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ABSTRACT

Monitoring and protecting our natural resources is vital for the quality of life and the
integrity of our ecosystem. The majorities of the farmlands in Guam are infertile and may
not be suitable for farming. At the same time, almost 80 % of garbage generated in
Guam'’s households is organic or compostable. This research evaluated the application of
both composted organic waste and commercial fertilizer in northern Guam for increased
crop yields. Furthermore, this project can help provide balance between a sustainable
agriculture and waste management.
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INTRODUCTION

Among the major concerns regarding the agricultural activities on Guam and other
tropical islands of the Pacific is the low organic matter content of soils especially the
calcareous soil of northern Guam (Golabi, 2004). The application and continued
additions of organic matter create a soft, tillable soil, important for plant growth while
adding nutrients, storing nitrogen, creating stronger aggregate that will enhance soil
stability therefore reducing water erosion (Environmental Encyclopedia, 2011).

Golabi et al. (2007) conducted an experiment using composted organic matter in southern
Guam that resulted in higher yield than inorganic fertilizer. Although the southern Guam
soil was Akina series (Very fine, kaolinitic, isohypothermic Oxic Haplustalf) formed in
residuum derived from the volcanic deposit (USDA-SCS, 1988), the significant
improvement in bulk density, soil organic matter content, and nutrient distribution in the
soil were attributed to compost application on the study plots (Golabi et al., 2007). The
chemical and physical properties of the soil plots studied improved following the addition
of compost, due to the increased in the organic matter content.

Goal:

Evaluate the agronomic value of land application of composted organic wastes in
enhancing crop productivity for agricultural sustainability.

Objectives

The purpose of this experiment discussed herein were to:

Compare the crop yield of corn between commercial fertilizer and composted
organic wastes at different application rates (0, 30, 60, and 90 t/ac)
a. Provide essential nutrients (N, P, K) for plant growth
b. Enhance organic matter content thereby improving physical and chemical
properties of soils.

Guam farmers may use this scientific based research result to make informed decision for
improving soil quality to enhance crop quality and yield while limiting municipal wastes
on the island.



MATERIALS AND METHODS

Study Outline
The experimental work described herein focused on 2 aspects of study.

a. Crop yield comparison between composted organic waste and commercial
fertilizer application.

b. Analyses of physical and chemical characteristics of compost and soil
study plots.

Soil Background

Before the application of compost and commercial fertilizer, the soil plots were sampled
and analyzed to determine soil background characteristics including: pH, soil organic
matter (SOM), bulk density, electrical conductivity, and percentage of carbon and
nitrogen content. Background soil pore water was also collected from lysimeters on
January 9" and 21%, 2012.

Soil

Soil is a dynamic and possibly the most diverse ecosystem on earth. Living organisms in
the soil such as bacteria, fungi, earthworms, etc., constitute an important component of
the soil. These biological activities are the key ecosystem processes important in the
cycling of essential elements for plants such as nitrogen, phosphorus, and potassium
(Fitter et al, 2005). Soil is capable of recycling organic materials into water and CO; and
has the capacity to degrade synthetic compounds foreign to the soil by microbial
decomposition and chemical reactions.

Another major factor is the soil’s capability to store and transmit water by controlling
water availability to plants and possibly reducing environmental pollutants to surface and
groundwater (Fitter et al, 2005). However, modern farming has changed the soil’s
dynamics due to excessive tillage and chemical applications. Innovation in plant nutrients
such as the use of synthetic fertilizer, pesticides, improvement in irrigation, and
advancement in farming machinery significantly increased crop production, but may have
decreased soil resiliency.

As we become more dependent on using synthetic fertilizer to increase crop production,
the negative impact of synthetic fertilizer to the environment can lead to the decline of
other ecosystems such as arable land and forestry (Mhango and Dick, 2011).

Soil organic matter (SOM), also known as humus, is a well-decomposed and stable part
of organic matter in mineral soils (SSSA, 2008). Soil organic matter serves as a reservoir
of nutrients for crops, improves soil aggregation, increases nutrient exchange, retains
moisture, reduces compaction and surface crusting, and increases water infiltration rate
(USDA, 2017).

Soil is essential for life. First, it stores and serves as water filter and medium for plant
growth and physical support. Second, it provides habitat for many organisms contributing



to biodiversity. Third, it can also filter solid waste in the environment. Finally, Lastly, it
is an agroecosystem, which provide food, feed, fiber, and fuel (SSSA,

2002). Any disturbance to one of the key functions can change the soil’s dynamic. The
use of composted organic waste may help these preserve the soil functions as well as
protecting living organisms involve in the soil life cycle.

When chemicals found in synthetic fertilizers such as nitrate and phosphates are
overapplied, excess nutrients can easily leach into the groundwater or carried by surface
runoffs into surface water body such as rivers, lakes and, ocean. There were many
research works reporting that composted organic wastes minimize the level of nitrogen
leaching because of its higher organic content increasing the abiotic sorption. Levanon, et
al. (1993), has reported that the higher organic matter content in soils enhanced abiotic
sorption as well as biotic degradation processes of synthetic chemicals, resulting in lower
leaching of these chemicals.

Experimental Site
The composting production facilities as well as the experimental plots were located at the
University of Guam Experiment Station in the village of Yigo of Northern Guam.

Guam has a mean annual rainfall of approximately 2540 mm with a distinct dry season
from January to June during which rainfall averages approximately 800 mm (Lander,
1994). Mean annual temperature is 26° C, and the monthly temperature range varies
approximately +2°C from the mean (Karolle, 1991).

The soil underlying the study site is the ‘Guam soil series’ (clayey, gibbsitic, nonacid,
isohypothermic lithic Ustorthents) formed in sediment over porous coralline limestone
(Young, 1988). The bedrock underneath these soils is very porous therefore surface water
can easily percolate into the groundwater aquifer, which supplies 80 % of the island’s
water supply (WERI, 2017).

Field Design
The 28 study plots (7 m x 6.9 m) shown in figure 1 were established for different

compost application rates as well as equivalent rates of nitrogen by using synthetic
fertilizers for comparison. The indicated study plots (figure 1) assigned were constant
throughout for the 3 planting seasons. The application rates were setup as 3 treatment
levels with 4 replications for each treatment plot, and randomized complete block design
was used for statistical analyses. The composted organic wastes applied to study plots
were processed in the University of Guam (UOG) station in Yigo. The compost mainly
consisted of restaurant food and paper wastes, woodchips from Anderson Air Force base,
and hog and chicken manures from local poultry and hog farms.

There were 8 water drip lines per study plot (d) that were set up approximately 91 cm
apart. The water timers were set to turn on the water twice a day for 2 hours. As the corn
ears neared the maturity stage, irrigation water was reduced to twice a day for 1 hr.
Adjustments were also made during lengthy rains, storms, and dry or wet seasons to
control erosion and guard against overwatering.
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Figure 1: Illustrates the study plot design (4 replications)
Notes: C30 = 30 tons per acre of composted organic wastes
F30 =30 tons per acre of inorganic fertilizer

Control = 0 tons per acre

Nitrate From Crop Land

Corn is the most widely planted feed crop in the United States and requires the most
nitrogen per acre (Ribaudo, 2011). Since nitrogen is relatively inexpensive and easy to
apply, farmers tend to overuse nitrogen fertilizers. However, excess nutrients can
migrate down past the root zone and into the water aquifer.

