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Effect of chicken manure application and 
plant deleafing on soil characteristics and 
dwarf plantain (Musa AAB) production1,2
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ABSTRACT

Plantains are produced in the mountainous region of Puerto Rico and 
are grown in highly weathered soils of low fertility and high degradation 
potential. Alternatives to mitigate soil degradation include the application 
of chicken manure and the placement of deleafed sigatoka-infected leaves 
on top of the soil (deleafing). The objective of this study was to determine 
the effect of chicken manure and deleafing on soil properties and plantain 
productivity. The experiment was conducted in a Dagüey soil series at the 
Agricultural Experiment Substation in Corozal, Puerto Rico. The treatments 
were: 1) 25 ton/ha chicken manure; 2) deleafing; 3) chicken manure + 
deleafing; and 4) control. Chicken manure was applied before planting, and 
leaves from deleafing were placed on the soil only in deleafing treatments. 
The application of chicken manure significantly increased soil aggregate 
stability, soil available phosphorous and nitrates. Also, plant growth and 
plantain yield increased with manure applications, and the days to flowering 
and harvest were reduced. There were no effects neither on soil bulk 
density, hydraulic conductivity nor on organic matter content. No significant 
difference in runoff volume was observed, but sediment load in runoff 
decreased. The deleafed leaves decreased soil penetration resistance.
Key words: soils, chicken manure, deleafing, plantain

RESUMEN

El efecto de la aplicación de gallinaza y el deshoje en las características del 
suelo y la producción de plátano enano (Musa AAB)

Los plátanos se siembran en la zona central de Puerto Rico en suelos 
altamente meteorizados con baja fertilidad natural y alto potencial para 
degradación. Algunas alternativas para mitigar la degradación de suelos 
incluyen la aplicación de gallinaza, y la colocación sobre el suelo de hojas 
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cortadas de plátano infectadas con sigatoka negra (deshoje). El objetivo de 
esta investigación era determinar los efectos de estas prácticas sobre las 
características del suelo y la producción de plátanos. La investigación se 
realizó en la Subestación Experimental Agrícola de Corozal, Puerto Rico, 
en un suelo de la serie Dagüey utilizando la variedad de plátano enano. Los 
tratamientos fueron: 1) aplicación de 25 ton/ha de gallinaza; 2) aplicación 
al suelo de hojas de deshoje; 3) aplicación al suelo de gallinaza y hojas 
de deshoje; y 4) control (no gallinaza, ni hojas en el suelo). La gallinaza se 
aplicó antes de la siembra, mientras que a todos los tratamientos se les 
hizo deshoje de hojas infectadas con sigatoka, se aplicaron al suelo las 
hojas solo en los tratamientos llamados deshoje. La aplicación de gallinaza 
aumentó la estabilidad de agregados, y las concentraciones de fósforo 
disponible y nitrato en el suelo. La gallinaza aumentó el crecimiento de la 
planta y la producción, y redujo el tiempo de florecida y cosecha. No se 
observaron cambios en la densidad aparente, conductividad hidráulica ni 
en el contenido de materia orgánica del suelo. El volumen de escorrentía 
no varió significativamente entre los tratamientos. No obstante, la cobertura 
de hojas del deshoje redujo significativamente la cantidad de sedimentos 
arrastrados por la escorrentía. La aplicación de las hojas del deshoje al 
suelo también redujo significativamente la resistencia a penetración del 
suelo.
Palabras clave: suelos, gallinaza, deshoje, plátanos

INTRODUCTION

Plantain and banana are main crops of the mountainous east cen-
tral region of Puerto Rico (Estación Experimental Agrícola, 1995; 
Clark, 2009). Many soils in this region are highly weathered with low 
fertility, requiring intensive fertilization and continuous additions 
of plant litter, and the storage of soil organic matter for their fertil-
ity (Beinroth, 1982; Beinroth et al., 2003; Marín-Spiotta et al., 2007). 
Farming these soils can significantly reduce litter additions and, thus, 
soil organic matter content (Marín-Spiotta et al., 2007). Some manage-
ment strategies that have been studied to increase soil organic matter 
and nutrient content in Puerto Rico include the use of crop residues, 
cover crops, chicken manure applications and cattle manure applica-
tions (Lugo-López et al., 1981; Muñoz et al., 1990; O’Hallorans et al., 
1997; Sotomayor et al., 2008). Poultry manure from poultry farms is 
produced in large quantities in the central zone of Puerto Rico.

