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Abstract 

Biochar, a carbonaceous material prepared from diverse organic waste, has gained substantial attention due to its excellent 

attributes, like carbon content, CEC, abundant specific surface area, structural characteristics, plant nutrient contribution, water 

and plant nutrient retention etc. Incorporating biochar to the soil system introduces supplementary organic matter, thereby 

augmenting the comprehensive nutrient composition and microbial dynamics within the soil ecosystem for a long time that 

completely fit for perennial crops cultivated in acid prone areas like coffee production. Biochar producing organic materials are 

easily accessible in coffee production areas from coffee husks that pollute the river streams and generally create environmental 

pollution. However, as biochar advantages are too aged technology to solve general soil fertility problems, there is no 

comprehensive research recommendation generated for biochar application in coffee producing area specially in organic coffee 

producing countries like Ethiopia. Therefore, this systematic review attempts to gather more available empirical research on 

google scholars by using clearly defined, systematic terms to obtain answers for a specific question like ‘how to use biochar for 

coffee production and coffee nursery media preparations. More than 70 papers written by different authors and project papers 

were searched from google scholars and research gets. Through this investigation, we obtained critical information that may 

suggest the sustainable effects of biochar on enhancing soil fertility and improving both the production and productivity of 

coffee, while simultaneously preserving the ecological integrity of the soil system. Applying biochar for soil fertility 

enhancement is a critical technic that boosts the soil physical, chemical, and biological contents while mitigating the greenhouse 

gas like methane emission and sequestering the carbon stalk within the soil systems. 
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1. Introduction 

Biochar, a carbonaceous material prepared from diverse 

organic waste has gained substantial attention due to its ex-

cellent attributes, like carbon content, CEC, abundant specific 

surface area, and structural characteristics [1]. Biochar (BC) is 

produced through the thermochemical decomposition of bi-

omass in environments with restricted oxygen availability, a 

process commonly referred to as pyrolysis, and its application 

serves as a viable alternative to enhance the physical and 
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chemical properties of soil [2]. Different studies have 

demonstrated the potential uses of coffee waste as a valuable 

resource to produce biochar, and the optimization of the 

conversion process, that has shown great promise in improv-

ing the yield and quality of the final product, providing a 

valuable contribution to sustainable resource management [3]. 

Incorporating biochar to the soil system introduces supple-

mentary organic matter, thereby augmenting the comprehen-

sive nutrient composition and microbial dynamics within the 

soil ecosystem [4]. This synergistic consolidation facilitates 

enhancements in soil fertility, structural integrity, and mois-

ture conservation, thereby fostering an optimal milieu for 

agricultural productivity [5]. The utilization of biochar has 

been recorded as a viable method to enhance the physical, 

chemical, and biological characteristics of the soil [6]. Coffee 

processing generates large quantities of residues, approxi-

mately 1.1 t∙ton–1 of coffee beans [7]. Consequently, coffee 

producing country like Brazil and Ethiopia has an abundance 

of coffee-processing-derived biomass residues, which could 

serve as feedstock for biochar production. 

Applying coffee pulp biochar (BC) can be a complementary 

practice to the application of chemical fertilizers (CF) of crops; 

however, little evidence of its combined effects on coffee cul-

tivation has been reported. The application of biochar has been 

documented as an alternative to improve the physical, chemical, 

and biological properties of the soil [6]. Biochar applications to 

the soil of a commercial coffee farm, mainly at doses of 8 or 

16tha−1, favored certain physical properties (stable aggregates, 

bulk density, water content at saturation point, and field capac-

ity) [8]. [9], found biochar to increase rice biomass by 17% and 

cowpea by 43% when applied at rates of 68-ton ha-1. Other 

studies have attributed positive plant growth to positive 

changes in soil biogeochemistry because of biochar additions 

[10], and found a 20% increase in volume and 40% increase in 

height of tea trees with biochar additions. The research con-

ducted at south Ethiopia indicates the application of biochar 

significantly reduced, soil bulk density and exchangeable acid-

ity when compared with a control while, the total soil porosity, 

soil pH, total nitrogen, soil organic carbon, available phos-

phorus, and potassium were significantly increased in the soil 

[11, 12]. Biochar derived from straw-based feedstock was 

found to contain excellent element content, such as O, N, and H, 

and biochar produced at low pyrolysis temperatures contains a 

significant number of functional groups that enhance the charge 

transfer potential and adsorption stability by increasing surface 

charge density, charge distribution and bonding orbitals [13]. 