As indicated by Hallberg (1987), nitrate is leached to ground water because the
nitrogen input from synthetic fertilizers applied on crop land, as well as on managed
grass lands are generally in excess of N requirement. Moreover, composted organic
materials provide a source of slow release nitrogen and other essential nutrients
(Golabi et al, 2004), hence reducing the use of commercial fertilizer by farmers. In this
project, we are introducing composted organic wastes as an alternative for source of
nitrogen as well as other nutrients for crop (corn) production. As shown in our research
results, the use of composted organic wastes reduced the leaching of nitrogen below
the root zone in our study plots in northern Guam.
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Laboratory Investigations

Carbon and Nitrogen in Soil and Compost
Soil and compost samples were analyzed using the carbon and nitrogen instrument
(FlashEA 1112 series by Thermo Electronic Corporation) shown in figure 4. Data
obtained include percentage of the carbon and nitrogen of the soils from the study plots
as well as the carbon and nitrogen ratio of the compost applied to the study plots.

Figure 4: Nitrogen and carbon analyzer (FlashEA 1112 Series) used for soil and
compost analyses

Soil samples from study plots and compost samples from compost windrow were air-
dried and sieved through a 2.00 mm mesh screen. The samples were then milled using a
coffee grinder and sieved again with a 0.023 mm mesh screen to prepare for carbon and
nitrogen analysis using FlashEA 1112 series.

Soil pH Analysis

A soil pH is the measure of acidity and alkalinity and is important in many chemical
processes such as plant nutrient availability and overal soil health. Because of the
calcareous soil of northern Guam and the effects of crop residues to the soil’s chemical
property, pH testing was performed for overall soil quality determination (Butterly et al.,
2012, Golabi et al., 2004).

The soil pH was analyzed using an Oakton glass eletrode pH meter and was calibrated
before testing of samples. Generally, a 1:1 of soil to water ratio is performed but was
adjusted to 1:2 due to the texture of the soil and the compost (Sparks, 1996).



Soil Organic Matter (SOM) Analysis

Walkley-Black Method (Sparks et al., 1996) was used to test for soil organic matter
(SOM) in the soil study plots as well as the composted organic wastes windrow that was
applied to the study plots. Soil organic matter can increase soil water-holding capacity,
lower bulk density, and act as a reservoir for plant nutrients which an indicator for crop
yield and soil water leaching.

Corn Crop

The corn seeds purchased from University of Hawaii that were used from 2012 and 2014
were hybrid sweet # 8 while hybrid supersweet #10 was used in 2015 and 2016. Three
corn seeds were planted for each drip line emitter.

Harvested “husk of corn” were placed in burlap bags, weighed, and dried using a
SMO028G-2 SHEL LAB Forced Air Drier (27.5 Cu Ft) at a temperature of 55° C (Figure
5) for 72-hour duration. The corn dry-weight was used for the final yield analysis.

Figure 5: Shel-lab drier for obtaining harvested corn dry weight

Application of Compost and Inorganic Fertilizer

Compost was applied to study plots with corresponding 30, 60, and 90 tons per acre. The
content of nitrogen (%) in the compost corresponds to the equivalent rates of synthetic
fertilizer triple 16 (N, P, K) which was applied in two half applications. The compost was
applied 1 week before planting while the inorganic fertilizer was applied 2 weeks after



planting. First half application of commercial fertilizer (16-16-16) was applied to
corresponding plots two weeks after planting at the following rates (Table 1):

Table 1: Compost and Fertilizer Application Rates Per Plot

Rate (t/ac) Fertilizer (kg)/plot Compost (kg)/plot
30 6.35 287.40
60 12.70 574.80
90 19.30 862.19

Note: (t/ac is tons per acre which is mass of compost equivalent to N from fertilizer
(triple 16)

Composting
The idea of organic wastes having agronomic values as a "resource recovery"

management strategy sounds appealing and, in fact, has been shown to be of great benefit
to soil quality and crop productivity in the island of Guam (Golabi et. al., 2003). As
reported by Jackson, et al. (2003), application of compost had beneficial impacts of
increasing soil microbial biomass, increasing total soil carbon and nitrogen, reducing soil
bulk density, and decreasing the potential for groundwater pollution that would otherwise
result from nitrate leaching below the root zone upon the application of commercial
fertilizers.

Composting in Large-scale

In order to obtain enough organic compost, a large-scale composting was used in this
project. An ‘Active aeration’ windrow (figure 6a) was used which required a ‘pull-behind
compost turner’ called ‘AEROMASTER.” This compost turner has the capability of
turning large piles of compost, and provides maximum blending and aeration (Midwest
Bio-System, 1997). The turner can thoroughly mix windrow materials without
pulverizing the humus crumb structure that develops during the build-up phase of the
composting process (Midwest, 2017).

A garden water hose was attached to the compost turner for the purpose of applying
water into the compost. Composting precedes best at moisture content of 40-60% by
weight. At lower moisture levels, microbial activity is limited. At higher levels, the
process is likely to become anaerobic generating foul smelling (Monitoring Compost
Moisture, 1996). Moisture content of the compost is also critical to maintain ideal
temperature to support microorganisms’ metabolic process such as bacteria and fungi.
Other Factors affecting the composting process include carbon to nitrogen ratio, oxygen
concentration, pH, surface area, temperature, and retention time (Sherman, 1999). The
compost windrow (Figure 6b) was turned once a week (figure 6a and 6b) for at least 2
months before it was applied to study plots (figure 6¢).
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Table 2: Plot numbers based on application rates and number of replications

Treatment # Application Rates Replications | Number Grand
(ton/acre on dry basis) of Plots Total of
Plots #s

Treat. # 1 (control) 0 4 4 4

Treat. # 2 (compost) 30, 60, 90 4 12 12

Treat. #3 With equivalent 4 12 12

(commercial nitrogen content to: 30,

fertilizer) 60, 90 of compost

Total treatments 28

Composts were applied based on N rates (Table 2) only during 2014 and 2016 planting
season while inorganic fertilizers where applied during 2014, 2015, and 2016 seasons.
Composts were applied to the study compost plots 3 days before planting of corn seeds
and fertilizers were applied 2 weeks after planting. Two-way analysis of variance
(ANOVA) based on randomized complete block design. Minitab version 17 was used for
statistical analysis of crop yield.

10




RESULTS

Carbon to Nitrogen Ratio

Table 3: 2014 Compost Carbon to Nitrogen Ratio (C:N) Results

2014 Compost C:N Result

%N % C % C:N
North 0.73 16.36 22.41
Northwest 0.72 16.17 22.46
Northeast 0.66 16.18 24.52

Avg. C:N 23:1

Table 4: 2016 Compost Carbon to Nitrogen Ratio Results

2016 Compost C:N Result

%N % C % C:N
North 0.37 8.51 22.92
Northwest 0.31 6.82 21.68
Northeast 0.22 10.65 48.25

Avg. C:N = 31:1

The composted organic wastes windrow that was applied to the study plots was tested for
the percentage of N, C, and carbon to nitrogen ratio content. In 2014, the compost
windrow had an ideal C:N of 23:1 (Table 3) for better soil fertility. However, in 2016, the
C:N ratio of the compost was elevated at 31:1 (Table 4), which may have affected the
crop yield in the 30 and 60 tons per acre application rates.

