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Abstract
Knowledge on the interaction between plants and organic amendments is critical for the basic understanding of
agroecosystems sustainability. Organic amendments are of great interest in agriculture by virtue of their ability to
restore lost soil organic carbon in eroded or conventionally cultivated soils. The major objective of this study
was to demonstrate and model the differential response of crop species to organic amendments. Despite the
potential of such an interaction to improve crop production, it has never been formally demonstrated in a planned
experiment. A two-year greenhouse experiment set as 3×3×5 factorial in a strip-split plot design was conducted.
The effects of crop species, type of organic amendment, and application rates on grain yield of soybean, canola,
and wheat were evaluated. To account for the asymmetry of the concave responses of soybean, mathematical
transcendental models were fitted, for the first time, to yield data. The interaction between crop species and
amended soils was highly significant. Soybean displayed concave transcendental yield responses whereas canola
and wheat exhibited negative exponential responses, irrespective of the type of amendment. Turkey compost
outperformed turkey litter and beef manure by 30% and 52%, respectively, with respect to soybean production;
whereas turkey litter outperformed turkey compost and beef manure by 144% and 264%, respectively, with
respect to canola and wheat production. It is concluded that in greenhouse settings and perhaps field conditions,
growth and development of crop species can be enhanced by matching the specific characteristics of organic
amendments to the specific nutrients demand of crop species.
Keywords: canola, compost, grain yield, manure, organic amendment, organic agriculture, soybean, wheat
1. Introduction
The United Nations estimates that the world population will reach 9.4 billion by 2050 and 10 billion by 2100
(Cohen, 2003). This explosive population growth rate is unmatched by the growth rate of world food production,
which has raised concerns about world food security. To meet the challenges of food security, various
agricultural strategies have been proposed: intensification of agriculture (more lands, fertilizers, pesticides, and
water), use of new technologies (equipment, precision-farming), and the creation of genetically modified
organisms. Unfortunately these strategies, with the exception of precision farming, have been linked to a heavy
environmental cost: eutrophication and contamination of ground and surface waters, land degradation and
desertification, loss of soil organic carbon, climate change, etc. (Lal, 2009). Farming systems such as organic
agriculture and sustainable conventional practices that make use of agroecological principles have been proposed
as ecosystem approaches to address these environmental issues. In fact, opportunities to increase yields while
improving soil health and quality already exist. One such opportunity is precision nutrient management, or the
agronomic exploitation of the interaction between crop and the environment (genotype x environment).
Genotype x environment interaction is the differential response of genotypes across different environments. The
phenomenon has been exploited for decades by plant breeders in determining the adaptation and stability of new
genotypes (Berger et al., 2002; Beyene et al., 2011). It is widely accepted that yield stability across regions and
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high productivity are the most desirable attributes of crop varieties (Thanki et al., 2010; Nizam et al., 2011).
Thus, cultivars that display high average yields across multiple locations are preferred over those that display the
highest potential yield at specific locations. The approach is strategically and commercially sound, as it is more
convenient and profitable for seed producers to market their products to larger markets (regional) than to
individual local ones. In the field of farming systems, specifically in the area of plant nutrition and soil fertility,
crop species may interact with amended soil media (environment), and respond differently depending upon the
type of organic amendment (manures, composts) they are fertilized with. In this case, yields could be increased
at the regional scale through a reverse approach to that used by crop breeders and which would consist in
selecting, on a per farm basis, the best combinations crop species/amendment type without additional or
excessive nutrient inputs. There has been little research devoted to the application of the genotype x environment
concept to farming or cropping systems. Thus, very few studies, if any, have reported the interaction between
crop species and organic amendments. Research studies on woody horticultural crops have hinted at the
existence of interactions between shrub species and compost type (Gonzalez & Cooperband, 2002; Maynard,
1998). However, none of these studies involved experiments formally designed to capture and measure the
interaction between the woody species and the type of compost. The interaction between lettuce (Lactuca sativa
L.), radish (Raphanus sativus L.) and soil type has been highlighted with respect to the uptake of radioactive
isotopes 137Cs and 90Sr in soil affected by the Chernobyl nuclear accident (Melnitchouck & Hodson, 2004).
