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Thelmpact of Integrated Nutrient Management
Practices on Land Productivity, Crop Residue
Decomposition and Abundance of Soil
Organisms in a Banana Plantation in Sri Lanka

ABSTRACT

This study investigated how land productivity, crop residue decomposition and diversity of
soil organisms were affected by the combined use of chemical fertilizers (CF) and poultry
manure (PM) in a banana plantation in Buttala, Sri Lanka. Banana yield, soil properties and
decomposition of crop residues were studied in six treatments as, CF1+PM1, CF1+PM2,
CF1+PMS3, CF2 +PM1, CF2+PM2, and CF2+PM3. CF1 and CF2 correspond with 75% and
100% of recommended CF application rate. PM1, PM2 and PM3 correspond with PM
application rates of 0, 2.5 and 5 kg/plant. Crop residue decomposition was assessed using
litter bags containing two litter materials as banana pseudo-stem pieces and banana leaves
and placed at two depths (surface and at 7.5 cm depth). Litter bags were recovered at 17,
31 and 45 days after placement (DAP) and weight loss of crop residues was determined.
The application of poultry manure significantly increased (P<0.01) banana yield and
decreased (P<0.1) bulk density. Type of material and time of exposure to decomposition had
significant effects (P<0.05) on litter decomposition but depth of placement and nutrient
management strategy had no significant effect (P>0.05) on decomposition. By 45 DAP
pseudo-stems were degraded more than leaves (67.47+13.99 % and 46.90+5.76 %,
respectively). The abundance of culturable bacteria and cellulose decomposers in soil and
the abundance of soil fauna in decomposing litter were significantly (P<0.1) increased with
the PM application to soil. In conclusion, in the studied banana plantation, incorporation of
PM in nutrient management has increased land productivity and had positive impact on
some soil properties, which are important determinants of soil fertility but did not register any
effects on crop residue decomposition during the study period.
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1. INTRODUCTION

World population which is expected to become 9.7 billion by 2050, will add an extra pressure
on agricultural production systems in terms of addressing food security and maintaining
agricultural sustainability[1]. The urban population that is expected to reach 6 billion by 2045,
resulting in reducing productive arable lands [2]. This has been identified as one major
reason for malnourishment and increase the risk of the non-communicable diseases across
the world [3]. In order to increase the productivity of arable lands, one strategy is to improve
the soil organic carbon (SOC) content [4], which highly depends on the agronomic practices
that are being practicedin the land [5]. Carbon cycle in the soil is very much linked with other
nutrient cycles [6]. The rate of decomposition of organic materials and accumulation of SOC
areheavily influenced by fertilization practices. Hence, when experimenting on different




nutrient management strategies targeting to improve crop yields, it is important to investigate
how these strategies impact on the organic material decomposition and SOC pools.

During decomposition organic materials break down and release nutrients to soil and carbon
dioxide like gases to atmosphere [7].Residue quality characteristics like carbon to nitrogen
(C:N) ratio, chemical composition of crop residues like cellulose, hemi cellulose, lignin and
polyphenol contents [8,9,10,11], diversity of decomposer organisms and physicochemical
conditions of the environment [7] like factors affect the rate of organic material
decomposition in soil.In addition, the particle size of crop residues, loading ¢ate and
application method of crop residues to soil affect the decomposition process and SOC
[10,11,12].As a common practice in banana plantations, farmers incorporate banana
pseudo-stems and leaves to the surface of soil after every harvest [13]. Soil:faunal. activity is
the main factor that is responsible for the nutrient release from banana residues [13].
According to Chou et al. [14],SOC content positively correlated with microbial diversity,while
the abundance of heterotrophic bacteria, free living nitrogen fixing bacteria, tri-calcium
phosphate solubilizing bacteria and proteolytic bacteria were higher.in lang term organically
managed soils compared to the long term conventionally managed soils.

Organic and synthetic chemical fertilizers increase the amount of plant available nutrients in
soil to different degrees based on the type of fertilizer,.and lead to changes in the structure
and functions ofsoil microbial communities [15,16,17]. In integrated nutrient management
approach, synthetic chemical fertilizers are used together with organic fertilizersto cater to
crop nutrient demand. Integrated nutrient management is known.to increase crop yield while
decreasing the reliance on synthetic chemical fertilizer requirement [18]Integration of organic
fertilizers and organic soil amendments_in nutrient management strategies could result in
additional benefits like improvements in soil fertility status. Poultry manure, originating from
broiler and layer chicken farms, is a low-cost organic fertilizer popularly used in crop
cultivation in Sri Lanka [19]. However, our understanding on the impact of using poultry
manure in integrated nutrient management strategies on crop residue decomposition and
the dynamics of decomposericommunities is limited.

Cultivating banana targeting the export market is an expanding agro-industry in Sri Lanka.
However, inherent sail fertility and productivity of the lands available for commercial scale
banana cultivation is moderate or poor. Therefore, the banana growers are compelled to
make a significant investment on, their lands to increase productivity and to obtain export
quality harvest sustainably. In addition, eco-certifications considered by the consumers in
competitive export market force the growers to adopt sustainable nutrient management
practices with low"carbon footprint. Thus, some commercial scale banana growers have
started integrated nutrient management practices.This study was conducted to investigate
how the integrated nutrient management practiced with different rates of synthetic chemical
fertilizers and poultry manure wouldinfluence on crop productivity, residue decomposition
rate and soil organisms involved in organic material decomposition in a banana plantation in
Sri Lanka.