11



Soeil pH

Table 5: pH Levels of Soil Study Plots

8/14/2013 2/10/2014 6/13/2014 2/2/2015
Plots Treatments
I-1 C30 7.05 7.01 7.27 6.77
I-2 F60 6.83 6.87 7.01 6.88
I-3 C60 6.89 6.72 7.00 6.83
1-4 F90 6.90 6.93 6.89 6.81
I-5 C90 6.89 6.63 7.24 6.76
I-6 F30 6.92 6.88 7.06 6.85
1-7 Control 6.98 6.87 6.99 6.99
II-1 F30 7.06 7.05 7.20 6.83
11-2 C90 6.82 6.83 7.03 6.80
II-3 C30 6.88 6.81 7.02 6.98
11-4 C60 6.96 6.75 7.03 6.92
II-5 F60 7.02 6.93 7.08 6.99
1I-6 Control 6.93 6.90 6.98 6.98
11-7 F90 6.99 6.93 7.06 6.93
11I-1 C60 7.15 7.10 7.03 6.98
II1-2 C30 6.94 6.92 6.97 6.87
111-3 C90 6.89 6.82 7.10 6.74
111-4 Control 6.99 6.96 7.02 6.94
I11-5 F30 7.00 6.91 7.11 6.93
I11-6 F60 7.01 6.90 7.09 6.88
-7 F90 6.99 6.83 7.10 6.87
V-1 C60 6.88 6.76 7.38 Missing
Iv-2 C90 6.96 6.75 7.19 Missing
V-3 Control 6.95 6.92 6.99 7.02
V-4 C30 7.02 6.95 7.00 6.90
V-5 F90 7.17 7.01 7.06 7.01
IV-6 F30 7.20 7.01 7.05 7.00
IvV-7 F60 7.26 7.11 7.09 7.17

The soil with pH above 7 can be characterized being as calcareous (Motavalli, Marler,
1998). Most of the soil plots in this study had pH levels above 7 due to the presence of
calcium carbonate (CaCOs) in the soil. Because the optimum pH range for planting sweet
corn is 5.5 — 7.5 (Motavalli, Marler, 1998), it was not necessary make any adjustments in
the soil pH levels.

12



Crop Yield
In 2014, crop yields (Table 6) (Figure 7a-b) from compost were greater than fertilizer but

were not statistically different. There was no significant increase from 60 tons per acre to
90 tons per acre indicating that adding higher than 60 tons per acre may not be necessary
during the dry season. The 30 tons per acre of composted organic waste yielded 3 times
more than the control and higher yield than the 30 tons per acre fertilizer applied study
plots.

In 2015 crop season, compost was not applied to the plots. According to Reeve et al,
(2012) composts and manures have residual effects that may last for many years and
when properly evaluated, has cost benefits. According to the data (Table 5), in 2015, C30
yielded 11.4 1b./plot compared to 6 1b./plot from the control. On the other hand, C90
yielded 17.1 1b./plot (dry season) and when compost was re-applied the following rainy
season (2016), the yield was 23.5 1b./plot.

In 2016, the corn seeds were planted at the beginning of the rainy season thus problems
with insects and weeds affected the plant growth and crop yield. However, corn benefited
from the compost application despite inconsistencies on planting.

Despite the effects of high rainfall during the rainy season on plant growth and crop yield
in 2016, C90 (Figure 8) performed better than FO0 yet F60 has higher yield than C60.
Even more significant was the drop of yield from 14.3 Ib. /plot to 6.4 1b./plot from F30
and C30 consecutively. The crop yield during the rainy season was not consistent
possibly due to the effects of excess rain and the high carbon to nitrogen ratio of the
compost applied.

Table 6: Crop Yield (Ib./plot)

Treatment 2012 2014 2015 * 2016
Control 44 10.2 6.0 2.6
F30 21.2 25.8 16.5 14.3
C30 19.6 293 114 6.4
F60 19.8 335 18.3 18.1
C60 22.5 36.6 12.4 14.4
F90 333 36.3 22.0 17.7
C90 37.9 40.5 17.1 23.6

Notes: * No compost applied, only inorganic fertilizer to soil plots. 2012 data was
complied by a previous graduate student and used only as a reference
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Dry Season (Jun 2014)

Figure 7a: “Corn Husks” From Inorganic fertilizer and Composted Waste Application
Note: (C = compost; F = fertilizer)

30 tons per acre 60 tons per acre 90 tons per acre

Figure 7b: Effects of high rainfall, weed competition, and increased insect population on crop
yield (2016 — rainy season)

Composted Organic Waste vs. Inorganic Fertilizer
40 - 2014

a
29.33 a
25.83

10.21

Yield (Ib/Plot)
N
o

F30 Control
Treatment (30t/acre)

Figure 8: Crop yield (Corn) comparison between composted organic waste (C30) and inorganic
fertilizer (F30) at 30 tons per acre application in 2014 (dry season)
Notes: Letters above bar graph (Treatments sharing the same letters are not statistically different)
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Statistical analyses

Table 7: 2014 Corn Yield Data (30 tons per acre (2-way ANOVA Randomized Complete
Block Design)

C30 vs. F30
Source DF Adj SS Ms F-Value P-value
Blocks 2 51.75 17.25 2.54 0.23
Treatment 1 24.5 24.5 3.61 0.15

C30 vs. Control

Source DF Adj SS Ms F-Value P-value
Blocks 3 40.26 13.42 21.51 0.02
Treatment 1 731.53 731.53 1172.62 <<0.01

F30 vs. Control

Source DF Adj SS adj MS F-Value P-value
Blocks 3 35.95 11.99 1.37 0.40
Treatment 1 488.28 488.28 55.96 <0.01

Normal Probability Plot
(response is Corn Yield)

Residual

Figure 9: Normality test (Using Minitab 17)

The composted organic waste plots of 30 tons per acre (C30) yielded higher crops (Figure
8a) (29.33 Ib. per plot) than the inorganic fertilizer studies plots (F30) but were

not statistically significant (dry season)(Figure 9). However, using the 2 — way analysis
of variance (ANOVA) randomized block design statistic, comparing C30 and F30 to
control plots showed not statistically significant (0.15) using significance level of 0.05.
Furthermore, both C30 and F30 were statistically different to control study plots.
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Composted Organic Waste vs. Fertilizer

2014
50 -
a

45 1 33.46

40 -
—~ 35 -
el
= 30 -
2 25 - b
o
o 204 10.21
~ 15 -

10

5 _

0 .

Ce60 F60 Control

Treatment (60 t/acre)

Figure 10: Crop Yield (Corn) Comparison between Composted Organic Waste (C60)
and Inorganic Fertilizer (F60) at 60 tons per acre Application in 2014 (Dry Season)
Notes: Letters above bar graph (Treatments sharing the same letters are not statistically
different)

For the 60 tons per acre of equivalent N application, the composted organic waste plots
(C60) were not statistically different from the inorganic fertilizer plots (F60) (Figure
10,11) and only significant when compared to the control plots (p-value <0.01). Still,
compost plots had higher yield than inorganic fertilizer plots.

