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In the northern part of Tanzania, the slopes of Mount (Mt.) Kilimanjaro are the most important areas, both in terms of socio-economic development and ecological succession. The main agricultural systems in the area are banana-based (in the highlands) and maize-based (in the lowlands), with strong interlinkage between them via residual transfer from the lowlands to the mountains. This study assessed the soil fertility status between the two contrasting farming areas of highland and lowland farms in Hai district along the slopes of Mt. Kilimanjaro. To achieve this, smallholder farmers along the slope [from above 1000 meters above sea level (m.a.s.l) banana-based down to maize-based, i.e., less than 1000 m.a.s.l] who practice crop residual transfer from maize-based to banana-based farming systems were selected. Qualitative information regarding the demographics, farming practices, and soil fertility management in the two areas were gathered using a semi-structured questionnaire. Soils from both areas (highland and lowland farms) were collected and analyzed in the laboratory for the key soil properties. The demographic results show that agriculture is mostly done by adults and elders (>40 years old). Manure was most commonly reported to be used in the highlands, while inorganic fertilizers were mainly used in lowland areas. The major challenges for soil fertility management are a shortage of manure and high cost of inorganic fertilizers. The results of soil nutrients revealed that lowland zones (>1000 m.a.s.l) had significantly (p< 0.01) lower levels of nitrogen (0.14%) and organic carbon (OC) (1.22%) compared with highland zones. Extractable phosphorus (P) was significantly lower in both the highland and lowland zones, at 9.3 mg kg-1 and 8.2 mg kg-1, respectively, compared with other nutrients. However, potassium (K+) was significantly (p<0.01) lower [0.34 cmol (+) kg-1] in the highland zone compared to lowland areas. The data show that there is a severe depletion of soil nutrients in the lowland area of Hai district. Notwithstanding the efforts of the small-holder farmers; the study comes to the conclusion that increasing agricultural yield and the sustainability of farming systems require replenishing the nutrients in the soil along the slope of Mount Kilimanjaro.
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1 Introduction

Low nutrient inputs, whether from organic or chemical fertilizers, limit agricultural lands’ ability to produce optimal yield (Amuri et al., 2017; Mesfin et al., 2021). In the Kilimanjaro region of Tanzania, the slopes of Mount Kilimanjaro are the most important areas both in terms of socio-economic development and ecological succession (URT, 2017; Kimaro & Bogner, 2019). Favorable weather conditions (good rainfall quantity and distribution) and fertile soil play an important role in crop production, and more than three-quarters of the livelihood population of the Kilimanjaro region depends on the resources provided by Mt. Kilimanjaro (Misana et al., 2012; URT, 2017). For more than a century, the majority of farming activities were concentrated in the highlands zone (between 900 and 1800 m above sea level) (URT, 2017). Banana (Musa spp.) is a dominant crop in the farming systems on the highland zone of Kilimanjaro Mountain (De Bauw et al., 2016), estimated to cover approximately 1000 km2, which is more than two thirds of the cultivated area of the extended mountain forest belt (Ichinose et al., 2019). Other crops include coffee, maize, beans, and fodder trees integrated with livestock (goats and dairy cattle) kept in a zero-grazing system (Ichinose et al., 2019).

Smallholder farmers in the highland slopes of Kilimanjaro Mountain have been involved in cultivating the land for over a century and established a very intensive system of land use locally called Kihamba system (tree-banana-coffee system) (Misana et al., 2012); which resembles Kibanja system of Bukoba- northwest of Tanzania (Baijukya et al., 2005). The Kihamba system is multiple-layered, i.e., tree-banana-coffee-grass, which allows nutrient recycling within the system (Misana et al., 2012). The intensive multiple cropping together with livestock keeping has stabilized the productivity of the system by providing not only soil cover, which ultimately conserves the soil from erosion, but also the nutrients cycling that has ensured nutrients use efficiently (Ichinose et al., 2019). People in the region are subject to customary laws based on patriarchal traditions that rely on the concept of “keeping the name on the land” (Maghimbi, 2007). This implies that land is inherited by the male bloodline (Misana et al., 2012), which eventually leads to the land being fragmented into small pieces, resulting in the current average of 0.4 ha per household (URT, 2017). Consequently, this practice has increased pressure on available agricultural lands and resources and compelled farmers to look for new farming areas in the lowlands to supplement food and fodder (Maghimbi, 2007).