Recently, it was shown that the effects of organic fertilizers were genotype-dependent (Lazcano et al., 2011).
However, the rabbit manure and vermicompost evaluated in this study made up only 25% of each integrated
fertilization treatment; the remainder portions (75%) were inorganic fertilizers.
Organic amendments (composts, manures, green manures) can be viewed as complex nutrient substrates
characterized by differing physical, chemical, and biological properties. The nutrient composition of fresh or
composted manures depends upon factors such as the type of livestock, feed rations and additives, the type of
bedding, and the method of manure handling and storage. Specifically, manure is a useful organic fertilizer that
can supply inexpensive nutrients for crop production (Lafleur et al., 2012), and an effective organic amendment
that can improve soil physical and chemical properties (Larney et al., 2000). Thus, a wealth of studies have
demonstrated that composts and manures reduce soil bulk density while increasing porosity and hydraulic
conductivity (Gonzalez & Cooperband, 2002; Wong et al., 1999); improve total soil carbon and tilth (Raviv,
2005); increase the availability of macro- and microelements (Qian et al., 2003); improve crop yield (Mooleki et
al., 2004). Despite the aforementioned benefits, agriculturalists and farmers face challenges when using animal
manures and composts. These challenges include: low nutrient content per unit weight, variability and
availability of nutrient content, a balance of available nutrients that often does not meet the relative nutrient
requirements of the specific crop (Shoenau & Davis, 2006). In conventional agricultural systems, the issues of
nutrient amount and balance can be resolved quite effectively through the application of supplemental inorganic
fertilizers following soil, plant, and manure/compost tests. In organic farming systems, manufactured inorganic
fertilizers are prohibited which makes the issue harder to resolve. One possible solution would be to match
manures or composts to specific crop species’ requirements.
The variability of nutrient contents and balance among manure and compost sources on the one hand, and among
crop species with respect to their specific and respective nutrient requirements on the other hand, raises the
likelihood of interactions between animal manures/composts and crop species. In other words, it raises the
possibility of differential responses of crop species to differing organic amendment sources. The phenomenon of
the interaction crop species x organic amendment has not yet been fully investigated in greenhouse and field
crops production despite the large body of literature on the effects of manures and composts on various field
crops. Much remains unknown about matching the type of organic amendment to specific crop species
requirements. Identification of optimal matches would significantly contribute to the improvement of the
productivity of agricultural systems that rely on organic amendments without increasing the environmental cost
of production. Two approaches have been used in studies that have compared different types of organic
amendments: the holistic and the elemental. For the elemental approach, a given element or nutrient is selected
to standardize the different types of manure (e.g. Zaller & Köpke, 2004). Here, treatment rates are increments of
a given amount of the selected element or nutrient. That is, one element is the independent variable to which the
whole manure effect is attributed to. Major setbacks of this approach are: i) interpretations of the results may be
inaccurate and misleading as any selected element covaries with other essential elements; ii) different type of
responses to a given organic amendment may be recorded depending upon the type of element selected, due to
the fact that each essential element has its own uptake and assimilation mechanism (Nkoa et al., 2003;
Marschner, 2012). For the holistic approach, manure treatments are standardized on the basis of the dry weight
or volume of “whole manures” (e.g. Saviozzi et al., 1999; Hati et al., 2006; Rotz et al., 2011). It is the most
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commonly used method in the literature, and the one we have used in this study.
The objectives of this study were: i) to demonstrate and formally quantify the interactions between three types of
organic amendments (turkey compost, turkey litter, and beef manure) and three field crop species (soybean,
canola, and wheat) under greenhouse settings; and ii) to model and characterize the yield responses of these three
crops species to the three organic amendments. We have hypothesized that the effect of turkey compost, turkey
litter, and beef manure on the grain yields of soybean, canola, and wheat would vary among these crop species,
and as a result, the responses of the crops would differ in nature and magnitude depending upon the type of
organic amendment used.
2. Materials and Methods
2.1 Plant and Experiment Management
Four seedlings of a soybean hybrid (Glycine max L. cv. Pioneer 93M62), Canola (Brassica napus L. cv. Pioneer
46H75), and a wheat hybrid (Triticum aestivum) were transplanted into 5-L plastic pots filled with amended soil,
in a ventilated greenhouse on 2 January 2011 and the procedure was repeated the following year, on 5 May 2012.
