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Abstract 
The global obligation for food requires soil and plant management practices 
that provide valuable effects on the physical, chemical, and organic properties 
of soils. The use of animal manure, in agricultural production systems as al-
ternative to synthetic elemental fertilizers has potential application to improve 
crop yield and fruit quality. A randomized complete block design (RCBD) 
was established to investigate the impact of nine soil treatments on yield and 
quality of bell pepper, Capsicum annuum and eggplant, Solanum melongena. 
The nine soil treatments included: chitin CH, biochar Bio, sewage sludge SS, 
chicken manure CM, SS mixed with biochar (SSBio), SS mixed with CH 
(SSCH), CM mixed with biochar (CMBio), CM mixed with CH (CMCH), and 
unamended (UN) native soil used as control treatment. At maturity, fruits 
from each treatment, were counted, weighed, and classified according to the 
USDA grades to U.S. Fancy, U.S. No.1, U.S. No.2, and culls. Overall number 
and weight of green pepper fruits collected from plants grown in SSCH were 
significantly greater (26.2 and 3.14 kg 5 plants−1) compared to fruits of plants 
grown in unamended control treatment (17.1 and 1.98 kg 5 Plants−1, respec-
tively). Whereas CH alone was superior in increasing the number and weight 
of eggplant fruits compared to the control treatment. Average weight and 
number of eggplant fruits of plants grown in soil amended with chitin (4.46 
kg and 11.5, respectively) were significantly (P ≤ 0.05) greater than weight 
and number of fruits obtained from plants grown in other soil treatments. 
Results also revealed a positive correlation coefficient (r) and high probability 
of significance (P) between number of fruits and weight of fruits among the 
nine soil treatments. Utilization of animal manures in agricultural systems is 
an inexpensive means for limited-resource farmers looking for improvements 
in crop yield and quality at affordable costs. 
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1. Introduction 

Chitin (C8H13O5N)n is a long-chain unbranched polysaccharide made of β − 1, 
4-linked anhydro-2-acetamido-2-deoxy-D-glucose. It is one of the most abun-
dant biopolymers worldwide obtained from a renewable organic resource that 
has been effective in the removal of heavy metals by adsorption [1]. Addition of 
chitin to agricultural soil provides a valuable C and N source for soil microor-
ganisms [2]. Chitin in the exoskeleton of crustacean’s species (shrimp, crab, lob-
ster, crawfish shells, and other marine zooplankton), could be used in agriculture 
as organic fertilizer. The annual chitin production in the biosphere is around 1000 
billion tons per year [3]. The increased availability of chitin-containing waste 
materials from the seafood industry, has led to the testing and development of 
chitin-containing products for a wide variety of applications in the agriculture 
systems. Chitin and its derivatives (chitosan) have beneficial effects as fertilizers, 
soil conditioning agents, and plant-disease control agent [4]. In fact, chitin is 
one of the promising natural alternatives to current plant protection products 
with low environmental impact. In respect to the mechanism of action, the ferti-
lizer effect of chitin or chitosan is due to biodegradation of the polymer in the 
soil by bacterial chitinases, and enzymes that degrade chitin to ammonia-derived 
compounds that have fertilizer effect on their own due to presence of ami-
no-groups which promote the growth of selected soil microorganisms [5].  

Biochar is the carbon-rich product from the thermochemical conversion of 
biomass, such as wood, manure, and plant leaves. The process of converting 
biomass to biochar cannot only result in renewable energy (synthetic gas and 
bio-oil), but also decreases the content of CO2 in the atmosphere [6]. The ex-
tremely hygroscopic and porous nature of biochar is very effective at retaining 
both water and water-soluble nutrients that make biochar a habitat for many 
beneficial soil microorganisms. Biochar production for agricultural use is a 
promising strategy to sequester carbon, increase soil productivity through im-
proved nutrient availability to growing plants and soil physical, chemical, and 
biological properties and environmental quality [7]. When applied to soil, bio-
char is function as a long-term carbon storage that improves properties of the 
soil [8]. Biochar reduces soil acidity as an ion-exchanger and therefore, reduces 
leaching of nutrients from agricultural soils, adsorbs pollutants from soil, and 
benefits the soil biota [9] [10] due to its ability to host and shelter soil microor-
ganisms. An ample body of literature supports the idea that soil amended with 
biochar has a high potential to increase crop productivity due to the improve-
ment in soil structure, high nutrient use efficiency, soil aeration, porosity, and 
water-holding capacity, compared to other soil amendments [11]. Biochar typi-
cally has a high surface area and contain many functional groups and high ca-
tion exchange capacity. 

