organic matter apd nitrogen contents as shown in
Table 2. The results in Table 3« 8lso indicate increasing inorgesnio
‘and available phosphorus from plots 1 to 1l. TInherent soll differences,

in addition to possible movement of menure from adjacent treated plots

has probably affected yields, partioularly on Range 25, whers 26,8,
30.8 and 3L.5 bushels per acre were the T-year everage yields obtained
for checks 1, 6 and 11, respectively. A height of land at plot 8 on
this range (Soil nmap Appendix i) and the fasot that the ground slopes

toward plots 6 and 11 emphasize the possibility of transfer of nutrients

from treated plotse
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Because of average yield differences betwsen checks, comparisons were
made batween treatment rates and checks 1 andvé. On the basis of these
comparisons all rates produced a significant increase in yield., Rates
of 10 tons per secre or more of rotted manure produced an inerease in |
yield that was significant at the 1% level. However yields from these
rates were not appreciably different from one another e.g., the lO=ton
rate produced 36,1 while the 30~ton rate yielded 37.l bushels per acres
Therefore little yield edvantage resulted from use of the higher rate
on this orop. The yield from the 10-ton rate of rotted manure wes
significantly larger by 2.7 and 3.2 bushsls, then those obtained with
fresh meanure at the same rates.

Although the differences between ranges were not significant
Range 23 produced above average while Range 22 produced below aversge
yields. Ranges 2, and 25 agreed with the 28-year average of 3L.4
bushels per acre for the experiment (Table L)s The response to
treatments on the various ranges differed soméwhat 8¢Ze, therewas
a low yield response on Range 22, partiocularly at the higher rates,

This low response may have been the result of occasional lodging of
the crop. The relatively low average returns on the higher rates
from all ranges suggest that due to such factors as orop lodging

the yileld potential of these treatments has not been fully utilized.
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Table 6. Long term trends and variability in yields of wheat on fallow
by treatments as measured by the standard deviation and the
coefficients of regression end varisbility. (Bushels per acre)e.

Coeffiolent
Troeatment Mean yield Coeffiocient of Standard of variebility
(29 yeers, bus/acre) regression deviation x
x mean yleld x 100
le Cheok 3045 0. 004 9.18 3001
2, FuM,L.S,10Ts  33.3 0.11
3¢ FoeMeSeS.10T. 3%.8 0.15
Le ReM. 5T, IR 0.10
De ReM.10T. 36,2 0.10 10,51 29,0
6. Check 31.2 0.11
7+ ReM.15T, 354 0,06
~ 8¢ ReM,20T, 3645 =-0,003
9¢ ReMo25T, 3745 0.23 11.36 30.3
10. Re.M.30T, 37.44 0.21
1ll. Check 362 0.23
Mean of 1,6,11  32.0 0,08

Table 7. A comparison of the mean wheat yields for each check on cycle 1,
(1922-25) with those of cycle 7 (1951-54). (Bushels per acre).

Check Cyole 7 Cycle 1 Difference
l 2}402 2691 “109
6 3064 26,6 308

11 3L.8 2745 Te3
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Table é. presents results indicating the long term effeots of treatment
and seasonal factors on yields of wheat on fallow. The magnitude of yield
fluctuetions undeé treatments 1, 5 and 9 were measured by memms of their
stendard deviations. These values were then expressed in percent of the
mean yield for their respective treatments. The long term trends in yields
of each treatment were determined by means of the coefficient of regraession.
These trends have been compared with the annual yields of check 6 and
treatments L, 5, 8 and 10 in Figures 2 and 3 (4ppendix ii),

Wheﬁ expreésed as a percentage of the meen yield for each treatment
the yield variability was similar on treated and non-treated plots. The
differences in coefficients in Table 6., for the unfertilized checks 1,

6 and 11 (0.00L, 0.11 and 0.23) suggest that yields on plots & and 11

have been affected by adjacent manure treatments. In the initial years of
the experiment (oycle 1, Table 7.) these checks agreed quite well.

However ylelds of check 1, cycle 7 show a decline of 1.9 bushels per

acre compared with inoreases of 3.8 and 7.3 bushels per acre on checks

6 and 11 respectively.