2. MATERIALS AND METHODS

2.1 Site Description

This study was conducted in a two-year-oldbanana field of Dole Lanka (Pvt) LTD, in Buttala,
(6° 41’ 57.35” N 81° 15’ 0.50” E) Sri Lanka. The site is located in theDL1aAgro-ecological

regionof the Dry zone - Low country (annual rainfall of 1300 mm), and the prominent soil
type in the region is Rhodustalfs[20].The extent of the experimental site is about 1 ha and



the field comprised of nearly 2500 of Cavendish banana plants in 18 plots arranged in a
completely randomized block design (RCBD) with three blocks. Each block consisted ofsix
different nutrient management practices (T1 to T6) as all possible combinations of two rates
of farm recommended synthetic chemical fertilizer (CF) applications, and three rates of
poultry manure (PM) applications.The treatments were CF1 + PM1 (T1), CF1 + PM2 (T2),
CF1 + PM3 (T3), CF2 + PM1 (T4), CF2 + PM2 (T5), and CF2 + PM3 (T6); where CF1 and
CF2 correspond with 75% and 100% of farm recommended CF application rates, and PM1,
PM2 and PM3 correspond with PM applications of 0 kg, 2.5 kg and 5 kg per plant. PM had
been applied two weeks before planting and 6 months after the crop establishment. As CF
application, all plants received Sulfate of Ammonia (SA) and Di-ammonium Phesphate
(DAP) as the basal dressing and as top dressing two weeks after planting...Then the
application of SA and DAP to soil was continued as top dressings at 3 weeks interval until
75% of the plants reached flowering stage. After that SA, DAP, Muriate of Potash (MOP),
Calcium Sulfate, and Kieserite had been applied to soil, and Borate and Zinc sulfatehad
been applied as foliarsprays at monthly interval.

Banana plants were planted in double hedge rows with two drip irrigation lines separately for
each row.Each plot of the size 400m?® contained three double hedge rows with 140 number
of plants. Treatments were allocated perpendicular tothe slope gradient of 3 %. The
treatments were initiated and maintained from the 1* day of establishment of plants.The in-
situ crop residue decomposition study using litter bags was commenced nearly one and half
years after planting banana and carried over a period of one and half months. The average
temperature during this period was 27+5.4 °C.

2.2 Litter Bag Experiment

Litter decomposition study was carried out with a litter bag study [21]. Litter bags of the size
of 10 cm x 10 cm wereprepared using nylon.mesh (1 mm x 1 mm openings) on one side
and white color polyester clothing material on the other side. It was expected that nylon
mesh would facilitate the exposure of litter material forsoil faunawith body size (diameter)
less than 1.41 mm as well as microorganisms, and polyester clothing material would
facilitate the entrance of-only microorganisms.When placing the litter bags in soil, the nylon
mesh side was arranged to face down, while the polyester clothing material side facing up in
order to avoid thesmigration of clay from upper soil layer into the litter bag.Two types of litter
materials, i.e. banana pseudo-stem and banana leaves, were filled into litter bags separately
as 10+2 g fresh weight equivalent of material per bag. When using banana pseudo-stems,
two pieces (each 7 cm. x 2.5 cm size) were filled into one bag. When using banana leaves,
12 pieces of leaves (7'¢cm x 2.5 cm pieces) and one mid rib piece were filled into a bag.
From each litter type 324 bags were prepared and the fresh weight of material in each bag
was recorded. Three places in between the double hedge row of banana were randomly
Selected per.plot to place the litter bags at surface (under the mulch) and at 7.5 cm depth. At
each selected locationat each soil depth, three litter bags from each litter type were placed
horizontally:with nylon mesh side facing down. Accordingly, 36 litter bags (18pseudo-stems
and 18leaves) were placed per plot (one replicate of a treatment). Three litter bags from
each. litter type at each soil depth were recovered at three time pointsas 17, 31 and 45 days
after placement (DAP) to determine the mass loss due to decomposition.

After recovering litter bags from soil, the partially decomposed litter was observed for the
presence of macro- and meso-fauna visible to the naked eye. A rank from 1-3 was assigned
based on the presence of visible organisms as 1 being the lowest and 3 being the highest
presence. Then visible soil fauna and the adhered soil particles in partially decomposed litter
materials were removed by hand and by density separation, respectively. Then the material
was oven dried at65 °C for 72 hours and dry weight of the litter material was recordedusing



OHAUS PR224 analytical balance. The percent mass losswas calculated using the dry mass
of materials placed in the litter bag and mass of partially decomposed material recovered
from the litter bag after retrieving from soil [21].

2.3 Soil Sampling and analyses

Soil samples were collected at 0-15 cm depth as disturbed samples using an auger. Three
soil samples were collected per plot at close proximity to the three locations selected to
place the litter bags in a given plot.At each location, two augured soil samples were
combined to obtain a representative sample of the location. Each soil sample wasdivided
into two parts, stored separately as fresh soils (at 3 °C) and air-dried soils. In addition, two
soil core samples were collected at 7.5 cm depth at two locations per plot in:close. proximity
to the places where litter bags were placed. The core samples were used to determineithe
bulk density (BD), gravimetric water content (GWC) and volumetric water.content (VAWWC).

From the 54 disturbed soil samples collected from the 18 plots (6 treatments with three
replicates), 36 samples were randomly selected as two samples per plot.to proceed with
microbiological and chemical analyses. Total fungi, total bacteria and cellulose.decomposers
were cultured following serial dilution with spread plate technique, using Rose Bengal agar
with streptomycin, Tryptic Soy Agar and Cellulose agar;respectively, as the selective growth
media. Soil chemical properties like soil pH, electrical conductivity (EC), available nitrogen
(AN), and soil organic carbon (SOC) as well as soil physical.properties such as clay content
(CC), BD, GWC and VWC were determined using standard methods.Soil pH and EC were
measured in a soil to distilled water (1:5) using an. EutechCyberScan pH 510 Bench series
pH meter and an Eutech Con 2700 series EC meter. respectively. Available nitrogen in fresh
soil samples were extracted using 1M KCland subjected.to Kjeldahl distillation and titration
to determine the AN in soil [22]. In order to determine the SOC, air-dried soil samples were
ground and passed through 0.5 mm sieve. Organic carbon was measured using a
colorimetric method [23]. In here, O, 0:5, 1.0, 1.5, 2.0, 3.0, 3.5 % glucose solutions were
prepared as standard calibration series:and absorption was measured at 600 nm using a
SHIMADZU 1900i UV-Visible spectrophotemeter. BD, GWC and VWC were determined at
7.5 cm depth using a 5em height'core sampler. Fresh weights, dry weights and the volume
of the core samples were measured [24]. In order to find the CC, air-dried soil samples were
pre-treated using: hydrogen..peroxide and 5% sodium hexa-meta phosphate solution.
Standard ASTM no. 152H hydrometer with Bouyoucos scale in grams per liter was used to
take measurements at different time intervals [25].