In the lowlands, farmers primarily cultivate maize and beans, and during the harvest, both crop grains and residues are transferred to the highlands to make up the difference (Plate 1). However, this practice has led to huge land degradation in the lowlands and posed many challenges to people’s livelihoods, among them a decline in soil fertility, which in turn resulted in low crop yields in the lowlands and raised concerns about its sustainability (Kangalawe et al., 2014; Mbonile et al., 2003; Misana, 2019; Misana et al., 2012). Although animals are fed with grasses, banana leaves, and other vegetation, finding enough fodder for livestock keeping in the highlands is a big challenge; thus, farmers are forced to collect all the maize and bean residues from the lowlands to supplement animal feeds in the highlands (De Bauw et al., 2016; Plate 1). These farming practices have been around for decades; however, the importance of these residual transfers is poorly documented; neither their effectiveness nor their sustainability are evaluated.

Smallholder farmers in Tanzania account for more than 70% of the country’s agricultural output. Farming practices in smallholdings in Sub-Saharan Africa (SSA), Tanzanian included, are usually associated with little to no soil nutrient replenishment and the total removal of crop residues, which trigger the impact of soil degradation (Laekemariam et al., 2018; Van Loon et al., 2018). Consequently, crop yields in this region are too low to meet the yield potential. Among other reasons for the lowest crop production in the region, low soil fertility caused by continuous farming practices involving total removal of crop residues has been suggested (Pržulj et al., 2022). Since crop residue is preserving soil organic carbon (OC) as well as the physical and microbiological characteristics of the soil, research has shown that removing it from cropland has a negative influence on soil quality (Pržulj et al., 2022). Furthermore, there is a significant amount of nutrients in crop residues that can be regenerated annually. Research indicates that the organic residues left over from agricultural land residues consist up to 70% of K and might contribute between 25 and 100 million tons of recycled nitrogen annually to the world economy (Laekemariam et al., 2018; Pržulj et al., 2022).

Losses of soil nutrients have been associated by several factors including soil erosion, leaching, and nitrification however, studies of the soil nutrient budget have proven that crop harvest is the major nutrient export from smallholder farming systems (Adamtey et al., 2016; Mhoro et al., 2023). In the Meru area of Arusha, Tanzania, where similar practices are used as in the Kilimanjaro region, Kaihura et al. (2001) estimated nutrients removal from the lower maize fields were up to 57.6-12.5-55.5 kg of N-P-K per hectare (ha) per season. A similar situation was also observed by Baijukya et al. (2005) in Bukoba district, Tanzania, where zero-grazed dairy cattle in the banana-coffee farming systems were fed with grasses and maize residues collected from other fields, resulting in nutrient depletion of up to 21-2-15 kg N-P-K ha-1 on those fields. Research evidence suggests that continuous cropping with low nutrients input can reduce soil fertility, resulting in poor yields and environmental degradation (De Koning et al., 1997; Koning & Smaling, 2005; Bahilu et al., 2016). Observing a similar scenario unfold in the Kilimanjaro region, one can imagine that the sustainability of lowland fields is jeopardized unless significant effort is put into nutrient replenishment in those areas. As a result, the goals of this study were to: (i) examine socio-demographics and their impact on farming practices along the slope of Mt. Kilimanjaro in Hai district; and (ii) compare soil nutrient contents in the banana-based system in the highlands and the maize-based system in the lowlands.




2 Materials and methods



2.1 Study site

Hai district is one of the seven districts in the Kilimanjaro Region, Tanzania. It is located between latitudes of 3° 09’ 60.00” S and 37° 09’ 60.00” E (URT, 2017). The area has high potential for crops production, with an annual rainfall ranging from 700 mm in the lower zone to 2000 mm in the upper zone and a mean annual temperature of 23°C (Munishi et al., 2015; URT, 2017). The district experiences bimodal rainfalls, with the long rainy season starting in March and ending in June, while November and December are mainly characterized by the short rainy season (Lema et al., 2014). For demographic data collection, the area was divided into two transects: the banana farming zone (highlands, >1000 m.a.s.l) and the maize farming zone (lowlands, <999 m.a.s.l). On the other hand, for soil nutrient analysis, the highland was further subdivided into two sub-zones: the upper zone (>1400 m.a.s.l) and the mid zone (between 1000 and 1400 m.a.s.l) to account for the effects of altitude, climate, and soils (Mathew et al., 2016). The annual rainfall usually ranges from 400 to 900 mm in the lower zone, 1000 to 1200 mm in the mid zone, and 1200 to 2000 mm in the upper zone (Soini, 2006; URT, 2017). The study was conducted in four geographically scattered wards namely; Masama Mashariki and Machame Mashariki [representing the upper zone and Masama Rondugai and Narumu representing the mid zone of the slope of Mt. Kilimanjaro (Figure 1). Selected farmers from the highlands upper and mid zones (banana farming) were used to determine the lowland maize-based fields.