2. Biochar for Sustainable Soil Fertility 

Enhancement 

2.1. Biochar on Soil Physico-Chemical 

Properties 

Biochar addition can greatly improve soil integrity since 

soils require a certain degree of aggregates; solids and organic 

matter (or humus) to best provide a growing medium to plants 

[14]. Slow pyrolysis is the most optimal pyrolysis process to 

produce biochar over other products [15]. [16], suggested that 

the main mechanisms for growth and yield increase following 

biochar addition were the liming effects and improved water 

holding capacity of the soils, in addition to improved crop 

nutrient availability. The primary use of biochar is as a soil 

improver and has been shown to add value to soils in terms of 

fertility, particularly to acidic soils [17]. Use of biochar for 

soil fertility improvement is gaining popularity due to its 

potential to improve soil quality, increase crop yield, and 

sequester carbon from the atmosphere-biosphere pool into the 

soil. A 40-days pot experiment carried out to investigate the 

effects of corn cob biochar and compost applied alone (at a 

rate of 2%, w/w) in combination (1% of each, thus 1% com-

post +1% biochar) on soil physicochemical properties, growth, 

of two soils of contrasting pH. The texture collected from the 

Rainforest agro ecological zones of Ghana indicate signifi-

cantly increased soil pH, total organic carbon, available 

phosphorus, mineral nitrogen, reduced exchangeable acidity, 

and increased effective cation exchange capacity in both soils 

[18]. Biochar made from two wood chips and rice husk has 

been tested as it can improve soil quality and tree growth in a 

nursery system [19]. The study found that, wood chips and 

rice husk biochar are excellent amendments in a nursery 

production system, which can directly improve economic 

returns in tree seedling production [19]. 

Additionally, larger yield increases have been reported with 

biochar additions applied together with inorganic or organic 

fertilizer treatments [10]. Due to the application of biochar 

germination percentage, mean germination time and germi-

nation index, plant height, the fresh and dry weight of shoot 

and roots, the number of pods/plants, number of seeds/pods, 

and yield of it were significantly increased. Farmers in Gedio 

Zone, Bule District use liming in acidic soil, which is a 

short-term increase in nutrient availability with not any 

long-term effect on the soil health [20]. More recent studies 

have reported positive improvements from the incorporation 

of biochar into poor soils including, decreased bulk density 

(-4.5% with addition of 2.25 Mg ha-1, -6% with addition of 

4.50 Mg ha-1 [21]. Biochar can also increase water-holding 

capacity (25 to 36% increases with 7% biochar by weight 

addition [22]. Liming effect (20 g kg−1 biochar increased soil 

pH by almost 1 pH unit (Laird, 2010), and enhanced nutrient 

availability significant increases in N (up to 7%), organic C 

(up to 69%) [23]. 

2.2. Biochar Effects on Plant Available Water 

Retention 

The direct effect of biochar application is related to the 

large inner surface area of biochar while the hypothesized 

indirect effects of biochar application on water retention of 

soil relate to improved aggregation or structure and biochar 
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can affect soil aggregation due to interactions with minerals 

and microorganisms [24]. According to [25], soil water re-

tention was 18% higher in terra petera soil compared to ad-

jacent soils with low or no charcoal contents. Lei and [26], 

confirm enhanced water retention capacity following appli-

cation of biochar, especially for biochar exposed to higher 

pyrolysis temperatures. It is known that the WHC of biochar 

is most strongly influenced by the level of biochar porosity 

[27]. The addition of biochar to soil increases field capacity, 

especially at high application rates, resulting in increased 

plant growth and improved water economy [28] which indi-

cates that although field capacity increased with increasing 

rate of biochar addition, significant changes could be ob-

served at higher rates of biochar additions of 50 and 100 

tons/ha. [29], observed a significant increase in plant available 

water and macro-pores in soil amended with biochar, espe-

cially those amended with biochar produced at higher tem-

peratures, as compared to control. Moreover, the application 

of biochar in soil might increase drought tolerance and water 

use efficiency [30]. Studies on other properties are few but 

suggest that biochar reduces tensile strength and particle 

density, alters water infiltration, moderates’ soil thermal 

properties, and has minimal effect on soil water repellency 

[30]. 