2.4 Yield data

Yield data related.to the plots were obtained from the farm records during the period July,
2022 to February, 2024. During that time period, 2 harvests had been taken. The yield was
calculated. as kg 'of bunches per hectare separately for the two harvests. 25 judgmentally
selected plants from each plot were used to record the yield data and finally converted to a
per hectare value by multiplying by the number of banana plants per hectare (i.e. 2500
plants/ha).

2.5 Statistical Analysis

SPSS software was used to analyze the data statistically. Data on the abundance of
microorganisms was log transformed before using in statistical analyses. All the data were
initially checked with Shapiro-Wilk test to examine the normality of the data. Also, their
Skewness and Kurtosis were tested to check whether the data match with basic
assumptions of Analysis of variance (ANOVA). The effect of CF rates and PM rates on yield,



and several physical, chemical and biological propertiesdetermined were assessed using a
two-way ANOVA using CF and PM rates as the main factors. ANOVA with three factor
factorial design was performed first to find the significance of litter material type, depth of
placement of litter bags and the time of exposure of litter materials in soil on decomposition
status (percent mass loss) of the crop residues. Then using data for each litter material type
at each time-point, two factor factorial analysis in ANOVA was performed using treatment
and depth of placement of litter bags as the main factors to find the significance of nutrient
management strategy on decomposition status of litter. Visible organisms’ data were
analyzed using Kruskal-Wallis test to check the significance of treatment effect on the
macroorganisms’ abundance in litter bags.The significance of the main effects and
interactive effects were determined at 90% and 95% confidence levels (p=0.1 and p=0.05,
respectively). Mean separation was performed using Duncan’s multiple range.test at p=0.05.
Correlations between the analyzed properties were determined using Pearson’s correlation
analysis at p=0.05.

3. RESULTS AND DISCUSSION

3.1 Land productivity

The soil in the experiment site was slightly acidic and:low:in SOC content (Table 1). Soll
texture was clay to clay loam and GWC was 0.27 g/g while VWC was 0.33 cm®/cm?.Soil
conditions in the land was not that of a typical soil profile under natural vegetation in the
region because the land preparation for,banana cultivation has disturbed the soil to a great
extent. Soil become excessively wet "during_rainy season and dry and hard during dry
season making moisture management a great challenge. Therefore, deep trenches have
been cut in equal distances to support drainage. and drip irrigation has been used for
efficient water management. Theitop soil of the field at present consists mostly of soil from
previous sub-soil horizons (e.g. AB and B) that resulted from land preparation constructing
the trenches. Therefore, the inherent fertility status of soil is poor to moderate in this field.
Based on target yieldsand soil fertility characteristics the farm uses its own site-specific
fertilizer recommendation for the cultivation of banana.

Nutrient management, strategy is an important determinant of crop yield and land
productivity..ln-the present study, banana yield at first harvest was significantly affected by
the poultry manure. application rate (P<0.05) but not by the chemical fertilizer application rate
(P>0.05) used (Table 1). However, the second harvest was not significantly affected
(P>0.05) by the.CF or PM application rates. Reducing chemical fertilizer usage by 25% from
the recommended. gquantity for growing banana in the studied farm did not significantly
reduce:(P>0.05) yield (Table 1). However,in comparison to applying chemical fertilizers
alone, the application of poultry manure with chemical fertilizers as an integrated nutrient
management practice resulted in significantly higher (P<0.05) yield at the first harvest(Figure
1).The average yield registered for 0 kg PM, 2.5 kg PM and 5 kg PM rates during the second
harvest: were 54,167+3,181 kg/ha, 56,979+6,167 kg/ha, and 56,563+4,724 kg/ha,
respectively. Although the yield was not significantly affected by PM application rate in the
second harvest, yield was higher with PM+CF application than when applying CF alone.
Previous studies have recommended the application of animal manures together with CF in
nutrient management programs for commercial scale Cavendish banana cultivationtargeting
to achieve high yields [26, 27]. According to the results, instead of using CF at
recommended rate alone, applying at least 2.5 kg of PM per plant with 75% of CF (T2) in
integrated nutrient management would help to increase land productivity (Table 1).Chalise et
al. [26] recommended the application of farm yard manure at the time of planting and 3 5"



and 7" month after planning at 5 kg/ plant rate to achieve high quality and quantity of
banana yield. The yield of Cavendish banana in this study was in the range reported in
literature under tropical climatic conditions [26, 27].

Results indicate that some soil related constraints limiting crop productivity in this banana
plantation may have been alleviated with the application of the poultry manure. Previous
studies also support that application of PM increased crop yield [18,27,28,29]. Hoover et al.
[29], further explained that PM applications has increased the organic matter and micro
nutrient contents in the soil. According to Boateng et al. [18], application of PM had led to
change thesoil properties that facilitated a conducive environment for the plant growth and
activity of micro- and macro-fauna. Ayeni et al. [30] reported that plant uptake of N, P, K, Ca,
Mg, Zn, Fe and Cu were increased in maize with poultry manure applications. Therefore, in
the present study the application of poultry manure may have improved the overallisoll
fertility compared to the application of chemical fertilizers alone and thereby enhanced the
crop productivity.

3.2 Soil properties and parameters

The nutrient management strategies are known to affect soil properties. [18,31]. None of the
soil properties tested in this study were affected.by integrated nutrient management
practices except BD (Table 1). The rate of PM application significantly influenced (P<0.1) BD
of soil (Table 1 and Figure 2). According to Boateng et al. [18], application of PM with high
organic carbon content, increased the water retention ability of soil. Also, they observed that
the application of PM, ultimately resulted inia reduction in soil BD benefitting plant growth.
Increase in SOC and nutrient availability in soil with the “application of PM has been
observed in previous studies [18,28].The present study:-was conducted only after one and
half years since implementing the nutrient, management strategies and one year after the
last PM application event. During the study.period only two PM application events were
practiced. Therefore, the short period may be inadequate to make significant changes in soil
properties in the studied fields.