Table 8: 60 tons/acre 2-Way ANOVA Randomized Block Design Results

C60 vs. F60
Source df Adj SS Adj MS F-Value P-value
Blocks 3 89.07 29.69 3.93 0.145
Treatment 1 19.53 19.53 2.59 0.206

C60 vs. Control

Source df Adj SS MS F-Value P-value
Blocks 3 68.87 22.96 9.17 0.051
Treatment 1 1391.28 1391.28 555.74 <<0.01

F60 vs. Control

Source df Adj SS adj MS F-Value P-value
Blocks 3 50.11 16.7 2.88 0.20
Treatment 1 1081.13 10.81.13 186.67 <0.01
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Normal Probability Plot

(response is Com Yield)

Residual

Figure 11: 60 tons per acre normality test using Minitab 17 statistical software

Composted Organic Waste vs. Fertilizer

2014 Corn Crop
a
a
40.50
50 -~ 36.42
40 -
=
2
& 30 b
=
= 20 - 10.21
2
>
10 -
0 _
C90 F90 Control

Treatment (90 t/acre)

Figure 12: Crop yield (corn) comparison between composted organic waste (C90) and
inorganic fertilizer (F90) at 90 tons per acre application in 2014 (dry season)

Notes: Letters above bar graph (Treatments sharing the same letters are not statistically
different)
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Table 9: 90 tons/acre 2-Way ANOVA Randomized Block Design

C90 vs. F90
Source DF Adj SS Adj MS F-Value P-value
Blocks 3 78.74 26.25 1.63 0.35
Treatment 1 33.35 33.35 2.07 0.25

C90 vs. Control

Source DF Adj SS MS F-Value P-value
Blocks 3 19.76 6.59 6.06 0.09
Treatment 1 1835.17 1835.17 1688.59 <<0.01

F90 vs. Control

Source DF Adj SS adj MS F-Value P-value
Blocks 3 63.95 21.32 0.89 0.54
Treatment 1 1373.75 1373.75 57.12 <0.01

Normal Probability Plot

(response is Corn Yield)

-7.5 -5.0 -2.5 0.0 25 5.0
Residual

Figure 13: 90 tons per acre normality test using Minitab 17 statistical software

For the 90 tons per acre of equivalent N applications (Figure 13), composted organic
waste plots (C90) had higher yield than inorganic fertilizer plots but were not statistically
different. Still, both were statistically different to control plots.
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2015 Crop Yield Data

Composted Organic Waste Plots vs. Inorganic Fertilizer Plots
2015 (no compost applied)

a
20 ~
a 16.54
11.38
*1 b
5.96
10 -
0 .

C30 F30 Control
Treatment (30 t/acre )

Figure 14: Crop yield (corn) comparison between composted organic waste (C30) and
inorganic fertilizer (F30) study plots at 30 tons per acre of equivalent N (>|<1 = 0 tons/acre
of compost was applied on C30 study plots)

Notes: Letters above bar graph (Treatments sharing the same letters are not statistically
different)

Table 10: 2015 Crop Yield 30 tons per acre 2-way Analysis of Variance (ANOVA) at 95
% confidence interval

C30vs.
F30
Source DF Adj SS Adj MS F-Value P-value
Blocks 3 118.39 39.46 2.27 0.26
Treatment 1 53.41 53.41 3.07 0.18

C30 vs. Control

Source DF Adj SS MS F-Value P-value
Blocks 3 14.29 4.76 2.36 0.25
Treatment 1 58.65 58.64 29.12 0.01

F30 vs. Control

Source DF Adj SS adj MS F-Value P-value
Blocks 3 120.38 40.13 2.2 0.27
Treatment 1 223.98 223.98 12.27 0.04
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Normal Probability Plot
(response is Corn Yield)

Percent
BEE83y8E &8

n B

5.0 25 0.0 25 5.0 7.5
Residual

Figure 15: 30 tons per acre normality test using Minitab 17 statistical software

During the second planting season (dry season) (figure 14), 30 tons per acre of inorganic
fertilizers were applied on fertilizer plots only (no compost applied on composted plots).
Compost plots (C30) yielded (11.38 1b./plot) of corn compared to control plots (0 tons per
acre of equivalent N)(5.96 1b./plot). Compost plots was statistically different from the
control plots (p-value = 0.01)

Composted Organic Waste Plots vs. Inorganic fertilizer Plots
2015 (no compost applied)
1825 +
20 - a
12.38
=15 -
Eo x1 a
O
= 5.96
= 10 -
2
>~
5 -
0 .
C60 F60 Control
Treatment (60 t/acre)

Figure 16: Crop yield (corn) comparison between composted organic waste (C60) and
inorganic fertilizer (F60) plots at 60 tons per acre of equivalent N (*' = 0 tons/acre of
compost was applied on C60 study plots)

Notes: Letters above bar graph (Treatments sharing the same letters are not statistically
different)
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Table 11: 2015 Crop Yield 60 Tons Per Acre 2-way Analysis of Variance (ANOVA)

C60 vs. F60
Source DF Adj SS Adj MS F-Value P-value
Blocks 3 214.74 71.58 17.89 0.02
Treatment 1 68.97 68.97 17.24 0.03

C60 vs. Control

Source DF Adj SS MS F-Value P-value
Blocks 3 71.74 23.91 2.54 0.23
Treatment 1 82.37 82.37 8.75 0.06

F60 vs. Control

Source DF Adj SS adj MS F-Value P-value
Blocks 3 101.24 33.75 2.01 0.29
Treatment 1 302.09 302.09 17.96 0.02

Normal Probability Plot

(response is Corn Yield)

Percent
o
=]

-5.0 -2.5 0.0 2.5 5.0
Residual

Figure 17: 60 tons per acre normality test using Minitab 17 statistical software

At 60 tons per acre of equivalent N application of inorganic fertilizer with no compost
added to compost plots, compost plots yielded 2 times greater than control plots despite
not statistically different. It showed that compost has carryover effects after 1 year. The
fertilizer plots (F60) had higher crop yield than compost plots (C60) and were statically
different (P-value 0.03).
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Composted Organic Matter vs. Commercial Fertilizer
Feb 2015
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C90 F90 Control
Treatment (90 t/ac N equivalent)

Figure 18: Crop yield (corn) comparison between composted organic waste (C90) Plots
and inorganic fertilizer (F90) at 90 tons per acre of equivalent N (*' = Compost was not
applied on C90 study plots)

Notes: Letters above bar graph (Treatments sharing the same letters are not statistically
different)

Table 12: 2015 Crop Yield 90 Tons Per Acre 2-way Analysis of Variance (ANOVA)

C90 vs. F90
Source DF Adj SS Adj MS F-Value P-value
Blocks 3 107.96 35.99 0.76 0.59
Treatment 1 48.41 48.41 1.03 0.39

C90 vs. Control

Source DF Adj SS MS F-Value P-value
Blocks 3 69.25 23.08 2.29 0.26
Treatment 1 247.42 247.42 24.54 0.02

F90 vs. Control

Source DF Adj SS adj MS F-Value P-value
Blocks 3 114.68 38.23 1.9 0.31
Treatment 1 514.72 514.72 25.58 0.02
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Normal Probability Plot

(response is Corn Yield)

) 5 0 5 10
Residual

Figure 19: 90 tons per acre normality test using Minitab 17 statistical software

At 90 tons per acre of equivalent N application of inorganic fertilizer on fertilizer plots
(F90), there was significant difference in crop yield (p < 0.01) between compost and
control. Although fertilizer plots (F90) has higher crop yield than compost plots (C90),
they were not statistically different (P-value = 0.39).
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2016 Crop Yield Data

Composted Organic Waste vs. Fertilizer
2016 Crop Yield

b
20.0 ~ 14.3

15.0 -
R
‘5’ a
- 6.4
= 100 -
FO a
-;1’ 2.6

5.0 -

0.0 -

Control F30 C30

Treatment (30 t/acre)

