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ABSTRACT 

In the southern Uluguru Mountains, conventional farming practice that involves slash and burn 

followed by conventional cultivation on steep slopes has resulted in declining soil fertility due to 

soil erosion and limited fertilizer use. Progressive declines in crop yields under conventional 

farming practices force farmers to abandon their fields to other pieces of land. This has led to an 

increasing encroachment into catchment forests and other marginal lands. A study was carried 

out for four cropping seasons from 2013 to 2016 whereby Conservation Agriculture (CA) 

technologies that involved Zero and Minimum tillage with legume (lablab and cowpea) 

intercropping as well as crop residue retention were evaluated for their ability to improve and 

sustain production in the southern Uluguru Mountains. Results indicated a gradual improvement 

in soil fertility and yields as a result of the use of CA technologies compared to Conventional 

practices (T1M1) that showed a gradual decrease in yields. The best CA treatment (T3M1) (Zero 

till with sole maize) had a 58 % increase in maize yield compared to the Conventional practice. 

Determination of the benefit-cost ratio (BCR) showed significant difference (P < 0.05) between 

Conventional practice (T1M1) and CA technological options. The Conventional practice (T1M1) 

ranked the least for the 4th cropping season out of the nine treatments tested, eight having CA 

components. The Conventional practice (T1M1) and the best CA practice (T3M1) had BCR of 

1.9 and 3.0, respectively. The results suggest that CA technologies, besides being able to sustain 

crop productivity on steep lands, can bring about immediate economic benefit for cropping 

seasons  characterized with erratic rains and prolonged dry spells.  

Keywords: Benefit-cost ratio; intercropping; strip tillage  

INTRODUCTION 

Crop yields have been reduced by as much as 50 % in most parts of sub-Saharan Africa due to 

low nutrient input, excessive nutrient losses by erosion and crop extraction (Blanco and Lal, 

2008). Fertilizer use in sub-Saharan Africa is the lowest, corresponding to 10 % of the world 

average (FAO, 2004). Average grain yield in most African countries is about 1 Mg ha−1, which 

represents only 33 % of the world average (Blanco and Lal, 2008).  
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Population pressure, among other factors, is leading to increased cultivation of tropical steep 

lands, generally defined as lands with slopes exceeding 20 % (Presbitero et al., 2005). The 

Uluguru Mountains face a host of human pressure related problems causing rapid land use 

changes. These include felling trees for timber, fire wood and building poles; uncontrolled fires 

and bush clearing for subsistence and cultivation of cash crops (Buckley and Bhatia, 1998). In 

the southern Uluguru Mountains, conventional farming, which is characterized by tillage and 

crop residue burning, has substantially degraded the soil resource base. Introduction of sesame as 

a cash crop in the area has also led to increased land deterioration. Farmers uncontrollably clear 

virgin land and set it on fire as a first step in land preparation for crop production.  After a few 

years crop yields decline and farmers are forced to move to clear new areas.  

Such farming practices have led to   declining crop yields, e.g. Mahenge (2014) reported maize 

yields of 1.3 Mg ha−1 resulting in reduction in household incomes and loss of means for 

livelihood security (Collbesa et al., 2010). In such areas where farming communities are there to 

stay, sustainable crop production systems need to be established. 

It is for that matter that Conservation Agriculture (CA) is increasingly being seen as a farming 

system that can reduce the negative impacts of some of the factors that are limiting agricultural 

productivity. Its application and practice has evidently shown the potential to mitigate some of 

the production constraints experienced in the Tanzanai’s agricultural production. CA enables  the  

sustainable  intensification  of  agriculture  by  conserving the soil  and increase moisture 

retention,  leading  to  higher  yields  and  the  protection of the local environment and ecosystem 

services (Friedrich et al., 2009; Mlengera et al., 2017). The system is built on three principles of 

no or minimum soil disturbance, maintenance of a permanent or semi-permanent organic soil 

cover consisting of a growing cover crop or dead mulch of crop residues, diversified crop 

rotation and/or associations. However, regardless of such benefits of CA technologies there is 

low adoption in Africa, SSA and Tanzania as well particularly for smallholder farms (Corbeels et 

al., 2015). Among the factors for low adoption include limited access to inputs (including no-till 

equipment), labor constraints, competing uses for crop residues, and the need for knowledge and 

capacity building with CA technologies. 