Table 1: The effect of six different combinations of chemical fertilizers (CF) and poultry manure (PM) application rates on bunches the
first harvest yield of banana and soil physical and chemical properties (BD — bulk density; GWC — gravimetric water content; VWC —
volumetric water content; CC — clay content; EC — electrical conductivity; AN — available nitrogen; SOC — soil organic carbon). The

values are presented as mean * standard deviation.

T -
Treatment :ée/Lda) (Bunches (BI\/IIDg/m3) g\//;(): m%cms) g/oc) oH aCS/m) AN (mg/kg) SOC (%)
T1 56605+6537 1.32£0.04 0.27+0.00 0.35+0.01 33+2.1 .61+0.43 0.11£0.03 72.63+6.94 1.18+1.04
T2 6050047820 1.18+0.07  0.29+0.04 0.34+0.02 39+5.0 " 6.03+0.38 0.10+0.00 85.01+13.72 1.81+0.85
T3 59548+7354 1.21+0.04 0.27+0.02 0.33x0.03 38+6.2 5.90+0.01 0.11+0.02 85.79+12.31 1.42+0.93
T4 5756846551 1.25+0.10 0.26x0.02 0.32+0.02 36+3.2,5.57+0.39. 0.12+0.02 75.69+10.26 1.55+0.43
15 60843+6133 1.22+0.11  0.28+0.03 0.33x0.03 37+2.9 5.62+0.72 0.09+0.04 83.53+19.67 1.29+0.48
T6 62628+6709 1.19+0.05 0.27+0.03 0.32+0.03 35+6.8 5.42+0.23 0.11+0.05 71.80£3.24 1.26x0.20
Significance of main factors and their interactions (P)2

CF rate 0.130 0.578 0.305 0.117 0.602  0.155 0.925 0.354 0.751

PM rate <0.001 0.066 0.146 0.805 0.192 0.635 0.553 0.202 0.828

CF rate x PM 0.625 0.343 0.790 0.577 0.310 0.641 0.802 0.283 0.507
rate

'T1 = 75% CF + Okg PM, T2 = 75% CF + 2.5kg PM, T3 = 75% CF + 5kg PM, T4 = 100% CF + Okg PM, T5 = 100% CF + 2.5kg PM, T6 = 100% CF
+ 5kg PM. Please note PM was applied at mentioned quantity as kg/plant twice since crop establishment.

*P-value indicating the significance of main factors and their interaction in two-way ANOVA for each measured variable.
**|ndicate the significance at 95% confidence interval.
*Indicate the significance at 90% confidence interval.
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Figure 1:Mean bunch yield of banana at the first harvest as affected by different rates of poultry
manure (PM) applications. Bars followed by same lowercase, letters indicates that there is no
significant difference between treatments at P=0.05. Error bars indicate standard deviation.
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Figure 2:-Mean values of bulk density according to the different rates of PM applications. Bars
followed by same lowercase letter indicates there is no significant difference at P=0.1. Error bars
indicate standard deviation.

Combined applications of different rates of CF and different rates of PM applications did not significantly
affect (P>0.05) the abundance of total culturable fungi, bacteria and cellulose decomposers (Table 2).
However, therabundance of cellulose decomposers and total bacteria were significantly increased (P<0.1)
when PM application rate was increased (Table 2 and Figure 3).Calderon et al. [32] also observed a
significant increase in cellulolytic bacteria belong to orders of Myxococcales and Xanthomonadalesand
increase in bacterial population with PM applications. They further explained that, compared to PM
untreated soils, PM treated soils contained more organisms that help in organic matter decomposition
and nutrient cycling. Li et al. [33], stated that carbon cycling is one of the vital roles of the members of
Myxococcales who are important as micro-predators in soil. Present study did not show changes in the
diversity of dominant morphotypes of colony forming units (CFU) of culturable populations in response to
nutrient management practices.



The presence of soil fauna was significantly increased (P<0.05) with the application of different rates of
poultry manure. According to an experiment done by Ashworth et al. [34],earthworm population was
significantly increased with PM applications. In the present study, the last event of PM application was
nearly one year before soil sampling for determining the biological properties. Therefore, it is interesting
to note that although the PM application did not make a significant change in soil physico-chemical
properties except for BD (Table 1), its impact on biological properties was still prominent even after one
year since the last PM application (Table 2).

Table 2: The abundance of total culturable fungi, bacteria and cellulose decomposers in soil and
the presence of soil fauna in litter bags placed in banana cultivated soil treated with different rates
chemical fertilizers (CF) and poultry manure (PM). Values are presented as. meanz*standard
deviation.

Total Fungi Total Bacteria De((::glrlr:ll?)sseers B 8sen e of
Treatment* (Logio CFU/g (Logi0 CFU/g dry P / il f 2
dry soil) soil) (Lo soilgauna
ry soil)
T1 3.43+0.13 7.41+1.25 5.27+0.20 1
T2 3.26+0.17 8.36+1.28 5.93+0.23 2
T3 3.22+0.33 9.09+0.52 5.95+0.27 3
T4 3.39+0.08 8.34+0.62 5.47+0.22 1
T5 3.00+0.41 9.28+2.96 5.43+0.42 3
T6 3.07+0.31 10.60+1.10 6.14+0.81 3
Significance of main factors and their interactions (P)*
CF rates 0.317 0.164 0.728 0.151
PM rates 0.221 0.071 0.081" 0.001”
CF rate xPM rate 0.800 0.674 0.414

'T1 = 75% CF + Okg PM, T2 = 75% CF + 2.5kg PM, T3 = 75% CF + 5kg PM, T4 = 100% CF + Okg PM,
T5 =100% CF + 2.5kg PM, T6 = 100% CF + 5kg PM. Please note PM was applied at mentioned quantity
as kg/plant twice since crop establishment.

*1 = Poor, 2 = Medium and 3 = High occurrence.

*p-value indicating the significance of main factors and their interactionson measured variables.

* Indicate the significance at 90% confidence interval.

**Indicate the significance at 95% confidence interval.
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Figure 3:Mean abundance of total bacteria and cellulose decomposers in soil as affected by
different rates of PM applications. Bars followed by same letters for each variable indicates that
there is no significant difference between treatments at P=0.1. Error bars indicate standard
deviation.