Excessive chemical fertilization in agricultural production systems could ne-
gatively affect crop production and sustainability by deteriorating soil (due to sa-
linity, heavy metal accumulation) and water quality (due to eutrophication). It 
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could also pollute the atmosphere with the release of N and S gases causing 
greenhouse effect and global warming [12]. On the other hand, recycling animal 
manure for use as a low-cost organic fertilizer resulted in a positive effect on the 
growth and yield of a wide variety of crops and promoted the restoration of eco-
logic and economic functions of soil. The organic matter content of composted 
soil amendments is high and its addition to agricultural soils often improves soil 
physical and chemical properties and enhances soil biological activities [13]. 
Composts provide a stabilized form of organic matter that improves the physical 
properties of soils by increasing nutrient and water holding capacity, total pore 
space, aggregate stability, erosion resistance, temperature insulation, and de-
creasing apparent soil density. Animal manures (sewage sludge SS, chicken ma-
nure CM, etc.) represent a valuable source of N. The use of SS as a soil condi-
tioner to enhance soil physical, chemical, and microbial conditions might also 
enhance soil bioremediation [14]. CM also enhances soil biological activity and 
fertility, nutrient status and growth of several groups of microorganisms, such as 
bacteria, fungi, and actinomycetes [15]. The economic cost of using animal ma-
nure depends on several factors such as its purchase, application and transfer 
costs. The type of animal manure may also influence the cost. For example, Araji 
et al. [6] reported that chicken manure application cost only 18% of the com-
mercial fertilizer cost, whereas cow manure cost 125% of commercial fertilizer 
cost. Animal manures cost is low compared to the purchase of inorganic com-
mercial fertilizer. However, its transport and application costs are generally higher 
than commercial fertilizer. Hence, if animal manure source is on-farm, or near-
by the site of application, substituting commercial fertilizer with animal manure 
may not increase production cost. 

Chemical analysis of soil amended with CM and SS revealed a significant in-
crease in organic matter, N, P, and K content, the primary nutrients required to 
achieve target crop yields [13]. The rapid growth in the poultry industry has re-
sulted in significant manure generation [16]. Poultry litter contains all essential 
plant nutrients (N, P, K, S, Ca, Mg, B, Cu, Fe, Mn, Mo, and Zn) required for an 
excellent fertilizer [17]. SS is rich in organic matter, and it acts much like 
slow-release organic fertilizer that maintains productive soil and stimulates plant 
growth [18]. The use of CM and SS as soil amendments in land farming provides 
a useful means of waste recycling. Microorganisms in animal manures break 
down complex forms of nutrients and facilitate the slow release of N, P, and K 
from soil organic matter for plant uptake. N fertilizers are used to promote leaf 
growth [19], while P fertilizers promote growth of the roots, flowers, seeds, and 
fruits [20]. K fertilizers promote strength of the plant stem, movement of water 
in the plant xylem, and improve flowering and fruiting [21]. An important qual-
ity of N fertilizer is the carbon to nitrogen C: N ratio, the ratio of mass of carbon 
to mass of nitrogen in fertilizer. C: N ratio (w/w), among other factors, deter-
mines how fast the fertilizer decomposes and hence becomes available for the 
plant [22]. Efficient fertilizers maintain a C: N ratio in the range of 25 - 30. Too 
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high C:N ratio > 25:1 with excess of carbon usually means that fertilizer will de-
compose slowly. If the C: N ratio is, contrarily, too low with excess of N, it may 
lead to immobilization of plant nutrients in the soil [23]. Chitin and chitosan 
have C: N ratio of 6 for fully deacetylated chitosan, to 7 for fully acetylated chitin 
[4]. 