Soybean and canola plants were subsequently thinned to 1 plant/pot, and wheat plants were thinned to 2
plants/pot. Teeswater silt loam (Grey-brown Luvisol) was collected (0 to 40-cm depth) from a certified organic
farm in Riverstown, Ontario (Table 1) and passed through a 10-mesh screen before potting. For each plastic pot,
5 kg (dry weight) of soil was thoroughly mixed with 60, 120, 180, and 240g (dry weight) of either fresh turkey
broiler compost, turkey broiler litter or beef manure, giving rise to the following percent rates: 1.2, 2.4, 3.6, and
4.8, respectively. Pots were topped with 1cm layer of washed sand to control for fungus gnats and shoreflies.
Manures and compost were obtained from certified organic farms in the Wellington County, Ontario. Soil,
manure, and compost samples were sent to a commercial laboratory (SGS-AgriFood Laboratories) where their
chemical and physical properties were determined. (Table 1).
Table 1. Chemical and physical properties (dry weight basis) of the organic farm’s soil, turkey compost, turkey
broiler litter, and beef manure used in the study
Properties
Organic farm’ s Soil
Turkey compost
Turkey litter
Beef manure
Ammonium-N (ppm) 2.4
2998.14 ppm
13085.54 ppm
1351.60
Nitrate-N (ppm)
21.4
Phosphorus (ppm)
15 (Bray)
12700
8900
1200
Calcium (ppm)
1996
30700
12100
6000
Potassium (ppm)
81
12100
10500
5600
Magnesium (ppm)
412
6100
3600
2000
Zinc (ppm)
0.8
347.03
340.85
21.25
Manganese (ppm)
12.6
418.63
308.47
22.24
Copper (ppm)
0.3
102.99
45.18
5.01
Iron (ppm)
24.3
1896.22
381.59
508.62
Boron (ppm)
0.35
21.17
8.03
7.33
Organic Carbon
10.54 %
14.43 %
7.60 %
Carbon/Nitrogen ratio 10.14
7.25
17.25
pH
7.1
Organic matter (%)
3.3 %
CEC (MEQ/100g)
14.8
Base saturation (%)
1.4 (K); 23.3 (Mg);
67.3 (Ca); 8.1 (H)
Sand; silt; clay (%)
30; 57; 13
Dry matter
45.52 %
36.84 %
20.69 %
EC (mmhos/cm)
5.82
5.38
1.37
Nitrogen (%)
1.04
1.99
0.44
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The experimental design was a 3×3×5 factorial in a strip-split plot design with three replications. Crop species
(soybean, canola, wheat), type of organic amendment (beef manure, turkey litter, turkey compost), and the rate
of organic amendment (0%, 1.2%, 2.4%, 3.6%,and 4.8%, dry weights) were the vertical, horizontal, and sub-plot
factors, respectively. Each experimental unit was made up of three plastic pots. The plastic pots were laid in
staggered rows to minimize the effects of intraspecific light competition resulting from differing growth rates
among treatments. Natural lighting in the glasshouse was supplemented by high-pressure sodium lamps (HPS,
P.L 780/N 400, P. L. Lighting Systems, ON, Canada) that provided a photosynthetic photon flux density of 300
µmol m2 s-1 at pot level. Plants were maintained on a 16-h light/8-h dark cycle for the first 60 days after
transplanting, and then on a 14-h light/10-h dark cycle to trigger the flowering process of soybean. Night and day
temperatures were set at 18 ºC and 22 ºC, respectively. All plants were watered daily to field capacity of the
amended soil. Each plastic pot was trickle-irrigated at increasing rates: 10 ml day-1 (weeks 1-2); 50 ml day-1
(week 3); 100 ml day-1 (weeks 4-5); 150 ml day-1 (weeks 5-6, soybean and wheat); 200 ml day-1 (week 5-6,
canola); 200 ml day-1 (weeks 7-8, soybean and wheat); 300 ml day-1 (weeks 7-8, canola); 300 ml day-1 (weeks
9-12, soybean and wheat); 400 ml day-1 (weeks 9-12, canola.). Three biological control systems were used to
control the populations of thrips, aphids, and two-spotted spider mites on soybean and canola plants:
Swirskii-System (Amblyseius swirskii, Biobest®); Koppert Biological System (Aphidoletes aphidimyza);
Aphidius-Mix-System (Aphidius colemani; Aphidius ervi, Biobest®). One to three grams of each system were
sprayed over plants both at transplanting and whenever insect infestation appeared on plant leaves or on the
yellow sticky traps. To get a better insight on the effect of the three organic amendments on the growth rates of
soybean and canola plants without destroying the sampled plants, their height (instead of dry biomass) were
measured every other week until the first inflorescence appeared on a canola plant. Height was measured from
the junction of the stem and the soil to the last appeared leaf of soybean and canola plants. The variable height
was not measured on wheat plants due to tillering and lodging.
2.2 Statistical Analysis and Response Modelling
To formally demonstrate the interaction between crop species and organic amendments, and the differential
response of the model crops to the organic amendments used in this experiment, two type of statistical analysis
were used: an analysis of variance and regression analysis. The analysis of variances of grain yields was pooled
over years and performed for the 3×3×5 factorial in a strip-split plot design with three replications. All statistical
computations were done using the Statistical Analysis System (SAS Institute Inc., 1996). Responses of soybean,
canola and wheat, when grown on soils amended with turkey compost, turkey litter and beef manure at
increasing rates, were fitted to mathematical functions. To account for the asymmetric concave responses of
soybean, transcendental models (non-algebraic) were fitted to yield data. The soybean yield response f1 was
expressed as follows:
f1(x) = boxе-b1x + b2