Chicken manure research in Puerto Rico has focused mostly on the 
benefits to soil fertility, crop yield, and nutrient transport in runoff and 
leaching water (Lugo-López et al., 1981; Ortega-Achury et al., 2007; 
Martínez-Rodríguez et al., 2010a; Martínez-Rodríguez et al., 2010b; 
González-Vélez, 2011; González-Vélez, 2012; Muñoz and Chardón-Al-
cázar, 2012). González-Vélez (2012) studied the effect of chicken ma-
nure (25 ton/ha) on plantain production and soil fertility in an Ulti-
sol in Puerto Rico, finding no significant differences in soil nutrient 
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content. However, chicken manure application produced significantly 
higher yield (33% greater), larger plant size, stem diameter, and aver-
age weight of fruit bunch. There was also a significant increase in leaf 
nitrogen and calcium content in the manure-applied plots. Muñoz and 
Chardón-Alcázar (2012) studied the effect of broiler litter on soil ex-
changeable aluminum of three highly weathered soils of Puerto Rico. 
They found a significant decrease in exchangeable aluminum in Con-
sumo and Corozal soils, both Ultisols. They also observed an increase 
in available phosphorus in Coto soil (Oxisol), but not for the Consumo 
and Corozal.

An environmental concern of applying manure to fertilized soils is 
risk of increasing the available phosphorus to levels that can cause 
soil contamination and water pollution (Ortega-Achury et al., 2007). 
Phosphorus losses in runoff water can be significant when the manure 
is not incorporated into the soil after surface application (Sotomayor-
Ramírez et al., 2006; Ortega-Achury et al., 2007). Martínez-Rodríguez 
et al. (2010a) explored the use of alum [Al2(SO4)3.14H2O] as an amend-
ment to reduce phosphorus from manure. They found that in the con-
trol soils (no alum) the amount of available P increased three and eight 
times the established agronomic criteria (35 mg/kg) for applications 
of 6 ton/ha and 20 ton/ha broiler litter, respectively. However, the ap-
plication of alum in combination with the chicken manure significantly 
reduced the total P and the dissolved P in the soil, resulting in a re-
duction of P in runoff water. Other strategies for reducing P in runoff 
water of manure-applied soils include the use of cover crops and grass 
filter strips with different levels of success (Sotomayor-Ramírez et al., 
2008; Martínez-Rodríguez et al., 2010b).

Organic amendments, including crop residues and animal manure, 
have been tested as a management practice to restore degraded soils 
and improve soil quality (O’Hallarans et al., 1993; Sotomayor-Ramírez 
et al., 2010; González-Vélez, 2011). Soil erosion is a major cause of 
soil degradation that can affect soil water infiltration, aggregate sta-
bility, soil bulk density, and soil penetrability. All these properties af-
fect plant growth and yield; for example, soil penetrability and bulk 
density affect root development and growth (Rosales et al., 2008). Soil 
amendments can improve and promote aggregate formation and sta-
bility, water infiltration, and soil water retention (Lowery et al., 1998; 
Ferraras et al., 2006). In addition, plant material or other organic ma-
terials on the soil surface can serve as protection against soil water 
erosion including protection from rainfall and runoff (Lugo-López et 
al., 1981; Hillel, 2004).

Another source of organic material and possible soil amendment 
in plantain and banana plantations are leaves from the practice of de-
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leafing of sigatoka-infected leaves. Sigatoka is a disease caused by the 
fungus Mycosphaerella fijiensis and its severity can be reduced by cut-
ting off infected leaves and placing them on top of the soil (Marín et 
al., 2003; González-Vélez, 2012; González-Vélez, 2014). This, in turn, 
adds organic matter to the soil and protects it against erosion. Chicken 
manure additions and leaves from deleafing could improve soil proper-
ties and mitigate soil degradation. The present study was conducted to 
assess their effect on soil properties and plantain yield.

MATERIALS AND METHODS

Site Description

The research site was located at the Corozal Agricultural Experi-
ment Substation of the University of Puerto Rico. The soil series was 
Dagüey (Very-fine, kaolinitic, isohyperthermic Inceptic Hapludox) 
formed from weathered volcanic rock, set on gentle to steep slopes (2 to 
40 percent) of volcanic uplands (Soil Survey Staff, 2018). The slope of 
the experimental site was approximately 15%. The soil chemical char-
acterization of the experimental plots before treatment applications 
showed a moderately acidic pH (5.56), with low content of soil organic 
matter (1.35%), low bulk density (0.95 g/cm3), and concentrations of 
Ca, K, Mg and Al of 9.56, 0.53, 0.93, and 1.29 cmolc/kg, respectively. For 
more than five years previously the site was used for the production of 
taro (Xanthosoma spp.) and forage.