The objectives of this study were to: 1) Investigate the impact of soil mixed 
with chitin CH, biochar Bio (Figure 1), sewage sludge SS, chicken manure CM, 
SS mixed with biochar (SS + Bio), SS mixed with CH (SS + CH), CM mixed with 
biochar (CM + Bio), CM mixed with CH (CM+CH) on the number and weight 
of bell pepper and eggplant fruits. 2) Assess the impact of adding soil amend-
ments to native soil on bell pepper and eggplant fruit quality. 

2. Materials and Methods 
2.1. Field Study 

A field study was set up in a randomized complete block design (RCBD) with 27 
plots (3 replicates × 9 treatments) for pepper and similar 27 plots established for 
eggplants. Each plot measured 4 ft. × 5 ft. (121.9 cm × 152.4 cm). Soil treatments 
included chitin CH, biochar Bio, sewage sludge SS, chicken manure CM, SS mixed 
with biochar (SS + Bio), SS mixed with CH (SS + CH), CM mixed with biochar  
 

 
Figure 1. Representation of biochar adsorption active sites for binding organic and inorganic pollutants (upper pic-
ture) and micrograph and chemical structure of chitin molecule, showing two of the N-acetylglucosamine units that 
repeat to form long chains in β-(1 → 4)-linkage (lower picture).  
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(CM + Bio), CM mixed with CH (CM + CH), and unamended (UN) native soil 
used as control treatment. Chitin was purchased from OptiVig Company (Titan 
Biologic, Topanga, CA), and biochar was purchased from Wakefield Agricultur-
al Carbon (Columbia, MO). SS purchased from the Metropolitan Sewer District, 
Louisville, KY, and CM (1.1 N) obtained from the Department of Animal and 
Food Sciences, University of Kentucky (Lexington, Kentucky). HM obtained 
from the Kentucky Horse Park (Lexington, KY, USA). A typical horse weighing 
1000 pounds will produce approximately 50 pounds of manure and 10 pounds of 
urine per day and horses that housed in stalls may generate an additional 20 pounds 
of bedding material. Kentucky’s horse population (approximately 200,000) has 
the potential of producing about 14 million pounds of waste per day. Each soil 
amendment used in this investigation was mixed with native soil at the rates de-
scribed in Table 1. 

At planting time, each amendment was rototilled with the native topsoil to a 
depth of 15 cm of topsoil. Seventy-five days old seedlings of bell pepper, Capsi-
cum annuum variety Intruder, and eggplant, Solanum melongena variety Nadia 
were planted in a freshly tilled soil at 18 inch (45 cm) in-row spacing and drip 
irrigated as needed. Weeding and other agricultural operations were carried out 
regularly as needed. The growing plants were sprayed with the insecticide esfen-
valerate (Asana XL) three times during the growing season at seven days inter-
vals at a rate of 5.5 fluid oz acre−1 to control flea beetles, Colorado potato beetles, 
and spider mites [24].  

2.2. Green Pepper, Eggplant Yield, and Fruit Quality  
Characteristics 

At each of the six bell pepper harvests (August 19, September 19, 17, 30, October 
14, and November 1, 2021), and at eggplant harvests (August 19, September 9, 17, 
30, October 14, and November 1, 2021), fruit weights and number of fruits, as 
well as USDA fruit quality characteristics (Fancy, U.S. No. 1, U.S. No.2, and culls) 
were recorded. According to the USDA standard fruit grades, U.S. Fancy fruits 
are well-colored, firm, well-shaped, and free from decay, disease or wormholes.  
 
Table 1. Rate of application used for growing bell pepper and eggplant at Fayette Coun-
ty), Lexington, Kentucky, USA).  

Soil Amendment Rate, g Plot−1 Rate, Kg Acre−1 Rate Kg Hectare−1 

Sewage Sludge (SS) 
Chicken Manure (CM) 

Biochar (BIO) 
Chitin (CH) 

SS + CH 
SS + BIO 
CM + CH 
CM + BIO 

417.31 
1891.48 
226.80 
226.80 

417.3 1+ 226.8 
417.31 + 226.80 

1891.48 + 226.80 
1891.48 + 2 26.80 

908.90 
4119.64 

0.227 
0.227 

908.90 + 0.227 
908.90 + 0.227 
4119.64 + 0.227 
4119.64 + 0.227 

2245.94 
10179.85 

0.561 
0.561 

2245.94 + 0.561 
2245.94 + 0.561 
10179.85 + 0.561 
10179.85 + 0.561 

Soil amendments applied to each treatment and mixed with native soil prior to planting. 
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U.S. No. 1 fruits are fairly well colored, fairly well shaped, and free of decay, dis-
ease, or wormholes. U.S. No. 2 fruits are free from cuts, decay or serious damage 
caused by discoloration, or mechanical or other means. Culls are fruits that are 
not marketable due to the presence of holes caused by disease and/or other 
damage [25] [26]. 