(1)

Where: x is the organic amendment rate expressed as the proportion of soil in the pot (dry weight basis); b2 is a
constant representing the y-intercept; and b0 and b1 are two constants.
Yield responses (f2) of canola and wheat were fitted to negative exponential models expressed as follows:
f2(x) = bo(1-е-(b1x + b2))

(2)

Where: x is the organic amendment rate; and b0, b1, and b2 are constants.
Nonlinear regression analyses were carried out using the NLIN procedure and the Gauss-Newton iterative
method (SAS Institute Inc., 1996).
3. Results
3.1 Effects of Turkey Compost, Turkey Litter, and Beef Manure on the Growth Rate of Soybean and Canola
Growth rate, or elongation rate, was estimated as the average daily height increment of individual soybean or
canola plants at a given growth stage. Generally, the rates of height increase were slow the first 28 days, and then
dramatically picked up irrespective of the crop species or the rate of amendment (Figure 1 soybean/canola-abcd).
However, unlike the case of canola, the respective effects of turkey compost, turkey litter, and beef manure on
soybean height differed in magnitude 14 days after transplanting. Regardless of the rate of amendment, turkey
compost had the highest growth rates relative to turkey litter and beef manure. Whereas in canola, growth rates
induced by turkey compost, turkey litter, and beef manure were generally similar irrespective of the rate of
amendment, with the exception of turkey litter which displayed a slower rate at 4.8% and 42 days after
transplanting (Figure 1 canola-d). In general, higher amendment rates at 42 days after seeding resulted in the
decrease in the elongation rates of both soybean and canola plants. For examples, the growth rate of soybean
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plants decreased dramatically, at 42 days after seeding, with increased levels in the soil of: i) turkey compost: 24;
20; 19; and 15 mm/day at 1.2; 2.4; 3.6; and 4.8% amendment rates, respectively; ii) turkey litter 14; 10; 4; and 0
mm/day at 1.2; 2.4; 3.6; and 4.8% amendment rates, respectively); and iii) beef manure11; 13; 11; 11 mm/day at
1.2; 2.4; 3.6; and 4.8% amendment rates, respectively (Figure 1 soybean-abcd). With respect to canola, the effect
of increased levels of organic amendments in the soil had a lesser impact on plant elongation rate: i) turkey
compost: 10; 10; 10 mm/day at 1.2; 2.4; 3.6; and 4.8% amendment rates, respectively; ii) turkey litter: 11; 10; 8;
6 mm/day at 1.2; 2.4; 3.6; and 4.8% amendment rates, respectively; and iii) beef manure: 10; 10; 11; 11 mm/day
at 1.2; 2.4; 3.6; and 4.8% amendment rates, respectively (Figure 1 canola-abcd).