2.3. Biochar Application Effects on Nutrient 

Properties of Soil 

Biochar is generally considered as soil conditionar and a 

carrier for nutrients, but not a fertilizer [31]. However, bio-

chars with relatively high nutrient content that were produced 

from nutrient-rich feed stocks, such as manure, might be 

considered fertilizers. Blending organic or chemical fertilizers 

with biochar can reduce nutrient leaching and render nutrients 

more available to plants over a longer period as compared to 

when fertilizer is applied without the benefit of a highly po-

rous carbon structure [31]. Most biochar does not contain 

significant amounts of nutrients needed by plants but develop 

a high nutrient holding capacity [31]. Nutrient availability and 

nutrient use efficiency in soil directly increases through the 

addition of nutrients contained in biochar and indirectly 

through improved nutrient retention, modified microbial dy-

namics and increased decomposition of organic material in 

the soil as reported by [32]. Biochar retains nutrients by cap-

turing nutrients containing water in its micropores, which is 

held by capillary forces. Addition of biochar increased soil pH, 

EC, organic carbon, total nitrogen, available phosphorous, 

CEC and exchangeable cations of chromium polluted and 

unpolluted soils. Uptake of nitrogen, phosphorous and potas-

sium was also increase by the addition of biochar [33]. 

The presence of plant nutrients and ash in the biochar, high 

surface area, and porous nature of the biochar and the capacity 

of biochar to act as a medium for microorganisms were iden-

tified as the main reasons for the increase in soil properties 

and highest nutrient uptake at biochar treated soils [2]. Bio-

char particles are assumed to act like clay and thus hold large 

amounts of immobile water even at increased matric poten-

tials. Consequently, nutrients dissolved in this immobile wa-

ter would be kept near the soil surface and would be available 

for plants [33]. In addition, through adsorption of cations and 

anions by biochar, the leaching of applied nutrients was re-

duced. Increased Cation Exchange Capacity (CEC) following 

biochar application is resulting in increased nutrient and fer-

tilizer retention [34]. When CEC increases, fertilizers applied 

to the soil adsorbed to the surface area of biochar conse-

quently easier used by the plants [35]. [36] confirms that 

biochar’s important role in improving N-fertilizer use effi-

ciency. According to [32], when fertilizer applied with bio-

char, the same crop yield was achieved with a lower fertilizer 

application. 

According to [37] high biochar application rates in a trop-

ical environment led to increased uptake of P, K, Ca, Zn and 

Cu by plants and [35], also observed an increase in plant 

uptake of P, K and Ca after biochar application. According to 

[38], N as a limiting factor might be detrimental to the effi-

ciency of P and K added to the soil by biochar. Furthermore, 

biochar could have similar effect as fire derived charcoal by 

adsorbing phenols and terpenes, which improves nitrification 

and mineralization rates in the forest soil, which were known 

to inhibit nitrification [39]. Soil amendment with biochar was 

recommended for reducing nutrient leaching losses in areas 

with high rainfall [34]. Phosphorous plant waste can also 

conserved and released through the addition of certain types 

of biochar in plant available forms [26]. Biochars have a high 

pH and can have a liming effect on soils, which can reduce the 

need for off-farm inputs such as lime and develop a high 

cation exchange capacity (CEC) that enable soils to retain 

many nutrients and reduces the amount of fertilizers required 

and reduce leaching of excess nutrients into local waterways 

[40]. 

The high nutrient holding capacity of biochar makes it 

suitable to charge with organic waste nutrients such as com-

post, manure, or animal/human urine, which might be a freely 

available fertilizer to small coffee farmers [36]. When thor-

oughly mixed, the organic nutrient solutions that enter the 

biochar’s porous systems are prevented from leaching out 

when applied to soil. These organic, fortified biochars become 

slow-release fertilizers and can provide continuous plant 

essential nutrients, particularly nitrogen, without the risk of 

ground water contamination [30]. Therefore, biochar charac-

terization used to identify the main differences and similari-

ties between them, offering guidelines for selecting a biomass 

and charing conditions to biochar end-users according to their 

specific soil and environmental requirements [36]. Coffee 

husk and chicken manure biochars were characterized by their 

high liming value, which make them potential materials for 

correcting soil acidity in crop fields. Both coffee husks have a 

role as P and K sources for plants. High-ash biochars pro-

duced at low-temperatures (350 and 450°C) exhibited high 

CEC values, which can be considered as potential applicable 
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material to retain nutrients [36]. The adsorption of some in-