Experimental Design

A complete randomized block design with four repetitions was used 
in the experiment to test the effect of treatments on soil characteristics 
and Dwarf plantain (Musa AAB) production. The treatments were: 1) 
25 ton/ha chicken manure incorporated to the soil (chicken manure); 2) 
deleafing and placement of the leaves on top of the soil (deleafing); 3) 
chicken manure and deleafing; and 4) control. All treatments included 
deleafing of sigatoka-infected leaves, but in the control and chicken 
manure treatment the leaves were removed from the plots.

Plot size was 12.2 m by 6.1 m; plots were positioned along the slope. 
Each plot included 20 plantain plants (1,088 plants per acre) as recom-
mended by the Agricultural Experiment Station (AES) of the Universi-
ty of Puerto Rico (Estación Experimental Agrícola, 1995). Chicken ma-
nure was applied before planting and incorporated into the soil using 
a rototiller at the rate of 25 ton/ha (González-Vélez, 2012). Herbicides 
and pesticides were applied following the recommendations of AES 
and the product label instructions (Estación Experimental Agrícola, 
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1995). Nematicide (Etoprop 10 G, 60 g/plant) was applied to the hole at 
planting. Nematodes were controlled with Oxamyl (10 ml/plant, 24% of 
active ingredient) six and 12 months after planting.

Soil Preparation

The soil was tilled two times with moldboard tillage (15- to 18-cm 
soil depth), afterwards raked and rototilled to a depth of 15 to 20 cm. 
Chicken manure was applied to the soil surface and incorporated into 
the soil between raking and rototilling. The chicken manure contained 
approximately 92% of dry matter, had a pH of 8.25, an electrical con-
ductivity (EC) of 806 dS/m and concentrations of phosphorous (Total 
P), Ca and Na of 3,026; 4,134 and 7,287 mg/kg, respectively (Table 1). 
Inorganic 10-2-25-3 Mg fertilizer was added superficially at rate of 0.23 
kg per plant at two months after planting. Three additional applica-
tions were performed at five months (0.34 kg/plant), eight months (0.45 
kg/plant), and 10 months (0.23 kg/plant) after planting.

Soil sampling and plantain yield

Soil surface samples (0 to 15 cm) were collected before treatment 
applications and at harvesting. The growing cycle up to harvesting 
lasted 16 months. The following soil characteristics were measured: 
soil aggregate stability (Nimmo and Perkins, 2002) and texture (Gee 
and Or, 2002). Chemical analyses were performed in the Central Ana-
lytical Laboratory of AES at Río Piedras, Puerto Rico. Exchangeable 
basic cations Ca+2, K+, Na+ and Mg+2 were determined by the ammo-
nium acetate method (Wright and Stuczynski, 1996), and available P 
by the Bray I colorimetric method and determined using a UV Spec-
trophotometer (Bray and Kurtz, 1945). The N-NH4

+ and N-NO3
- were 

determined in KCl soil extract using flow injection analysis (Quick-
Chem® Method 12-107-06-1-A for NH4

+ and QuickChem® Method 12-
107-04-1-B for NO3

-; Wendt, 1995). Organic matter was determined 
by the Walkley-Black method (Nelson and Sommers, 1996), soil pH 
was measured in a 2:1 water to soil ratio (Thomas, 1996), and effective 

TABLE 1.—Chicken manure chemical properties including pH, electrical conductivity 
(EC), organic matter (OM), effective cation exchange capacity (ECEC), total 
Kjeldahl nitrogen, phosphorous, calcium, magnesium, sodium, and aluminum.

