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Abstract
Background/Objectives: Recycling banana residue in the form of compost
presents good potential for carbon sequestration and improved nutrient
supply. The main objectives of the study were to formulate a banana residue-
based product and determine its impact on maize growth, nutrition and soil
properties. Methods: Selected compost products (0+100, 50+50, 60+40 and
70+30 banana residue and farmyard manure) designated as CP-1, CP-2, CP-
3, and CP-4) and four fertilizer rates (0,1/3rd 2/3rd and Full NP) were placed in a
randomized complete block designwith three replications, usingmaize as a test
crop. Standard procedureswere used for compost, soil and plant analysis. Total
organic C and N in compost were analyzed on CHNS Analyzer and P and K by
acid (1:5 HClO4 - HNO3) digestion, followed by quantification, correspondingly
using spectrophotometry and emission spectroscopy. Findings: The banana
residue had higher N (1.51%) and K (3.10%) than farmyard manure (1.24% and
0.9%) but it had relatively more P (0.5%) than banana residue (0.24%), The N
(1.57-1.71%) and K (1.10-3.10%) contents of the compost products increased
with the decrease in the quantity of farmyard manure and increase in banana
residue, while, P decreased under the same scenario. Maize plants grew
healthier with compost products or fertilizer treatments. This was reflected
in the increase in mean shoot dry weights by 38.4% over control. Shoot N
increased from 1.50-3.36%, P 0.29-0.51% and K 0.74-1.06% receiving compost
products and NP fertilizers. There was no effect of compost products on EC
or pH of soil. The soil organic matter (0.9-1.70%), and Olsen P (7.70-13.23 mg
kg-1) almost doubled, while, NH4OAc-K (240-307mg kg-1) also increased by 30%.
The co-composting of banana residue with farmyard manure narrowed the
C: N ratio over individual materials, increased the nutrient concentration and
growth of maize and enhanced the efficiency of NP fertilizer and increased the
fertility of the soil. Based on physical appearance and properties, four compost
products CP-1, CP-2, CP-3 equally. This study showed that banana residue
could be beneficially composted with farmyardmanure for improved yield and
nutrition of maize. It is proposed that compost products should be evaluated
under a natural soil environment. Novelty/Applications: Co-composting of
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banana residue with farmyard manure is a new aspect of preparing compost
products. A mixed blend of both materials, in the form of compost products,
consisted of significant quantities of major nutrients like nitrogen, phosphorus
and potassium.

Keywords: Banana residue; compost product; Maize; soil properties

1 Introduction
Chemical fertilizers have been a significant source of available nutrients and are a crucial
integral part ofmodern technology for crop production. On average, fertilizer usage has
increased to 197 kg NPK ha-1 (1). Being a costly input, it is necessary that all available
nutrient sources of plant origin are utilized and recycled. Therefore, the approaches for
efficient, balanced and optimum use of fertilizers in conjunction with organic sources
will play a vital role in achieving production targets.

Most of the Pakistani soils under cultivation are deficient in nitrogen, phosphorus
and some in potassium (2,3). According to FAO (4), 94% farmers used NPK fertilizers,
32.6% farmyardmanure, 1.6%micronutrients, 2.7% crop residues and less than 1% bio-
fertilizers. Nonetheless, the usage of fertilizers and organic sources of nutrients varied
according to the type, and value of the crop and the expected profit. In this connection,
the banana residue being a nutrient-rich source has received the utmost attention of the
farmer community. Sindh is the main banana-producing province, covering 87.65% of
the total banana area (32.06 thousand ha) in the country (5). Banana growers generally
rely on nitrogenous and phosphate fertilizers along with an intermittent application
of farmyard manure. Entire plant biomass, containing as many nutrients as removed
through fruit harvest and significant quantities of organic carbon is removed from
the field after the harvest of bananas. It has been estimated that each ton of harvested
banana, leaves two tons of banana waste behind (6). Thus the banana waste is one of the
potential plant residues available to be utilized as a source of NPK and micronutrients
for plant growth and development.