organic forms of nitrogen onto biochar decreases ammonia 

and nitrate losses from soil and can potentially allow the slow 

release of nutrients to the plant roots [41]. Biochar made from 

coffee pulp is relatively high in K, which could lower or re-

place imported sources of potassium. It has also high CEC as 

compared to other types of biochar, which can increase nu-

trient holding capacity of soils, leading to reduced fertilizer 

requirement [36]. 

2.4. Effects of Biochar on Plant Nutrient Supply 

and Retention 

Biochar is a substance having the capacity to retain mac-

ronutrients directly, such as N [26, 42]. This can be attributed 

to the nutrient content of biochar itself [15, 25]. Biochar can 

act as an organic fertilizer by providing soil nutrients that 

were present in the precursor biomass [22]. The application of 

biochar confers numerous supplementary advantages for the 

cycling of plant nutrients, including the enhancement of re-

tention and utilization efficiency, alongside the reduction of 

leaching, which collectively contribute to the amelioration of 

soil fertility [44]. According to the findings of [44], the in-

troduction of biochar to sandy soils characterized by low 

fertility led to an augmentation of total carbon by 7–11%, 

potassium by 37–42%, phosphorus by 68–70%, and calcium 

by 69–75% when compared to scenarios devoid of biochar 

application. Additional fertility metrics, encompassing soil 

physical characteristics and crop development, exhibited 

notable enhancements in pH, cation exchange capacity (CEC), 

porosity, and specific surface area [45]. Biochar that has un-

dergone pyrolysis at comparatively elevated temperatures has 

been demonstrated to effectively neutralize soil acidity and 

foster the retention of soil nutrients [45]. Conversely, biochar 

synthesized at lower pyrolytic temperatures has been primar-

ily associated with improvements in soil CEC [46, 47]. 

Nonetheless, its impact on soil pH in acidic soils is minimal, 

and there exists a potential for a slight decrease in pH within 

alkaline soils [48]. 

2.5. Liming Effect of Coffee Husk Biochar 

Soil pH is influenced by both acid and base forming cations 

(positively charged dissolved ions) in the soil. Common ac-

id-forming cations are hydrogen (H+), aluminum (Al3+), and 

iron (Fe2+ or Fe3+). The pH affects the availability of nutrients 

to plant roots, and this is influenced by the lime concentration, 

the plant species, plant uptake of nutrients and water alkalinity 

[49, 50]. In Ethiopia, 40.9% of the soil is acidic; out of which 

27.7% is moderate to weakly acidic (pH of 5.5–6.7) and 13.2% is 

strong to moderately acidic (pH < 5.5) [51]. Different physical 

properties of the soil such as bulk density, total porosity, and 

the chemical properties such as total nitrogen, available 

phosphorus, Potassium, and pH and soil organic carbon of the 

soil were improved due to the application of biochar [20]. 

Biochar with high liming equivalence typically increases the 

pH value in acidic soils, whereas the actual increase depends 

on the pH-buffering capacity of the respective soil as reported 

by [46]. The pH range of 5.3-6.5, 4.5-5.2/6.6-7.0, and 

4.2-4.44/7-7.5 were classified for coffee production as highly, 

moderately and marginally suitable to coffee production re-

spectively [52]. Due to its molecular structure, biochar is 

chemically and biologically more stable than the original 

carbon form. Thus, biochar could be used to rehabilitate en-

vironments that might be hostile to plant growth (acid soils) or 

harmful to human health heavy metal in soils [46]. The ap-

plication of biochar in the form of soil enhancers and 

bio-adsorbents, reducing soil emissions of greenhouse gases 

and as fertilizers [13]. 