Figure 1 | A summary of farming systems on the southern slopes of Mount Kilimanjaro in Hai district, Tanzania: (A) maize-based fields in the lowlands; (B) harvested maize stover and cobs; (C) transportation of harvested maize stover and cobs to the highlands; (D) maize stover used to feed livestock kept under a zero-grazing system; (E) livestock feedlots and manure are used to manage soil fertility in the Kihamba system.






2.2 Criteria for respondent selection and inclusion

The purposive sampling technique was used to recruit respondents for this study. To do this, three local ward agriculture extension staff and four ward leaders with experience in the existing farming systems were chosen to guide respondents’ identification and recruitment. Farmers were randomly selected based on the following criteria: at least three years of residence in the respective ward; one farmer per household; involvement in farming activities for at least two seasons; and households with crop fields on either the highlands (upper and mid zones) or lowlands of the slopes of Mt. Kilimanjaro, or both (highlands and lowlands). Before administering the questionnaire, ward extension staffs and ward leaders assisted farmers’ household visits, during which the interviewer had the opportunity to crosscheck inclusion criteria adherence. A multistage sampling design was used, and a total of 60 farmers were selected and interviewed using a semi-structured, open-ended questionnaire to identify farming practices in the study area. The questionnaire primarily gathered information on socio-demographics (gender and age), farming systems (cropping systems and livestock keeping), extension services, fertilizer use, and soil fertility management practices and challenges.




2.3 Soil sampling and analysis

For soil sampling, fields in the same location (highlands or lowlands) were supposed to be at least 0.5 km apart. This was done to account for nutrient gradients between at least two vertically adjacent farms. Soil samples were taken from 40 farms: 20 farms from the banana-based farming zone, i.e., 10 farms from the high zone, 10 farms from the mid zone, and 20 from the maize-based farming zone. Depending on the farm size and field terrain, 1–3 composite soil samples were collected on each farm (Figure 2). To make one composite sample, sub-samples were collected from 10 to 15 points within a given field. A total of 96 soil samples were collected. The soil samples were air dried, ground, and sieved through a 2 mm mesh to obtain fine earth for nutrient analysis. Laboratory soil analysis for pH, total nitrogen (N), organic carbon (OC), extractable phosphorus (P), available potassium (K) and cation exchange capacity (CEC) was conducted at the Soil Science Laboratory at the Sokoine University of Agriculture (SUA). A summary of soil analysis procedure is presented in Table 1 below.




Figure 2 | A location map of the Hai district, Kilimanjaro region, Tanzania, indicating soil sampling points.




Table 1 | A summary of laboratory soil analysis.






2.4 Statistical analysis

Socio- demographics data were summarized and descriptive statistics (means, standard deviation, and percentages) were calculated using the Statistical Package for Social Sciences (SPSS) version 23. The percentages of gender (female or male), age (youth or elder) farm locations, access to extension services, crops grown, and livestock were summarized using tables and figures. Chi-square was used for statistical comparisons of socio-demographic data to identify significant differences between variables, and one-way analysis of variance (ANOVA) was used to assess significant differences in soil chemical properties across altitudinal gradient (upper, mid and lower zones) of the slope of Mt. Kilimanjaro using STATISTICA software. The distribution of soil nutrients along the slope of Mt. Kilimanjaro was depicted using box and whisker plots. Pearson’s correlation (Lauderdale, 2005) was used to observe the relationships between soil pH and nutrient concentrations and their interactions.





3 Results



3.1 General demographic characteristics of study population

Findings from the study area showed that the majority of respondents were males (91.6%) (Table 2). However, in terms of land ownership, 80% of males owned farms in the highlands, while only 20% of females owned farms in the highlands. In addition, the majority of men (96.1%) had farms on both sites (highlands and lowlands). Moreover, land ownership in the lowlands was 50% for both males and females. The data also found that land ownership varied according to age. For example, in the highland areas, the elderly (>60 years) were the largest group (60%) in terms of land ownership, while 50% of the age group ranging from 41 to 50 years old reported owning land in the lowland areas. In general, the elderly group had high average (42.7%) in terms of land ownership while only 8.6% of youth owned land though not significantly at p = 0.60 (Table 2). The respondents in the study area were smallholder farmers, with the majority (48.0%) of participants having a farm size ranging between 0.4 -0.8 ha for an average of 0.6 ha (Table 2).