Farmyardmanure is locally available and consists of animal droppings, beddings, and
domestic sweep. About 50% of the animal dropping is not collected. Of that collected,
about 50% is used as fuel. Thus, nutrients recycled to crops are about 1/4th of the total
droppings (4,7). Farmyard manure contains approximately 70-80% of the nitrogen, 60-
85% of the phosphorus and 80-90% of the potassium in the feed are excreted in the
manure (8). Manure contains all the plant nutrients needed for crop growth including
trace elements (7,9). It is estimated that one ton of dropping of cattle yield approximately
10 kg N,16 kg P2O5 and 23 kg K2O (10). Its value as a soil amendment can be increased
through composting which is a biological process in which micro-organisms convert
organic materials such as manure, sludge, leaves, paper and food waste into soil-like
material called compost (11). In other words, it is a rapid breakdown of organic matter,
which produces humus (12).

Recycling of banana residue in the form of compost, therefore, stands a good
potential as a source for carbon sequestration in the form of organic matter and for
improved plant nutrition. Compostedmaterials are remarkably regarded for their ability
to improve soil health and plant growth, and suppress pathogens and plant diseases (13).
Compost applied as a soil amendment can improve the soil organic matter, water and
nutrient retention in soil susceptible to leaching, and stabilize pH. Compost can be a
source of bothmacro andmicro-nutrients (14).This study was carried out with the main
objectives to formulate an optimum blend of the banana residue by co-composting it
with farmyardmanure, conduct laboratory evaluation and determine the efficacy of the
product on maize and soil properties.
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2 Materials and Methods

2.1 Preparation of compost products

Unwanted suckers of 3-5-month-old banana (Musa Cavendish) plantations established at Agriculture Farm, Tando Soomro-
Taluka Tando Allahyar were removed and chopped into 5 cm pieces. While farm manure was collected from the vicinity of the
same fields. Seven soil-raised beds (6 inches thick, 6 ft long and 5 ft wide) were constructed as a composting platform (Figure 1
a). This exercise of making raised beds was done to avoid possible rainwater inflow into compost piles. The composting was
done by pile method with pile size of 1 m3 that was confined in plastic-lined iron bar structure (Figure 1 b & c) with an open
top.The banana residue was mixed manually with FYM as per treatment plan (Figure 1d) and 75% volume of the container was
filled with the mixture (Figure 1e).

Fig 1. Formulation of compost products from banana residue andfarmyard manure

In case of sole FYM and BR treatments, no mixing was done and the entire pile of 1 m3 was made from FYM (100% FYM)
or from BR (100% BR). Water was sprinkled onto the compost piles to keep the mixture moist at about 50% moisture content
to accelerate the decomposition process. Finally, the containers were covered with the same plastic sheet. Quantities of FYM
and BR used to fill 75% volume of the composting bins are given in Table 1 for each treatment. The composting was continued
for a period of 12 weeks from November 30, 2009 to February 22, 2010 when the composting process was completed i.e. when
the core temperature of the material was similar to the ambient air temperature. During this period, composting material of
each treatment was mixed three times after 2, 4, and 6 weeks of initiating the process in order to avoid excessive temperature
buildup.The treatments involvedmixing of BR with FYM in five different ratios (50-50, 60-40, 70-30, 80-20, 90-10), in addition
to the treatments with 100% BR or 100% FYM. Treatment-wise filling of composting material is detailed under Table 1 .

2.2 Laboratory evaluation of banana residue based compost

After completion of the composting process, the samples were taken from each treatment in duplicate, and processed for
analysis. The materials (BR and FYM) used for composting were also sampled and all the pre- and post-composting samples
were analyzed for total N, P andK, total organic C andC:N ratio. For total organic C andN, the samples were analyzed onCHNS
Analyzer with the support of the National Center of Excellence in Analytical Chemistry, University of Sindh, Jamshoro. Total
P and K were determined by wet digestion of the samples in 1:5 HClO4 - HNO3 acid, followed by analysis of the digests for P
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Table 1. Treatment-wise weight of the BR and FYM added to the pile
S. No. Treatment Details Weight

of banana residue
(kg)

Weight of farm-
yard manure
(kg)

Total weight of pile
(kg)

1 Compost (100 % FYM) 0 520 520
2 Compost (50% BR + 50% FYM) 216 260 476
3 Compost (60% BR + 40% FYM) 259 208 467
4 Compost (70% BR + 30% FYM) 304 156 460
5 Compost (80% BR + 20% FYM) 346 104 450
6 Compost (90% BR + 10% FYM) 389 52 441
7 Compost (100% BR) 432 0 432

by vanadomolybdophosphoric acid yellow color method, and for K on flame photometer. Based on these data and on physical
appearance of the compost material, four of the seven treatments were selected for subsequent evaluation of the composted
material in a pot experiment on maize.