A comparison of long term trends in Table 6. shows yield trends varied
from -0,003 bushels per acre per year for the 20=-ton rate to 0.25 on the
25-ton rate and the check 11, The oausé of the relatively low yield trends
on the high rates appear to be seasonal factors, such as orop lodging on
the high rates, particulerly in later years, Although yields have been
increased by the differgnt treatments high rates have not necessarily

produced high yield trends.
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Table 8+ Short term yield increases due to manure treatments of wheat
on fallow over the adjacent checks 1 and 6, determined as
Li~year aversge increases for the T oycles in the period
1922-5l;, (Bushels per acre)e

Treatments
2 3 L 5 7T 8 9 10

FeleLeS, 10T, E.M.S.$.10T. ReMe5Te ReMelOTs RoMe15Ts ReMe20Te ReMe25Ts ReMo30To

Average increases over Average increases over
check 1 check 6

Cycles
1 0.8 1.3 1.5 3.8 3.6 L2 3.7 L1
2 2.8 3.3 6.5 7.8 Ta7 9.0  13.0 13,3
3 2.8 2.6 3.0 2.7 3,2 5.2 0.9 L2
L 2.6 3.2 3.0 5.4 4.2 5¢7 5oLy 2.4
5 Lol L3 | L.6 5.9 1.3 0.5 0.7 0.9
6 0.5 0.6 3.0 7.1 6.2 5.2 10,8 9.6
7 3,7 5.8 -0.8 2.1 3.6 l.8 845 %1

& review of the short term average increases in yield in Table 8.
shows that the largest returns did not always occur in the later years
of the experiment es might be expected. For example, the highest increases
occurred on treatments i, 5, 7, 8, 9 and 10 in oycle 2. In this period
the four=-year average increases 6ver the checks ranged from 2,8 at 10
tons to 13.3 bushels per acre at 30 tons per acre. A rapid inerease in
average response ocourred between cycles 1 and 2, followed by lower
returns on nearly all treatments in cycles 3, L4, 5, 6 and 7. Rather
large increases ocourred on some of the higher rates in ocyoles 5, 6
eand 7. Table 8. indicates the high yield potential of the manure

treatments, particularly the higher rates, under favorable conditions
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of climate, such as moisture, freedom from disease and lodging of crop.

Although the level of fertility of these trestments i.e., their
yield potential has definitely been improved as shown by actual yield
inereases and chemical analyses, sessonal factors have resulted in
frequent low average returns regerdless of the period in the experiment.
That is, favoreble seasonal conditions were required in order to obtain
satisfactory yield increases. Therefore high positive long term yield
trends l.e., inoreasing yield returns from repeated spplications during

the period of the experiment did not occur on all trestments of this crope
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The variability of annusl yields of ocorn after wheet determined
by using 28 yesrs as replication in the analysis.
treatments in tons per acre, green weight).

(ﬁWerage of all

Cycles Ranges Mean L years
22 2] 2 2
1. Yeer 192 1927 1926 1925
Yield 10.60%* 2.L,2* Uy L;9% 12, Lily* 9.99
2. Yeer 1932 1931 1930 1929
Yield 10, 55% 64 16% Le 6l Ly, 68% 6451
3¢ Year 1936 1935 1934 1933
Yield 8435 6.36% 12,25+ 5e7T* 8.18
Le Year 1940 1939 1938 1957
Yield 8+25 6496 9.17 7.38 7.94
5. Year 194, 1943 1942 191
Yield 8.21 6o Oly* 1341 12,33 % 9.9
6o Yoar 1948 1947 1946 1945
Yield 9Tk 10.L0* 9.31 8,15 9110
7+ Year 1952 1951 1950 1949
Yield 7.58 10,36% 6o Thy* 8.27 Be24
Meen 9.0L 6.97 9.96 84143 8+60

1959 = Mean of range 23

Yooar LeS.De (P = 0.05) = 1,70 tons

Mean 28 years

Yields significently above or below the 28-year average, *.
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The results in Table 9. present average annual yields of corn for
all trestments and sre arranged in li-year oycles according %o the ranges
on which these yields ocourred. The highest average yield of corn, 9.96
tons was obteined on Range 2, followed by 9.0l tons per aere on Range 22,
The lowest yield of 6.97 tons per acre occurred on Range 23, where the
highest yield of wheet on fellow was recorded. It would appear that
yield differences among ranges were due mainly to seasonal factors. /
The relatively high L.S.D. of 1l.70 tons per acre required to show significant
differences between ysars indicates the wide varistion in corn yields,
fhe average yield for the 28-year period was 8,60 tons per acre, while
annual yields varied from 2,442 in 1927 +to 14149 in 1926. The latter
has already been observed as a highly favorable year for wheat on fallow,
Four-year aversage yields also show a considerable range from 6.51 to
9499 tons per acre. Above avereage yields of corn ocourred in the periods
192,-27 (oycle 1) and 1941-48 (cycles 5 and 6), compared with sbove
averege wheat yields in cycles 2, L and 5. The lowest yields occurred
in cyole 2 (1929-32) compared with cycle 3 for whest. 1In 17 out of the
28 years oorn yields were significantly above or below the 28=year
averages. For wheat on fallow in 11 of the 28 years average yields
were significantly above or below the 28-year average. These results
indicate the greater dependence 6f corn on such‘seasdnal factors as
moisture. Figures L, 5 and 6 (4ppendix ii) showiné annual yields of
corn on the manured and non-manured treatments illustrate this seasonal

effect on yields,
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Table 10, An analysis of yields of corn by treatments, using seven L-year
oycles as replication, (Tons per acre, green weight).