Table 2 | Social demographic characteristics of the surveyed population in Hai district, on the southern slopes of Mt. Kilimanjaro in the Kilimanjaro region, northern Tanzania.






3.2 Farming characteristics in the study area



3.2.1 Crop production in the study area

All participants grow bananas as their major crop in highland areas. However, 83.9% of farmers intercropped banana with coffee, while a few intercropped vegetables, maize, beans, vanila, and yams, as illustrated in Figure 3A below. On the other hand, maize is the dominant crop in the lowland (100%), grown in association mainly with common beans (94.8%) and sunflower (56.9%). Other crops like sesame and tomato were also reported to be grown by a few smallholder farmers (Figure 3B). In order to increase crop production, smallholder farmers use improved varieties of banana in the highlands and maize in the lowlands. Furthermore, land preparation in the highlands was done by hand, while tractors were used in the lowlands.




Figure 3 | Crops grown in Hai District, along the southern slopes of Mt. Kilimanjaro, Tanzania: (A) main crops grown in the highlands and (B) main crops grown in the lowlands.






3.2.2 Livestock and animal manure production

At least each surveyed household kept one or more livestock (Figure 4A). However, the most reported livestock were cattle (84.7%) and poultry (83.1%). Other livestock, like goats and sheep, were reported to be included in some few households. The amount of manure collected varied from one household to another depending on the number of animals kept (Figure 4B). The majority (31.7%) of respondents reported collecting more than 20 kg of wet animal manure per day (Figure 4B). Nevertheless, the majority (56.6%) of respondents reported to directly toss the collected manure to the fields (home garden fields), while 31.7% of participants reported to store manure in an open space, and only 11.7% store it under the shade (Figure 4C). During the informal discussion, smallholder farmers reported that the livestock are kept in zero-grazing systems and fed with crop residues from banana home gardens, maize stover gathered from the lowlands, and grasses collected from forest reserves in the highlands and swampy areas in the lowlands.




Figure 4 | Smallholder characteristics indicating: (A) types of livestock kept; (B) amount of wet manure collected per day; (C) methods of manure storage; (D) access to extension service; (E) distance from extension service; and (F) frequency of extension visits in Hai district, southern slope of Mt. Kilimanjaro, Tanzania.






3.2.3 Extension services

Figure 4D shows that the majority of participants (68.3%) had access to extension services. Less than five kilometers was the most frequently reported distance from extension services (52.4%). On the other hand, 23.8% of respondents reported having extension services between 5 and 10 kilometers and more over 10 kilometers (Figure 4E). For the majority of respondents (54.8%), the number of extension visits was extremely uncommon; 38.1% reported having one visit per season, and just 7.1% reported having two visits per season (Figure 4F).





3.3 Soil management practices and challenges in the study area



3.3.1 Fertilizer use

Both animal manure and inorganic fertilizers were used to replenish soil nutrients in the study area (Table 2). However, the majority (94.3%) of respondents reported using manure in the banana-based system (highland zones) as soil nutrient supplementation on their farms, whereas only 5.7% of respondents claimed to use inorganic fertilizers in the banana fields. In the maize-based system of the lowlands, on the other hand, 100% of respondents supplemented nutrients in their crops with inorganic fertilizers, particularly urea and calcium ammonium nitrate (CAN) (Table 2).




3.3.2 Challenges facing smallholder farmers in soil fertility management

Participants reported various challenges in soil fertility management based on farming practices in the area. Figure 5 depicts the soil fertility constraints in the highlands and lowland farming systems on the southern slopes of Mt. Kilimanjaro. The most frequently mentioned challenges in highlands farming systems were the shortage of animal manure (63.3%), low extension services (50.8%), and high cost of inorganic fertilizers (40%) (Figure 5). In contrast to the lowland area, where high costs of fertilizer (79%), shortages of manure (45.6%), soil erosion (43.9%), and low extension services (43.9%) were the main constraints for soil fertility management in the area (Figure 5).




Figure 5 | Challenges facing smallholder farmers in soil fertility management on the southern slope of Mt. Kilimanjaro Hai district, Tanzania.