Figure 20: Crop yield (corn) comparison between composted organic waste (C30) and
inorganic fertilizer (F30) at 30 tons per acre application in 2016 (rainy season)

Notes: Letters above bar graph (Treatments sharing the same letters are not statistically
different

Table 13: 30 tons per acre crop yield (2-way ANOVA complete block design)

C30 vs. F30
Source DF AdjSS AdjMS F-Value P-value
Blocks 3 120.25 40.08 1.34 0.41
Treatment 1 126.8 126.8 4.24 0.13

C30 vs. Control

Source DF Adj SS MS F-Value P-value
Blocks 3 34.39 11.46 1.02 0.5
Treatment 1 274.37 274.37 13.63 0.21

F30 vs. Control

Source DF AdjSS adjMS  F-Value P-value
Blocks 3 87.52 29.17 1.45 0.38
Treatment 1 274.37 274.37 13.63 0.03
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Normal Probability Plot
(response is Com Yield)
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Figure 21: 30 tons per acre normality test using Minitab 17 statistical software

During the 2016 (wet season), the inorganic fertilizer plots (Figure 20) had higher crop
yield compared to the composted organic plots and were statistically significant when
compared to the 30 tons per acre treatment (p-value = 0.13). This was possibly due high
C:N ratio 31:1 from the compost applied to study compost study plots (Table 19). The
low nitrogen content is immobilized in the soil depleting plants from nitrogen.

2016 Crop Yield

Rainy Season

25.0 ~
18.1 b

20.0 - 14.4

= 15.0 -
2
&
1%2) a
:.% 10.0
— 2.6
©
~ 50 -
0.0 -
Control F60 C60
-5.0 -

Treatment (60 t/acre)

Figure 22: Crop yield during the rainy season based on 60 tons per acre application
Notes: Letters above bar graph (Treatments sharing the same letters are not statistically
different)
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Table 14: 60 tons/acre (2-way ANOVA — Randomized Complete block design)

C60 vs. F60
Source DF Adj SS AdjMS  F-Value  P-value
Blocks 3 74.85 24.95 1.06 0.48
Treatment 1 27.23 27.23 1.16 0.36
C60 vs.
Control
Source DF Adj SS MS F-Value  P-value
Blocks 3 19.28 6.42 4.61 0.12
Treatment 1 279.9 279.9 200.77 <0.01
F60 vs.
Control
Source DF Adj SS adjMS  F-Value  P-value
Blocks 3 60.17 20.06 0.89 0.54
Treatment 1 481.74 481.74 21.38 0.02

Normal Probability Plot
(respense is Corn Yield)

o
-3

v w
S o

Percent
BEsgeay 8

w B

2 % -4 2 0 2 4 6 8
Residual

Figure 23: Normality Test of Control, C60, F60 using Minitab 17 statistical software

Fertilizer study plots (F60) (Figure 22) yielded higher corn crop (18.1 1b./plot) than
compost plots (C60) at 14.4 1b./plot but were not statistically different (p = 0. 36).

The effects of high C:N of the compost used and the high rainfall have affected the crop
yield of the composted plots (Figure 22).
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Crop Yield

2016 Rainy Season
b
23.6
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Control F90 Cc90

Treatment (90 t/acre)

Figure 24: Crop yield (corn) comparison between composted organic waste (C90) and
inorganic fertilizer (F90) at 90 tons per acre equivalent N application in 2016 (rainy
season)

Notes: Letters above bar graph (Treatments sharing the same letters are not statistically
different.

Table 15: 90 Tons Per Acre 2-Way ANOVA Randomized Block Design

C90 vs. F90
Source DF AdjSS AdjMS F-Value P-value
Blocks 3 79.61 26.54 1.32 0.41
Treatment 1 68.68 68.68 3.41 0.16
C90 vs.
Control
Source DF Adj SS MS F-Value  P-value
Blocks 3 52.2 17.4 1.26 0.43
Treatment 1 881.33 881.33 63.58 <0.01
F90 vs.
Control
Source DF AdjSS adjMS F-Value P-value
Blocks 3 25.73 8.57 0.97 0.51
Treatment 1 457.95 457.95 51.57 <0.01
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Figure 25: 90 tons per acre normality test using Minitab 17 statistical software

Based on the 90 tons per acre equivalent N application compost plots (C90) had higher
crop yield than fertilizer plots (Figure 23) but were not statistically different. However,
C90 plots were statistically different from the control plots.

Soil Organic Matter (SOM)

2014
Soil Organic Matter (SOM) Content of Soil Plots
9 A 7.64
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. 3.24
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X
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2 .
1 .
0 S E— S L
C30 ce60 C90 F30 F60 F90 Control
Treatment

Figure 26: 2014 Soil organic matter (SOM) content (%) based on all treatments
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Based on the 2014 of collected SOM sampled from all study plots, compost applied study
plots were significantly higher soil organic matter content than inorganic fertilizer
applied plts and control plots. Both C60 and C90 (compost plots) were significantly
higher (SOM ) than 30 tons per acre (C30) plots.

2015
Soil Organic Matter (SOM) Content of Soil Plots
10 *1 *1
9 - 7.99
7.74
8 .
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7 - 5.65
% 6 4,88
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o
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0

C30 C60 C90 F30 F60 F90 Control
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Figure 27: 2015 Soil organic matter (SOM) content (%) based on all treatment rates
Notes: *'= compost was not applied on these study plots

In 2015, compost was not applied on all compost plots (C30, C60, C90) but inorganic
fertilizers were applied on all fertilizer plots (F30, F60, F90). All compost study plots had
higher SOM than fertilizer and control plots. The SOM content of compost plots
remained the same in 2015 despite the non-application of composts.
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2016
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Figure 28: Soil organic matter (SOM) content (%) based on all treatments

In 2016 (rainy season), compost was re-applied again to all compost plots (C30, C60,
C90) with the same rate as in 2014. SOM content in the compost study plots increased
due compost reapplication. Despite the high rainful and high carbon to nitrogen ratio
(C:N) of 30:1 that was obtained from the compost, the SOM increased.

Bulk Density
The critical value of bulk density for restricting root growth varies with soil type (Hunt

and Gilkes, 1992) but in general, bulk densities greater than 1.6 g/cm’ tend to restrict root
growth (McKenzie et al., 2004). In this study, the soil plots were tilled prior to compost
and fertilizer application. Also, majority of the soil plots had high amount of sodium
carbonate rocks, which increased the bulk density of the samples. However, inorganic
fertilizer and control study plots showed higher bulk density (BD) had a mean of 1.36
g/cm’ while composted organic plots mean was 1.16 g/cm’. This showed that composted
organic waste applied as soil amendment improved the soil physical property due to the
increased of soil organic matter. It also showed that control soil plots and fertilizer soil
plots bulk density were not significant based on the error bars.
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Bulk Density of Soil Plots
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Figure 29: Bulk density of soil plots after harvest
Notes: Top soil sampled only, approximately 2.5 cm deep

Nitrogen and Carbon Percentage

Table 16: Total Nitrogen Content of the Soil Plots Under Study

Level Total Nitrogen (%)
Very low <0.1
Low 0.1-0.2
Medium 0.2-0.5
High 0.5-1.0
Very high >1

Total nitrogen (%) in the composted organic plots were higher than inorganic fertilizer
plots (Table 17 & 18) during the first year (dry season), second year (dry second), and the
third year (rainy season). Compost plots were in the range of medium to high nitrogen
percentage while inorganic fertilizer plots were in the low to medium. Despite the non

31



application of compost during the second year, the nitrogen percentage in the soil was
still high.