Treatments Renges Meen - 28 yesrs
(Mean - 7 years)
2 3 & 2
1. Check 7+60 593 9.10 6485 T37
2, F.M.L,S.10T, 9.3 6420 10,82 8.13 862
3. FoMeSe5.10T, 9.03 650 10,22 8,26 B, 5O*
Le RoM. 5T, 8. 83 6452 9.93 7490 8o 30%*
5. ReMelOTe 8.91 719 9.57 8.6l B, 58%%
6. Check 7.10 5.87 8426 7453 7.19
7o RJM.15T. 9.26 7.7 9.87 8.8l CReL P
B¢ ReM.20T. 9.25 T.43 11,17 9,00 9, 21 *%
9. R.M.25T, 10.20 . 757 11,1, 9.19 9 60%%*
10. R.M.30T. 11.12 8.62 10.89 9.49 10,03 +*
11. Check 8.82 6496 8430 8.90 8.25
Mean of ranges 9.04 6.97 9.96 8.143
Mean of checks 760
CeVe = 10.8%
Cycles (4 years) N.S.
Ranges NeS,
O.Sé Gong#*

Treatment LeS.De Mx - 28 years (P = 0,05)
LeS.De = (P = 0.01)

Oe 77 tong**

Irestments x Range L.S.De (Mx - 7 years, P = 0.05) = 0,99 +tons
LeS4Do (P = 0001) = 1030 tons

Significent at 5% level *

Significant at 1% level *x*
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The effect of applications of manure every four years, applied the
previous fall, on ylelds of corn were interpreted by the results found
in Table 10s The variations between oyoles and between ranges were not
signifiocantly different from one another although the highest average
yield ooourred on Range 24, A ocomparison of the non-manured cheoks shows
that the mean yield of cheock 1l was significantly higher than checks 1
or 6. This difference has oocourred on Ranges 22, 23 and 25, These
results are similar to those obtained with wheat on fallow.

A comparison of oheck yields on cyole 1 with those of cycle 7 in
the Table 1ll. indioate inereasing yields in oyole 1 from 1 to 6 and 1lle
However in oycle 7, yields on check 1l were about 1 ton larger than
1 or 6.

Table 1l¢ A comparison of the mean corn yields for each check on

oyole 1, (192)=27) with those on oyele 7, (1949-52),.
(Tons per acre, green weizht)e

Check Cycle 7 Cycle 1 Difference
1 6.79 8.72 -1.93
6 67T 9.03 «2026
11 7.70 9633 =1463

Due to the laock of agreement between check 1l and checks 1 and 6
ocomparisons were made between treatments and oheoks 1 and 6.

On the basis of these comparisons all rates of manure produced
a highly significant inorease in yield. The response to tresatments
inoreased from 1.11 tons per acre for the 5-ton rate to 2.84 for the
30=-ton rate. The higher rates have produced a definite yield advantage
over those of the lower rates. This effeot was less apparent with wheat

on fallowe This would indicate that ocorn has utilized the manure
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treatments to a greater extent than the previous wheat orop. No
signifioant yield differences between fresh or rotted manure treatments
on corn wers obtained.
Table 12, Long term trends and variebility in yields by treatments of
corn, as measured by the standard deviation and the

coefficlents of regression and variability. (Tons per sore,
green weight).

Coefficient of

Treatment Mean yield Coefficisent of Standard variability
(31 years, tons/acre) regression deviation x
green weight x mean yield x 100

1. Check 7.5 -0. 04

2, FoM,L.S.10Ts 8.87 ~0,0l

3¢ FoMoSeS,10T. 8.73 -0.0l

L. R.M. 5T, 8.54L -0.03

5 R.M.10T, 8.72 =-0,03 3405 3540
6. Check T+39 -0.06
‘7. ReM.15T, - 9.00 0.05

Bs ReM,20T. 9.27 0,01

9« ReMe25T, .73 0.03 3,26 3345
10, ReM.30T. 10,07 0.05

1l. Check 8.36 -0.03

Mean of 1,6, 11 7.77 -OQOLL 2070 5}4.7

When expressed as a percentege of the mean yield (Table 12,) there
was little difference in yield variability between treatments. 4
comparison of long term trends in Tabls 12, shows that yisld trends of corn
ranged from -0.06 to 0.05 for check 6 and trestments 7 and 10 respectively.
The untreated checks, 5-ton and 10-ton rétes indicete low negative trends
while the higher retes were positive. Although yields have been increased
by the various treatments high rates have not necessarily produced high yield

trendse
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Table 13. Short term yield increases due to manure tresatments of corn over
the adjacent checks 1 and 6, determined as li=year average
inereases for the 7 cycles in the period 1922-5L, (Tons per
acre, green weight).