Figure 1. Soybean/canola-abcd
Time-course of the height of soybean and canola plants during the first 42 days after seeding when grown in
soils amended with turkey compost, turkey litter, and beef manure at the rate (organic amendment/soil dry
weight) of 1.2% (a), 2.4% (b), 3.6% (c), and 4.8% (d).
37
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3.2 Interactions Between Crop Species and Organic Amendments
Differences between crop species were highly significant, and so were the main effects of organic amendment
and organic amendment application rate (Table 2). The three two-factor interactions, crop species × organic
amendment, crop species × organic amendment application rate, and organic amendment x organic amendment
application rate, were highly significant. These results indicate that: i) the effects of both type and rate of
organic amendment varied among the crop species tested (soybean, canola, and wheat); ii) the effects of organic
amendment rates varied among the type of organic amendment. Similarly, the three-factor interaction, crop
species × organic amendment × organic amendment/soil ratio, was highly significant, indicating that the grain
yield responses of soybean, canola and wheat varied depending upon the type and the rate of the organic
amendment applied (Table 2). When the observed grain yields of soybean, canola and wheat were fitted to
transcendental and negative exponential functions, eight of the nine estimated regression equations were
significant (p < 0.05) (Table 3). The pattern of soybean response to turkey compost, turkey litter, and beef
manure was different than those of canola and wheat.
3.3 Grain Yield Response of Soybean to Turkey Compost, Turkey Litter, and Beef Manure
Grain yield responses of soybean to increasing rates of turkey compost, turkey litter, and beef manure were
characterized by a linear and fast response section at lower rates, followed by a slower, concave section around
the maximum rate (slower rate of increase and decrease), and then a linear decrease at higher rates (Figure 2).
The resulting graph opens downward and is asymmetric, making the observed data unfit for quadratic or cubic
functions. The transcendental regression equations (Equation 1) for grain yield of soybean grown on soil
amended with turkey compost and beef manure were significant at 1% and 3%, respectively (Table 3), indicating
that grain yield responses of soybean to turkey compost and beef manure amendments can be adequately
described by the transcendental mathematical function. The computed R2 values were 0.99 for both regressions
indicating that 99% of the total variations in the mean yields of soybean grown on soil amended with turkey
compost and beef manure were explained by the estimated transcendental regression equations estimated. The
transcendental regression of the yield of soybean grown on soil amended with turkey litter displayed a lower R2
(0.89). This can be explained by the fact that the transcendental equation boxе-b1x + b2 = 0 cannot be solved for x.
Thus, when the 4.8% rate was left out of the regression analysis, the transcendental equation became significant
at 1% level with a R2 = 0.99. This issue would be nonexistent in field experiments where a high rate such 4.8%
would be impractical. Consequently, it would be unlikely to have a grain yield equal to zero under farm
conditions. The predicted maximum rates of turkey compost, turkey litter and beef manure were 1.8%, 1.1%, and
2.6%, respectively, which corresponded to maximum grain yields of 32 ± 2.0; 25 ± 2.0; and 19 ± 4.0 g/plant,
respectively.
Table 2. Analysis of variance of grain yields of three crop species (soybean, canola and wheat) tested on three
organic amendments (turkey compost; turkey litter; beef manure) at five organic amendment/soil ratios (0; 1.2;
2.3; 3.6; 4.8 %) in a strip-split-plot design with three replications
Source of variation
DF
Sum of squares
Pr>F
Replication
2
26.96
Crop species (A)
2
2193.59
0.0005
Error (a)
4
49.48
Organic amendment (B)
2
322.12
0.0001
Error (b)
4
2.84
A×B
4
1973.83
0.0001
Error (c)
8
13.87
Organic amendment/Soil ratio (C)
4
1879.67
0.0001
A×C
8
1095.90
0.0001
B×C
8
199.78
0.0001
A×B×C
16
1125.80
0.0001
Error (d)
72
248.31
Total
134
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3.4 Grain Yield Response of Canola and Wheat to Turkey Compost, Turkey Litter, and Beef Manure
In contrast to soybean, grain yield responses of canola and wheat to increasing rates of turkey compost, turkey
litter, and beef manure did not exhibit maximal yields or toxicity effects within the range of organic amendment
rates tested (Figure 3 and Figure 4). In all cases, the pattern of grain yield response over organic amendment
rates was initially fast at lower rates, followed by a slower yield increase for each unit of amendment added. The
negative-exponential regression equations of canola and wheat grown on soil amended with turkey compost,
turkey litter, and beef manure were both highly significant (p < 0.001) (Table 3). This indicates that the grain
yield responses of canola and wheat to turkey compost, turkey litter and beef manure amendments can be
adequately described by the negative exponential function (Equation 2). The computed R2 values were 0.99 for
all of the regressions indicating that 99% of the total variations in the mean yields of canola and wheat (grown
on soil amended with turkey compost, turkey litter and beef manure) were explained by the
negative-exponential-regression equations estimated. The estimated maximum grain yields of canola when
grown on soil amended with turkey compost, turkey litter, and beef manure were 8 ± 0.8, 20 ± 1.0, and 5 ± 0.5
g/plant, respectively. For wheat, these maxima were 10 ± 0.2, 14 ± 2.9, and 9 ± 0.8 g/plant, respectively.
4. Discussion
Plant growth is the result of rapid cell mitosis at meristems, and as new cells differentiate, they provide new
plant tissues. This growth is dependent upon environmental and soil factors such as light, temperature, soil
moisture and mineral contents. Plant growth rate, expressed as internode elongation per unit of time, is not
necessarily correlated to plant grain yield, however, they can altogether shed light on the various impacts that
growth media can have on the development of plants. Thus, for this study, the type of organic amendment had an
impact on both internode elongation and grain yield of individual soybean plants; whereas for canola, the type of
organic amendment did not affect the elongation rate of individual plants, bud did significantly impact the grain
yields of plants (Figure 1 soybean/canola-abcd; Figure 2).
Table 3. Nonlinear regression analysis between grain yields of soybean, canola, wheat and organic
amendment/soil ratios
Regression