The objectives of this paper were therefore to assess the effects of minimum tillage, zero tillage 

and cover crops intercropping in improving productivity and enhance sustainability of cropping 

systems in the southern Uluguru Mountains. The benefit-cost ratio analyses as well as awareness 

creation to farmers on CA benefits were also undertaken. 

2 MATERIALS AND METHODS 

2.1 Research site description and land use 

The study was conducted at Kolero village in the southern Uluguru Mountains located on 

longitude 37048′0″ E and latitude 7015′0″ S coordinates taken at the CARE learning centre. 

Elevation at Kolero range from 410 to 734 m.a.s.l. (Fig. 3.1). The Uluguru Mountains are part of 

a chain of mountains commonly known as the Eastern Arc Mountains (Kimaro et al., 2008). The 
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area has bimodal rainfall estimated at over 1 200 mm per annum (Mvena and Kilima, 2009). The 

soil is typically sand clay, well drained. The main crops grown in the area are maize (Zea mays 

L.), rice (Oryza sativa L.), cassava (Manihot esculenta L.), sorghum (Sorghum bicolor (L) 

Moench) and sesame (Sesamum inducum L.) (Mvena and Kilima, 2009). The cropping systems 

include monocropping, intercropping and sequential cropping. Farmers intercrop various crops 

such as cassava and paddy, cassava-maize-pigeon pea, maize-rice. Land preparation is normally 

done before the onset of the rains through slash and burn followed by ploughing and seeding on 

bare seed beds. 

 

 

Figure 1: Location of the study area 
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Source: Arc GIS Map 

2.2 Experimental design and treatments 

A factorial arrangement of treatments in a randomized complete block design (RCBD) was 

established on two years grass fallow land. The experiment comprised two factors i.e. tillage and 

soil cover each at three levels and replicated three times on runoff plots measuring 1.8 m × 10 m. 

The levels of the tillage factor were Shallow tillage (T1), Zero till (T2) and Strip tillage (double 

digging) (T3) whereas the soil cover factor comprised of slash and burn (M1), lablab cover (M2) 

and cowpea cover (M3). The different treatment combinations are shown in Table 1. All 

treatments with lablab and cowpea intercrops as soil cover had crop residues retained as well.  

Table 1: Description of the experimental treatments 

Treatments  Description 

T1M1 Shallow tillage + Slash and burn  (control) 

T1M2 Shallow tillage + Crop residue + Lablab 

T1M3 Shallow tillage + Crop residue + Cowpea 

T2M1 Zero till + Slash and burn   

T2M2 Zero till + Crop residue + Lablab 

T2M3 Zero till + Crop residue + Cowpea 

T3M1 Strip tillage (double digging) + Slash and burn   

T3M2 Strip tillage (double digging) + Crop residue + Lablab 

T3M3 Strip tillage (double digging) + Crop residue + Cowpea  

Note: The main crop was maize 

Shallow tillage involved tilling the land to a depth of 5 to 10 cm with a hand hoe. Strip 

tillage/double digging involved tilling a strip of about 20 cm width and 30 cm depth on a seeding 

line only. No-till involved making a hole with a hand hoe for seed placement without ploughing. 

Planting of maize (Zea mays L.) Situka variety, which is early maturing, was done during the 

main rainy season at 75 × 30 cm spacing. Di-ammonium phosphate fertilizer (N: P: K 18:46:0) 

was applied at the rate of 60 kg P ha-1 at planting. Top-dressing was carried out five weeks after 

planting using Urea fertilizer at the rate of 98 kg N ha-1 to bring the total nitrogen applied from 

the two fertilizer applications to 120 kg N ha-1 (Igbadun et al., 2005). Intercropping of lablab 

(Lablab purpureus L.) and cowpea (Vigna unguiculata L.) was done at 75 × 25 cm spacing two 

weeks after planting maize. 
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2.3 Data collection and analysis 

Baseline soil sampling for laboratory analysis of physical and chemical properties was done 

before commencement of the trial and, thereafter, at the beginning and end of every cropping 

season. Four soil samples were taken from each plot in a zig-zag manner, two samples taken near 

the upper and lower end of the plot and two samples at the middle to obtain composite samples. 