2.6. Cation Exchange Capacity 

CEC is an important parameter in retaining inorganic nu-

trients, such as K+ and NH4
+ in soil [53], and biochar has been 

associated with the enhancement in CEC of some bio-

char-amended soils thereby increasing the availability and 

retention of plant nutrients in soil and potentially increasing 

nutrient use efficiency. Amending soil with biochar and 

compost significantly improved the CEC of the soil indicate 

that, the retention of non-acidic cations by the soils increased 

[54, 55]. Once biochar is incorporated into soil, CEC varies 

depending on soil pH, age and weathering conditions of bio-

char [34]. [53], confirms that CEC is dependent on pH by 

observing that, at pH values below seven, acidification leads 

to a release of bound cations. Moreover, CEC in soil might 

increase over time due to oxidation, thus age biochar shows 

increased retention capacity when compared to fresh biochar 

[19]. Available nutrients (macro and micro) in biochar are 

important for its use in agricultural applications and nutrient 

availability depends on biochar and production conditions [56, 

57]. 

2.7. Biochar for Climate Change Mitigation 

Biochar, particularly produced from coffee husk production, 

plays a significant role in mitigating climate change impacts 

through carbon sequestration and enhancing soil health. 

Converting coffee waste products like coffee husk into bio-

char, carbon is effectively stored in the soil, reducing green-

house gas emissions and improving agricultural sustainability. 

Biochar is a stable form of carbon that remains in the soil 

for extended periods, thus sequestering atmospheric CO2. The 

introduction of biochar enhances the soil carbon pump, pro-

moting interactions that facilitate carbon storage. Coffee 

biochar reduces nitrous oxide (N2O) and methane (CH4) 

emissions by improving soil structure and microbial activity, 

which enhances nutrient retention and reduces soil compac-

tion [58, 59]. Biochar enhances soil properties and microbial 

activity, leading to improved denitrification processes that 

convert N2O to nitrogen gas (N2), thus mitigating emissions 
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[53, 60]. Other studies show reductions of 33.8% to 54% in 

N2O emissions with varying biochar application rates [60, 61]. 

The effects on CH4 emissions reporting reductions while 

others indicate potential increases under certain conditions 

[60, 62]. The application of biochar has been shown to de-

crease the emission of greenhouse gases, particularly in acidic 

soils, which are common in coffee-growing regions [58]. 

Coffee biochar enhances soil properties, such as pH, nutrient 

availability, and microbial biomass, leading to improved plant 

health and productivity [63], as well as increased water re-

tention and aggregate stability to promote sustainable agri-

cultural practices [41, 64]. 

3. Current Application Trends of Biochar 

for Coffee (Coffea arabica L.) 

Production 

Although most often biochar is intended for direct use in 

soils as soil amendment, there are other uses for biochar, 

which can benefit coffee production across the entire supply 

chain. For example, biochar production can provide a highly 

sustainable method for managing residues as well as gener-

ating clean, renewable, distributed energy. This unique com-

bination of benefits makes the use of biochar in coffee pro-

duction, valuable from both a climate change mitigation and 

climate change adaptation perspective [31]. In addition, as 

soils, weather patterns, and cultivation techniques vary widely 

it is often not possible to provide specific impacts on yield or 

growth rates. Nonetheless, there is sufficient accumulated 

experience to make inferences biochar potential for increased 

coffee systems sustainability [65]. 

Application methods and amounts of biochar to coffee 

plants are varied across the country. The assessment survey 

conducted in the different countries indicates different result. 

In Australia, one kg of pure biochar per tree used while in 

Kenya 2 kg of nutrient-enhanced biochar was used [65]. [41] 

indicates as the early research suggests, the optimal time to 

add biochar to soils is prior to planting seedlings when the soil 

is being prepared and another opportunity for application is 

during rejuvenation pruning [66]. The report also as existing 

trees can also benefit from biochar applications as has been 

shown in demonstration projects using other tree species as 

well as with some biochar projects in coffee systems. [41] 

reported that there are two best practices for biochar applica-

tion around existing trees.  

1) Where coffee plants are in rows, biochar can be applied 

in trenches 40-50cm deep in the row between plants. 

2) In agroforestry or shade-grown plantations that do not 

have standardized rows, biochar can be applied in 

semi-circles around the tree drip line. According to [65], 

Additional research is required to determine best practices for 

nutrient enhancement of biochar and application rate at dif-

ferent stages of coffee cultivation as well as for different 

coffee varieties, plantation styles, and soil types. 

 
Figure 1. Ring Biochar application methods, for soil fertility and 

coffee yield enhancement. Source: [67]. 

