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Effects of different forms of chitosan manure and DAP fertilizer on grain yield, biomass and harvest index of PH-4 maize in Kilifi County

ABSTRACT
Sustaining soil fertility in maize producing areas in Kilifi County is a major challenge. The high cost of inorganic fertilizers, shortened fallow period and poor vegetation regrowth has adversely affected natural processes that replenish soil fertility resulting in poor yields. Subsequently, the small scale farmers have resulted to use of locally available chitosan droppings from roof ceilings to address poor soil fertility in maize production. However, there exists no guidelines or recommendations on the amounts of chitosan manure to use to obtain optimal yields. Marwa et al. (2021), indicated that before use of any manure in crop production, trials must be done to establish appropriate amounts to be used. This study was conducted to evaluate the effects of raw chitosan, composted chitosan manure, chitosan liquid tea, DAP fertilizer and control on grain yield, biomass and harvest index of PH-4 maize. A 5x3 randomized complete block design experiment replicated three times was set at Pwani University Crop Science research farm from May 2025 to December 2025. Treatments included, raw and composted chitosan manure, chitosan manure tea, DAP fertilizer and control. Raw and composted chitosan were applied at a rate of 5tons per ha, while DAP fertilizer was applied at a rate of 100kg per ha. Liquid chitosan tea was applied at a rate of 1litre per hill. Data to be collected included plant height, number of leaves, leaf length and breadth, stem thickness, cob numbers, above-ground biomass dry matter, rows per cob, grains per cob, 1000 grain-weight, grain yield and harvest index. Data collected was subjected to Analysis of variance (ANOVA) using Genstat statistics software 14th edition. The means were separated using Fisher’s Least Significance difference at 5% level of significance and inferences made.  The results indicated that the treatments, had significant effects on grain yield, biomass and harvest index. Composted chitosan recorded the highest significant values for all the tested parameters, except for biomass yield. 
 1.0 Introduction
Sustaining soil fertility in maize producing areas among small scale farmers in Kilifi County has been a major challenge especially with advent of climate change [1,2]. Small scale farmers in Kilifi County have over decades relied on the seven-month-long fallow period that runs from September to April for regeneration of natural vegetation and processes to replenish soil fertility [3,4]. Increased population, land sub-division and effects of climate change has resulted in shortened fallow period and poor vegetation regrowth [5,6]. The unaffordable high cost of inorganic fertilizers coupled with shortened fallow period, poor vegetation regrowth and diminished replenishment of soil fertility has led to poor maize yields in the region [7,8]. In response to this situation most farmers have resulted to use of locally and readily available chitosan manure to address the poor soil fertility in maize production with promising results [7,9]. However, there exists no guidelines or recommendations on the amounts of chitosan manure to use to obtain optimal maize yields. According to [10], before using any manure in crop production, trials must be done to establish the appropriate amounts and application rates. [11] reported that soil fertility management in Sub-Saharan Africa, must rely on locally available fertilizer resources since most smallholder farmers do not have access and in most cases cannot afford industrial fertilizers. Therefore, this study was conducted to evaluate the effects of selected rates of composited, raw and liquid chitosan and DAP fertilizer on PH4-maize grain yield and harvest index in Kilifi County. 
2.0 Materials and methods
[bookmark: _Toc205970069]2.1 Experimental materials
a) Raw chitosan manure: This was obtained locally from ceilings of houses inhabited by bats in the area [12].
b) Preparation of composted chitosan manure: Ten kilograms of raw chitosan manure was soaked in 10-litres of water to saturation and allowed to completely ferment and decompose for 7 (seven) days until no further heat was generated ([13]. The material was then allowed to dry under shade, ready for use. 
[bookmark: _Toc205970070]c) Preparation of chitosan manure liquid tea.
Ten kilograms of raw chitosan manure was put into a porous wool bag (of 36×36μm pore size) measuring 30×50 cm in size and the open ends of the bag tightly secured using a rubber band [14]. This was then tied to a clean heavy stone (to prevent it from floating) and submerged into a 100 litre drum of clean water for two weeks [15]. The solution was then stirred using a wooden rod every 3 days for 2 weeks [16]. After the extraction process, the resultant extract “tea” was diluted at a ratio of 1:20, (1-litre of extract in 20 litres of water); 1:10, (2 litres of extract in 20 litres of water) and 1:5 (4 litres of extract in 20 litres of water) ([15]. The diluted tea was then used as liquid fertilizer and applied by drenching in the soil when the maize crop was two weeks old [17]. 
2.2 Experimental lay out and treatments
A 5x3 randomized complete block design experiment replicated three times was set at Pwani University Crop Science research farm from May 2025 to November 2025 involving two trials. The treatments included: raw chitosan manure, composted chitosan manure, liquid chitosan (tea), DAP fertilizer and control. The raw and composted chitosan manure, and the DAP fertilizer were each applied at planting at three levels namely 5gm, 10gm and 15gm per hill, while the chitosan tea was applied by drenching the two weeks’ old maize crop. The PH-4 maize was planted at a spacing of 90cm by 60cm. The plots measured 4m by 5m separated from each other by a path of 1m, while the blocks were separated from each other by path of 1.5m.
[bookmark: _Toc205970072]2.3 Crop husbandry 
Land preparation was carried out one month before the actual planting. This was done by clearing the bushy vegetation, removing stumps and roots followed by ploughing and harrowing to obtain fine tilth uniform seedbed. At the onset of rains, planting holes (15cm deep) were dug at a spacing of 90cm by 60cm and respective treatments applied by thoroughly mixing with the soil three days before planting. Raw and composted chitosan were applied at a rate of 5tons per ha, while DAP fertilizer was applied at a rate of 100kg per ha. Liquid chitosan tea was applied at a rate of 1litre per hill (where 1lire of concentrate was dissolved in 20litres of water. Maize seeds were then planted directly into holes at a depth of 4-5cm at a rate of two seeds per hill in all plots, then later thinned to one plant per hill [18]. Germination was closely monitored during the first week after planting for purposes of gapping or thinning to ensure uniform crop establishment [19]. The liquid chitosan tea treatment was applied by drenching the soil around the maize seedlings once they are two weeks old [17]. Weeding was done manually using a jembe and uprooting all weeds, from the first week after planting and thereafter the plots maintained weed free up to the end of the experiment. All agronomic practices were done uniformly in all the plots. 
2.4 Data collection and analysis
Data collected included plant height, number of leaves per plant, leaf length and breadth, stem thickness, chlorophyll content, number of cobs per plant, number of rows per cob, number of grains per cob, 1000 grain-weight, dry matter at harvest and grain yield. The collected data was subjected to Analysis of variance (ANOVA) using Genstat statistics software 14th edition. The means obtained were separated and compared using Least Significance Difference at 5% level of significance and inferences made.  
3.0 Results
3.1 Analysis of Variance results
The analysis of Variance results indicates that there were significant differences (p < 0.05) among the treatments for all measured parameters (Table 1).
Table 1: Analysis of variance results for grain yield, biomass and harvest index
	Parameter
	F-Value
	P-Value
	Significance