2.3. Statistical Analysis 

Data containing soil treatments, number of fruits, weight of fruits, and fruit quality 
characteristics were statistically analyzed using analysis of variance (ANOVA) 
and the means were compared using Duncan’s multiple range test using SAS 
[27]. 

3. Results and Discussion  

Figure 2 shows the morphological appearance of the high quality “Fancy” fruits 
of bell pepper, Capsicum annuum and eggplant and eggplant, Solanum melon-
gena categorized in this investigation. While about 20 Capsicum species are rec-
ognized, Capsicum annuum is the predominant species cultivated, covering both 
hot- and sweet-peppers and several hybrids, gaining increasing popularity among 
consumers and farmers throughout the world. Fancy eggplant and bell pepper 
fruits are well-colored, firm, well-shaped, and free from decay, disease, or worm-
holes.  

Average weight and number of eggplant fruits of plants grown in soil amended 
with chitin (4.46 kg and 11.5, respectively) were significantly (P ≤ 0.05) greater 
than weight and number of fruits obtained from plants grown in other soil treat-
ments, including the control treatment (UA unamended soil) (Figure 3(A)). 
Chitin is a valuable C and N source for soil microorganisms and is a major 
component of particulate organic matter in agricultural soils [2]. Microbial chi-
tin degradation occurs under both oxic and anoxic environmental conditions 
that occur simultaneously in soil. Chitin is mineralized within 20 days under oxic  
 

 
Figure 2. Fruit morphology of bell pepper, Capsicum annuum variety Intruder (left pho-
to) and eggplant, Solanum melongena variety Nadia (right photo) grown at the Universi-
ty of Kentucky Research Farm (Fayette County, Kentucky, USA). 
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(A) 

 
(B) 

Figure 3. Number of eggplant fruits and weight of fruits ± std. error of plants grown under nine soil 
treatments. Chitin, sewage sludge SS, chicken manure mixed with biochar (CM-Bio), chicken manure 
(CM), unamended (UA) native soil, sewage sludge mixed with chitin (SS-Chitin), sewage sludge 
mixed with biochar (CM-Bio), and biochar (Bio) (A) and number of eggplant fruits and weight of 
fruits ± std. error at each harvest (B). Statistical analysis was carried-out using analysis of variance 
(ANOVA). Values ± std. errors having different letter(s) indicate significant differences (P ≤ 0.05) 
using Duncan’s multiple range test for mean comparisons (SAS Institute, 2016) [27]. 

 
conditions. Figure 3(A) also revealed that adding biochar to CM (CM-Bio) in-
creased number and weight of fruits (8.6 and 3.17 kg, respectively) compared to 
the CM treatment (6.9 and 2.48 kg, respectively), indicating that biochar was not 
effective in promoting eggplant fruit number and weight. Whereas biochar addi-
tion to SS (SS-Bio) decreased eggplant fruit weight and number compared to SS 
treatment not amended with biochar. Investigators [28] reported the duality of 
biochar impact on soil enzymes activity that might influence plants yield. Soil 
enzymes are very delicate to the environmental stress caused by pH changes and 
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high levels of trace metals in biochar and animal manures. Biochar was not con-
sistent in promoting all enzymes activities [28]. These results confirm the find-
ings of other investigators, who reported that biochar has positive [29] and neg-
ative effect [30] on soil enzymes activity that might be due to the different cha-
racteristics of each of the amendments, such as variations in absorbing and re-
taining water molecules that impact microbial secretions. Liu et al. [31] reported 
that the increased concentrations of Cd and Pb have negative impacts on soil 
microbes, and the effect of Cd on soil urease and hydrolyzing enzymes activity is 
more than that on invertase, while Pb has more effect on invertase activity than 
Cd. Cd significantly inhibited alkaline phosphatase activity, whereas Zn inhi-
bited urease activity [32]. It is important to mention that the organic matter loss 
during biochar preparation through the pyrolysis process contributes to an in-
crease in the concentration of heavy metals in biochar [28]. Results also showed 
that the addition of chitin to SS (SS-Chitin) or chitin to CM (CM-Chitin) signif-
icantly reduced the fruit weight compared to chitin treatments not mixed with 
SS or CM.  