pH
E.C.  
dS/m

OM  
%

ECEC  
cmolc/kg

Total N  
%

P-PO4 Ca Mg Na Al†

--------------------- mg/kg -------------------

8.25 806 39.0 126 3.62 3,026 4,134 729 7,287 ND

† ND refers to non-detected.
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cation exchange capacity (ECEC) by the sum of cations (Sumner and 
Miller, 1996). Soil electrical conductivity was measured in a 2:1 water 
to soil ratio and exchangeable Al was extracted with 1N KCl (Bertsch 
and Bloom, 1996). Soil penetration resistance was determined using 
a soil cone penetrometer (CP40II Cone Penetrometer, Rimik Corp., 
Queensland, Australia)5 from 0- to 60-cm depth (Lowery and Morrison, 
2002). Soil bulk density was measured from undisturbed soil samples 
collected with a core (7 cm length and 7 cm diameter) sampler (0- to 
7-cm depth; Grossman and Reinsch, 2002). Constant head soil water 
infiltration was determined by Guelph methodology, by ponding the 
soil with a constant head of water using a bronze cylinder of 10.2 cm   
diameter inserted in the soil and measuring periodically the amount of 
water supplied into the core by the instrument (Reynolds and Elrick, 
2002). Soil penetration resistance, soil bulk density and water infiltra-
tion were determined at two months and 16 months (end of harvest) 
after planting.

Soil erosion data was collected during March 2014 from subplots in 
the middle of each plot. Sediment collection areas (1.2 m x 1.8 m) were 
delimited using 25-cm high garden liners. The collection areas were 
placed in the direction of the soil slope. Soil erosion rates were deter-
mined for selected rain events using erosion collectors that fractionalized 
the runoff output to one tenth of the total runoff. Water runoff was fun-
neled at the “downhill” portion of each erosion subplot where the runoff 
fractionators were installed. The volume of water runoff was measured 
using a calibrated cylinder. The water with sediment from each rain col-
lector was dried to measure the amount of sediment collected using a 
convective oven (48 to 72 h at 105° C). Rainfall data was collected every 
30 minutes using a tipping bucket rain gauge (Rain Collector, Davis In-
struments Co., California, USA) connected to a data logger (HOBO Pen-
dant® Event Data Logger, Onset Computer Co., Massachusetts, USA). 
Plantain bunch weight, number of fruits per bunch, and average fruit 
weight were recorded. The plant parameters measured were: 1) num-
ber of fallen plants, 2) pseudostem diameter at 1-meter height, 3) plant 
height, 4) number of harvested plants, and 5) days to flowering.

Statistical analyses for all data, except soil penetration resistance 
data, were performed using analysis of variance (ANOVA) (JMP 8, SAS 
Institute, North Carolina, USA). The effects in the ANOVA were treat-
ment (manure, and no-manure application), ground cover (cut sigatoka 

5Company or trade names in this publication are used only to provide specific infor-
mation. Mention of a company or trade name does not constitute an endorsement by the 
Agricultural Experiment Station of the University of Puerto Rico, nor is this mention a 
statement of preference over other equipment or materials.
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leaves placed on the ground, and no-leaves placed on the ground), and 
the interaction between treatment and ground cover. There were four 
repetitions for each treatment. For soil penetration resistance, data 
was analyzed using repeated measures ANOVA with a covariate struc-
ture that best fit the data set (Littell et al., 1998; SAS Institute, 2013). 
The soil penetration resistance ANOVA included also the effect of soil 
depth. Means comparison analyses were performed for significant ef-
fects using an alpha of 0.05.

RESULTS AND DISCUSSION

Soil chemical characteristics

There were no significant differences among treatments for pH, OM, 
Ca+2, Al+3, and ECEC (Tables 2 and 3). However, chicken manure signifi-
cantly increased the amount of N-NO3

-, available P, K+, and Mg+2 com-
pared to plots with no-chicken manure application (Table 2 and Figure 
1). Available P (121 mg/kg) in manure-applied soils was at a high level 
for soils in Puerto Rico (20 mg/kg of Bray 1 available P is considered 
high) as established by Sotomayor-Ramírez and Martínez (2006) (Figure 
1). Phosphate movement into runoff water, one of the major concerns on 
manure-applied soils,  is dependent on when the rainfall occurs after ma-
nure application (Sotomayor-Ramírez et al., 2006; Ortega et al., 2007). 
Ortega et al. (2007) found in a Mollisol (Soller series, 12% slope) and 
two Ultisols (Consumo and Naranjito series, 25-35% slope) with grass 
cover that dissolved P concentration in runoff was high when rain events 
occurred five days or less after applying manure (dairy and poultry ma-
nure) to the soil. Similarly, Sotomayor-Ramírez et al. (2006) found on 
a Puerto Rico farm with naturalized pastures and Humatas soil series 
(Typic Haplohumults) that phosphorus losses in runoff were higher if 
rain events occurred within 10 days after fertilization or organic amend-
ment application. High amounts of P in runoff water could be related to 
the amount of P mineralization after applying the manure to the soil. De 
Souza et al. (2011) found in an Oxisol in Brazil that P mineralization of 
different kinds of chicken manure occurred during the first 15 days after 
applying the manure to the soil.