Treatments
2 3 L 5 7 8 9 10

FeMoLeSe 10Te FoMeSeSe10Te ReMoa5Te ReMel0Ts ReMel5Te ReMe20Te ReM,25Te ReMe30To

kverage increases over Average inoreases over
cheok 1 check 6

Cycles
1 1,22 1.48 0.93 1.2, 1.y L42 148 1.9%
2 0.77 0.69 0.77 1,00 1.38 1.148 1.92 2,02
3 0.83 0.74 L33 L2 1.28 178  1.85 2.63
N 0.48 0.447 0.85 0,99 1.30 .39 1..18 1,05
5 '2.59 1,80 LL6 1.50 2.07 .90 2.94 2.93
6 1.94 L77 1.32 . 2,06 3013  3.73  Le65 5.86
7 0.95 0699 1.09  1.73 1.57 2,48  2.88  3.47

A review of the short term average increases in yield in Table 13,
shows that the largest returns ococurred most ffequently in oycles 5 and 6
and occasionally in cycle 7. The lowest response occurred on cycle L
while relatively high returns were obtained in earlier cycles. There is
a greater tendency toward higher positive trends with corn compared with
declining check yields than with wheet on fallow compared with releatively

unchenged check yields. However the effect of seasonal faotors is still

evident. For exampls, the favorable growth seasons of cycles 5 and 6 have

produced generally higher yield increases.
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Teble Ui, The verisbility of annual yields of wheat after corn, determined
by using 28 years as replication in the analysis. (4versge of
all treetments in bushels per acre).

Cyecles Ranges Mesn - lj yeers

2 ) 2 2
1, Year 1925 192 1923 1922
Yield 28,7 29 22, 0% 39.3% 29.8
2. Year 1933 1932 1931 1926
Yield 29.0 20.0% 33.3 51.0% 3303
3¢ Year 1957 1936 1955 1934
Yield 38.1% 16, 2% 20,9* L0.6%* 28,9
Le Year 1941 1940 1959 1938
Yield L3, 7* L0,9% 31,7 23 y% 349
5S¢ Year 1945 1944 1943 1942
Yield 23, Ly* 28.9 35 Slie 5% 3545
6. Yeer 1949 1948 1947 1946
Yield 2. 2% 28.9 25, 9% 291 2701
7. Year 1953 1952 1951 1954
Yield 26.L 32,1 384 1+ 21,9+ 29.6
Mean, Ranges 30.5 28.1 29.6 37.2 Mean 28 years |
31.3
Year 1921 1930
Yield 30,8 25.5

Yoar LoS.De (P = 0.05) = 5.2 bushelss

Yields significantly above or below the 28-year average, *

[
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Average annual yields of wheat after corn of all treatments, shown in
Table li. were arranged in li-year oyoles according to the renges on which
these yields occurred. Two additional years beyond the seven complete
cycles were included at the end of the table. The highest everage yield
of wheat after corn, 37.2 bushels per sere, was obtained on Range 25
while the lowest yield, 28,1 bushels per acre, ocourred on Range 23,
When the three orops are considered the highest yields were obteined
on Range 2, followed by Ranges 25, 22 and 23, High yields were recorded
on the renges containing considerable Fort Garry soil, particularly
Ranges 2, and 22 (see soil mep, Appendix i), The relatively high LeSeDe
of 5.2 bushels per acre required to show significant differences between
years indiocates the high variability in wheat yieldse 1In 17 of the 28 years,
yields were significantly above or below the average of 31,3 bushels per
aore. The average yield of wheat on fallow was 3lL.li bushels per acre,
Yields by individual years of wheat after corn varied from 1642 in 1936
%o 54e5 in 1942 (eyole 5). Four-year saverage yields also show &
considerable range from 27,1 bushels in cycle 6 to 35.5 in the previous
cycle 5. The highest average yield of wheat on fallow also occurred in
cycle 5 while those of corn were obtained on cycles 1 and 5. Therefore
favorable seasonal faotors in cyecle 5 have contributed to high average
yields on the three crops. High yields also oocurred on cycles 2 and 4
on each wheat orop. Figures 7, 8, 9 (4ppendix ii) showing annual yields
of wheat on the manured and non-manured treatments illustrate the effect
of seasonal factors on yislds. It may be concluded that high yields

wore not necessarily limited to later years of the experiment.
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Table 15 4#n analysis of yields of wheat after corn by treétments,

using seven li-year cycles as raplication.

(Bushels per acra).