3.4 Soil properties of the study site

The result revealed that the nutrient contents across the slope gradient on the southern slopes of Mt. Kilimanjaro differed significantly (p <0.001) (Table 3). The mid-zone soil pH was significantly (p<0.001) higher (6.58) than the upper and lower zones. However, the pH in the upper zone was much lower (5.54) (Table 3). The total N was significantly (p< 0.001) higher (0.30%) in the midland zone compared to the highland (0.23%) and lowland (0.14%) zones (Table 3). Organic carbon levels did not differ significantly (p > 0.05) between the highland and midland zones, but were significantly (p <0.001) higher in the highland (2.78%) and midland (2.89%) zones compared to the lowland zone (1.23%) (Table 3). Extractable P and CEC were significantly (p <0.00) higher in the mid-zone, at 34.86 mg kg-1 and 14.30 cmol (+) kg-1, respectively, than in the high-zone, at 8.01 mg kg-1 and 8.65 cmol (+) kg-1, and in the lowland zone, at 11.90 mg kg-1 and 9.58 cmol (+) kg-1, respectively (Table 3). Furthermore, K+ was significantly higher [0.93 cmol (+) kg-1] in the lowlands compared with the highlands [0.36 cmol (+) kg-1] and midlands [0.58 cmol (+) kg-1] (Table 3).


Table 3 | Selected soil chemical properties on the southern slope of Mt. Kilimanjaro, Hai district, Tanzania.






3.5 Correlation analysis of soil nutrients in the study area

Table 4 shows the correlation matrix of relationships between soil pH and soil nutrients in the study area. The result indicates that the soil pH exhibited positive and significant associations with CEC and extractable P (r = 0.816, p = 0.01 for CEC; r = 0.563, p = 0.01 for extractable P) in the highland zone. However, in the midland zone, the soil pH showed a positive and significant (r = 0.422, p = 0.05; r = 0.365, p = 0.05) relationship with K+1 and CEC, respectively (Table 4). In the lowland zone, the soil pH was negatively and significantly (r = -0.355, p = 0.05) correlated with total N. Furthermore, the soil pH showed a negative but not significant relationship with OC in all three zones (Table 4). Both positive and negative correlations among soil nutrients were observed across all studied zones, as indicated in Table 4. Total N exhibited a positive and significant (r = 0.380, p = 0.05; r = 0.479, p = 0.01) association with OC in the mid- and lowland zones, respectively. However, in the highland zone, the total N showed a negative but not significant (r = -0.225) relationship with OC. The soil OC was negatively and significantly (r = -0.442, p = 0.05; r = -0.418, p = 0.05) correlated with P and CEC, respectively, in the highland zone, positively correlated (r = 0.342, p = 0.05) with P in the midland zone, and positively associated (r = 0.428, p = 0.05) with CEC in the lowland zone (Table 4). A positive and significant relationship was observed between P with K and CEC (r = 481, p = 0.05; r = 0.661, p = 0.01), respectively, in the high- and midland zones, while a weakly negative association was observed between P with K and CEC in the lowland zone. Exchangeable K exhibited a positive and significant correlation (r = 0.5484, p = 0.05; r = 0.419, p = 0.05; r = 0.508, p = 0.01) with CEC in upper, mid, and lower zones, respectively (Table 4).


Table 4 | Correlation matrix among soil properties on the southern slopes of Mount Kilimanjaro in Hai district, Tanzania.






3.6 Variation of soil nutrient along the slope

The variation in soil nutrients within and between locations is depicted in Figure 6. The mid and lower zones showed narrow pH variations of 5.9–6.9 and 6-7.2, respectively, with the majority (50%) of the soil samples concentrated between 6.4–6.7 and 6.1–6.5, in that order. The upper zone had a broader pH variation of 4.5–6.4, with 50% of it being in the range of 5.1–6.1. Most of the soil samples (50%) had a total nitrogen content ranging from 0.2–0.27%, 0.26-0.36, and 0.1–0.2 in the upper, mid, and lower zones, respectively. With a narrower range of 1.04–1.53% in the lower zone, 50% of the samples in the upper and mid zones exhibited greater OC ranges of 2.08–3.33% and 2.45–3.42%, respectively. The ranges of extractable P varied widely between locations. The majority (50%) of soil samples in the upper and lower zones had narrow ranges of 3.6–12 mg kg-1 and 3.8–18.7 mg kg-1, respectively; however, in the mid zone, most of the soil samples had extractable P ranges of 16.85–48 mg kg-1. The majority (50%) of soil samples in the upper and mid zones had a narrow range of 0.18–0.41 cmol(+) kg1 and 0.41-68 cmol(+) kg-1 K, respectively, while the lower zone had a wider range of 0.43–1.32 cmol(+) kg-1 K. Fifty percent of soil samples in the upper, mid, and lower zones had the CEC range of 6.45–11.7, 11.5–16.35, and 7.5–11.65 cmol (+) kg-1, in that order.