Visual observations of the decomposing crop residues recovered from the litter bags indicated that the
meso- and macro-fauna recovered from the partially decomposed crop residues in litter bags were
influenced by the application of PM. Organisms living in association with decomposing crop residues in
the litter bag is an indicator of the abundance of soil fauna involved in organic material decomposition in
the studied soil. According to the observations various types of visible soil fauna at different size
categories were seen. Some of them were larger than the holes in nylon mesh, indicating that they may
have entered litter bags at their initial developmental stages and grown larger while feeding on crop
residues placed in the litter bag.Ngosong et al. [35] observed a significant difference in macro-organism
abundancy with different rates of PM applications. Some environmental conditions like temperature and
moisture content as well as the quality and quantity of available food determine the growth and
hatchability of earthworms [36]. Previous research indicate that macro-organisms ‘play a vital role in
decomposition than microorganisms in tropical environments [37].

3.3 Crop residue decomposition

The results from litter bag study indicated that the decomposition of ‘cropiresidues was significantly
affected (P<0.05) by the type of litter material (crop residue) and the time of exposure of residue for
decomposition in soil than the depth of placement (P>0.05) in soil (Table 3). The depth of placement had
a significant effect (P<0.05) on decomposition of banana: pseudo-stems only at 17 days into
decomposition, while materials left on soil surface decomposed more than the materials places at 7.5 cm
depth (Figure 4). However, the decomposition of banana crop residues was not significantly affected
(P>0.05) by the nutrient management strategy (Figure 4). The standard deviation values were very high
due to the high variability in the field.

Table 3: Summary statistics of the effect of.time allowed for decomposition (time points: 17, 31
and 45 DAP), depth of placement (surface and 7.5¢m depth) and type of crop residue (material
types: banana stems and banana leaves + mid rib) on.the mean weight loss percentages of crop
residues in a banana cultivated soil.

. Depth-of Placement Time Mean weight
Material Type (DOP) point Loss %
Banana stems Surface 17 DAP 34.87+11.14
Banana stems Surface 31 DAP 55.53+10.57
Banana stems Surface 45 DAP 65.62+11.46
Banana stems 7.5cm depth 17 DAP 28.76+10.49
Banana stems 7.5cm depth 31 DAP 57.74+12.01
Banana stems 7.5cm depth 45 DAP 69.33+17.27
Banana leaves + mid rib Surface 17 DAP 24.28+3.67
Banana leaves + mid rib Surface 31 DAP 40.55+5.41
Banana leaves.+ mid rib Surface 45 DAP 44.98+6.91
Banana leaves +mid rib 7.5cm depth 17 DAP 24.0513.61
Banana leaves +mid rib 7.5cm depth 31 DAP 37.7415.11
Banana leaves,+ mid rib 7.5cm depth 45 DAP 48.82+6.87
Significance of main factors and their interactions (P)"
Litter type <0.001"
Depth of placement 0.938
Time point <0.001
Litter typex Depth of placement 0.897
Litter typex Timepoint <0.001
Depth of placementx Time 0.090
Litter typexDepth of placementx Timepoint 0.227

‘The significance of main factors in three-way ANOVA for weight loss.
** |Indicate the significance at 95% confidence interval.
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The effect of depth of litter bag placement was significant (P<0.05) on decomposition of banana

placed at two depths (surface and at 7.5 cm depth) in a banana cultivated field subjected to six
pseudo-stems at 17 DAP.

treatments as all possible combinations of two rates of CF applications (100% and 75% of

recommendation) and three rates of PM applications (0, 2.5 and 5 kg/ plant). Litter bags were
recovered at three time points after placement (17, 31 and 45 DAP). Error bars indicate standard

Figure 4: Mean weight loss percentages of (A) banana leaves and (B) banana pseudo-stem pieces
deviation.




Soil organisms seem to decompose banana pseudo-stems faster compared to leaves. This may be
mainly because of the high cellulose content in banana pseudo-stemsand high moisture content than
banana leaves [13,38,39]. In this study, moisture contents observed in two litter materials, i.e. banana
pseudo-stems and leaves were 94% and 76% respectively. Lignin and nitrogen contents in litter materials
are major governing factors of the decomposition of litter because these two factors influence the
palatability of the material to soil fauna [40]. They further explained that the litter materials containing high
nitrogen are susceptible for rapid decaying than the litter materials containing low nitrogen. According to
literature, C:N ration of banana pseudo-stems is around 31; whereas, C:N ratio of banana leaves is about
54 [41,42].

According to previous observations, litter materials that were incorporated into the. soil .were more
degraded than litter materials kept on the surface because of the proper contact with the soil and the high
availability of moisture for the decomposition process, which may accelerate: decomposition [43,44].
However, results from the present study were not consistent with this observation. Inycontrast to the
previous studies, the pseudo-stems kept on surface were more degraded<compared to the ones kept at
7.5 cm depth at 17 DAP in the present study (Figure 4). The reason for this may be the high availability of
nutrients for the soil organisms at the surface of the soil due to the surface application of fertilizers. It was
noted that the CF and PM are applied to the surface of the soil and crop residues are also left on the
surface as a mulch. Therefore, the conditions might facilitate high biological activity on the surface of the
soil below the mulch layer.

3.4 Interrelationships between measured variables
Correlation analysis revealed significant positive relationship between SOC and GWC (Table 4).
Table 4: Significant correlations among different yield at/first harvest, soil physical, chemical and

biological properties and status of decomposition of'crop residues (weight loss percentage) in a
banana cultivated soil.