Treatments Ranges Mean - L years
2 ) 2 2

1. Check 26,1 21.9 26.8 28.1 25.7

2. FuMLeS.10T, 32,1 26,3 28,1 33.5 30, 0%+
3. FoMeSeS.10T, 31.5 2643 28.6 3L.6 30e3 %%
Ls R.M. 5T. 28.6 25.3 28,7 3L.2 29.2

5. ReM.10T, 29.6 28.6 29.L 3641 31,0%%
6+ Check 23.8 25.4 27.0 3445 27.7

7. R.M.15T, 30.8 32,4 31,2 38,8 33,3 a0k
8e ReM.20T. 3046 31.5 32,9 L2.2 3lie 3%
9e R.M.25T, 3345 31.6 33.6 L2y 350 3%x
10+ ReMe30T, 36.8 32.6 31.6 L3.4 36,4 1oksk
1l Check 31.9 26414 7.7 Lo.8 31.7
Mean of ranges 3045 28,1 29.6 3T7.2
Mean of checks 28,7

Cycles N.3.

Ranges N.S.

Treatments L.S.D. Mean - 28 years, (P

L.S.D.

Treatment x Range L.S.D.

(p

(Mean - 7 years, P = 0.05) = 3.3 bus.
(P = 0.01) = L3 buse

Significant at 5% level, *.

Significant at 1% level,

*kq

C.VO - 10. 0%

0.05) = 2,1 bug,*
0.01) = 2,8 bus,**

The effeots of repeated applications of manure on yields of wheat after

corn were interpreted by the data shown in Table 15,

The variations between

oycles and between ranges were not significantly different from one anothere.
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However there was a treatment x range interaction response e.ge, higher
vields wers obtained on all trestments on Range 25, Although, dus to
correspondingly high check yields, particularly on plots 6 and 11, the
increases over the checks were similar to the other ranges.

The residual effect of the treatments on this, the second orop
following appliecation has produced a highly significant increase from
all retes except the 5-ton rate. Between the 1l0-ton ratss §f fresh
manure and rotted manure no significant differences were obtained.

The range in response inereased from 1.5 bushels per acre on the

5-ton rate to 8.4 on the 30-ton rate. Similar returns on the wheat

on fellow crop were 2.9 and 5.9 bushels per acre. 4 decline in respdnée
on thevsacond wheat crop ocourred on the 5-ton rate, indicating =
reduced carry-over of nutrients. The increase which ocourred on the

50-ton rate suggests a greater utilization of nutrients at the high ratee.
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Table 16« Long term trends and variability in yields of wheat after corn
' by treatments as measured by the standard deviation and the
coefficients of regression and variability. (Bushels per aors).

Coefficient of

Trestment Mean yields Coefficient of Standarad variability
(31 years, bus/ecre) regression deviation X
: ‘ x mean yisld x 100
1. Check 2542 ~0.3)
2, FoM.L.S.10T, 29,2 -0.2}
3¢ ReMeSeSe10Tse 29.7 =027
Le R.M. 5T, 28.8 ~0.29
5. R.M.10T. 30.3 | ~0.2); 9.65 31.8
6+ Check 27.2 -0.21
7+ ReM. 157, 32.6 0.03
8s RoMo20Te 34.0 =040
9. R.M.25T, 34.9 0405 9.8 272
10. ReMs30T. 35.2 0.18
11, Check 31e1 -0.13
Mean of 1,6,11 27.8 -0.23 8.85 31.8

Table 17. A comparison of the mean wheat yields for each check, on cycle 1,
(1922-25) with those of oycle 7, (1951-54) s (Bushels per aore).

Check Cycls 7 Cycle 1 Difference
1 20.24 2701 "6.7
6 25.7 27.1 -l

11 31.8 29,2 2.6
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Table 16. presents data indicating the long term effects of manure
applications on wheat yields. The degree of yield fluetuations has been
obtained by determining the standard devietion on treatments 5, 9 and
the mean of checks 1, 6 and 1lls In perocentages of the mean yield for
each treatment there was a reduction of L.6% on treatment 9 compared
to the average check. The long term trends of treatments L, 5, 8 and
10, compared with check 6, are shown in figures 8 and 9 (4ppendix ii).

Tﬁe long term trends in yields of checks 1, 6 and 11 were =0.3l,
~-0.21 and =0.13 respectively. The differences in negative trends on
checks 1 to 1l also indicate that these plots have been influenced by
adjacent menure treatments. However in the initial years of the experiment
as shown under cyole 1, Table 17., yilelds of the checks agreed quite well
8eges 27el, 27.1 and 29.2. When ocompared with those of oycle 7, checks 1 and
6 had declined by 6.7 and‘i.h bushels while on check 11 an increass of
2.6 bushels per acre was recordeds On Range 25, Table 15., yields werse
considerably higher on checks 6 and 1l than on check l¢ This was also
true on'the previous éorn and wheat crops.