Soil samples were spread on a PVC sheet, thoroughly mixed and split into a quarter to obtain 

0.25 kg of the sample (Landon, 1991). 

Soil analysis was done using the Moberg’s (2001) Laboratory Manual procedures. Composite 

soil samples were analysed for pH in water using normal laboratory pH meter; organic carbon 

(OC) was measured using the dichromate oxidation method; total nitrogen (TN) by Kjeldahl 

method; available phosphorus (P) by (Bray-1); cation exchange capacity (CEC) by ammonium 

acetate saturation method; exchangeable bases (Ca2+ and Mg2+) by atomic absorption 

spectrophotometer; exchangeable potassium (K+) by flame photometer and particle size 

distribution by hydrometer method.  

Maize and legume yields were obtained on a net plot measuring 5.4 m2 that was used to 

determine yields (Mg ha-1) for the respective treatments. 

2.4 Assessment of farmers’ preference on CA technologies 

CARE Tanzania in collaboration with Sokoine University of Agriculture (SUA) conducted 

training on CA technologies to farmers from Bungu, Kolero and Kasanga wards as a strategy to 

increase awareness to the community on technologies that can enable sustainable crop 

production on steep slopes. The training involved visiting CA demonstration and research plots 

for learning purpose on CA principles. Selection criteria for farmer trainees considered those 

who were not directly involved CA promotion projects. 

 2.5 Record of cost items 

Cost items for cost-benefit ratio analysis of the different farm operations were recorded. These 

included farm labour from land preparation to harvesting for each treatment employed (i.e. 

slashing, shallow tillage, strip tillage, planting, and weeding using herbicide as well as hand hoe) 

and all farm inputs (i.e. fertilizer, maize seeds, legume seeds, herbicides, pesticides). Market 

prices were used to calculate cost of labour and other inputs. The benefit-cost ratio (BCR) 

analysis was done considering all costs of production and income obtained from sale of maize 

and legume (lablab and cowpea) grain at the prevailing market prices. Analysis of variance 

(ANOVA) was performed using the GenStat statistical software (GenStat, 2011) whereby 

DMRT was used to detect means differences between treatments at the 5 % level of significance. 

3 RESULTS AND DISCUSSION 

3.1 Effect of no tillage, minimum tillage and cover crop on soil fertility 

Table 2 shows the results of soil fertility analysis before commencement of the trial. The soil 

texture at the experimental site was sand clay loam. 
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Table 2: Soil fertility before commencement of trial at 0 – 15 cm soil depth 

 

REP pH Clay Silt Sand Class % 

TN 

% 

OC 

P 

mg 

kg-1 

CEC 

cmol kg-

1 

Ca²+  

cmol kg-1 

K+  

cmol 

kg-1 

I 5.4 31.6 12.9 55.5 SCL 0.13 1.13 3.57 9.2 2.58 0.41 

II 5.8 27.2 13.3 59.5 SCL 0.11 1.19 2.03 9.8 3.38 0.26 

III 5.7 27.2 9.3 63.5 SCL 0.13 1.44 3.57 12.8 4.88 0.26 

Source: Author’s research data 

Generally, soil fertility status was low (Landon, 1991) at 0 – 15 cm soil depth (Table 2) for most 

nutrients. Total nitrogen (TN), CEC and phosphorus were low, ranging from 0.11 to 0.13 % and 

9.2 to 12.8 cmol kg-1 and 2.03 to 3.57 mg kg-1, respectively, while organic carbon (OC) was very 

low ranging from 1.13 to 1.44 %. The soil nutrients levels for TN, P and CEC that ranged from 

0.1 to 0.2 %, 3 to 7 mg kg-1 and 6 to 12 cmol kg-1, respectively, are considered to be low 

(London, 1991; Msaky et al., 2005). The OC below 2 % is considered very low, 2 to 4 % low 

and 4 to 10 medium range (London, 1991). Such nutrient values (Table 2) might be attributed by 

the fact that the area was left fallow for two years due to low crop yields caused by conventional 

farming practice of slash and burn without fertilizer use (Martin, J.L. personal communication, 

2013). At the end of the study, treatments evaluated (Table 3.3) had pH range between 5.3 to 5.7. 