The previous field experiment indicated coffee trees treated 

with 8t/ha biochar and chemical fertilizer levels of 100% 

recommendation resulted the highest responses in (366.9 

mmol/m2/s), Chl (69.8 At-leaf readings), yield (0.57 kg of dry 

parchment/tree). The result concludes coffee pulp biochar, 

especially at a dose of 8t/ha, generates a positive effect on 

yield, leaf nutrient concentration and Chl of coffee trees [68]. 

Utilization of 10t/ha coffee husk biochar gave the highest 

yield and significantly increased plant height, number of 

leaves, leaf area, wet weight, and dry weight of biomass per 

plant compared to no biochar [69]. In the application of 10 

t/haof biochar per hectare, there was an increase of 13.22%, 

28.65%, and 15.81% compared to no biochar, respectively in 

plant height, wet weight, and the highest dry weight of the 

total biomass per plant [69]. 

 
Figure 2. Biochar and compost being used to help retain moisture 

and boost growth of young coffee trees. Source:- [69]. 

The empirical investigation undertaken in southern Ethio-

pia encompassed four distinct dimensions of pot size 

(P1=7x13cm, P2=10x16cm, P3=13x19cm, and P4=16x22cm) 

alongside five varying proportions of biochar to topsoil (0:1, 

1:1, 1:2, 1:3, and 1:4 v/v), which illuminated notable diver-

gences in the nutrient assimilation of seedlings attributable to 

the respective treatments and their interactive effects. Biochar 
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application was highly accelerated coffee seed emergency rate 

when applied by one to one (1:1) biochar to topsoil ratio [70]. 

The nitrogen assimilation of seedlings subjected to the 

13x19cm pot size in conjunction with one to three ratios of 

biochar to topsoil exhibited an enhancement of 58.00%, 

whereas the phosphorus assimilation of seedlings cultivated 

in the 16x22cm pot size with 2g DAP/pot and a one to three 

biochar to topsoil ratio demonstrated increments of 46% and 

43%, and the potassium assimilation of seedlings nurtured in 

the 16x22cm pot size with a one to three biochar to topsoil 

ratio was amplified by 180.00%, relative to conventional 

practices ([70]. Consequently, the incorporation of biochar as 

a fertilizer at reduced application rates significantly enhances 

the nutrient uptake of seedlings, thereby offering alternative 

media options for the promotion of coffee seedling develop-

ment while at high amount of application (1:1 and 1:2) ratio of 

biochar to topsoil could significantly affect the seedling 

growth [71, 72]. The other research result indicated that, 

coffee nurseries could include the use of biochar amended 

growing mediums using a 12.5% to 25% dosage based on our 

results and expect on average higher plant growth than soil 

and compost alone [71, 73]. 

 
Figure 3. Own Picture from Awada Agricultural Research Center, Yirgalem Ethiopia. 

Applying coffee pulp biochar can be a complementary 

practice to the application of chemical fertilizers (CF) of crops; 

however, little evidence of its combined effects on coffee 

cultivation has been reported [68, 74]. The highest total dry 

weight (6.83g) of coffee seedling had resulted from one to 

three (1:3) biochar to topsoil ratio followed by (6.57g) har-

vested from pot size of 13cmx19cm interacted with one to 

four (1:4) biochar to topsoil ratio [75, 76]. 

4. Conclusion 

Biochar can improve soil properties plant growth, and crop 

productivity. These benefits include higher growth and yield, 

greater water-holding capacity, enhance soil fertility, contribute 

to climate smart and favourable plant physiological responses. 

Biochar has enormous potential for application in climate smart 

sustainable agricultural production. Initial research indicates 

that employing biochar can boost crop productivity and soil 

fertility while minimizing the consequences of climate change. 

There are many different types of biochar, and they can affect 

soil characteristics, crop growth, and productivity in different 

ways. Crop growth and yield are significantly impacted by the 

rate of biochar addition; however, this varies depending on the 

crop and culture system. When it comes to crop development, 

biochar offers enormous promise for both coffee seedling 

production and environmentally friendly organic coffee pro-

duction while diminishing the external input. But to encourage 

the use of biochar as a soil supplement against climate change, 

more investigation, development, and demonstration of its 

production and application rate as well as the types of feeds talk, 

level of temperature used for biochar production are a critical 

researchable area. 
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BC Biochar  

CEC Cation Exchange Capacity  

CF Chemical Fertilizers 
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