	Grain yield
	29.24
	< 0.001
	significant

	Total biomass
	8.51
	< 0.013
	significant

	Harvest Index
	23.4
	< 0.001
	significant


Thus, the results show that composted chitosan, DAP fertilizer, raw chitosan, Control and Chitosan tea treatments had significant effects on grain yield (p= 0.001), biomass (p= 0.013) and harvest index (p= 0.001) (Table 1).
3.2 Effects of treatments on grain yield of PH-4 maize
The results indicate that composted chitosan, DAP fertilizer, raw chitosan, Control and chitosan tea treatments had significant (p< 0.05) effects on grain yield of PH-4 maize. Composted chitosan resulted in the highest significant (p < 0.05) grain yield compared to all other treatments (Table 2). The DAP fertilizer and raw chitosan had comparable grain yields. However, these grain yields were significantly (p < 0.05) higher than those due to chitosan tea and control treatments. Chitosan tea and control treatments had comparable grain yields with chitosan tea having the least grain yield of 1014kg/ha. Composed chitosan had significantly (p < 0.05) 70%, 65.7%, 22.9% and 16.9% higher grain yield than chitosan tea, control treatment, raw chitosan and DAP fertilizer respectively. Similarly, DAP fertilizer had significantly (p < 0.05) 58.7%, 35.6% and 7.2% higher grain yields than the control treatment, chitosan tea and raw chitosan, respectively. The raw chitosan had significantly (p < 0.05) 61.7% and 55.5% higher grain yield than chitosan tea and control treatment respectively (Table 2). The control treatment had significantly (p < 0.05) 13.9% higher grain yield than the chitosan tea treatment. The chitosan tea had significantly (p < 0.05) the least grain yield compared to all other treatments (Table 2).
Table 2: Effects of treatments on maize grain yield (kg/ha)
	Treatment
	Mean grain yield (kg/ha)
	LSD grouping at 5 %