Figure 3(B) revealed that among the eggplant six harvests, fruits collected in 
harvests 1 and 2 were significantly greater (P ≤ 0.05) compared to harvests 3 and 
4. Whereas, fruit number and weight of harvests 5 and 6 showed greater yield 
compared to harvests 3 and 4. Peprah [33] presented the relationship between 
crop yield and weather conditions (temperature, solar radiation, and rainfall 
events). The author found that when temperature varied naturally or artificially, 
there was a linear positive correlation between crop yield and solar radiation, as 
well as linear negative correlation with temperature. Others [34] reported that 
water stress is one of the major abiotic stresses that directly affects crop growth 
and influences crop yields. Average number and weight of pepper fruits col-
lected from plants grown in soil amended with SS mixed with chitin (SS + chi-
tin) (26.2 and 3.14 kg, respectively) were significantly greater compared to fruits 
of plants grown in UA control plots (17.1 and 1.98 kg, respectively (Figure 
4(A)). Plants grown in soil amended with chitin, SS, CM-Bio, and CM-Chitin 
had the greater weight of fruits compared to CM, SSBio, Bio, and UA control 
treatments. Regarding harvest time, Figure 4(B) revealed that harvest 6 pro-
duced the greatest fruit number and fruit weight (46.4 and 4.20 kg) followed by 
harvest 5 (29.8 and 3.31 kg) and harvest 1 (13.5 and 2.27 kg, respectively). Re-
sults also revealed that pepper fruits collected from harvests 2, 3, and 4 fell sig-
nificantly compared to all other harvests. This low fruit number and weight may 
be due to the drought and unfavorable weather conditions during these three 
harvests.  

Regarding fruit quality, the United States Department of Agriculture/Agriculture 
Research Service (USDA/ARS) grouped eggplant and pepper fruits into grades 
according to their size, appearance, and quality. This grading system breaks 
eggplants and pepper fruits into U.S. Fancy, U.S. No. 1, and U.S. No. 2, while 
fruits that do not fit into these categories (culls) are discarded since they do not  
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(A) 

 
(B) 

Figure 4. Number of pepper fruits and weight of fruits ± std. error of plants grown under nine soil 
treatments. Chitin, sewage sludge SS, chicken manure mixed with biochar (CM-Bio), chicken manure 
(CM), unamended (UA) native soil, sewage sludge mixed with chitin (SS-Chitin), sewage sludge 
mixed with biochar (CM-Bio), and biochar (Bio) (A) and number of pepper fruits and weight of 
fruits ± std. error at each harvest (B). Statistical analysis was carried-out using analysis of variance 
(ANOVA). Values ± std. errors having different letter(s) indicate significant differences (P ≤ 0.05) 
using Duncan’s multiple range test for mean comparisons (SAS Institute, 2016) [27]. 

 
fit for any type of this sale. For all grades, fruit size is determined based on 
minimum qualifications for each specific type of grade. Fruits of eggplant [26] 
and green pepper [25] must also be at least 90% of the species color. Fancy 
fruits are mature and not malformed of similar varietal characteristics, firm, 
well-shaped, and free from damage, caused by insects, disease, weather pheno-
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mena, or mechanical injury. US No. 1 fruits consist of mature fruits of similar 
varietal characteristics, which are firm, fairly well shaped, and free from damage, 
whether is caused by insects, disease, weather phenomena, or mechanical injury. 
US No. 2 grades consists of mature fruits of similar varietal characteristics, 
which are firm, uniform, and not seriously damaged by insects, disease, weather, 
or mechanical injury [35]. 