Figure 6 | Box and whisker plot for soil properties along elevation gradient on southern slopes of Mount Kilimanjaro in Hai district Tanzania. NB: The upper zone (above 1400m.a.s.l); the mid zone (1000-1400 m.a.s.l); and the lower zone (below 1000 m.a.s.l).







4 Discussion



4.1 Engagement of socio-demographics in agriculture

The findings of this study revealed that most of the surveyed households were headed by men with an average farm size of 1.5 acres (0.6 ha). However, the few women who headed households were either due to divorce or their spouses were deceased. This implies that agricultural production in the study area is constrained by high pressure on the available land and the limited access of women to land ownership. Earlier studies in Tanzania and elsewhere in Africa, e.g., Mbilinyi (1986), FAO (1985), Shoo (2011), and Gebresamuel et al. (2021), indicate that both men and women participate fairly in agricultural production, with women handling most of the weeding, harvesting, and transportation, constituting up to 85% of the labor in agricultural activities. Therefore, in order to speed up the transformation of the agriculture sector to produce more food to attain the United Nations Sustainable Goals (SDs) 1 (no poverty), 2 (zero hunger), and 13 (climate action), special focus should be given to reviewing national policy to allow equal access for women to the available land. In addition, the findings of this study further revealed that most of agricultural activities in the study areas are performed by elders (>60 years old). This observation in agreement with the report by Naamwintome & Bagson (2013) in Ghana and Eboh (2022) in Nigeria. Less involvement of youth in agricultural production could be attributed to poor returns on labor inputs due to small farm sizes caused by gradual land fragmentation (Mammo, 2014). According to Ahaibwe et al. (2013), a lot of young people are giving up on agriculture because they believe it is only for individuals with low levels of education and nothing better to do. This is especially true for those who have completed at least secondary school. As a result, most youth migrate to the nearby cities and town in search of other easily payable off-farm occupations. All parties involved in agriculture should take note of these observations and use them as a wake-up call to develop plans for furthering the industry’s improvement.




4.2 Crop-livestock production and management

Banana and coffee were the major crops in high- and midland zones of the southern slope of Mt. Kilimanjaro. Banana (as a food and crop) and coffee (as a cash crop) are combined with trees and livestock in traditional farming systems (Ichinose et al., 2019). Historically, coffee was the most important cash crop on the slopes of Mt. Kilimanjaro (Maghimbi, 2007; Misana, 2019). Recently, most farmers have abandoned coffee production in their home gardens and instead concentrated on bananas and some annual crops, including vegetables, beans, and maize. Coffee production is neglected due to labor-intensive conditions and low produce prices (Mbonile et al., 2003; Kimaro & Bogner, 2019). The preference for banana over coffee is based on the crop’s dual value because it is used as food for family consumption and important source of household income (Meya et al., 2020). In contrast, the dominant crops in the lowland zone were maize and common bean; other crops such as sunflower, sesame, and tomato were also included in some fields. This result is in line with Misana et al. (2012) who reported that the major crops in the lowland areas of the slope of Mt. Kilimanjaro are maize and legumes (beans, cowpeas). Maize and common bean in the lowlands is mainly grown to supplement food and fodder in the highlands (Misana et al., 2012). Lowland areas are regarded as less fertile land with frequent droughts (Munishi et al., 2015). As a result, the lower plains of the mountain became characterized by mono- and inter-cropping farming systems dominated by cereal crops such as maize and rice, with rice dominating in river flood plains (Maghimbi, 2007). Few shrubs and scattered trees can be found in the lower plains.