	Composted chitosan
	3430.2
	a

	DAP
	2850.1
	b

	Raw chitosan
	2646.1
	bc

	Control
	1178.0
	d

	Chitosan tea
	1014.3
	de

	LSD at 5%
	652.4
	


Means followed by the same letter in a column are not significantly different at 5% level of significant.
3.3 Effects of treatments on total biomass of PH-4 maize
The results indicate that composted chitosan, DAP fertilizer, raw chitosan, Control and Chitosan tea treatments had significant (p< 0.05) effect on biomass of PH-4maize (Table 1). Composted chitosan resulted in the highest significant (p < 0.05) biomass yield compared to the control and chitosan tea treatments (Table 3). However, the composted chitosan, DAP fertilizer and raw chitosan had comparable biomass yields. The control and chitosan tea treatments had comparable biomass yields with chitosan tea having significantly (p < 0.05) the lowest biomass yield of 3330.5 kg/ha compared to composed chitosan, DAP fertilizer and raw chitosan (Table 3).
Table 3: Effects of treatments on total biomass yield (kg/ha)
	Treatment
	Mean biomass in kg/ha
	LSD grouping at 5 %

	Composted chitosan
	7035.2
	a

	DAP
	6390.1
	ab

	Raw chitosan
	6221.4
	abc

	Control
	3980.7
	d

	Chitosan tea
	3330.5
	de

	LSD at 5%
	2173.9
	


Means followed by the same letter in a column are not significantly different at 5% level of significant.
Composed chitosan had significantly (p < 0.05) 52.7%, and 43.4% higher biomass yield than chitosan tea and control treatment (Table 3). Composed chitosan had 11.6% and 9.2% more biomass than raw chitosan and DAP fertilizer, respectively. Similarly, DAP fertilizer had significantly (p < 0.05) 47.9% and 38% higher biomass yield than, chitosan tea and control treatment, respectively (Table 3). The DAP fertilizer had a comparable 3% more biomass than raw chitosan. Raw chitosan had significantly (p < 0.05) 46.5% and 36% higher biomass yield than chitosan tea and control treatment, respectively. The control treatment had a comparable 16% more biomass yield than chitosan tea treatment (Table 3).
3.4 Effects of treatments on harvest index of PH-4 maize 
The results indicate that composted chitosan, DAP fertilizer, raw chitosan, Control and chitosan tea treatments had significant (p < 0.05) effects on harvest index of PH-4maize (Table 4). Composted chitosan resulted in the highest significant (p < 0.05) harvest index compared to all other treatments (Table 4). DAP and raw chitosan had comparable levels harvest index. However, they both had significantly higher harvest index than control and chitosan tea treatments (Table 3). The control and chitosan tea treatments had comparable harvest index. The control tea treatment had significantly (p < 0.05) the lowest harvest index compared to composed chitosan, DAP fertilizer and raw chitosan (Table 4). Composed chitosan had significantly (p < 0.05) 40%, 36%, 16% and 11% higher harvest index than control treatment, chitosan tea, raw chitosan and DAP fertilizer, respectively (Table 4). DAP fertilizer and raw chitosan had comparable harvest index. The DAP fertilizer had significantly (p < 0.05) 32% and 27% higher harvest index than the control treatment and chitosan tea, respectively. The DAP had a comparable 5% higher harvest index than raw chitosan (Table 4). The raw chitosan had significantly (p < 0.05) 28% and 23% higher harvest index than the control and chitosan tea treatment, respectively (Table 4). The chitosan tea had a comparable 6% higher harvest index than the control treatment. The control treatment had significantly (p < 0.05) the lowest harvest index compared to all other treatments (Table 4). 



Table 4: Effects of treatments on harvest index 
	Treatment
	Mean harvest index (%)
	LSD grouping at 5 %

	Composted chitosan
	49.8
	a

	DAP
	44.1
	b

	Raw chitosan
	41.8
	bc

	Chitosan tea
	32.1
	d

	Control
	30.1
	de

	LSD at 5%
	0.0568
	


Means followed by the same letter in a column are not significantly different at 5% level of significant.
In all the results tables, there was a notable trend on level of significance (letters) for each of the treatment on the tested parameters namely, grain yield, biomass and harvest index (Table 5). 