Table 17: Total nitrogen and carbon and carbon to nitrogen ratio in the soil plots 2014
(dry season)

Yigo Soil Plots 2014
After Harvest
Pre-plant (8/1/2013) (2/10/2014)

Treatment % N % C C:N % N % C C:N
C30 0.26 6.60 26:1 0.34 9.48 28:1
F30 0.26 10.18 39:1 0.26 10.51 41:1
ce0 0.44 11.59 26:1 0.51 11.46 23:1
F60 0.23 10.16 45:1 0.27 13.17 49:1
Ca0 0.33 8.02 25:1 0.33 6.66 20:1
Fo0 0.28 11.46 42:1 0.29 12.14 42:1

CONTROL 0.21 8.56 42:1 0.20 8.18 40:1

Table 18: Total nitrogen and carbon and carbon to nitrogen ratio in the soil plots (2015 -
dry season)

Yigo Soil Plots 2015 (no compost applied)
After Harvest
Pre-plant (6/13/2014 (2/2/2015)

Treatment % N % C C:N % N % C C:N
C30 0.38 8.70 23:1 0.39 8.97 23:1
F30 0.25 10.18 41:1 0.30 11.00 37:1
Cc60 0.51 11.91 23:1 0.48 12.89 27:1
F60 0.28 10.01 36:1 0.31 11.74 38:1
Cc90 0.50 11.50 23:1 0.45 11.26 25:1
F90 0.29 11.31 40:1 0.33 12.15 37:1

CONTROL 0.24 8.76 37:1 0.23 9.62 42:1
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Table 19: Total nitrogen and carbon and carbon to nitrogen ratio in the soil plots (third
year — rainy season)

Yigo Soil Plots 2016

After Harvest

Pre-plant (9/9/2016) (12/21/2016)
Treatment % N % C C:N % N % C
C30 0.44 9.21 21:1 0.40 9.85
F30 0.38 11.40 30:1 0.30 10.88
C60 0.53 11.77 22:1 0.47 12.50
F60 0.39 12.10 31:1 0.28 11.49
C90 0.53 10.72 20:1 0.50 12.62
Fo0 0.40 12.07 30:1 0.29 11.82
CONTROL 0.33 9.58 29:1 0.25 9.33

C:N
24:1
36:1
27:1
42:1
25:1
41:1
37:1

Carbon to Nitrogen Ratio

Carbon to nitrogen ratio (C:N) is the ratio of carbon to nitrogen in a substance. For
examples, a C:N of 5:1 means there is 5 units carbon for each unit of nitrogen. The
carbon to nitrogen ratio in the soil less than 24:1 can lead to nitrogen surplus while
anything greater than 24:1 can lead to nitrogen deficiency. The composted plot were in
ideal range of less than 24:1 while most of the inorganic fertilizer plots are beyond 30:1
carbon to nitrogen ratio.

Phosphorus
Another major essential nutrient needed by plants and also found in fertilizers is

Phosphorus. Phosphorus (P) is needed for plant’s growth and maturity and plays a key
role in photosynthesis (Conley et al., 2009). Although phosphorus is not considered toxic
to humans, high concentration in fresh water can lead to rapid growth of algae. This leads
to decreased in water visibility and reduced oxygen in the water that is detrimental to the
fish population. Surface runoffs containing excess phosphorus can also reach beach areas
increasing algae in the water; this can affect tourism, a major contributor to Guam’s
economy.

Phosphorus (P) used in agriculture is in a form of phosphate. Most phosphatic fertilizers
are made of highly pure monocalcium or dicalcium orthophosphate, Ca(H,PO4)2 and
CaHPO4 (Van Wazer, 2014). Although phosphorus is essential for plant growth, in some
agriculture the availability of phosphorus is often limited (Richardson, et al., 2011). The
availability of P to plants for uptake and use is reduced in alkaline and calcareous soil
such as in northern Guam due to the presence of calcium phosphate minerals.

The application of organically complexed P from humic substances such as compost can
enhance P nutrition and result in higher yield (Hopkins, Ellsworth, 2005). As an
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alternative, slow release and cation complexed fertilizer P may also increase crop yield.
The phosphates captured from the lysimeters in this study are mostly undetectable and
rarely reached 1.5 ppm. The analysis and impact of Phosphate was not reported since the
emphasis was on nitrogen.

Electrical Conductivity

Electrical conductivity (EC, ) is a measurement of soil salinity, which is often associated
with irrigated farmlands, or shallow water tables in arid-zone regions (Corwin, Lesch
2005). Although plants absorb nutrients in the form of soluble salts, excessive salinity
can affect plant growth (Shrivastava, Kumar, 2015). Since the northern Guam soil is
highly porous and regularly receives high amount of rain, any increase in salinity can be
attributed to excess application of composted organic wastes.

Though composted organic wastes can improve soil fertility, there are concerns of
the salt contents in the soil. Research indicates that composts that have high salt content
without leaching may affect plant growth rate (Reddy, et al., 2012). However, in this
study, the effects of composted organic wastes in the soil salinity were minimal (table
21b). Soil plots were tested again after harvest (Table 17c) for soil salinity and the
composted organic study plots resulted in lower electrical conductivity thus water
suitability became excellent based on the standard (EC) Range (Table 20a).

Table 20a: Electrical Conductivity (EC) Range as Related to Water Suitability

Class of Water Specific Conductance dS/m
Excellent <0.25
Good 0.25t0 0.75
Permissible 0.76 to 2.00
Doubtful 2.01 to 3.00 (may contain
salt)
Unsuitable for irrigation > 3.00 (contains salts)

Table 20b:  Year 3 (Rainy Season) Electrical Conductivity (EC) Test of Study Plots
Before Planting 9/9/2016

Treatment Avg. dS/m °C Class of Water

C30 0.26 22.2 good
F60 0.24 22.2 excellent
Co60 0.26 22.2 good
F90 0.24 22.2 excellent
C90 0.27 22.1 good
F30 0.22 22.1 excellent

Control 0.20 22.2 excellent
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Table 20c  After Harvest 12/21/2016

Treatment Avg. dS/m Class of water
C30 0.20 excellent
F30 0.16 excellent
C60 0.20 excellent
F60 0.16 excellent
C90 0.21 excellent
F90 0.17 excellent

Control 0.14 excellent
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DISCUSSION

Crop Yield
Composted organic wastes applied to study plots (2014, dry-season) consistently

produced higher yield than in the fertilizer-applied plots although they were not
statistically significant. However, compared to control plots, both fertilizer and compost
applied study plots had significantly higher yield statistically.

In 2015, the compost study plots did not receive compost but fertilizer was applied on
fertilizer plots. This was conducted to study the carryover effects of compost applied on
poorly structured soils of northern Guam. Based on the results, compost applied study
plots had significantly higher yield statistically than control plots (0 tons/acre). On the
other hand, C90 plots with zero compost applied were statistically not different compared
to F90, which 90 tons per acre equivalent N to compost was applied. This showed that
compost has carryover effect of nutrients contributed to statistically significant increased
crop yield.