The major livestock kept in most of the households in the area are dairy cattle and poultry with a few households keeping either goats or sheep. Dairy cattle are kept mainly for manure production as source of nutrients in their banana-coffee home gardens as well as for milk production. In this view, dairy cattle are regarded as nutrient concentrators and transporters from grasses and maize stover grown in surrounding and lowland fields to the banana-coffee home gardens (Ichinose et al., 2019). The findings of this study further revealed that the majority of smallholder farmers in the highland areas of Hai district manage their banana-coffee home gardens using animal manure collected from livestock herds. This observation confirms the report by Soini (2006), who reported that about 96% of smallholder farmers in the highland zones of Mt. Kilimanjaro use animal manure to manage their banana fields. However, some farmers use inorganic fertilizers only if the banana field is intercropped with vegetables and/or maize as reported earlier by Meya et al. (2020). Although manures are not enough due to the small number of animals kept by farmers in the highlands, nevertheless, at least each visited banana-coffee home garden received animal manure in a year. The situation is opposite in the lowlands, where farmers use only inorganic nitrogen fertilizer (if any, and mostly applied below recommended rate of 50 kg N ha-1) derived from Urea, CAN, and SA. The limited usage of manure and inorganic fertilizers observed in the research area is mostly due to shortage of animal manure and the high cost of inorganic fertilizers perceived by most of the visited farmers.




4.3 Challenges for soil fertility management in the study area

Smallholder farmers described various constraints they faced in managing soil fertility on their farmlands. High cost of inorganic fertilizers, shortage of animal manure and labor to apply, inadequate extension services, and soil erosion, are among the most frequently mentioned obstacles in the study area. Soini (2006) observed that one of the most common challenges confronting smallholder farmers in managing crop fields on the slopes of Mt. Kilimanjaro is a shortage of capital for farm inputs like fertilizers and manure. Soil fertility problems in smallholder fields may differ from place to place depending on the farming systems and management practices, however, the common obstacle for all smallholdings is low income, which eventually activates the accompanying limits (Giller et al., 2021; Mng’ong’o et al., 2021). In light of this, soil fertility management in smallholdings tends to vary with different socioeconomic classes. For example, studies on soil fertility management in smallholdings have indicated that wealthy farmers usually have access to many opportunities regarding soil fertility management, including access to extension services and farm inputs (fertilizers and improved seeds) on their fields, compared to poor farmers (Mucheru-Muna et al., 2021; Chivenge et al., 2022; Fanjaniaina et al., 2022).




4.4 Soil fertility status and management

The findings of this study demonstrated low soil pH in the upper zone and optimal in the mid and lower zones. The values of soil pH were categorized as moderately acidic in the upper zone and slightly acidic in the mid and lower zones (Hazelton and Murphy, 2019; Horneck et al., 2011; Motsara & Roy, 2008). The low value of soil pH recorded in the upper zone can be linked to high precipitation, which resulted in the washing away of exchangeable cations. Soil pH accounts for the potential availability of most essential plant nutrients (Amuri et al., 2017). Most plant nutrients become available at a pH range of 6.5–7.5 (Motsara & Roy, 2008). However, the optimal soil pH range for many plants is 6.0–7.0. Based on this observation, the highland zone requires some attention to correct the acidic level in the soil. Moreover, the result is consistent with the findings of Mathew et al. (2016), who reported low pH at high elevation (>1400 m.a.s.l.) of Mount Kilimanjaro. According to Hazelton and Murphy (2019), total N was optimal in the highland and midland zones, but deficient in the lowland zone. The observed optimal total N in the soils of upper and mid zones could be attributed to manure application. On the other hand, the low total N value observed in lowland farms can be due to the continuous depletion of soil organic matter and poor nutrient replenishment because crop products and residues are taken for food and fodder supplementation in highland areas during crop harvest as well as the subsequence animal grazing in the (Meya et al., 2020).

The values of OC were low (<1.8%) in the lowland zone and high (>1.8%) in the mid- and highland zones based on the categorization of Hazelton and Murphy (2019). This observation is attributed to the climatic conditions of the highland and midland zones and the continuous application of farmyard manure to the home garden fields. Hazelton and Murphy (2019) pointed out that the content of OC in soil is highly dependent on the climate and management practices. Soil carbon values are often lower in drier and hotter (high organic matter decomposition rate) areas than in wetter, colder (low organic matter decomposition) areas, and this confirms the varying weather on the slopes of Mt. Kilimanjaro. The CEC and extractable P were low in the soils of the highland and lowland zones and high in the midland soil zone (Hazelton and Murphy, 2019; Horneck et al., 2011). The low level of CEC recorded in the study areas can be explained by high precipitation, which exacerbated the washing away of exchangeable cations (Aprile & Lorandi, 2012). Nonetheless, the low CEC in the lowlands could be attributed to soil erosion and a little or lack of organic matter as a result of crop residual removal living the land with no organic residues. Within the research locations, there was also notable variability in the soil properties (Figure 6). The values of the soil parameters (pH, OC, N, P, K, and CEC) varied greatly throughout the locations. The variations in the management approaches used by smallholder farmers may be the cause of the observed heterogeneity within the site.