Correlations® Pearson cgefficient Significance(P-value)
(R9)
Yield and CC 0.477 0.045
Yield and Bacteria abundance 0.536 0.022
CC and GWC 0.686" 0.002
SOC and GWC 0.522 0.026
GWC and VWC 0.661" 0.003
Bacteria and Cellulose decomposers abundance 0.535 0.032
Fungi and SWLT1D2 0.497 0.036
BD and GWC -0.552 0.018
GWC and SWLT1D1 -0.612" 0.007
Cellulose decompeosers and LWLT2D1 -0.503" 0.033
VWC and Bacteria abundance -0.509 0.031
VWC and SWLT1D1 -0.505 0.032
BD and Bacteria abundance -0.564 0.015
BD and Cellulose decomposers abundance -0.592" 0.010
BD and CC - 0.505 0.032

'CC - clay content; SOC — Soil organic carbon; GWC - Gravimetric water content; VWC — Volumetric
water content; BD — Bulk density; SWLT1D2 — Stem weight loss at 17 DAP at 7.5cm depth; SWLT3D2 —
Stem weight loss at 45 DAP at 7.5cm depth;SWLT1D1 — Stem weight loss at 17 DAP on surface;
LWLT2D1 — Leaves weight loss at 31 DAP on surface

" Significant at P=0.05

" Significant at P=0.01

According to Rawls et al. [45], water retention ability depends on the initial amount of SOC and the
textural components of a given soil. In the experimental plots of the banana plantation of the present
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study, crop residues after every harvest are added to soil as a surface mulch. Therefore, the initial
amount of SOC content could be assumed as same for every treatment. Interestingly, the application of
PM has not changed the SOC significantly. Manns et al. [46] reported that clayey soils, which contain
more micro pores compared to macro pores, can hold more water, increasing the GWC of those soils.
That may emphasize the reason for the positive correlation between CC and GWC (Table 4). Perdok et
al. [47], explained that at a given BD, VWC is increased with the increase of GWC. Thus, GWC and VWC
could have positive correlation as seen in the present study (Table 4). Although these physical properties
were not significantly affected by the nutrient management treatments, the observed significant
correlations suggest high spatial variability and spatial structuring of the measured properties in the
experimental site.

Soil BD is the governing factor for the infiltration, available water capacity, soil porasity, rooting depth,
activity of soil microorganisms and nutrient availability in soil [48]. Therefore,. higher 'BD ‘lowers the
abundance of soil organisms as also seen in the present study (Table 4). Soil.bulk density is:influenced
by the soil texture. Tanveera et al. [49] observed a negative correlation between bulk'density and clay
content in the soil. Clay could support to build up a good soil structure lowering.BD: The populations of
soil fungi, cellulose decomposers and soil moisture status significantly influenced the decomposition of
crop residues (Table 4).

In the present study, inclusion of PM application together with CF as an integrated nutrient management
program has resulted in positive impact on land productivity and soil fertility. Although the last PM
application event was nearly one year before analyzing the ‘decomposers’ activity and soil properties,
profound effects of the history of PM application could be seen on soil BD and biological properties
important for decomposition of crop residues. Bulk density had strong:correlations with biological activities
and soil availability. Considering that the farm is located in a relatively dry area of the country and already
facing challenges in proper management of soil.moisture during dry:spells as well as in rainy seasons, it
is advantageous to take measures to improve soil BD. Therefore, continuing the application of PM as part
of the crop nutrient management program in this.banana'plantation could improve soil fertility, supporting
sustainable crop production.

4. CONCLUSION

The yield of Cavendish banana under 100% and 75% of site specific CF application was not significantly
different. Therefore, the/CF usage.in the farm can be reduced up to 75%. Inclusion of PM application
together with CF resulted in increase in.crop yield, and affected soil biological properties and soil bulk
density positively. Hence; it is recommended to include PM together with CF as integrated nutrient
management practice for banana cultivation in the studied farm. The PM can be applied at 2.5 kg/plant
application rate atleast to have.a positive impact on soil fertility and crop productivity than applying CF
alone. The rate of decomposition of crop residues in the banana cultivated field was largely determined
by the type of crop residue and the time of exposure to decomposition in soil rather than the nutrient
management,practices or the depth of crop residue incorporation to soil. Although the results indicated
that nutrient management practices, i.e. using CF alone or together with PM did not have an impact on
decomposition of ¢rop residues during the study period, the significant changes observed in soil biological
and physical properties and the observed correlations among soil properties indicate that PM application
had a positive impact on soil fertility conditions. Therefore, continuation of application of PM to soil could
result in changes in crop residue decomposition, which require further investigations.

COMPETING INTERESTS DISCLAIMER:

Authors have declared that they have no known competing financial interests OR non-financial interests
OR personal relationships that could have appeared to influence the work reported in this paper.

13



REFERENCES

1.

10.

11

12

13

14

15

Amiri N, Yacoubi M,Messouli, M. Population projections, food consumption, and agricultural production
are used to optimize agriculture under climatic constraints. Intelligent solutions for optimizing
agriculture and tackling climate change: Current and future dimensions. 2023; Chapter 7 :169-192.
https://doi.org/10.4018/978-1-6684-4649-2.ch007

. Bonye SZ, Aasoglenang TR, Yiridomoh GY. Urbanization, agricultural land use change and livelihood

adaptation strategies in peri-urban Wa, Ghana Background to the study.SN Social Sciences. 2021,
1:9.https://doi.org/10.1007/s43545-020-00017-1.

. Colozza D, Wang YC, Avendano M. Does urbanization lead to unhealthy diets? Longitudinal evidence

from Indonesia.Health & Place. 2023;83:
103091.https://doi.org/https://doi.org/10.1016/j.healthplace.2023.103091

. Gurmu G. Soil Organic Matter and its Role in Soil Health and Crop' Productivity, Improvement.

Academic Research J. Agric. Sci. Res: 2020;7(7): 475-
483.https://doi.org/10.14662/ARJASR2019.147

. Giannini V, Raimondi G, Toffanin A, Maucieri C, Borin M. Agronomic management strategies to

increase soil organic carbon in the short-term: evidence from on-farm experimentation in the Veneto
region.Plant Soil. 2023;491(1): 561-574. https://doi.org/10.1007/s11104-023-06135-y

. Chapin FS, McFarland J, McGuire AD, Euskirchen ES, Ruess RW, Kielland K. The changing global

carbon cycle: linking plant—soil carbon dynamics to global conseqguences.J. Ecol.2009;97(5): 840—
850. https://doi.org/https://doi.org/10.1111/j.1365-2745.2009.01529.x

. Gonzalez G. Soil Organisms and Litter Decomposition. Modern Trends'in Appl. Terrestrial Ecol. 2002:

315-329.https://doi.org/10.1007/978-1-4615-0223-4.16.