Figure 5 shows the variability among the soil treatments on bell pepper fruit 
quality characteristics. SS treatment has the lowest weight of fruit culls compared 
to other treatments. In addition, soil amended with chitin, CM, CM + chitin, SS, 
and SS + chitin elevated pepper fruit of grade “Fancy” compared fruits obtained 
from soil amended with biochar. Whereas fruits of US #1 grade collected from 
soil amended with chitin, CM + Bio, and the unamended soil (the control treat-
ment) were greater compared to all other treatments. Regarding US #2 grades, 
biochar added to SS (SS + Bio) treatments did not significantly increase number 
of U.S. No.2 compared to biochar treatment not amended with SS, whereas bio-
char added to CM amended soil (CM + Bio) and chitin treatments significantly 
increased bell pepper fruit quality of US #1 compared to biochar treatment not 
amended with CM.  

In fact, the use of soil amendments in commercial agricultural production is 
an affordable way to elevate crop yield and fruit quality at low cost to limited 
resource growers. Antonious et al. [36] reported that sewage sludge mixed with 
yard waste provided the highest marketable yield and greatest number of 
eggplant fruits compared to the no-amended control soil. Recycling animal ma-
nure for use as a low-cost organic fertilizer has resulted in a positive effect on the 
growth and yield of a wide variety of crops and promoted the restoration of eco-
logic and economic functions of soil. The organic matter (OM) content of com-
posted animal manure is high and its addition to agricultural soils often im-
proves soil physical, chemical, and biological properties [12].  

Animal manures is rich in N and other minerals that provide the nutrients 
most used in inorganic fertilizers, such as N and K [37] [38]. N is a main nu-
trient required to increase plant growth and crop yield [38] [39]. N is responsible 
for structural functions and participates in various organic compounds that are 
vital for the plant, such as proteins and amino acids [40]. Amiri et al. [41] ob-
served that the eggplant responds up to the dose of 120 kg of N ha−1, while Trani 
[42] recommended up to 200 kg of N ha−1 for cultivation in protected environ-
ments. De Souza et al. [38] also found that the maximum number of fruits 
plant−1 were obtained when N concentration ranged between 14.0 and 17.0 g of 
N plant−1 (145 to 177 kg of N ha−1), while N doses higher than 15.03 and 14.04 g 
plant−1 reduced yields and number of fruits plant−1, respectively.  

Figure 6 revealed that mixing SS with chitin (SS + Chitin) significantly (P ≤ 
0.05) increased the weight of eggplant fruit “Fancy” compared to other soil 
treatments including the control treatment. Whereas soil amended with chitin 
alone was effective in producing the greatest US #1 compared to biochar treatment.  
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Figure 5. Bell pepper fruit grading based on USDA marketable fruit quality characteris-
tics. Weight of fruit ± std. error of plants grown under nine soil treatments: biochar, chi-
tin, chicken manure CM, CM mixed with biochar (CM + Bio), CM mixed with chitin 
(CM + Chitin), sewage sludge SS, SS mixed with biochar (SS + Bio), SS mixed with chitin 
(SS + Chitin), and unamended (UA) control soil. Statistical analysis was carried-out using 
analysis of variance (ANOVA). Values ± std. errors having different letter(s) indicate sig-
nificant differences (P ≤ 0.05) using Duncan’s multiple range test for mean comparisons 
(SAS Institute, 2016) [27]. 
 

 
Figure 6. Eggplant fruit grading based on USDA marketable fruit quality characteristics. 
Weight of fruits ± std. error of plants grown under nine soil treatments: biochar, chitin, 
chicken manure CM, CM mixed with biochar (CM + Bio), CM mixed with chitin (CM + 
Chitin), sewage sludge SS, SS mixed with biochar (SS + Bio), SS mixed with chitin (SS + 
Chitin), and unamended (UA) control soil. Statistical analysis was carried-out using 
analysis of variance (ANOVA). Values ± std. errors having different letter indicate signif-
icant differences (P ≤ 0.05) using Duncan’s multiple range test for mean comparisons 
(SAS Institute, 2016) [27]. 
 