4.5 Soil nutrients association in the study site

The correlation matrix of relationships between soil pH and soil nutrients, as well as among the soil nutrients in the study area, was also observed. The findings from this study revealed that soil pH had a positive correlation with CEC and P in the high zone but positively associated with K and CEC in the mid zone. However, in the lowland zone the soil pH negatively related with total N. Furthermore, the soil pH negatively but not significantly correlated with OC in all zones. Findings, e.g., by Wibowo & Kasno (2021); Bi et al. (2018); and Zhou et al. (2019), revealed a negative and significant relationship between soil pH and OC, similarly to the present study. This indicates that a low pH promotes the formation of organic matter. Evidence from research findings revealed that the relationship between soil pH and soil nutrients varied greatly from one study to another. Studies e.g., by Zhao et al. (2011) and Kozak et al. (2005) reported a positive and significant correlation between soil pH and K+ but observed a negative association between soil pH and extractable P, while Hussain et al. (2022) observed a positive correlation between soil pH and P, similarly to the present study particularly in the high zone. In addition, a study by Bi et al. (2018) reported a negative association between soil pH and total N which is in line with the present study in the lowland zone. However, other studies e.g., by Kozak et al. (2005) observed a positive association between soil N and pH. The disagreement among the observed results could be explained by variations in soil qualities from one place to another. In order to draw a reliable conclusion about how nutrients interact with one another, more research in the subject of soil-nutrient interaction is required.





5 Conclusion

The purpose of this study was to compare the soil fertility management of two contract farming systems: the banana-based system of the highlands and maize-based system of the lowlands. The study found that most farming operations on the southern slopes of Mt. Kilimanjaro are performed by adults (41–60 years old) and the elderly (>60 years old), with the latter being the predominant group. The most frequently mentioned limitations in soil fertility management were the high utilization cost of inorganic fertilizers and limited accessible quantities of animal manure. The majority of participants appreciate the presence of extension services, particularly veterinary services, but little focus has been placed on agronomy extension services, which lead to poor soil fertility, especially in lowland areas. It is therefore, high time for policymakers in the country to focus on making agriculture an appealing sector to youth by: (i) improving agricultural produce market systems; (ii) improving financial resources and subsidies to attract more youth to engage in agriculture; (iii) providing training on how to professionally engage in agriculture through competent agriculture extension service providers; and (iii) most importantly, improving land ownership for youth as a way of promoting them to participate in agriculture.

Moreover, the average soil nutrient contents in the study site varied significantly with elevation, with the lowland zone soils having the lowest levels of most soil chemical properties like N, OC, P, and CEC. Much effort on soil fertility management, such as the use of animal manure, agroforestry practices, and soil erosion control measures like terracing and the use of grass strips and stones in the banana farming systems, has been observed in the study area. This was contrary to the maize farming systems in the lowlands, where the land is left with little vegetation cover and excessive grazing by nomadic cattle herds. The scenario has exposed the land to soil erosion agents, which could explain the low soil fertility observed in maize-based fields in the lowlands. Consequently, the research findings should be disseminated to policy makers and the intended farmers community, particularly in soil fertility management, with the goal of (i) advising farmers on the importance of soil nutrient replenishment, such as appropriate use of inorganic fertilizers, and (ii) encouraging farmers to manage and use accessible soil amendments such as animal manure and other soil management practices such as agroforestry and green manure in order to improve soil fertility. Furthermore, the issue of free-grazing on the remaining crop residues in the lowlands should be handled seriously, particularly by policymakers, in order to manage the land for long-term sustainability.
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Parameter Method of analysis Reference

Soil pH Soil p: 1:25 soil; water and soil: 001 M (Mcle
Cal o suspensions by the 1983)
potentiometric method

ToulN Determined by the micro-Kjedahl (Bremner and
digeston-distltion method. Mulvaney,
1982)
Extracable P The Bray 1 procedure because all samples (Beay and.
had pH < 7. Kurtz, 1945)
oc Procedure by the Walkey-Blck (Nelson and
Sommers,
1996)
Exchangeable | Determined using atomic (Chapman,
K absorption spectrophotometer 1965)
cEc Detcemined by the ammorium acetate

Sturstion method