2.3 Effect of banana residue based compost on maize

In this part of the study, a pot experimentwas conducted to observe the effect of banana residue based compost on soil properties
and dry matter yield using maize as a test crop. For this purpose, four compost products, chosen in Part 2 of the study, were
used with and without the application of inorganic fertilizers.

Fertile soil (plough layer) collected from Latif Experimental Farm of Sindh Agriculture University Tandojam was air dried,
ground, and passed through 4 mm garden sieve. Ten kilogram air dried soil was placed in each of 51 plastic pots. A sub-sample
was saved for soil physico-chemical analysis. The treatments were a factorial combination of four compost products having
farmyard manure and banana residue in the ratio of (100:0, 50:50, 40:60 and 30:70) designated as CP-1, CP-2, CP-3, CP-4 and 4
rates ofmineral fertilizers (control, and 1/3, 2/3 and full recommended rate ofNP), in addition to a complete control without any
compost product andmineral fertilizer.The treatments were replicated thrice in a randomized complete block design. Nitrogen
was applied as urea (46%N) in three splits at 1, 3 and 5 weeks after planting.The entire quantity of P was applied as single super
phosphate (SSP, 20% P2O5) at the time of planting. In each case, the fertilizer was applied in form of solution, keeping in view
solubility of each fertilizer. Each compost product applied at the rate of 12.5 tons ha-1 was thoroughlymixed with soil. Ten seeds
of maize variety Akbar were sown and each pot was irrigated. Few days after emergence, only five seedlings were maintained
in each pot in such a way that every plant was far away from each other at equal distance. The pots were regularly irrigated by
normal irrigation water.

Maize was grown for 9 weeks; and harvested after recording plant height for each treatment. Each plant sample was rinsed
with distilled water and cleaned to make it free from dust particles and other contaminations. The samples were then dried
in an oven at 68oC, weighed by each treatment, ground, and stored in plastic vials for N, P, and K analyses. The soil samples
collected before and from each pot after harvesting of maize plants were analyzed for EC (Model Hi-8033) and pH (JENWAY
Model 3010) in 1:5 soil-water extracts, total organic C by Walkley-Black method (15), available P by Olsen method (16) using
spectrophotometer (Shamaduzu UV-1800, Japan) and available K by extraction with1N NH4OAc (17) and analysis on flame
photometer (Jenway PFP-7, Dunmow, Essex England).

The plant samples were analyzed for total N by Kjeldahl’s method, P and K by wet digestion of the samples in 1:5 HClO4 -
HNO3 acid, followed by the analysis of the digests for P by vanadomolybdophosphoric acid yellow color method, and for K on
flame photometer. The data was statistically analyzed using the Statistix 8.1 software package.

3 Results

3.1 Nutrient composition and C: N ratio of composting material

The composting material i.e. farmyard manure and banana residue were considerably different in NPK content (Figure 2). The
banana residue was a better source of K, containing three times more K (3.1%) over that present in farmyard manure (0.90%).
While, the same compostingmaterial had 20%moreN (1.51%) compared to that in farmyardmanure (1.24%).While, farmyard
manure was a better source of P, containing twice as much P (0.50%) as in banana residue (0.24%). The C:N ratios of the two
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composting materials i.e. farmyard manure and banana residue were, correspondingly 21.67 and 25.41.

Fig 2.Nutrient composition and C:N ratio of the composting

3.2 Nutrient composition and C:N ratio of compost products

The data clearly illustrates about 50% reduction in C: N ratios of the composting materials i.e. farmyard manure and banana
residue (21.67-25.41 to 12.67-15.32. This reflects upon the maturity of the compost products. Likewise, the nutrient contents
had also undergone changes in accordance with the nutrients present in the two materials and their ratios used in preparation
of the compost products (Figure 3). The nutrient contents i.e. N (1.57-1.71%) and K (1.1-3.1%) increased as the quantity of
farmyard manure was decreased (100-0%) and quantity of banana residue was increased (0-100%). While, P content decreased
(0.60-0.24%) with the decrease in quantity of farmyard manure and increase in quantity of banana residue.

Fig 3.Nutrient composition and C:N ratio of compost products

3.3 Experimental soil

A pot study on the efficacy of prepared compost products on maize variety i.e. Akbar used silty clay textured soil with pH 7.76,
EC 0.34 dS m-1, Olsen P 9.86 mg kg-1, NH4OAc K 288 mg kg-1 and organic matter 0.928%.