During the wet season (2016), there were inconsistencies with the crop yield. This was
possibly due high C:N of the compost applied. The rapid growth of weeds in the soil
from the compost plots and the poor weed management are factors that also affected the
crop yield. Since the corn variety is short, they were more susceptible to competition with
weeds. Effective weed management, one of the key factors impacting crop yield may be
applied for any future composted organic application research (Knight et al, 2017).

Organic Matter

Compost application on study plots maintained higher soil organic matter (SOM) even
when compost was not reapplied in 2015 (dry season). This showed that organic matter
from compost has carryover effects of nutrients. By increasing organic matter, soil in
northern Guam may increase soil water and nutrient holding capacity (cation exchange
capacity), which can also reduce the unnecessary leaching of nutrient (N, P) chemicals in
the underground water supply. Soils that were low in organic matter however
experienced low crop yield.

Soil organic matter contributes for improved soil structure for better root penetration and
proliferation. The lack of soil organic matter leads to increase in soil bulk density
therefore affecting plant growth and development.

Nitrate Leaching

The application of composted organic waste in the porous soil of northern Guam not only
increased soil fertility but also has lower leaching of nutrients such as nitrate. Inorganic
fertilizer on the other hand percolated nitrate rapidly beyond 30.5 cm. especially during
the rainy season.

CONCLUSION AND RECOMMENDATION
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Increasing organic matter in the soil using composted organic wastes may be beneficial to
farmlands located above groundwater system. Since the application of soil organic matter
can slow down leaching by retaining the nutrient in the water that would otherwise drain
down beyond the root zone allowing sufficient residence time within the root zone for
plant uptake of available nutrients (Golabi et al., 2007). The poorly structured soils on
Guam and other tropical islands in the western Pacific may benefit with the land
application of composted organic wastes to increasing crop production and improving
soil quality while preserving environmental quality of the groundwater system (Golabi et
al., 2004).

RECOMMENDATIONS FOR IMPROVEMENT
The methodology used in this study
1. Use of rain gauges to improve the accuracy of leachate data based on the
cumulative rainfall that may have affected the movement of vertical migrations of
chemicals in the soil profile.

2. Study denitrification measurement in northern Guam’s subsoils for any decrease
of NOs” contamination in the groundwater.

LITERATURE CITED

37



Butterly, C. R., Baldock, J. A., & Tang, C. (2013). The contribution of crop residues to
changes in soil pH under field conditions. Plant and Soil, 366(1/2), 185-198.
doi:10.1007/s11104-012-1422-1

Corwin, D. L., & Lesch, S. M. (2005). Apparent soil electrical conductivity
measurements in agriculture. Computers and Electronics in Agriculture, 46(1),
11-43. doi:10.1016/j.compag.2004.10.005

Fitter, A. H., Gilligan, C. A., Hollingworth, K., Kleczkowski, A., Twyman, R. M.,
Pitchford, J. W., ... THE MEMBERS OF THE NERC SOIL BIODIVERSITY
PROGRAMME. (2005). Biodiversity and ecosystem function in soil. Functional
Ecology, 19(3), 369-377. doi:10.1111/j.0269-8463.2005.00969.x

Hallberg, G.R., 1987. Agricultural chemicals in ground water: Extent and implication.
Vol. II, No. I, Amer. Jour. Of Alternative Agriculture. Pp3-15

Golabi, M.H., T.E. Marler, Erica Smith, Frank Cruz, and J.H. Lawrence. 2003.
Sustainable soil management techniques for crop productivity and environmental
quality for Guam. In Proceedings: International Seminars on Farmer's Use of
Diagnostic Systems for Plant Nutrient Management. August 11-15, Suwan,
Korea sponsored by the Rural Development Administration (RDA) Republic of
Korea and Food and Fertilizer Technology Center (FFTC) for the Asian and
Pacific Region

Golabi, M.H., M.J. Denney, and C. lyekar. (2004). Use of composted organic

waste as alternative to synthetic fertilizers for enhancing crop productivity

and agricultural sustainability on the tropical island of Guam. Proceeding of

13" International Soil Conservation Organization Conferences, Brisbane. 6

38



Pp.

Golabi, M.H. P. Denny, C. Iyekar. 2007. Value of composted organic wastes as an
alternative to synthetic fertilizers for soil quality improvement and increased
yield. Compost Science and Utilization. Vol 14, No. 4. Pp 267-271

Hopkins, B., Ellsworth, J., 2005. Phosphorus availability with alkaline/calcareous soil.
Salt Lake City, UT In: Western Nutrient Management Conference, 6, pp. 88—93.

Jackson, L.E., Irene Ramirez, R. Yokota, S.A. Fennimore, S.T. Koike, D.M. Henderson,
W.E. Chaney, and K.M. Klonsky. 2003. Scientists, Growers, assess trade-offs in
use of tillage, cover crops and compost. California Agriculture. April-June 2003,
Vol. 57, no 2

Karolle, B.G. 1991. Atlas of Micronesia. 2" ed. Bess Press, Honolulu, Hawaii.

Knight, A. M., Everman, W. J., Jordan, D. L., Heiniger, R. W., & Smyth, T. J. (2017).
Interactions of nitrogen source and rate and weed removal timing relative to
nitrogen content in corn and weeds and corn grain yield. International Scholarly
Research Notices, doi:http://dx.doi.org/10.1155/2017/8961367

Lander, M.A. 1994. Meteorological factors associated with drought on Guam. Tech.
Rep. 75. Water and Energy Res. Inst. Of the Western Pacific. University of
Guam, Mangilao, Guam.

Levanon D., E.E. Codling, J.J. Meisinger, and J.L. Starr. 1993. Mobility of Agro-
chemicals through Soil from Two Tillage Systems. Jour. Envir. Quality. 22: 155-

161

39



Mhango, J., & Dick, J. (2011). Analysis of fertilizer subsidy programs and ecosystem
services in malawi. Renewable Agriculture and Food Systems, 26(3), 200-207.
doi:http://dx.doi.org/10.1017/S1742170510000517

Midwest Bio-System. (2017). Aero master, Pull-Behind Turner. Product of Midwest Bio-
System, Tampico, IL

Monitoring Compost Moisture. (1996). Retrieved May 4, 2017, from

http://compost.css.cornell.edu/monitor/monitormoisture.html

Motavalli, P., & Marler, T. (1998). CNAS Research & Extension —. Fertilizer
Facts. Retrieved May 2, 2017, from http://cnas-re.uog.edu/wp-
content/uploads/2016/06/Fertilizer-Facts.pdf

Reddy, N., & Crohn, D. M. (2012). Compost induced soil salinity: A new prediction
method and its effect on plant growth. Compost Science & Utilization, 20(3), 133-
140. Retrieved from
https://search.proquest.com/docview/1082363646?accountid=458

Reeve, J. R., Endelman, J. B., Miller, B. E., & Hole, D. J. (2012). Residual effects of
compost on soil quality and dryland wheat yield sixteen years after compost
application. Soil Science Society of America Journal, 76(1), 278.
doi:10.2136/sss2j2011.0123

Ribaudo, M. (2011). Reducing agriculture's nitrogen footprint: Are new policy
approaches needed? Amber Waves, 9(3), 34.