Manure application significantly increased EC to 0.42 dS/m, while 
EC without manure application was 0.22 dS/m (Table 2). This was ex-
pected because there was a high EC in the manure (Table 1). It has 
been found in a manure incubation experiment using an Ultisol of Ha-
waii, among other soils and amendments, that applications of chicken 
manure of 10 ton/ha increased the EC from 0.08 to 0.92 dS/m after 42 
days of incubation (Ortiz-Escobar and Hue, 2008). However, at 56 days 
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of incubation the EC decreased to 0.46 dS/m. A possible explanation 
for this behavior is that mineralization increased the EC but later the 
mineralized cations and anions were adsorbed into the soil, decreasing 
the EC (Ortiz-Escobar and Hue, 2008).

Although chicken manure increased the EC, all values were below 
the soil salinity levels (Brady and Weil, 2010). Exchangeable Na also 
significantly increased with chicken manure application, especially 
when only chicken manure was applied (Table 3). However, the ex-
changeable Na in the chicken manure treatments were below the lev-
els that could affect soil structure and plant growth (Figure 2) (Bonnet, 
1960; Brady and Weil, 2010). In the highly weathered soils of Puerto 
Rico that are naturally low in salts and exchangeable sodium, high val-
ues of EC and exchangeable Na+ should not be a problem. Intense rain-
fall in the area will prevent salinity problems. However, intensive and 

TABLE 3.—Soil chemical properties at the end of plantain harvest†.

pH
SOM‡

%

Ca+2 Na+ Al+3 ECEC

------------ cmolc/kg ------------

Chicken Manure + Deleafing 5.40 2.19 9.12 0.12 b 0.62 12.35
Chicken Manure 5.32 3.42 8.92 0.28 a 0.77 13.10
Deleafing 5.53 2.69 9.35 0.06 b 1.52 12.53
Control 5.50 2.76 9.52 0.09 b 1.75 12.75

†Pair-wise comparisons were done using Tukey LS means. Means with different letters within 
columns are significantly different (a= 0.05).

‡SOM = Soil organic matter.

FIGURE 1. Soil nutrient means comparison for the effects of soil applied chicken 
manure vs. no-manure application. The N-NO3 and P-PO4 are expressed in mg/kg, while 
the K and Mg are in cmolc/kg. Pair-wise comparisons were done using Tukey LS means. 
Means with different letters are significantly different (a = 0.05).
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long-term manure application could cause salinity problems in soils 
with low drainage and semiarid conditions, often found on the southern 
coast of Puerto Rico (Bonnet, 1960; Pérez-Escolar and Ortiz-Vélez, 1979).

Soil organic matter (SOM) was not significantly increased by chick-
en manure or deleafing, although the chicken manure treatment cre-
ated the greatest value of SOM (3.42%) (Tables 2 and 3). Nevertheless, 
all treatments increased the amount of SOM compared to the amount 
before planting and treatment applications from 1.35% to between 2.19 
and 3.42% (Table 3). Likewise, González-Vélez (2011) did not find a 
significant increase in SOM with an application of manure (25 t/ha) 
to Corozal soil (Typic Haplohumults) in Puerto Rico. Other studies re-
lated to organic amendments and chicken manure applications have 
reported increases in SOM (Scotti et al., 2015; Pagán-Roig et al., 2016).

Soil physical characteristics

Aggregate stability (AS) significantly increased with chicken ma-
nure application (8.6% AS with chicken manure and 5.8% AS without 
chicken manure) (Table 4). Although there was a significant increase 
in AS in chicken manure applied soils, there were no significant dif-
ferences in the amount of SOM (Table 2). Other studies have found a 
correlation between the amount of SOM and AS. Ferreras et al. (2006) 
found increases in AS, organic carbon (OC) and soil respiration in a 
Vertic Argiudoll in Argentina when chicken manure was applied. In ad-
dition, they found a strong correlation between OC and AS. Snyder et 
al. (1993) also found a positive correlation between the amount of OC 

FIGURE 2. Exchangeable sodium percentage means comparison.
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and AS in highly weathered soils in Puerto Rico, including the Dagüey 
soil series. Therefore, since there was no significant difference in OM, 
other mechanisms or different types of organic materials and cement-
ing materials in the chicken manure may be causing an increase in AS.