A& comparison of long term trends in Table 1l6. shows a rahge from
-0,3l bushels per acre, per year, for oheoi 1 to 0.18 for treatment 10
at 30'tons per acre. In fact negative trends occurred on the checks and

retes up to 20 tons per aore. Beyond this, low positive trends ocourrede
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Table 18+ Short term yield increasss due to manure treatments of whest
after corn over the adjsoent checks 1 and 6, determined as
Li-yesar average increases for the 7 oycles in the period
1922-1954, (Bushels per acre).

Treatments
2 3 b 5 7 8 9 10

FelMeLeSe10Te FeMeSeS¢10Te ReMe5Ts ReMo10T. RoM,15T. R.M.20T. ReMe25T¢ ReMs30T, :

Averag:hizzr;a ses over Averag:hi.:;rzasas over
Cycles
1 2.7 L3 2.5 3.4 3.6 Leo 3.h Lol
2 345 L5 345 5ol 3.8 5.9 8.2 9.6
3 3.6 3.6 2.6 3.4 3.4 el L Sely
N 2.7 1.0 -0.l4 2.3 51 5.8 640 L.2
5 8.3 TeT 0e7 7 3.7 T3 T+9 9.3 9.0
é L.6 L2 0Ly 2.9 10.9 8.8  1l.l 13,7
7 Lok 6oy Lk 2.8 5¢3 9.0  10.3 13.2

The reason that higher long term trends were not obtained is found in

Table 18., in which h-year trends were interpreted. The largest incresses

in yields over the ohecks did not always ocour in the later cycles,

although yields on the checks have declined during the experiment. On
5-ton and 10-ton rates the largest r eturns were obtained invcyoles 2
and 5 while on 15-ton to 30~ton rates they oocourred in oycles & and Te

In oycle 6, the average increase due to 15 tons was 10.9 bushels per

acre while that resulting from 30 tons was 15,7 bushels. Therefore
relatively low long term trends of =0.29 bushels per egre for 5-ton and 0.18
for the 30-ton treatments were the result. Similar trends which ocourred on

the wheat on fallow crop were attributed to more favorable seasonsal factors

in earlier years. There is s tendency on the higher rates of manure on
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wheat after corn for inoreasing returns with the progress of the e xperiment,
ises, larger increases have occurred on the later cysles. These results are
in agreement with those from the corn orop, indicating greater utilizetion
of availsble nutrients. It may be expected that lodging of this crop
under high rates of manure was of less importance than on the wheat on
fallow orop. In general the results indicate the high yield potential of
these treatments, particularly the high rates, under favorable seasonal

conditionse
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Table 19 Long term inoreasses in yield due to manure treatments on
wheat and corn over the adjacent checks 1 and 6, (28 year
average inoreese for the period 1922-195L).

Wheat increases, Corn increases,
(bus./acre) . (tons/acre).
per ton per ton

Treatment on fallow after corn +total of manure total of manure
2, F.M,L.S.10T, 2.5 L3 6.8 0.68 .25 0.13
3. F.M.S.8,107, 3.0 L.6 7.6 0.76 1.13 0,11
L. R.M. ST, 2.9 1.5 L.L 0,88 .11 0,22
5s ReM.10T, L.9 3.3 8.2 0.82 .39  0.14
Te RM15T, L.2 5.6 9.8 0.65 L7L 0.2
8e ReM.20T. 5.2 6.6 11.8 0.59 2,02 0.11
9. R.M.25T, 6.1 Teb 1347 0.55 2.4, 0,10
10. R.M.30T, 549 8.4 U3 0.48 2,84 0,09
Average increass L.3 5.2

(8 treatments)
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Teble 20, Long term inoreases in yield due %o manure treatments on
wheat and corn over the adjacent checks 1 and 6, 12-year
average increasse for the period 1942 - 1954,

Wheat‘inoreases, Corn increases,
(bus./ecre) . ' (tons/acre)
per ton per ton

Treatment on fallow after corn totel of menure  total of manure
2¢ FeMoeLeS.10T, 2.9 5.8 8.7 0,87 1,83 0.18
3¢ FoM.S.8,10T, 3.6 6.1 9.7 0.97 1,52 0.15
L. R.M. 5T, 2.3 0.8 3.1 0,62 .29  0.26
5¢ ReM.10T. 5.0 3.1 8.1 0.81 176  0.18
Te ReMs15T, 3.4 7.8 11.2 0.75 2.26 0.15
8. R.M.20T. 3.5 8.6 12,1 0.61 2,70 0.1k
9« R.M.25T, 6.7 10.3 17.0 0.68 3.49 0.1
10, ReM.30T, 6.5 11.9 18.L 0.61 409 0.1
kverage inoreése L.2 6.8