Such acidity range is favourable for maize production as the crop performs well in soils with pH 

range from 5.0 to 6.5 (Msaky et al., 2005).  

Results in Table 3 show improved nutrient status for the 4th cropping season compared to the 1st 

season (Table 2). After four cropping seasons that involved crop residues retention and legume 

intercropping for most treatments, soil nutrient results that had been classified as low, indicated 

improvement in fertility range.  

 

 

 

 

 

Table 3: Soil fertility at harvesting in the 4th season trial soil depth at (0 – 15 cm)  
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Treatments pH 

ns* 

TN 

ns* 

OC 

ns* 

CEC 

ns* 

P+ 

ns* 

Mg2+ 

ns* 

K+ 

ns* 

Ca2+ 

ns* 

T1M1 5.3  0.16  1.5   20.9  7.1  3.1  0.3  5.3  

T1M2 5.5   0.18  1.3  19.8  14.1 3.6  0.4  5.8  

T1M3 5.5  0.19  1.7  22.3  11.5  3.2  0.5  6.1  

T2M1 5.7  0.13  1.4  23.7  4.4  4.1  0.3  5.1  

T2M2 5.6  0.17  1.5  22.9  7.0   3.7  0.4  5.6  

T2M3 5.5   0.18  1.9  21.7     16.7  3.0  0.5  6.2  

T3M1 5.6   0.17  1.6  20.0  8.8   3.1  0.3  5.2  

T3M2 5.4   0.17  1.7  19.5  13.5   3.5  0.5  6.5  

T3M3 5.3   0.17  1.8  21.6  21.8   3.0  0.3  6.7  

CV 7.1 15.2 20.7 11.2 82.1 23.9 33.8 19.4 

ns* = not significantly different at P < 0.05 (DMRT) 

Considering treatments with legume intercrops and crop residue retained, T1M2, T1M3, T2M2, 

T2M3, T3M2 and T3M3 they had average OC and TN of 1.65 % and 0.18 % compared to 1.5% 

and 0.15 % respectively for treatments without intercrops and crop residues burned (T1M1, T2M1 

and T3M1).  Organic carbon is often taken as a measure of the quality of organic matter in soils, 

which in turn is considered as a measure of soil fertility status (Moukam and Ngakanou, 1997). 

The same treatments with legume intercrops and crop residues retained had an average P+ and K+ 

range of 17.4 mg kg-1 and 0.43 cmol kg-1 compared to 6.8 mg kg-1 and 0.3 cmol kg-1 respectively 

for the treatments without. Although they showed no statistical difference between treatments in 

exchangeable K+, Mg2+ and Ca2+, treatments which had lablab and cowpea intercrops and crop 

residue retained had numerically higher levels of those nutrients compared to sole maize 

treatments (T1M1, T2M1 and T3M1) with crop residue burned. Such a trend was also observed by 

Burle et al. (1997). All these affirm the fact that crop residues retention and legume 

intercropping have the potential to improve soil fertility, leading to sustainable crop production. 

3.2 Maize grain yield 

Yield data for the 2013, 2014 and 2015 long rains and 2015/16 short rains were analyzed and 

results are shown in Table 4.  

Table 4: Maize grain (Mg ha-1) at Kolero: 2013 to 2016 growing seasons 
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Treat 2013 2014 2015 2015/016 short 

season 

% 

cumulative 

gain/loss 
Yield 

  