Source

Degree
freedom

Soybean on turkey

Model: Y = 37.5x е-0.55x + 6.5

2

390.8

compost

Error

2

1.06

2

334.3

2

41.6

2

129.4

2

3.6

2

27.17

2

0.08

2

230.7

2

1.45

2

9.4777

2

0.0103

2

35.3879

2

0.0401

2

93.2517

2

0.1483

-0.95x

Soybean on turkey

Model: Y = 59.1x е

litter

Error

+ 1.9

-0.39x

Soybean on beef

Model: Y = 14.9x е

manure

Error

+ 4.6

-(0.39x + 0.11)

Canola on turkey

Model: Y = 15.2 (1 - е

compost

Error

)

-(0.30x + 0.05)

Canola on turkey

Model: Y = 26.2 (1 - е

litter

Error
-(0.39x + 0.27)

Canola on beef

Model: Y = 5.97 (1 - е

manure

Error
-(0.42x + 0.24)

Wheat on turkey

Model: Y = 10.8 (1 - е

compost

Error
-(0.98x + 0.16)

Wheat on turkey

Model: Y = 13.7 (1 - е

litter

Error

)
)
)
)

-(0.24x + 0.22)

Wheat on beef

Model: Y = 12.08 (1 - е

manure

Error

)

2
2

39

of

Sum of
Squares

Pr>F
0.0027
0.1108
0.0274
0.0030
0.0063
0.0011
0.0011
0.0016
0.0071
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4.1 Superiority of Turkey Compost over Turkey Litter and Beef Manure With Respect to Soybean Grain
Production
The maximum yield of soybean plants was 30% and 52% greater when plants were grown on soil amended with
turkey compost than when the soil was amended with turkey litter and beef manure, respectively. These results
are corroborated by the higher elongation rates observed when soybean plants were grown on soil amended with
turkey compost (Figure 1 soybean-abcd) Regardless of the rate tested, turkey compost outperformed turkey litter
and beef manure, with respect to soybean grain production. These results can be explained by the synergic effect
of the richer composition of turkey compost (Table 4) and the specific nutrient requirements of soybean. Except
for nitrogen, turkey compost supplied a greater content in all major and minor elements. As a leguminous plant,
soybean can symbiotically fix atmospheric N2 to meet all its nitrogen needs. Hence, soybean seldom responds to
N fertilization. However, its requirements for P and K are relatively large (Scott & Adrich, 1983). Critical
concentrations of nutrients in crop tissues, defined here as the element concentration in the tissue of the plant that
that results in the maximum yield, can provide key information about the relative requirements by a crop for
major and minor elements. In Canadian ecosystems, the critical levels of nutrients in soybean plants are: N
(4.0%); P (0.35%); K (1.2%); Ca (-); Mg (0.10%); B (20.0 mg/kg); Cu (4.0 mg/kg); Mn (14.0 mg/kg); Mo (0.5
mg/kg); Zn (12 mg/kg) (Ontario Ministry of Agriculture and Rural Affairs [OMAFRA], 2002). These critical
concentrations are lower for wheat: N (2.0%); P (0.1%); K (1.0%); Ca (-); Mg (0.15%); B (3 mg/kg); Cu (3
mg/kg); Mn (15 mg/kg); Zn (10 mg/kg). The same concentrations are generally intermediate for canola: N
(2.4%); P (0.24%); K (1.4%); Ca (0.49); Mg (0.19%); B (29 mg/kg); Cu (2.6 mg/kg); Mn (14 mg/kg); Mo (0.02
mg/kg); Zn (14 mg/kg), (Canola Council of Canada, 2003). It appears that under our experimental conditions,
the higher nutrients supply from turkey compost matched the higher specific nutrients requirement by soybean
plants.