(8 troetments)
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The long term increeses in yield from sach trestment of the two orops
shown in Tebles 19. end 20, were determined on the basis of the 28-year
average and the recent 12-yeer average. Yield ipcreéses in each period
were larger on the second crop than on the first, except for treatments
Ly and 5. The average increase obtained with whest on fallow on the
12-year period, L2 bushels, was similsr to that obtained in the 28-year
period of .3 bushels per acre. However, the average inorease was 6,8
and 5¢2 bushels on the wheat after corn crop in the 12 and 28-year
periods, respectivel&. Henoe the combined wheet returns were larger
in the last three cycles of the experiment, and increased from 3.1
bushels on the 5-ton rate to 184, on the 30-ton rate. Corn yield
inoreases were larger on all rates in the recent 12-year period than
in the 28-year period. 4s outlined previously these inereases on corn
end wheat after corn have occurred mainly in oyoles 5 and 6, periods
of geﬁerally high production.

The total yield increases expressed on the basis of inoreases per
ton of manure applied, show that the 5-ton rate, in the 28-year period
has produced the largest returns. This is also true for the 12-year
periode Although larger returns of whest were obtained from 10 and
15-ton rates in the 12-yesr period, this effect is offset by larger

corn returns on the 5-ton rate.
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ViI. SUMMARY AND DISCUSSION

The objestives of the soil and crop yield analyses of this long
term experiment were to determine the effects of repeated applications
of manure on the fertility of the soiles The experiment involved a
Li=year rotation of fallow, wheat, ocorn and wheat where a series of
rates of manure had been applied onoe each cycle of the rotation for
36 yearse

Soil samples from the O to 6 inch depth were analyzed in the
laboratory for organic matter and inorganie carbon. Samples from
the O to 6 and 6 to 12 inch depths were analyzed for total nitrogen,
total, inorganioe, organio'and available phosphorus.

Since standard statistical procedures could not be applied to
the yield data because of the lack of replication of treatments each
year a number of methods were useé in order to measure long and shors%
term effeocts of treatments on yields. An analysis using years as
replication was used to measure the degree of variability in yields
among years due to seasonal factors. A method using l~-year oyoles
of the rotation as replicates was used to determine significant
treatment effects on orop yields as well as differences betwesn
ranges and L-year cyoles. Long term yield trends and yield
variability due to treatments were determined. Short term trends
in yieldﬁ resulting from manure applications were measured by
determining Li-year average increaseé for eaoh treatments Treatment
effects on crop yields were compared using average results for 28-year

and l2~year periodse
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The soil analysis showed high;r levels of organicec matter, nitrogen,
totel, inorganic end available phosphorus as higher rates of application
of manure werse uéed. For example, lb, 20 and 30-ton rates resulted
in increases in organic matter of 0.2L%, 0.92% and 2.09%, respectively.
Similarly, these rates increesed svailable phosphorus contents by 1l1.8,
39.1 and 60s1 pepems The 5=-ton rate produced slight increases in soil
ﬁutrient levels. However the organic phosphorus content was’larger
on the lower rates. The carbon~nitrogen ratios were generally
unaffeocted by the manure treatments. From the amount of total,
inorgaenic and available phosphorus obtained on the 6 to 12 inch depth
it was concluded that lesching of phosphorus had ocourred. More
phosphorus_per ton was obtained from rotted manure trestments than
from fresh manure, although there was little difference in orgenio
matter and nitrogen content between these treatments. The non-menured
checks, particulerly checks 6 and 1l have been effected by adjacent
treatments since the level of nutrients and average yields inoreased
from 1 to 6 and 11,

The 28~year average yisld of all treatments of wheat on fallow was
3Li4ly bushels per acre compared with that of whest after corn of 31.3
bushels. However the yields of the first wheat crop varied from .l
bushels in 1935 to 55.9 bushels per acre in 1926, while those of the
second wheat orop ranged from 16.2 in 19%6 to 54.5 in 1942. Corn
yields were even more variable @eZes 2,142 tons were recorded in 1927
and 1L.L9 tons in 1926, while the 28-year aversge yield was 8.60
tons per acre. On a h-year average basis, above average yields
ocourred in oyele 5 (1942 -~ 1945) on each of the three orops.