Results also revealed that plants grown in soil amended with CM + Chitin pro-
duced the greatest US #2 eggplant fruit. Figure 6 showed that CM + Chitin and  
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Table 2. Overall Pearson’s correlation coefficients (r) * and probability of significance (P) between number of fruits and weight of 
fruits of eggplant (A) and green pepper (B) grown in nine soil treatments. 

 
A-Eggplant 

     
Eggplant Chitin SS CM-Bio UA CM SS-Chitin CM-Chitin SS-Bio Bio 

Fruit weight r = −0.887 0.909 0.791 0.822 0.737 0.84 0.948 0.793 0.802 

No. of fruits (P = 0.0003) (P = 0.0007) (P = 0.002) (P ≤ 0.0001) (P = 0.0005) (P = 0.001) (P ≤ 0.0001) (P = 0.0004) (P = 0.001) 

 
Pearson–Green B-Green Pepper 

     
Green pepper Chitin SS CM-Bio UA CM SS-Chitin CM-Chitin SS-Bio Bio 

Fruit weight r = 0.976 0.959 0.972 0.977 0.972 0.938 0.929 0.959 0.927 

No. of fruits (P ≤ 0.0001) (P ≤ 0.0001) (P ≤ 0.0001) (P ≤ 0.0001) (P ≤ 0.0001) (P ≤ 0.0001) (P ≤ 0.0001) (P ≤ 0.0001) (P ≤ 0.0001) 

SS sewage sludge, CM-Bio chicken manure mixed with biochar, UA unamended soil, CM chicken manure, SS-Chitin sewage 
sludge mixed with chitin, SS-Bio chicken manure mixed with biochar, and Bio Biochar. *indicates highly positive correlation. 

 
UA treatments produced the highest weight of culls (unmarketable fruits). 
Eggplant yield of cultivated soil depends significantly on the weather conditions. 
High temperature and distributed rainfall throughout the vegetation period are 
favorable conditions for eggplant production [43]. In eggplant commercial pro-
duction systems, eggplant fruits are harvested and consumed when the fruit 
immature, prior to seed development [44]. Mature eggplant fruits are unmar-
ketable due to their unpleasant fruit color, texture, sharp and bitter taste induced 
by the presence of large number of mature seeds. Accordingly, field research to 
identify the optimum rate of animal manure fertilizer application in agricultural 
production systems in relation to yield and quality of marketable fruit is needed. 
Table 2 revealed the high significant positive correlations between number of 
fruits and weight of fruits of eggplants and green pepper grown in nine soil 
treatments. These results showed that increasing the fruit weight positively cor-
related with number of fruits.  

4. Conclusions 

Eggplant, Solanum melongena var. Epic and bell pepper, Capsicum annuum va-
riety intruder seedlings planted under field conditions in a raised freshly tilled 
field plot under nine soil management practices at 18 in. in row spacing. The soil 
management practices included: chitin CH, biochar Bio, sewage sludge SS, 
chicken manure CM, SS mixed with biochar (SSBio), SS mixed with CH (SSCH), 
CM mixed with biochar (CMBio), CM mixed with CH (CMCH), and un-
amended (UN) native soil used as control treatment. The main objectives were 
to assess the impact of soil amendments on eggplant and bell pepper yield and 
fruit quality characteristics established by the USDA fruit marketing. Eggplant 
and pepper fruits harvested five times during the growing season and graded 
according to the USDA guidelines into Fancy, U.S. No.1, U.S. No. 2, and culls 
(unmarketable fruits). Average weight and number of eggplant fruits of plants 
grown in soil amended with chitin were significantly (P ≤ 0.05) greater than 
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weight and number of fruits obtained from plants grown in other soil treat-
ments. 

The United States Department of Agriculture (USDA) has framed a handy de-
finition of organic farming: “Organic farming is a production system, which 
avoids or largely excludes the use of synthetically compounded fertilizers, pesti-
cides, growth regulators, and livestock feed additives.” The potential health ha-
zard from synthetic pesticide residues and nitrates in food resulting from con-
ventional agriculture is now receiving attention. Unlike conventional agricul-
ture, organic farming has not been blessed with extensive research and develop-
ment, nor have organic farmers had the back-up of advisory services. Organic 
farming needs continued research efforts since it is our future agriculture.  
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