Figure 2. Transcendental concave grain yield response of soybean to increasing concentration of turkey compost,
turkey litter, and beef manure in the soil (dry weight basis)
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Figure 3. Negative exponential grain yield response of canola to increasing concentration of turkey compost,
turkey litter, and beef manure in the soil (dry weight basis)

Figure 4. Negative exponential grain yield response of wheat to increasing concentration of turkey compost,
turkey litter, and beef manure in the soil (dry weight basis)
4.2 Soybean Phytotoxicity at High Rates of Turkey Compost, Turkey Litter and Beef Manure
Unlike canola and wheat (non-leguminous), soybean (leguminous) grain yield responses displayed maximums
and minimums as well as phytotoxicity effects, irrespective of the type of amendment used. Phytotoxicity is
evidenced here by the dramatic reduction of growth rates of individual soybean plants when the rate of
amendment is increased from 1.2% to 4.8% (38% and 100% reduction with turkey compost and turkey litter,
respectively) (Figure 1 soybean-abcd). In contrast, canola and wheat displayed a negative-exponential growth
pattern regardless of the type of amendment they grew on. Despite a significant reduction in elongation rate, 42
days after seeding, observed when canola plants were grown on soil amended with turkey litter at 4.8%
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amendment rate (Figure 1 canola-d), this one ultimately provided the highest grain yield. This suggests that the
type of crop response (concave or exponential) to increasing rates of organic amendment is dependent upon the
crop’s physiology, and perhaps upon the crop taxonomic group. The concave grain yield response of soybean and
the negative exponential response of canola and wheat could be explained by their differing tolerance to soil
salinity. Soybeans, like all grain legumes, are classified as species sensitive to soil salinity (Mass & Hoffman,
1977; Katerji et al., 2000). Extensive field research has demonstrated the adverse impact of fresh and composted
manure on soil salinity (Miller et al., 2005; Hao & Chang, 2003) and crop growth and development (Chatrath et
al., 2000). Studies on the effects of soil salinity on soybeans have shown that the greater the salinity, the lower
the leaf-water potential, the stomatal conductance, the leaf surface, the number of pods/plant, the number of
grains/pod, the yield, and the water-use-efficiency (Katerji et al., 2009; Van Hoorn et al., 2001). Thus, high levels
of soil salinity would lead to water stress and reduced soybean growth and yield. In contrast, canola is
moderately tolerant to salts and sodium. Canola plants survival is not significantly affected until salinity exceeds
0.56 S m-1 (Canola Council of Canada, 2003). Comparative evaluation of the effect of moderate root-zone
salinity (0.56 S m-1 ) on the grain yields of canola, flax, Durum wheat, and field pea have shown that canola, flax
and Durum wheat have similar soil salinity tolerance levels, whereas field pea’s tolerance to soil salinity is 4
times lower than that of canola (Steppuhn, 2000). Interestingly, Durum wheat (Triticum durum) belongs to the
same genus as wheat (Triticum aestivum) whereas field pea and soybean belong to the same Fabaceae family.
Equally interesting, turkey compost and turkey litter had the highest electrical conductivity (EC) (0.58 and 0.54
S m-1 respectively); and when increasing rates of these two organic amendments are mixed with a fixed volume
of soil (5 kg), the EC of the amended soil is expected to increase. For turkey compost and turkey litter, rates
beyond 1.2% (dry weight) resulted in a decreased growth and development expressed in terms of grain yield
(Figure 2 soybean). Whereas beef manure had the lowest EC, and the grain yield of soybean was not negatively
affected until the 3.6% rate was reached.
4.3 Superiority of Turkey Litter Over Turkey Compost and Beef Manure With Respect to Canola and Wheat