Yield 

ns* 

% 

gain/loss 

Yield 

ns* 

% 

gain/loss  

Yield 

ns* 

% 

gain/loss 

T1M1 4.5 a 4.3 -4.4 4.2 -2.3 3.2 -23.8 -30.5 

T1M2 3.3 a 3.6 9 4.4 22.2 4.0 -9.1 22.1 

T1M3 4.2 a 3.9 -7.1 4.2 7.7 3.9 -7.1 -6.5 

T2M1 3.9 a 3.9 0 4.5 15.4 4.2 -6.7 8.7 

T2M2 3.1 b 3.6 16.1 4.1 13.9 3.5 -14.6 15.4 

T2M3 3.8 a 3.7 2.6 4.0 8.1 3.3 -17.5 -6.8 

T3M1 4.0 a 3.9 2.5 4.8 23.1 4.5 -6.3 19.3 

T3M2 3.6 a 4.0 11.1 3.9 -2.5 3.9 0 8.6 

T3M3 4.2 a 4.1 -2.4 4.3 2.4 3.8 -11.6 0 

GM    3.8 3.9 2.6 4.3 10.3 3.8 -10.7 13.2 

ns* = not significantly different at P < 0.05 (DMRT) 

The results of maize grain yield indicated an overall gradual increase among CA treatments as 

opposed to Conventional practice (T1M1) which showed an overall decrease. While best CA 

treatments (T1M2, T3M1 and T2M2) recorded 22.1, 19.3 and 15.4 % cumulative gain, 

respectively, conventional practice (T1M1) recorded 30.5 % cumulative yield loss. Owenya et al. 

(2011) reported increased yield from 1.25 to 7.0 Mg ha-1 under no-till and minimum tillage with 

lablab and pigeon pea intercropping in maize.  In the current study, the Conventional practice 

which involved slash and burn followed by shallow tillage showed continued yield loss, 

verifying the unsustainability of such production system. However, the yield results show that in 

the 1st and 2nd cropping seasons with high rainfall, the Conventional practice recorded higher 

maize yields compared to CA treatments. When compared with the 3rd and 4th cropping seasons 

which were characterized by erratic rains as well as intra-seasonal droughts, most CA treatments 

recorded higher yields than that recorded under the Conventional practice. Such results could be 

attributed to increased rain water infiltration and soil moisture storage under CA treatments when 

compared to the conventional practice. Hussain et al. (1999) found the same trend for relatively 

drier years. 
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3.3 Benefit–cost ratio (BCR) analysis 

Benefit-cost ratio (BCR) results for different CA technological options studied are shown in 

Tables 5 to 7.  

Table 5: BCR for 2014 cropping season 

Treat 

Maize 

yield (Mg 

ha-1) 

Income 

(TZS) 

Legume 

yield  (Mg 

ha-1)  

Income 

(TZS) 

Total 

income 

(TZS) 

Variable 

cost 

(TZS) BCR 

T1M1 4.3 

2 388 

889  -    -     2 388 889  902 500  
2.7 ab 

T1M2 3.6 

2 000 

000 
0.635 

           

666 

750  2 666 750  

  1 018 

750  
2.6 ab 

T1M3 3.9 

2 166 

667  
0.584 

           

613 

200  

     2 779 

867  

                         

1 018 

750  
2.7 ab  

T2M1 3.9 

2 166 

667  -    

                     

-    

      2 166 

667  

                            

770 000  
2.8 ab  

T2M2 3.6 

2 000 

000  
0.775 

           

813 

750  

      2 813 

750  

                            

876 250  
3.0 ab 

T2M3 3.7 

2 055 

556  
0.604 

           

634 

200  

      2 689 

756  

                            

876 250  
3.2 b  

T3M1 3.9 

2 166 

667  -    

                     

-    

      2 166 

667  

                            

945 000  
2.3 a 

T3M2 4.0 

2 222 

222  
0.55 

           

577 

500  

      2 799 

722  

                         

1 051 

250  
2.7 ab  

T2M3 4.1 

2 277 

778  
0.631 

           

662 

550  

      2 940 

328  

                         

1 051 

250  
2.8 ab 

GM 

      

2.7 

CV 

      

13.1 
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F Prob Till 

     

0.06 

Means along the same column with similar letter(s) are not significantly different at P < 0.05 

(DMRT) 

Proper intercropping of legume cover crops provides the smallholder farmer with additional 

income besides controlling erosion on steep lands. In the current study, results indicate that 

treatments with Zero tillage had the highest BCR (Tables 5 to 7). Such results could be attributed 

by reduced costs for zero till treatments due to skipping tillage operations. Results for 2014 

cropping season showed significant difference (P < 0.05) only for T2M3 and T3M1 as the season 

had reliable and well distributed rains.  