3.4 Efficacy of compost products on maize

Plant height: Height of maize plants increased from 71.36 cm to 87.33 cm with average value of 77.57 cm (Figure 4a).
Plant height showed an increasing trend with compost products or chemical fertilizer application, nonetheless, the treatment
differences of 9-week old maize plants were not large enough to be statistically significant (Table 2). Visual growth reflected
healthier plants under chemical fertilizer or compost products. This was not reflected in plant height but it did increase plant
dry weight as detailed in a subsequent section.

https://www.indjst.org/ 936

https://www.indjst.org/


Virk et al. / Indian Journal of Science and Technology 2021;14(11):932–941

Fig 4. Plantheight (a) and shoot dry weight (b) of maize affected by compost products and NPapplication

Table 2. F values and significance from analysis of variance for plant height, shoot dry weight, shoot NPK content of maize and some soil
properties i.e. EC, pH, organic matter, Olsen P and NH4OAc-K of soil after the harvest of maize

Parameter Control vs others Compost products (CP) Chemical fertilizer (NP) CP x NP
Plant height 0.245 NS 1.885 NS 1.454 NS 1.821 NS
Shoot dry weight 17.122 ** 0.874 NS 2.925 * 0.996 NS
Shoot N content 9.234** 3.245 * 0.228 NS 0.207 *
Shoot P content 45.753 ** 2.053 NS 3.093 * 0.529 NS
Shoot K content 0.024 NS 1.327 NS 5.987 ** 3.061 *
EC 0.006 NS 1.049 NS 0.998 NS 1.269 NS
pH 0.028 NS 0.312 NS 0.546 NS 0.598 NS
Organic matter 249.155 ** 3.117 * 0.243 NS 2.907 *
Olsen P 49.459 ** 2.358 NS 7.583 ** 0.594 NS
NH4OAc-K 2.847 NS 1.459NS 1.358 NS 0.426 NS
NS - non significant; * and ** - significant at 0.05 and 0.01probability level according to honestly significant difference
(HSD) test

Shoot dry weight : A highly significant increase in shoot dry weights was observed as a result of compost products and NP
fertilizer rates. On average, shoot dry weight increased from 20.17 g pot-1 under complete control (no compost no fertilizer) to
27.91 g pot-1 for the compost products and chemical fertilizer. Although the overall effect of compost products andNP fertilizer
rates was highly significant in increasing dry weights, the differences between various compost products were non-significant.
Figure 4 b showed that the values varied within a narrow range from 26.92 to 28.91 g pot-1. As for NP fertilizer, the dry weights
increased significantly from 25.86 g pot-1 under no fertilizer to 29.33 g pot-1 under full NP (Table 2 ). This corresponded to
an increase of 13.41% over and above the dry weight increase resulting from compost products. It is worth mentioning that
increasing fertilizer rate beyond 1/3rd NP did not give a significant increase in shoot dry weight. The interaction between NP
fertilizer and compost products was non-significant.

Nitrogen inmaize shoot :MeanN content of complete control (noNP, no compost) was 1.50%.While, the treatments receiving
compost products and NP, mean N content was more than double (3.36%). Increasing the rate of NP increased the N content
of maize (3.23 to 3.49%), however, the differences between treatments were too small to be statistically significant (Figure 5
a, Table 2). This was not the case with the effect of compost products. The compost product involving banana residue as a
part of the product performed significantly better than the compost prepared from farmyard manure alone. The mean values
ranged from 3.02% to 3.59% (Figure 5 a). This effect of compost products and NP was independent of each other and thus the
interaction between compost products and NP was non-significant.

Phosphorus in maize shoot :The mean value ranged from 0.29% for complete control to 0.51% for the treatments receiving
compost and fertilizer application. The effect of different compost products was similar, and therefore non-significant from
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each other but significantly higher as compared to the control not receiving compost.The values for different compost products
ranged from 0.43 to 0.47% (Figure 5b). In the case of fertilizer treatments, total P contents increased from 0.43% for the
treatment receiving no fertilizer to 0.47% with the recommended rate of NP (Figure 5b and Table 2). Each increment of NP
fertilizer increased P contents until 2/3rd recommended rate, beyond which there was no significant increase in P content.