. Tian G, Kang BT, Brussaard L. Effect of Mulch Quality on Earthworm Activity and Nutrient Supply in the

Humid Tropics.Soll Biol. Biochem. 1997;29(3-4): 369-373.
https://doi.org/10.1016/S0038-0717(96)00099-5

. Chauvin C, Dorel M, Villenave C, Estrade JR, Thuries L, Risede JM. Biochemical characteristics of

cover crop litter affect the soil food web; organic.matter decomposition, and regulation of plant-

parasitic nematodes in a banana field  soil.LAppl. Soil Ecol.. 2015;96: 131-140.

https://doi.org/10.1016/j.apsoil.2045.07.013.

Parr JF, Papendick RI. Factors Affecting the Decomposition of Crop Residues by

Microorganisms.Crop Residue Management Systems. 1978;31.: 101-129.

https://doi.org/10.2134/asaspecpub31.c6

. Singh B, Rengel Z, Bowden JW. Canola residues decomposition: the effect of particle size on
microbial respiration and cycling of sulphur in a sandy soil. SuperSoil 2004: 3rd Australian New
Zealand Soils Conference, 5-9 December 2004. The Regional Institute Ltd, University of Sydney,
Australia.

. Chaves B, Redin M, Giacomini SJ, Schmatz R, Leonard J, Ferchaud F, Recous S. The combination of
residue quality, residue placement and soil mineral N content drives C and N dynamics by modifying
N availability to microbial decomposers. Soil Biol. Biochem. 2021;163: 1-
13.https:/fdoi.org/10.1016/].s0ilbio.2021.108434

. 'Lekasi JK, Bekunda MA, Woomer PL, Tenywa JS. Decomposition of crop residues in banana-based
cropping systems of Uganda.Biol. Agric. Hort. 1999;17(1): 1-10.
https://doi.org/10.1080/01448765.1999.9754819

. Chou YM, Shen FT, Chiang SH, Chang CM. Functional diversity and dominant populations of bacteria
in banana plantation soils as influenced by long-term organic and conventional farming.Appl. Soil
Ecol. 2017;110: 21-33. https://doi.org/10.1016/j.apsoil.2016.11.002

. Marschner P, Kandeler E, Marschner B. Structure and function of the soil microbial community in a
long-term fertilizer experiment.Soil Biol.Biochem. 2003;35(3): 453-461.
https://doi.org/10.1016/S0038-0717(02)00297-3

14



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Chu H, Ling X, Fujii T, Morimoto S, Yagi K, Hu J, Zhang J. Soil microbial biomass, dehydrogenase
activity, bacterial community structure in response to long-term fertilizer management. Soil Biol.
Biochem. 2007:39(11); 2971-2976.https://doi.org/10.1016/j.s0ilbio.2007.05.031

Dandeniya WS, Herath EM, Lowe AM, Kasinthar M, Jinadasa RN, Vidanarachchi JK, Samarakone
TS. Antibiotic use in commercial broiler chicken farming and its consequential resistance
development in root colonizing bacteria of carrot grown in manure applied soils in a middle-income
country. Can. J. Soil Sci. 2022;102(2): 319-329. https://doi.org/10.1139/CJSS-2021-0001

Boateng SA, Zickermann J, Kornahrens M. Poultry manure effect on growth and yield of maize.West
African J. Appl. Ecol. 2006;9(1). https://doi.org/10.4314/wajae.v9i1.45682
Herath EM, Dandeniya WS, Samarasinghe AGSI, Bandara TPMSD, Jinadasa RN. A preliminary
investigation on methods of reducing antibiotic resistant bacteria in broiler litter in selected farms in
mid country Sri Lanka. Tropic. Agric. Res. 2015;26 (2): 412-417.
http://dx.doi.org/10.4038/tar.v26i2.8104

Dassanayake AR, De Silva GGR, Mapa RB. Major soils of the dry zone and.their elassification. The
Soils of Sri Lanka. 2020: 49-67. http://dx.doi.org/10.1007/978-3-030-44144-9 5
Njoroge DM, Dossa GGO, Ye L, Lin X, Schaefer D, Tomlinson K, Zue J, Cornelissen JHC. Fauna
access outweighs litter mixture effect during leaf litter decomposition.Sgi.Total Environ. 2023;860.
https://doi.org/10.1016/].scitotenv.2022.160190
Keeney DR, Nelson DW. Nitrogen—inorganic forms.Methods;of soil analysis:Part 2 chemical and
microbiological properties. 1983;9: 643-698. 2" ed. Agron. Monogr 9 .ASA and SSSA, Madison, WI.

Sims JR, Haby VA. Simplified Colorimetric Determination of Soil Organic Matter.Soil Sci. 1971;112(2):
137-141.

Blake GR. Bulk Density.Methods of Soil Analysis. 1965: 374-390.
https://doi.org/https://doi.org/10.2134/agronmonogr9.1.c30

Day PR. Particle Fractionation and Particle-Size Analysis. Methods of Soil Analysis. 1965: 545-567.
https://doi.org/https://doi.org/10.2134/agronmonegr9.1.c43

Chalise B, Shrestha AK, Srivastava A, Tripathi KM. Effect of Plant Nutrients on Fruit Yield and Quality
of Cavendish Banana (Musa sp.) cv.‘GrandNaine. Nepalese Horticulture. 2023;17(1): 86-95.
http://dx.doi.org/10.3126/nh.v17i1.60639
Singh AK, Daniel S, Kishore P. Response of organic manures on vegetative growth and vyield
parameter of banana (Musa spp.) cultivars G-nine and cavendish dwarf under popular based
agroforestry system. The Pharma Innovation Journal. 2021;10(6): 858-861.

Ayeni LS, Adetunji MT. Integrated application of poultry manure and mineral fertilizer on soil chemical
properties, nutrient uptake, yield and growth components of maize. Nature and science. 2010;8(1):
60-67.