There were significant differences (P < 0.05) between Zero till treatments (T2M1, T2M2, T2M3) 

and the Strip tillage treatments with lablab and cowpea intercrops (T3M2, T3M3) for the 2015 

cropping season (Table 6) as Strip tillage resulted in increased production costs. Increased 

production costs resulted in low BCR for the respective treatments. 

Table 6: BCR for the 2015 cropping season 

Treat 

Maize 

yield (Mg 

ha-1) 

Income 

(TZS) 

Legume 

yield  (Mg 

ha-1)  

Income 

(TZS) 

Total 

income 

(TZS) 

Variable 

cost 

(TZS) BCR 

T1M1 4.2 

 2 333 

333  

                     

-    

                     

-    2 333333  

                       

932 500  2.6 

ab 

T1M2 4.4 

 2 444 

444  
0.411 

           

431 

550  2 875 994  

                    

1 038 750  2.7 

ab 

T1M3 4.2 

 2 333 

333  
0.475 

           

498 

750  2 832 083  

                    

1 038 750  2.7 

ab 

T2M1 4.5 

2 500 

000  

                     

-    

                     

-    2 500 000  

                       

817 500  
3.3 b 

T2M2 4.1 

2 277 

778  
0.763 

           

801 

150  3 078 928  

                       

927 750  
3.2 b 

T2M3 4.0 

2 222 

222  
0.613 

           

643 

650  2 865 872  

                       

927 750  
3.2 b 

T3M1 4.8 2 666                                           
2 666 667  

                       

2.9 

ab 
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667  -    -    817 500  

T3M2 3.9 

2 166 

667  
0.480 

           

504 

000  2 670 667  

                       

923 750  
2.5 a 

T3M3 4.3 

2 388 

889  
0.414 

           

434 

700  2 823 589  

                       

923 750  
2.5 a 

GM 

      

2.8 

CV 

      

11.3 

F Prob Till 

     

0.002 

Means along the same column with similar letter(s) are not significantly different at P < 0.05 

(DMRT) 

There were significant differences (P < 0.05) between Conventional practice (T1M1) and the CA 

treatments that had Zero and Strip tillage with and without soil cover for the 2015/16 (short 

rains) cropping season that experienced erratic rains with prolonged dry spells (Table 7). Such 

high BCR could be attributed to the fact that most CA treatments had increased yields as 

compared to Conventional practice. Such increased yields for most CA treatments could have 

been facilitated by their ability to conserve moisture which would mitigate drought effects 

(Mlengera et al., 2016).  

Table 7: BCR for the 2015/16 short rains cropping season 

Treat 

Maize 

yield (Mg 

ha-1) 

Income 

(TZS) 

Legume 

yield  (Mg 

ha-1)  

Income 

(TZS) 

Total 

income 

(TZS) 

Variable 

cost 

(TZS) BCR 

T1M1 3.2 

1 777 

778  

 

                     

-    1 777 778  

                            

932 500  1.9 a 

T1M2 4.0 

2 222 

222  0.442 

           

464 

100  2 686 322  

                         

1 038 

750  2.6 ab 

T1M3 3.9 

2 166 

667  0.504 

           

529 

200  2 695 867  

                         

1 038 

750  2.6 ab 

T2M1 4.2 

2 333 

333  

 

                     

-    2 333 333  

                            

817 500  2.9 b 

T2M2 3.5 
1 944 

0.691 
           

2 669 994  
                            

2.8 b 
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444  725 

550  

927 750  

T2M3 3.3 

1 833 

333  0.709 

           

744 

450  2 577 783  

                            

927 750  2.7 b 

T3M1 4.5 

2 500 

000  

 

                     

-    2 500 000  

                            

817 500  3.0 b 

T3M2 3.9 

2 166 

667  0.519 

           

544 

950  2 711 617  

                            

923 750  2.9 b 

T3M3 3.8 

2 111 

111  0.42 

           

441 

000  2 552 111  

                            

923 750  2.7 b 

GM 

      

   2.7 

CV 

      

14.1 

F Prob. Tillage 

     