Potassium inmaize shoot : Total K ranged from 0.74% to 1.06%, with a mean value of 0.90 as a result of compost products and
NP fertilizer (Figure 5c). On average, unfertilized treatment contained 0.97% plant K which declined to a minimum of 0.83%
at 2/3rd rate of NP application. However, the effect of various compost treatments was non-significant with the values ranging
from 0.86% to 0.93%. Further, the data showed that the effect of fertilizer treatments was influenced by compost products.Thus,
there was a significant interaction between compost and fertilizer treatments (Table 2). Comparison of the effect of NP by each
compost product revealed a highly significant decrease only where compost product was used. No such decline in plant K was
observed with compost products (i.e. CP-2, CP-3 and CP-4) indicating improved K supply to the plant.

Fig 5.Nitrogen(a), phosphorus (b) and potassium (c) content in maize shoot affected bycompost products and NP application

3.5 Effect of compost products on soil properties
Figure 6 illustrates the effect of compost products on soil EC, pH, organic matter, Olsen P and NH4OAc-K contents

EC and pH :. Statistical analysis of the data indicated that there was no significant effect of either compost products or NP
application on soil EC and pH. Similarly, the interaction between compost products and NP was also non-significant (Table 2).
Soil EC values (Figure 6a) ranged from 0.26 to 0.80 dS m-1 for various treatments, with average value of 0.50 dS m-1. While, pH
ranged from 7.8 to 7.9, with an average value of 7.9 (Figure 6b).

Organic matter :Organic matter in soil showed a highly significant increase as a result of the application of compost products
and NP application (Table 1). The mean values ranged from 0.40% for complete control to 1.8% for the treatments receiving
compost products and NP. The effect of various NP rates was similar, and therefore non-significant amongst (Table 2). The
mean value ranged from 1.7% where no NP was applied to 1.8% with NP application. Unlike the effect of NP, the application of
compost products contributed to a significant increase in soil organic matter (Figure 6c).The effect of compost products varied
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with the nature of compost treatments as well as with the rate of NP, thus the interaction between compost products and NP
was significant. The data revealed that compost product CP-1 (100% farmyard manure) and CP-2 (50% farmyard manure +
50% banana residue) were equally effective and contributed the most in increasing the level of soil organic matter.This effect of
CP-1 and CP-2 compost products was similar and not affected by any NP rate. In case of compost products containing a higher
percentage of banana residue i.e. CP-3 (60% banana residue + 40% farmyard manure) and CP-4 (70% banana residue + 0%
farmyard manure), the interaction with NP was significant at a higher NP rate displaying higher soil organic matter contents
as well.

Olsen P : Both the compost products and NP treatments were highly effective in increasing soil available P. The mean values
almost doubled and ranged from 7.70 mg kg-1 for complete control to 14.77 mg kg-1 for the treatments receiving compost and
NP.The effect of different compost treatments was similar, and therefore non-significant from each other but significantly higher
as compared to the control treatment not receiving compost. This was not the case with fertilizer treatments where available P
contents increased significantly from 13.23 mg kg-1 for the treatment receiving no fertilizer to 16.12 mg kg-1 when full NP was
applied.The first increment of fertilizer i.e. 1/3rd NP did not significantly increase P contents in soil (Figure 6d). Increasing the
fertilizer rate to 2/3rd NP or full NP produced a highly significant increase in soil P over control and 1/3rd NP. Further, the effect
of 2/3rd NP and full NPwas equally beneficial in improving soil P status. Further, the data showed that there was non-significant
interaction between compost products NP (Table 2).

Fig 6. Soilproperties EC (a), pH (b), organicmatter (c), Olsen P (d) andNH4OAc-K (e)after the harvest ofmaize affected by compost products
and NP application

NH4OAc-K :Available K ranged from 240 to 307mg kg-1 for various treatments, with an average value of 276mg kg-1. Statistical
analysis of the data indicated that there was no significant effect of either compost products or NP on the available K content
of soil. Similarly, the interaction between compost and fertilizer treatments was also non-significant (Figure 6 and Table 2).

https://www.indjst.org/ 939

https://www.indjst.org/


Virk et al. / Indian Journal of Science and Technology 2021;14(11):932–941

3.6 Discussion

This study comprised of three parts i.e. preparation of banana based compost products by co-composting banana residue with
farmyard manure, laboratory testing of compost products and greenhouse evaluation of selected compost products on maize
as test crop.