When compared to turkey compost composition, turkey litter supplied a lower amount of nutrients with the
exception of ammonium (Table 4), yet it outperformed turkey compost when canola and wheat were the crops
grown, irrespective of the rate used. The maximum yield of canola plants grown on soil amended with turkey
litter was 144% and 264% greater than when plants were grown on soil amended with turkey compost and beef
manure, respectively. These figures were respectively 40% and 56% for wheat. These results can be attributed to:
i) a relatively higher N requirements by canola and wheat crops; ii) a greater tolerance to salinity by canola and
wheat (see phytotoxicity section above). For illustration, under organic production conditions, canola (2 t ha-1),
wheat (2.7 t ha-1), and corn (6.3 t ha-1) respectively require 62.5, 35.2, and 27.3 kg N ha-1 to produce one tonne of
grain (Wallace, 2001). The high NH4+ content of turkey litter (13,000 mg kg-1) ensured the overall supply of
nitrogen to canola throughout the growing season. High N requirements and tolerance to moderate salinity (0.4
to 0.8 S m-1) can explain the type and magnitude of responses observed on canola and wheat crops to increasing
amount of turkey compost, turkey litter and beef manure.
Table 4. Amount of nutrients supplied per pot by turkey compost, turkey litter, and beef manure at 1.2% organic
amendment/soil ratio. Values between parentheses (mg kg-1) represent total amended soil element concentrations.
Nutrient values for 2.4, 3.6, and 4.8 amendment/soil ratios are obtained by multiplying corresponding “1.2%
values” by 2, 3, and 4, respectively
Turkey compost Turkey litter Beef manure
Amendment/soil (%)
1.20%
1.20%
1.20%
Ammonium-N (mg)
180 (36)
785(157)
81 (16)
Phosphorus (mg)
762 (152)
534 (107)
73 (14.6)
Calcium (mg)
1842 (392)
726 (169)
360 (96)
Potassium (mg)
726 (146)
630 (127)
336 (68)
Magnesium (mg)
366 (78)
216 (48)
120 (68)
Zinc (mg)
21 (4)
20 (4)
1.3 (0.3)
Manganese (mg)
25 (5)
18 (3.6)
1.3 (0.3)
Copper (mg)
6 (1)
3 (0.5)
0.3 (0.06)
Iron (mg)
114 (23)
23 (4.6)
37 (7.4)
Boron(mg)
1.3 (0.3)
0.5 (0.1)
0.4 (0.09)
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5. Conclusions
To conclude, we have shown that under greenhouse conditions, the responses of soybean, canola, and wheat to
increasing amounts of turkey compost, turkey litter, and beef manure vary in nature and magnitude depending
upon the type of organic amendment used. Soybean is more sensitive to both rate and type of organic
amendment than canola and wheat. The type of organic amendment applied to the soil affects the internode
elongation rate and the grain yield of soybean plants, whereas canola elongation rate, unlike grain yield, is hardly
affected by the type of organic amendment. Soybean, a leguminous crop, had its highest grain yield when it was
grown on a soil amended with turkey compost; whereas canola and wheat produced greater yields when grown
on soils amended with turkey litter. These findings suggest that grain yield in particular, and growth and
development of plant species in general, can be optimized under greenhouse and perhaps field conditions
through matching the most suitable type of organic amendment to the specific requirements of plant species.
Further research is needed under field conditions as nutrient dynamics may differ significantly in the field. For
example, nitrogen losses through runoff, leaching, volatilization and denitrification processes may be more
pronounced under field conditions. In the case of ammonia for instance, major determinants for its volatilization
and therefore its loss to the atmosphere are its concentration in the organic amendment, the pH, and
environmental factors such as solar radiation, temperature, and air velocity (Nkoa, 2014). These environmental
factors are controlled under greenhouse settings. In the field, turkey litter would likely lose more ammonia
through volatilization than turkey compost and beef manure due to its higher concentration in ammonia. This
could change the magnitude of the observed responses.
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