0.014 

Means along the same column with similar letter(s) are not significantly different at P < 0.05 

(DMRT) 

Results show that there was 37 to 58 % increase in BCR for the CA treatments compared to 

Conventional practice (T1M1) for the 2015/16 short rainy season. These results are in agreement 

with the survey findings in the area by Mahenge (2014) who reported BCR of 4.0 and 1.7 for CA 

and CT without fertilizer, respectively.  Conventional practice (T1M1), regardless of the fact that 

it received the same amount of fertilizer, performed the least followed by Shallow tillage 

treatments (T1M2 and T1M3) in the current study. 

3.4 Assessment of farmers’ preferences for the CA intercropping options 

The farmer trainees from Kolero, Bungu, Lukange, Kasanga, Kitonga and Lubasazi villages who 

were undertaking training on CA technologies through Sokoine University of Agriculture (SUA) 

and Cooperative for Assistance and Relief Everywhere (CARE) Tanzania, made a study field 

visit to the trial site in the 2014 cropping season. They were introduced to different CA 

technologies, including minimum tillage, permanent soil cover and crop rotation. They were then 

asked to show CA cropping systems of their preference at maize and legumes maturity. A total 

of 45 (14 female) farmers were involved in the exercise. Their responses are shown in Table 8. 
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Table 8: Farmers’ preference of CA cropping systems 

Treatment Description Sex Total 

% Male % Female Respondents Percentage 

T1 Maize-cowpea 

intercrop 

57 (17) 43 (13) 30 67 

T2 Maize-lablab 

intercrop 

80 (4) 20 (1) 05 11 

T3 Sole maize  100 (10) 0 10 22 

Grand Total   45 100 

 

Reasons for farmers’ preferences 

(a) Maize-cowpea intercrop 

The reasons for their choice were based on the benefits they would reap from cowpea green pods 

and leaves, maize grain, moisture conservation from cowpea mulch and improved soil fertility 

accruing from the use of cowpea. 

(b) Maize-lablab intercrop 

The reasons for their preference were benefits accrued from maize harvest, vegetables, soil and 

moisture conservation from lablab cover crop. 

(c) Sole maize 

All farmers that selected this practice were men. Reasons for their choice were the fear for 

difficulties they would face during 2nd weeding if they intercrop. In intercropping systems, 2nd 

weeding is done by hand pulling, as most men prefer to use the hand hoe for weeding rather than 

hand weeding that involves bending. They also feared thieves who would harvest cowpea and 

lablab green pods and leaves. Such criteria behind their preferences to CA technologies in the 

southern Uluguru Mountains were also observed by Tenge (2005) in the Usambara Mountains, in 

Lushoto, Tanzania. Farmers’ criteria for preference of certain soil and water conservation 

measures were based on effectiveness in reducing soil and water losses, soil fertility 

improvement, crop yield increase and low costs. 

4 CONCLUSION AND RECOMMENDATIONS 

In fragile steep slopes, promotion of Conservation agriculture (CA) technologies that involve 

minimum soil disturbance, permanent soil cover and crop rotations would ensure sustainable 

crop production. Most treatments with CA options had increased cumulative gain in grain yield 

ranging between 8.6 to 22.1 % while conventional had 30.5 % decreases for 4 consecutive 

cropping seasons. Conservation agriculture technologies are able to perform better, especially 

with erratic rains (e.g. the 2015/16 season, observed to have BCR of 2.6 to 3.0 versus 1.9 for 



International Journal of Agriculture, Environment and Bioresearch 

Vol. 3, No. 02; 2018 

ISSN: 2456-8643 

www.ijaeb.org Page 65 

 

Conventional practice). Proper intercropping of cereals and legumes which control erosion, 

improve soil fertility at the same time providing vegetables to the target communities would 

foster CA technologies use. Timing of cover crops intercropping is important, suggested to be 

between 2 to 4 weeks after planting the main crop. For the purpose of erosion control, two weeks 

would be appropriate as it will facilitate early establishment in the season. Therefore in order to 

have appropriate CA packages for sustainable crop production on such steep lands long term 

examinations of CA components which can be locally adapted is important.  
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