Hoover NL,Law JY; Long LAM, Kanwar RS, Soupir ML.Long-term impact of poultry manure on crop
yield, soil and water quality;. and crop revenue.J. Environ. Management. 2019;252: 109582.
https://doi.orglhttps://doi.org/10.1016/].jenvman.2019.109582

Ayeni LS,Adetunji MT, Ojeniyi SO, Ewulo BS, Adeyemo AJ. Comparative and cumulative effect of
cocoa pod husk ash and poultry manure on soil and maize nutrient contents and yield. American-
Eurasian J. Sustain. Agric. 2008;2(1): 92-97.

Lauber CL, Strickland:MS, Bradford MA, Fierer N. The influence of soil properties on the structure of
bacterial‘and fungal communities across land-use types. Soil Biol. Biochem. 2008;40(9): 2407—-2415.
https:/fdoi.org/https://doi.org/10.1016/].s0ilbio.2008.05.021

Calderon RB, Jeong C, Ku HH, Coghill LM, Ju YJ, Kim N, m JH. Changes in the Microbial Community
in " Soybean Plots Treated with Biochar and Poultry Litter. Agronomy. 2021;11(7).
https://déi.org/10.3390/agronomy11071428

Li F, Chen L, Zhang J, Yin J. Bacterial Community Structure after Long-term Organic and Inorganic
Fertilization Reveals Important Associations between Soil Nutrients and Specific Taxa Involved in
Nutrient Transformations.Front. Microbiology. 2017;8. https://doi.org/10.3389/fmicb.2017.00187

Ashworth AJ, Allen FL, DeBruyn JM, Owens PR, Sama C. Crop Rotations and Poultry Litter Affect
Dynamic Soil Chemical Properties and Soil Biota Long Term. J. Environ. Quality. 2018;47(6): 1327—
1338. https://doi.org/https://doi.org/10.2134/jeq2017.12.0465
Ngosong C, Nfor IK, Tanyi CB, Noela M. Effect of poultry manure and inorganic fertilizer on
earthworms and soil fertility: Implication on root nodulation and yield of climbing bean (Phaseolus
vulgaris). Fundamental Appl. Agric. 2020;5: 88-98. Available at: https://doi.org/10.5455/faa.76612

15



36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

Ali S.Life Cycle of Vermicomposting Earthworms Eisenia fetida and Eudriluseugeniae Under
Laboratory Controlled Condition.Biomedical J. Sci. Tech. Res.
2018;10.https://doi.org/10.26717/BJSTR.2018.10.002015

Gonzalez G,Seastedt, TR. Soil Fauna and Plant Litter Decomposition in Tropical and Subalpine
Forests.Ecology. 2001;82: 955-964. http://dx.doi.org/10.1890/0012-
9658(2001)082[0955:SFAPLD]2.0.CO:2

Fernandes ERK, Marangoni C, Souza O, Sellin N. Thermochemical characterization of banana leaves
as a potential energy source. Energy Conv. Management.2013;75: 603—-608.
https://doi.org/10.1016/j.enconman.2013.08.008

VinayGM, Modi RB, Prakasha R. Banana Pseudostem: An Innovative and Sustainable Packaging
Material: A Review. J. Packaging Tech. Res. 2024; 1-13.http://dx.doi.org/10.1007/s41783-024-
00167-0

Tian G, Kang BT,Brussaard L.Biological effects of plant residues with, contrasting, chemical
compositions under humid tropical conditions - Decomposition and nutrient release.. Soil Biol.
Biochem. 1992;24: 1051-1060. https://doi.org/10.1016/0038-0717(92)90085-V

Li C, Liu G, Nges IA, Deng L, Nistor M, Liu J. Fresh banana pseudo-stems as a.tropical lignocellulosic
feedstock for methane production. Energy, Sustainability, and * Society. 2016;6(1).
https://doi.org/10.1186/s13705-016-0093-9

Mago, M, Yadav A, Gupta R, Garg VK. Management of;banana crop waste biomass using
vermicomposting technology. Bioresource Tech. 2021,326.
https://doi.org/10.1016/j.biortech.2021.124742

Sandhu OS, Jat ML, Gupta RK, Thind HS, Sidhu HS, Singh Y. Influence of Residue Type and
Method of Placement on Dynamics of Decomposition and Nitrogen Release in Maize-Wheat-
Mungbean Cropping on Permanent Raised Beds: A Litterbag Study.Sustainability
(Switzerland),2022;14(2).https://doi.org/10.3390/su14020864

Singh YS, Singh J, Singh G, Singh GS. Placement effects on rice residue decomposition and nutrient
dynamics on two soil types during wheat cropping in rice-wheat system in northwestern India.Nutr.
Cycl. Agroecosystems. 2010;88(3): 471-480. hitps://doi.org/10.1007/s10705-010-9370-8

Rawls WJ, Pachepsky YA, Ritchie JC, Sobecki TM, Bloodworth H. Effect of soil organic carbon on soil
water retention. Geoderma. 2003;116(1-2):61<76.https://doi.org/https://doi.org/10.1016/S0016-
7061(03)00094-6.

Manns HR, Parkin GW, Martin RC. Evidence of.a union between organic carbon and water content in
soil. Can. J. Soil Sci. 2016; 96(3):305-16. https://doi.org/10.1139/cjss-2015-0084.

Perdok UD, Kroesbergen B, Hilhorst MA. Influence of gravimetric water content and bulk density on
the dielectric properties of soil. Eur. J.> Soil Sci. 1996;47(3):367-71.https://doi.org/10.1111/j.1365-
2389.1996.tb01410 X.

Indoria AK, Sharma KL,Reddy. KS. Hydraulic properties of soil under warming climate. In: Prasad
MNVand Pietrzykowski M, editors.Climate Change and Soil Interactions. Elsevier. 2020; 473-508.
https://doi.org/https:/idoi.org/40.1016/B978-0-12-818032-7.00018-7.

Tanveera A, Kanth TA, Tali PA, Naikoo M. Relation of soil bulk density with texture, total organic
matter-content and.porosity in the soils of Kandi Area of Kashmir valley, India. Int. Res. J. Earth Sci.
2016;4(1):1-6.

16