Pagán-Roig et al. (2016) found that the combined soil application of 
coffee compost, green manure and mycorrhiza significantly increased 
AS, OC, and soil humic acid. Humic acid can form clay-humic com-
plexes by attaching to divalent cations absorbed in clays (Piccolo et al., 
1997). This process joins different clays, positioning chelating acidic 
groups of the humic acid to the interior of the aggregate, while po-
sitioning the more aromatic hydrophobic and aliphatic groups to the 
exterior of the aggregate, making the aggregate interior less wettable 
and more resistant to air slaking (Piccolo et al., 1997).

The greater AS could also be related to greater soil biological activ-
ity promoted by chicken manure. Microbial activity can be promoted 
by additions of SOM, and, in turn, this promotes the particle binding 
mechanisms of soil microbes (Six et al., 2004; Consentino et al., 2006). 
The soil bacteria and fungi can produce polysaccharides that help bind 
the soil particles (Six et al., 2004). This binding promoted by microbial 
activity increases the aggregate internal cohesion (Consentino et al., 
2006). In addition, fungi can entangle soil aggregates by the production 
of hyphae (Six et al., 2004). Moreover, the amount of fungi biomass has 
a stronger correlation with soil AS than bacterial biomass, most likely 
due to fungi promoting more mechanisms of physical entanglement of 
aggregates, more production of hydrophobic substances and the pro-
duction of polysaccharides (Consentino et al., 2006). There were no sig-
nificant differences for soil hydraulic conductivity (Ks), bulk density 
and particle size in all treatments (Table 4). However, on the soil sur-
face, all treatments had low soil bulk density (1.15 g/cm3), thus indicat-
ing high porosity and sufficient pore space for oxygen movement at the 
surface. The mean value of Ks for all treatments was 6.6 cm/h, and the 
percentage of sand, silt and clay were 27.1, 15.0 and 57.9, respectively.

TABLE 4.—Test p-values of effects for soil hydraulic conductivity (Ks), bulk density (Db), 
soil aggregate stability (AS), sand, silt, and clay.

Effect † Ks‡ Db AS Sand Silt Clay

Treatment 0.3072 0.8510 0.0313 0.3390 0.1201 0.8822
Ground Cover 0.2240 0.8294 0.3835 0.5821 0.6568 0.5542
Treatment x Ground Cover 0.6945 0.4291 0.4163 0.9029 0.2847 0.6176

†Treatment refers to the effect of the application or no-application of chicken manure. Ground 
Cover refers to the effect of the placement or no-placement of cut leaves (sigatoka infected) on the 
ground.

‡Statistical analyses were conducted at a = 0.05.
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The soil cone index (soil penetration resistance) increased with 
depth, but it was similar in all treatments at two months after planting 
(Figure 3). However, the cone index at the end of harvest showed signifi-
cant differences for the effects of soil depth, treatment (manure applica-
tion), ground cover and the interaction of treatment and ground cover 
(Figure 4). The means comparisons for the combined effects of treat-
ment and ground cover showed that control (no manure or ground cover 
from deleafing) had significantly more penetration resistance than the 
other treatments (Table 5). Meanwhile the manure treatment had great-
er penetration resistance than the deleafing treatment (Table 5). The 
greater resistance to penetration at harvest should be expected because 
the soil settled through the growing season to a more compacted volume 
(Figure 4). Also, after harvest the increase in cone index with soil depth 

FIGURE 3. Soil penetration resistance two months after planting. Whole model for 
cone index: Treatment F1, 276 = 0.10, P value = 0.7475; Ground Cover F1, 276 = 0.03, P value 
0.8706; Treatment by Ground Cover F1, 276 = 0.08, P value 0.7769; Depth F39, 276 = 0.50, 
P value = 0.9947; Treatment by Depth F16, 276 = 0.02, P value = 1.0000; Ground Cover 
by Depth F28, 276 = 0.02, P value = 1.0000; Treatment by Ground Cover by Depth F5, 276 = 
0.04, P value = 0.9993.
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was greater in the manure and control treatments than in the deleaf-
ing and manure + deleafing treatments (Figure 4). Lugo-Mercado et al. 
(1978) found in a Corozal soil series that tanier (Xanthosoma spp.) pro-
duction was significantly reduced at levels of soil penetration resistance 
of 25 kg/cm2 (2,452 kPa) or higher. Although this degree of penetration 
resistance was not reached in any of the treatments (Figures 3 and 4), 
the recommended soil penetration resistance for banana and plantains 
should not exceed 1,500 kPa in the first 80 cm of root zone (Robinson and 
Galán-Saúco, 2010). This value was exceeded at the beginning of the ex-
periment at depths greater than 30 cm for all treatments; however, after 
harvest, in the manure and control treatments it was reached at 20-cm 
deep, and in the deleafing and manure + deleafing treatments at 30-
cm deep (Figure 4). Soil mechanical impedance can significantly restrict 