Table 5: Trend on level of significance (letters) for each of the treatment on the tested parameters
	Treatment
	Grain yield kg/ha
	LSD 
	Biomass yield (kg/ha)
	LSD grouping at 5 %
	Harvest index
(%)
	LSD grouping at 5 %

	Composted chitosan
	3430.2
	a
	7035.2
	a
	49.8
	a

	DAP
	2850.1
	b
	6390.1
	ab
	44.1
	b

	Raw chitosan
	2646.1
	bc
	6221.4
	abc
	41.8
	bc

	Control
	1178.0
	d
	3980.7
	d
	32.1
	d

	Chitosan tea
	1014.3
	de
	3330.5
	de
	30.1
	de

	LSD at 5%
	652.4
	
	2173.9
	
	0.0568
	



4.0 Discussions 
4.1 Effects of treatments on grain yield of PH-4 maize
From the results, composted chitosan, DAP fertilizer, raw chitosan, Control and chitosan tea treatments had significant effects on grain yield of PH-4 maize. The differences noted in grain yields among the treatments could have been attributed to the level of nutrients and their availability as supplied by the different applied treatments. DAP is considered to have readily available nutrients and a standard fertilizer against which performance of other soil amendment or fertilizers is measured [20,21]. Based on this fact, it would therefore suggest that composted chitosan either supplied higher levels of plant nutrients, and or had positive ameliorative effects on soil conditions that enhanced higher maize yields than DAP fertilizer. These findings are in agreement with observations by [22] who reported that supply of adequate nutrients and conductive soil conditions resulted in higher maize grains yields. This resulted in the observed 17% more grain yields than that of DAP fertilizer. Also based on this fact, it would appear that raw chitosan supplied an equivalent amounts of nutrients similar to DAP fertilizer or improved soil conditions resulting in comparable grain yield to that DAP fertilizer. Besides provision of nutrients, composted chitosan by its nature was rich in organic matter than DAP fertilizer [22]. This composed organic matter interacted with the soil and helped to improve the soil structure, aeration, porosity and bulk density thereby improving plant growing conditions that led to good performance of the maize crop and therefore observed higher grain yields. These observations are in line with those reported by [16] who observed that organic matter was essential in improving soil structure and soil health conditions for improved biomass and grain production.
Comparing grain yield performance of raw chitosan and composted chitosan, both of which are from the same origin, it would suggest that composted chitosan underwent transformation and mineralization processes during the soaking and fermentation period [23,24]. This resulted in its superior effects over both DAP fertilizer and raw chitosan. Similar remarks were expressed by [11] who opined that the process of wetting facilitated fermentation and mineralization of organic matter, thereby readily releasing nutrients like inorganic fertilizers. The raw chitosan did not undergo the soaking and fermentation process like composted chitosan. It only came into contact with water at germination period and this may not have been enough period to allow for full transformation process like the case of composted chitosan [23]. During germination period, the raw chitosan may not have had enough time to fully mineralize to release the nutrients. This might have affected initial plant growth since the mineralization process may have been incomplete. This perhaps explains the noted differences where composted chitosan had 23% more grain yields than raw chitosan. The control treatment by virtual of having no plant nutrients was bound to have the lowest grain yields [25]. The control and chitosan tea treatments gave comparable grain yields, with the control treatment having an insignificant 13% higher grains yields than chitosan tea treatment. This suggests that on application of the chitosan tea through drenching of the maize roots, leaching process or some inhibitory effects might have occurred that affected the maize growth resulting in the observed lowest grain yields [26].
4.2 Effects of treatments on total biomass of PH-4 maize
The treatments, namely composted chitosan, DAP fertilizer, raw chitosan, Control and Chitosan tea treatments had significant effects on biomass of PH-4maize. The differences in biomass yields among the treatments could have been as a result of the level of nutrients inherent in the applied treatments. [27] reported that the level of plant nutrients in the soil directly influences the amount of biomass accumulated by a plant. DAP being a standard fertilizer provides readily available nutrients to plants and therefore performance of other added soil amendments on plant growth and biomass yields is gauged based on the amounts of DAP used [28]. Composted chitosan, DAP fertilizer and raw chitosan all produced comparable levels of biomass, indicating that they might have supplied similar levels of plant nutrients, with the observed insignificant differences in biomass perhaps being due to the ameliorative effects of organic matter inherent in composted chitosan on soil conditions. The insignificant difference in biomass between composted chitosan and DAP was only 9% while that between DAP and raw chitosan was only 3%. However, biomass differences between composted chitosan and raw chitosan was an insignificant 12%, most probably attributed to the transformation processes during soaking, fermentation and mineralization [29]. This might have resulted in its slightly superior effects in biomass yields over raw chitosan. The raw chitosan did not undergo the soaking and fermentation process like composted chitosan. It only came into contact with water at germination period and this might not have been enough period to allow for full transformation process like composted chitosan. During germination period, the raw chitosan may not have had enough time to fully mineralize and release the nutrients. This might have affected initial plant growth due to high C:N ratio of raw chitosan compared to that of composted chitosan. [30] reported that introduction of large amounts of carbon in form of raw chitosan can lead to immobilization of available soil nitrogen by soil microbes leading to poor maize growth, stunted crop and low biomass. This might explain the observed 12% difference in biomass yields noted where composted chitosan had slightly more biomass than raw chitosan.