Richardson, A. E., Lynch, J. P., Ryan, P. R, Delhaize, E., Smith, F. A., Smith, S. E., . ..
Simpson, R. J. (2011). Plant and microbial strategies to improve the phosphorus
efficiency of agriculture. Plant and Soil, 349(1/2), 121-156. doi:10.1007/s11104-

011-0950-4

40



Sherman, R. (1999). Large-Scale Organic Materials Composting. Content.ces.ncsu.edu.
Retrieved 24 April 2017, from https://content.ces.ncsu.edu/large-scale-organic-
materials-composting

Shrivastava, P., & Kumar, R. (2015). Soil salinity: A serious environmental issue and
plant growth promoting bacteria as one of the tools for its alleviation. Saudi
Journal of Biological Sciences, 22(2), 123-131. doi:10.1016/j.sjbs.2014.12.001

Sparks, D.L., A.L. Page, P.A. Helmke, and R.H. Loeppert. 1996. Methods of Soil
Analysis Part 3—Chemical Methods. SSSA Book Ser. 5.3. SSSA, ASA, Madison,
WI. doi:10.2136/sssabookser5.3

SSSA Soil Science Society of America, 2008 SSSA Soil Science Society of
America.Glossary of Soil Science Terms. American Society of Agronomy,
Madison, WI (2008)

Wazer. (2014). phosphorus McGraw-Hill Education. doi:10.1036/1097-8542.508900

WERI, 2017. Digital Atlas of Northern Guam | WERI | IREIL. Digital Atlas of Northern
Guam | WERI | IREI Retrieved May 3, 2017, from
http://north.hydroguam.net/background-NGLA.php

Young, F.J. 1988. Soil survey of territory of Guam. USDA-ARS, Washington, DC.

41



APPENDIX I

Corn Yield Data

2014 Yield From 30 Tons/Acre

Cormn
Blocks Treatment Yield
I C30 30.67
I F30 29.17
| Control 11.33
II C30 32.83
II F30 25.83
II Control 12.83
11 C30 27.33
111 F30 28.00
111 Control 7.67
v C30 26.50
v F30 20.33
v Control 9.00

2014 Yield From 60 Tons/Acre

Blocks Treatment | Corn Yield
I C60 37.67
I F60 34.33
| Control 11.33
11 C60 42.33
I F60 37.50
II Control 12.83

11 C60 32.00
11 F60 34.33
111 Control 7.67
v C60 34.33
v F60 27.67
v Control 9.00




2014 Yield From 90 Tons/Acre

Blocks Treatment | Corn Yield
I C90 40.83
I F90 36.83
| Control 11.33
11 C90 42.33
II F90 37.50
11 Control 12.83

11 C90 40.17
111 F90 43.33
111 Control 7.67
v C90 38.67
v F90 28.00
v Control 9.00

2015 Yield From 30 Tons/Acre

Corn
Blocks Treatment Yield
I C30 12.83
I F30 25.50
| Control 8.50
II C30 11.00
11 F30 16.00
11 Control 6.67
11 C30 12.42
111 F30 17.17
11 Control 4.00
v C30 9.25
v F30 7.50
v Control 4.67




2015 Yield From 60 Tons/Acre

Blocks Treatment | Corn Yield
I C60 20.00
I F60 26.33
| Control 8.50

11 C60 8.67
II F60 16.17
11 Control 6.67
111 C60 12.42
111 F60 20.33
111 Control 4.00
1AY C60 8.42
v F60 10.17
v Control 4.67

2015 Yield From 90 Tons/Acre

Blocks | Treatment | Corn Yield
| C90 24.00
I F90 26.25
| Control 8.50
II C90 12.33
II F90 27.67
11 Control 6.67

111 C90 13.33
111 F90 22.67
111 Control 4.00
v C90 18.67
v F90 11.42
v Control 4.67




2016 Yield From 30 Tons/Acre

Blocks Treatment Corn Yield
I control 2.37
I F30 16.36
I C30 13.08
11 control 2.88
II F30 21.4
11 C30 2.88

III control 1.38
111 F30 4.81
111 C30 3.59
v control 3.79
v F30 14.7
v C30 5.87

2016 Yield From 60 Tons/Acre

Blocks Treatment | Corn Yield
I control 2.37
I F60 27.79
I Co60 14.74
1I control 2.88
11 F60 14.74
11 Co60 14.23

111 control 1.38
11 F60 15.25
111 C60 11.20
v control 3.79
v F60 14.72
v C60 17.57




2016 Yield From 90 Tons/Acre

Blocks Treatment | Corn Yield
I control 2.37
I F90 21.12
I C90 17.57
II control 2.88
II F90 21.36
11 C90 30.84
111 control 1.38
11 F90 14.57
11 C90 22.21
v control 3.79
v F90 13.90
v C90 23.77




APPENDIX II
PHYSICAL AND CHEMICAL DATA

Organic Matter (SOM) Content of Soil Study Plots

Treatment 2013 2014 2016
C30 5.11 5.54 6.68
F30 4.06 3.92 5.66
C60 7.99 8.28 8.63
F60 451 3.79 5.61
C90 6.58 10.05 8.02
F90 451 4.46 5.56

Control 3.14 3.54 4.52

Bulk Density of Soil Study Plots

Treatment Dy, avg.
C30 1.20
F30 1.33
C60 1.17
F60 1.39
C90 1.12
F90 1.36

Control 1.34




2016 Soil Salinity Test

Plots Treatments
I-1 C30
I-2 F60
-3 C60
I-4 F90
I-5 C90
I-6 F30
I-7 Control
-1 F30
-2 C90
-3 C30
11-4 Cce0
-5 F60
11-6 Control
-7 F90

-1 Cce0
11-2 C30
-3 Cca0
-4 Control
-5 F30
11-6 F60
-7 F90
V-1 ce0
V-2 C90
V-3 Control
V-4 C30
V-5 F90
V-6 F30
V-7 F60

uS/cm
274
276
243
260
282
224
213
211
270
285
273
232
208
244
233
258
253
187.6
200
231
235
293
262
171.8
206
209
231
207

dS/m

0.27
0.28
0.24
0.26
0.28
0.22
0.21
0.21
0.27
0.29
0.27
0.23
0.21
0.24
0.23
0.26
0.25
0.19
0.20
0.23
0.24
0.29
0.26
0.17
0.21
0.21
0.23
0.21

°C

21.9
21.9
21.9
21.8
21.7
21.7
21.8

22

22

22
21.8
22.2
22.2
22.1
22.4
22.3
22.3
22.2
22.2
22.1
22.2
22.5
22.5
22.5
22.4
22.5
22.4
22.4




Soil Carbon and Nitrogen Content

I-1 Yigo Corn Project
12/21/16
I-2
I-3
I-4
I-5
I-6
I-7
-1
11-2
11-3
11-4
I1-5
I1-6
11-7
1-1
I1-2
I11-3
111-4
I1-5
11-6
1-7
Iv-1
Iv-2
Iv-3
v-4
Iv-5
V-6
V-7

Tested
02/07/2017

02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017
02/07/2017

%N
0.45

0.37
0.48
0.28
0.49
0.26
0.24
0.35
0.54
0.40
0.45
0.23
0.27
0.28
0.42
0.41
0.47
0.28
0.24
0.29
0.30
0.54
0.51
0.23
0.36
0.31
0.37
0.22

% C
8.50

6.81
13.44
10.93
13.99
10.63
10.82

6.37
12.38
11.37
13.65
12.04
10.67
10.18
11.44

9.67
12.12
11.50
13.21
12.95
13.37
11.47
11.99
4.32

9.86
12.80
13.33
14.14

C30

F60
C60

C90
F30

F30
C90
C30
C60
F60