FIGURE 4. Soil penetration resistance at the end of harvest. Whole model for cone 
index: Treatment F1, 480 = 9.50, P value = 0.0022; Ground Cover F1, 480 = 59.18, P value 
< 0.0001; Treatment by Ground Cover F1, 480 = 18.17, P value < 0.0001; Depth F39, 480 = 
22.55, P value = < 0.0001; Treatment by Depth F39, 480 = 0.34, P value = 0.9999; Ground 
Cover by Depth F39, 480 = 0.82, P value = 0.7743; Treatment by Ground Cover by Depth 
F39, 480 = 0.55, P value = 0.9892.
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banana root growth, especially by reducing the soil volume explored 
by roots (Draye, 2002). Moreover, this promotes the growth of thicker 
roots, that are less efficient in absorbing soil nutrients (Draye, 2002). In 
addition, higher values of soil penetration resistance can be correlated 
with low oxygen availability in the root zone and lower plant production 
(Draye, 2002; Robinson and Galán-Sauco, 2010).

Soil erosion and water runoff

For the runoff and soil erosion analyses, several rainfall events that 
produced runoff were selected (Table 6). Rain events during the grow-
ing season ranged from 3.8 mm to 47 mm of cumulative amount of 
rainfall (Table 6). There were no significant differences in runoff dur-
ing the rain events (Table 7). The amount of runoff was similar for all 
treatments in each rain event (Figure 5). The results on runoff volume 
during rain events among treatments coincide with the lack of signifi-
cant differences in saturated hydraulic conductivity (Table 4). On the 
other hand, sediment loads were significantly different for the effect of 

TABLE 5.—Soil penetration resistance at the end of plantain harvest.†

Cone Index

kPa

Chicken Manure + Deleafing 1,474 bc
Chicken Manure 1,565 b
Deleafing 1,442 c
Control 1,760 a

†Pair-wise comparisons were done using Tukey LS means. Means with different lowercase letters 
within columns are significantly different (a = 0.05).

TABLE 6.—Rainfall amounts and intensities for selected rain events.

Date

Rainfall Amount Rainfall Intensity

mm mm/h

26 Nov 2014 10.2 0.4
1 Dic 2014 5.2 1.0
5 Dic 2014 21.8 2.9
20 Jan 2015 †

2 Feb 2015 †

17 Feb 2015 8.6 1.4
23 Feb 2015 3.8 1.0
1 Jun 2015 47 1.6
4 Jun 2015 21.8 14.5

†The precipitation of rain events of 20 January and 2 February 2015 could not be recorded.
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ground cover (Table 7). Sediment load in the subplots were more than 
double where no leaves were placed on the ground (12.0 g/m2) com-
pared to sigatoka cut leaves placed over the ground as cover (5.6 g/m2). 
This difference in sediment load due to the effect of ground cover was 
more obvious for the rain events on 23 February, 1 June and 4 June 
2015 (Figure 6). The magnitude of the differences in sediment load can 
be observed more clearly by transforming the amount of sediment load 
in the subplots to kg/ha for these three rain events (Table 8). During 
the rain event of 4 June 2015, in particular, no-ground cover treat-
ments (manure, and control) averaged 1,093 kg/ha while the ground 
cover treatments (deleafing, and manure+deleafing) averaged 60 kg/ha 
with a rainfall intensity of 14.5 mm/h (Tables 6 and 8). The leaves from 

FIGURE 5. Runoff in 1.2 m x 1.8 m subplots during selected rain events.

TABLE 7.—Test p-values of effects for runoff and sediment load during selected rain events.

Effect † Runoff ‡ Sediment load
Treatment 0.4666 0.4914
Ground Cover 0.1952 0.0311
Treatment x Ground Cover 0.5031 0.0622
Rain Event 0.0508 0.0827
Treatment x Rain Event 0.7601 0.9941
Ground Cover x Rain Event 0.0904 0.7117
Treatment x Ground Cover x Rain Event 0.6918 0.5947

†Treatment refers to the effect of the application or no-application of chicken manure. Ground 
Cover refers to the effect of the placement or no-placement of cut leaves (sigatoka infected) on the 
ground. Rain event refers to the effect of the rain events on runoff and sediment load.