The control treatment had no plant nutrients applied and had among the lowest biomass yields. However, the control and chitosan tea treatments gave comparable biomass yields, with the control treatment having an insignificant 16% higher biomass yields than chitosan tea treatment. This suggests that on application of the chitosan tea treatment on the maize, nutrient leaching might have occurred or the chitosan tea might have had some inhibitory effects on maize growth that resulted in the observed lowest biomass yields.
4.3 Effects of treatments on harvest index of PH-4 maize 
Harvest index of PH-4 maize was affected differently by composted chitosan, DAP fertilizer, raw chitosan, Control and chitosan tea treatments. These differences in harvest index among the treatments could have been attributed to the level of nutrients and their availability that affected both grain and biomass yields leading to high harvest index. [31] observed that providing maize plants of with adequate soil moisture and nutrients leads to improved maize growth, biomass accumulation, grain yield and higher harvest index. The fact that composted chitosan resulted in highest harvest index than all other treatments suggests that composed chitosan supplied the maize plants with ample nutrients and soil conditions that supported the highest growth and biomass accumulation [27]. This in turn led to highest grain yield and consequently highest harvest index. Grain yield is parabolically related to biomass yield and therefore, the higher the biomass, the higher the grain yield [32,33]. Composed chitosan resulted in highest harvest index suggesting that it had superior effects over both DAP fertilizer and raw chitosan by supplying maize plants with ample levels of nutrients. The organic matter component in the composted chitosan provided conducive soil conditions in terms of improved soil structure, aeration, porosity and bulk density. This in turn improved plant growing conditions that led to good performance of the maize crop, higher grain yield and therefore harvest index. Similar results have been reported by [34,35] who observed that provision of adequate plant nutrients and conducive soil conditions led to improved maize growth, biomass accumulation and higher grain yields, resulting in high levels of harvest index. 
Raw chitosan had comparable harvest index to DAP-fertilizer. This suggests that raw chitosan supplied comparable amounts of plant nutrients to DAP fertilizer or improved soil conditions resulting in comparable harvest index to that of DAP fertilizer. The control treatment, by virtual of having no plant nutrients had the lowest harvest index but comparable to that of chitosan tea treatment. This suggests that chitosan tea supplied little or limited plant nutrients to the maize crop. This is perhaps due to leaching of nutrients or some inhibition effects on maize growth and therefore reduced dry matter accumulation, grain yield and consequently low harvest index [29]. 
The notable trend on level of significance (letters) for each of the treatment on the tested parameters namely, grain yield, biomass and harvest index suggests that the tested parameters were strongly correlated. Therefore, as one parameter changed, it directly affected the level of the subsequent parameter. As the grain yield increased or decreased due to treatment effects, so did the harvest index.
Conclusions and recommendations
Conclusions
The study has shown that the different treatments namely, DAP, the control and the different forms of chitosan namely, raw, composted and liquid tea chitosan, had significant effects on grain yield, biomass and harvest index. In all the treatments, composted chitosan recorded the highest significant values for all the tested parameters, except for biomass yield which was comparable to that of DAP fertilizer and raw chitosan. DAP fertilizer and raw chitosan had comparable values for all tested parameters of grain yield, biomass and harvest index. Chitosan tea and the control treatment were noted to have the lowest and comparable effects for all tested parameters of grain yield, biomass and harvest index. The differences in tested parameters reflected the levels of nutrients inherent in each type of treatment.
Recommendations 
There is need for further research on how to formulate and fortify chitosan for wider use in other annual crops. There is also need for further research on how to pellet chitosan for wider distribution and application by farmers. Farmers are advised to make use of composted chitosan during planting for increased maize grain and biomass yields for feeding livestock when fertilizers become unaffordable or inaccessible. 
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