Significant 28-year average increases in yield over the adjacent
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ohecks 1 and 6 were obteined from all treatments on all erops, except
for the 5-ton rate of wheat after corn. Yields of whest on fallow from
high rates (15 - 30 tons) were only slightly larger than those from the
10-ton rate, e.ge., the l0-ton rate produced & L;+9 bushel increase while
the 30-ton produced a 5.9 bushel increase. The yield from the rotted
manure treatment was 2.7 bushels per acre more than that from the
fresh menure rate of 10 ‘tonse However no significant differenoces
ocourred between these trestments on the corn or wheat after corn
orops. On these orops higher rates produced correspondingly larger
inoresses in yield, e.g., the response on corn from the 5=ton rate
was 1,11 tons per sore, while that from the 30-ton rate was 2.8l
tons per acre. On the wheat after corn the 5-ton rate produced a 1.5
bushel increase while the 30-ton rate produced an increase of 8.l
bushels. These higher yields resulting from higher rates agree with
& similar trend in levels of Qrganio matter, nitrogen and phosphorus,
There was little difference in yield variability among treatments.
Long term trends in yields of the non-manured plots indioated the
effect of adjecent treatments on checks 6 and 11. Declining yields
occurred on the low rates and checks of corn and wheat after corn.
Although the higher rates of 15 or more tons per acre generally
produced higher yield trends the results were not always consistent
with the rates applied. Short term trends (L=year average incresases
over the checks) show that these effects were due to seasonal
fectors which resulted in high returns in earlier yoarse These trend
results oould also be due to orop lodging in later years, particularly
on the higher rates of wheat on fallow.

The largest li~year average increase of wheat on fallow occurred in
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cycles 2, 6 and 7+ Corn increases in yield were largest on cyocles 5, 6
and 7, and those of wheat after corn in 2, 5, 6 and 7. Generally the
largest returns ococurred in cyoles 2, 5, 6 and 7, periods of above average
production on the three crops.

On the basis of a recent 12-year and the 28-year average little
difference in returns due to treatments ocourred between periods of
the wheat on fallow orop. However larger increases were obtained on
the corn and wheat after corn in the 12-year period than in the 28-yeér
periods Yield increases were generally larger on the second wheat orop
than on the first.

The total yield inoreases of the three crops determined on the
basis of response per ton of manure applied showed that the 5-ton rate
in each period has produced the largest returnse

A review of the experiment should consider thet certain limitations
inherent in its design have influenced the results to some extent. For
oxample the widths of the plots and border strips have not been
sufficient to prevent a transfer of nutrients from manured to adﬁéoent
plots e.g., from high rate treatments to non-manured checkse This
fransfer has had the effect of reducing the nutrient status of the
treated plot as well as inocreasing that of the checks The systematio
arrangement of treatments within each range has permitted certain rates
of manure to ocour in mors favorable positions within each range than
otherss The lack of replicetion of orops and treatments each year
has made it diffiocult to separate effects due to differences emong
ranges from those due to years. For exsmple, favorable seasons of
orop growth and yield response to treatment could ocour mors

frequently on certain ranges than on others, preventing an acourate
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measurement of possible soil differences smong renges. Continuous
annual wheat ylelds were not availsble since barley was substituted
for wheat in five of the years between 1919 and 1930. In general
these limitetions have reduced the fevorable effects of manure

treatments on ocrop yields,
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VI1i. CONCLUSIONS

l. Manure applications, especially et higher rates, resulted in
substantial inoreases in the soil content of orgenic matter, nitrogen,
total, inorgenic and available phosphoruse

2. Large yiseld increases were obtained from these treatments
particularly on the corn and wheat after corn orops.

3+« The largest returns per ton of manure applied were obtained
from the lowest rate of applications

L. The fact that the largest returns per ton were obtained from
the lowest rate and that relatively high yield inoreases were obtained
in early li~-yeer oycles suggest that the fortility level inoreased
rapidly following a few applications, perticularly with wheat on
fallow,

5 The combination of manure treatments and favorable seasonal
conditions have resulted in large incresses in yield in a number of
cycles throughout the experiment. Although there does not appear to
be a long term oumulative effect of manure treafments on ylelds of
wheat on fallow there is evidence of this effect with corn and wheat
after corn,.

6. Results of this study were influenced by limitations
encountered in the design of the experiments Further experimental

work of this nature should attempt to avoid these deficienciese
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Appendix iii

Years as replication (wheat on fallow).

- Degrees Sum
Varistion of of Mean F
freedom squares square value 5%
Total 307 3119621
Years 27 172%5,28 638,31 11, 1= 1.57
Treatments 10 1495.05 19,5 2,61 1.87
Years x Treatments 270 15,65, 88 57.28

(Brror)

Coeffioient of varisbility = 22,0%
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Appendix iv.

Cycles as replication (wheat on fallow).

Degrees Sum

Variation of of Mean F
due %o freedom squares square value 5%
Total 307 3L4196.21
Cycles (replicates) 6 8l30.61  1405.10 147 2,66
Ranges 3 2212,91 T37.64L 3,16
Cycles x ranges 13 17235,28 957 .52

(BError a)
Treatments 10 11495, 05 149.51 7.76% 1.99
Cycles x Treatments 60 1156,05 19.27

(Brror b)
Ranges x Treatments 30 - 1239,02 111,30 34 06% 1,53
Cycles x Ranges x 180 2427,29 13.48

Treatments (Error o)

Coefficient of veriability = 10.7%