‡Statistical analyses were conducted at a = 0.05.
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deleafing placed over the soil surface functioned as a mulch to control 
erosion. On a banana plantation with a highly permeable Andosol in 
Guadeloupe, Cattan et al. (2006) found that waste banana material 
in the soil surface from previous harvests significantly reduced the 
amount of runoff.

Plant growth and crop yield

Plant height and diameter at breast height (DBH) differed signifi-
cantly for the effects of manure treatment, ground cover and the inter-
action between manure treatment and ground cover (Table 9). Days 
to flowering and weight of plantain bunch were significantly differ-
ent for the effects of manure treatment and ground cover, but not be-
cause of the interaction of effects (Table 9). Days to harvest and hands 
per bunch differed significantly only for manure treatment (Table 10). 

FIGURE 6. Sediment load in runoff in 1.2 m x 1.8 m subplots.

TABLE 8.—Sediment load during means comparison during selected rain events.

Rain event† Ground Cover‡ No-Ground Cover

- - - - - - - - - - - - - - - - - - - kg/ha  - - - - - - - - - - - - - - - - - - -

23 Feb 2015 69 161
1 Jun 2015 89 215
4 Jun 2015 60 1,093

†Rain event refers to the date of the selected rain event. Ground cover refers to cut sigatoka 
leaves placed on the ground. No- ground cover refers to extraction and no placement on the ground 
of cut sigatoka leaves

‡Statistical analyses were conducted at a = 0.05.
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There were no significant differences in the amount of fruits per bunch 
(Table 10). Plant height was significantly greater in the treatment of 
chicken manure + deleafing, followed by chicken manure, than the 
treatment without manure (Table 10). The DBH of plants was also 
greater in chicken manure + deleafing treatment than deleafing and 
control treatments. The DBH in chicken manure was not significantly 
different compared to the other treatments. Both days to flowering and 
days to harvest were significantly fewer in the treatments with chicken 
manure compared to treatments without chicken manure (Table 10). 
The bunch weight was greater in the chicken manure + deleafing than 
chicken manure and control treatments (Table 10). Hands per bunch 
were significantly greater in both chicken manure treatments com-
pared to control. González-Vélez (2012) in a Corozal soil series found 
that chicken manure (25 ton/ha) increased fruit bunch weight and sig-
nificantly reduced the days to flowering of an African Rhino plantain 
clone. These increases in plant growth and crop yield could be related 
to greater amounts of soil nutrients and a more stable soil structure 
promoted by the chicken manure (Figure 1) (Martínez-Rodríguez et al., 
2002; Aba et al., 2011; González-Vélez, 2012).

CONCLUSION

Soil-applied chicken manure improved aggregate stability and soil 
fertility and increased plant growth and fruit production of dwarf plan-
tain. The increase in AS could be the result of greater microbial activity 
in chicken manure treated soils. No significant changes were observed 
in saturated hydraulic conductivity and runoff during selected rain 
events. However, the amount of sediment in runoff was significantly 
reduced by plantain leaves placed between rows. Also, leaf cover de-
creased the soil penetration resistance, a condition that can facilitate 
root growth.

Chicken manure increased N, P, K and Mg content in the soil, 
however P was above crop sufficiency levels for plantain. It is recom-
mended to reduce the amount of these nutrients applied as fertilizer 
when chicken manure applications are performed. Additional studies 
should explore the amount of mineralized phosphate and nitrate from 
the chicken manure during plantain growth to reduce the need for in-
organic fertilizer. Although chicken manure increased the amount of 
salt and sodium in the soil, these were still within normal levels. In 
highly weathered soils like Dagüey, under udic moisture regime the 
significant increases in soil salinity due to chicken manure applica-
tion are not expected to cause plant growth problems. Nevertheless, 
chicken manure could potentially increase salts to undesirable levels 
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for plantain growth in soils with restricted drainage, and insufficient 
rainwater and/or irrigation water.

Chicken manure increased plant growth and yield, increasing the 
weight of bunch and the number of hands per bunch. Also, chicken 
manure reduced the time to flowering and fruit development. The 
increase in plantain growth and crop production are attributed to 
improved soil fertility and soil structure. The combination of chicken 
manure application and leaf cover from deleafing benefits plantain 
growth in highly weathered soils by increasing soil nutrient content, 
stabilizing soil structure and protecting the soil against erosion.
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