TheNPK content of farmyardmanure (1.24%, 0.5% and 0.9%) and banana residue (1.51%, 0.24% and 3.1%) used in this study
were correspondingly similar to the contents (1.4%, 0.29% and 2.1% and 2%, 0.2% and 3.8%) reported by (7).The banana residue
used in this study comprised of pseudostem and leaves of 3-5 month old suckers. The nutrient composition of banana residue
will however, vary according to the plant part i.e. pseudo stem, leaf or both. Expressed on the basis of percent molar proportion,
leaf blade (24.3%) has the highest lignin, followed by petioles/mid rib (18.0%) and pseudostem (12%). while cellulose is higher
in pseudostem (34-40%), followed by mid rib (31.0%) and leaf blade (20.4%). Ash contents are higher in leaf blade (19.4%),
followed by pseudostem (14%) and petioles/mid rib (11.6%). Considering nutrient contents, there is higher K (33.4%), followed
by P (2.2%) and a very minor quantity of N (18). On a percent basis, the N content of the composted products increased from
1.57 to 1.71 and K 1.10 to 3.10. Both the nutrients increased with the decrease in the quantity of farmyard manure and increase
in banana residue. However, P contents decreased with the decrease in farmyard manure and an increase in banana residue.
The findings (7) were also in agreement with the results of this study. They reported an increase in NPK contents when banana
stalks and leaves were converted into compost products. In the case of farmyard manure, they reported that both N and K
decreased and P contents increased after compost formation. Research reports (19,20) were also in support of our results. The
studies utilizing banana residue with farmyard manure for preparing compost products are however scarce.

There was no effect of either compost or fertilizer treatments on plant height. However, the plants were healthier with the
application of compost products or fertilizer treatments. This was reflected in an increase in mean shoot dry weights by 38.4%
over un-amended complete control treatment. Unlike, plant height, shoot dry weights increased significantly from 25.86 g
pot-1 under no chemical fertilizer to 29.33 g pot-1 with recommended NP, corresponding to 13.41% over and above the dry
weight increase due to compost treatments. The N content of shoot was significantly influenced by compost products and
fertilizer, while, P was influenced by later one and in the case of K, former and later, both did not have any significant effect.The
treatments receiving compost products prepared from the mixture of farmyard manure and banana residue in 50:50, 40:60 or
30:70 ratios behaved similarly to the one where compost was prepared from 100% farmyard manure. These findings imply that
banana residue co-composted with farmyard manure could be beneficially utilized for improved crop growth. Many studies
have reported beneficial effects of combined (21) or separate (20) use of the compost prepared from banana residue and farmyard
manure on growth, nutrient content and quality of the outcome.The banana compost product based treatments outperformed
the other treatments involving farmyard manure, poultry manure or wheat straw (21). Composting improved the plant growth
and nutrient contents ofmaize and thatmaize response was better with compostedmaterial than that with uncomposted one (7).

One of the benefits of using compost products is that they consist of relatively stable decomposed organic matter, which
results from the biological degradation of composting materials (22). The composted products have enhanced concentration of
essential plant nutrients, narrow C: N ratio, better fertilizer use efficiency and yet improved properties of soil (7,12). This study
on the application of compost products highlighted no effect of compost or even chemical fertilizer on soil properties such as
electrical conductivity or pH. On the other side, organic matter increased from 0.9% to 1.70%.The compost products i.e. 100%
farmyard manure and 50% banana residue + 50% farmyard manure equally improved the organic matter of the soil, which
further improved when chemical fertilizer was used with compost. Olsen P increased from 7.70 mg kg-1 in control to 13.23 mg
kg-1 under compost products and chemical fertilizer increased it further, which shows the benefit of coupling the compost with
NP fertilizer.TheNH4OAc-K was although not significantly influenced the values ranged from 240 to 307mg kg-1. Soil organic
matter demand of agricultural soil can be fulfilled by applying more than 10 tons of compost ha-1 (23). Other studies have also
supported the organic form of nutrients in the form of compost (24,25). The compost rate of 12.5 tons ha-1 used in our study is
in accordance with the suggestion and also according to the organic matter content of Pakistani soils, which is generally <1.0%
or even less (26,27).

4 Conclusion
The co-composting of banana shoots with farmyard manure resulted in a narrow C: N ratio, enhanced NPK contents of
composted products, and efficiency of inorganic fertilizer, ultimately maize growth, nutrient concentration and fertility of
the soil. The compost products CP-1, CP-2, CP-3 were statistically similar and therefore could be further tested under field
conditions.
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