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Abstract 

Good growth and productivity of crops require availability of necessary nutrient elements in balanced 
proportions. In mid 2000s, inadequate responses of maize crop to Urea were observed in Ruvuma region. 
It was also reported that, blending of Urea and Sulphate of Ammonia (SA) improved maize yields. Field 
observations and soil testing from 2008 to 2009 revealed deficiency of sulphur in soils of Ruvuma region. 
This study aimed to establish rate of S-nutrient to apply for optimum maize production and monitor 
changes in soil reaction. Researchers-designed and researchers-farmer implemented and managed 
experiment in three districts: Namtumbo (Suluti), Songea (Mletele) and Mbinga (Mtama and Kitanda). 
Composite soil samples (0-30cm) were taken and analyzed for physical-chemical properties. In 2010/11 to 
2011/12 cropping seasons, 5-treatments were imposed on RCBD, replicated three times per site in plots 
sizes of 5m x 5m. Treatments had control (no external S and N nutrients applications), Urea alone and 
three blends of 10, 20 and 30 kg S/ha as SA, and Urea, all adjusted to 100 kg N/ha. All treatments 
received basal applications of 20 kg P/ha as TSP and 20 kg K/ha as Muriate of Potash. Maize yield was a 
main data collected. Optimum S-rate was estimated by using curvilinear regression analysis and 
differentiation of the quadratic response equation as: ∂y/∂x = 0. Soil results revealed acidic soils in all 
sites, with pH ranging 5.49 – 5.89. All soils show low level of N, P, S and Ca for optimum maize 
production. The rate of 10 kg S/ha increased maize grain yield by about 1t/ha. In depth analysis using 
curvilinear regressions and differentiation of the derived equation (Y= -9.97X2 +249.95x +2370.1) revealed 
that 12.53 kg S/ha is plateau point of grain yield response. There were no consistent pH changes, which 
suggest that applications of these small amounts of SA are not harmful. Economic optimum rate of about 
11kg S/ha is recommended for maize production in Ruvuma. 

Introduction 

Plants take necessary essential nutrients required for its growth from the soil, air and water.  The air and 
water supply carbon, hydrogen and oxygen and rest are from the soil. The nutrient required for crop 
growth, is a macronutrient, if absorbed by plants in large quantities and is a micronutrient, if taken by 
plants in small quantities. The air and water supplied nutrients are found in ample amounts, thus 
generally do not lead to limitation in crop growth. For a crop to grow well on the soil you require healthy 
soil, that can supply all crop nutrients in balanced amounts required by that crop. A deficiency symptom 
of a nutrient occurs in a crop if it cannot get adequate supply of a nutrient from the soil. This is an 
indication that, crop must receive additional supply from external source, such as mineral or organic 
fertilizer. In soils, where multiple nutrients deficiencies exist, use of compound or complex multi-nutrient 
fertilizers or blends of straight fertilizers, become necessary to supply essential nutrients elements for 
maintenance of soil health and/or enhancing the productivity of the soil.  

In general, good growth and productivity of crops require availability of necessary nutrient elements in 
balanced proportions (FAO and IFA, 2000). If the concentration of a given element in the crop root zone is 
low, a deficiency of that element occurs and crop growth is restricted. The soil testing is one tool to 
understand levels of nutrients in the soil, in order to recommend maintenance and/or ameliorative 
measures for high production and healthy soils.  However, this requires to be supported by response 
studies to establish necessary amount of the nutrients from the external source, such as fertilizers. 

In mid 2000s, inadequate responses of maize crop to Urea as N-source fertilizers were observed by 
farmers and extension workers. It was also reported that, blending of Urea and Sulphate of Ammonia 



(SA) improves the crop response. In response to this concern, expert field observations and soil testing 
from 2008 to 2009 revealed deficiency of sulphur (S) in soil of Ruvuma region (Malley, 2010). Simple 
exploratory study further attested the laboratory soil testing results. However, the amount SA to 
externally supply S-required for rectifying the deficiency to optimize maize production was not known. 
Thus this formed a research gap for appropriate advice to extension workers and farmers in blending 
Urea and SA fertilisers in maize production.  Based on this background it was important to set an 
experiment on blending of Urea with SA in 2010/11-2011/12 seasons in few representative sites in three 
Districts of Ruvuma region. Objective of the trial was therefore, to establish necessary rate of S-nutrient 
for external supply in optimum maize nutrition and monitor any consistent changes in soil reaction. 

Materials and methods 

Approach  

Researchers-designed and researchers-farmer implemented and managed experiment for establishing 
sulfur rate for optimum production of maize was conducted in Namtumbo (Suluti), Songea (Mletele) and 
Mbinga (Mtama and Kitanda) Districts in Ruvuma region. These sites were selected as representatives in 
those Districts, based on concerns of poor response of maize to Urea fertilizer alone as N-source, expert 
field observations and soil testing results. In each site, composite soil samples were collected at a depth of 
0-30cm for physical-chemical analyses as presented in Table 2. 

Experimental design and data collection  

In 2010/11 to 2011/12 cropping seasons, 5-treatments were imposed on Randomized Complete Block 
Design (RCBD), replicated three times per site in plots sizes of 5m x 5m. Treatments had control (no 
external S and N nutrients applications), Urea alone and three Urea-SA blends with varied S-levels as 
indicated in Table 1. All treatments received basal applications of 20 kg P/ha (from TSP) and 20 kg K/ha 
as Muriate of potash (MOP). Used maize seed in the experiment was variety UH6303. All other 
recommended maize agronomic practices were timely followed. Maize yield was main data collected as 
indicator of response to S rates from SA as a source.  

Table 1. Treatments and their application descriptions 

Treatments   Treatments application descriptions   

Control (0S & 0N) - 

Urea alone for N  N=100kg/ha (1/3 2WAP* and 2/3 before maize tasseling) 

10 kg/ha S from SA Adjust N with Urea to N=100kg/ha (1/3 2WAP and 2/3 before maize tasseling) 

20kg/ha from SA  Adjust N with Urea to N =100kg/ha (1/3 2WAP and 2/3 before maize tasseling) 

40 kg S/ha from SA Adjust N with Urea to N =100kg/ha (1/3 2WAP and 2/3 before maize tasseling) 

*2WAP= Two weeks after planting 

 

Data analysis  

Maize grain yield data was analyzed using the two- way ANOVA to assess response to treatments using 

a model: Υij = µ + αi + βj + εij, i = 1…a, j = 1…b; whereby: µ = overall mean;   αi = treatments effects; βj 

= replications effects and εij, = error term. The optimum S-rate was estimated by using curvilinear 

regression analysis and then differentiation of the quadratic response equation as: ∂y/∂x = 0, whereby Y 
is maize yield response and X is rate of S, at point where there is no further yield increase i.e. at zero slope 
on the response curve.  

 

Results and discussion 



Soil characteristics  

Soil testing results show, in all trial sites soils were acidic with pH below optimum of easy nutrients 
availability (Table 2). Soil pH is above the critical lower point of 5.5 for optimum maize growing. The 
surface soils were sandier in both Mbinga sites (Table 2), which indicate clay and bases migrations to sub-
soils through the leaching process (Malley et al., 2006). This is also supported by soil evaluation 
commissioned by Mbinga District council in 2009 (Malley et al., 2010). All soils show low level of N, P, S 
and Ca for optimum crop production. This means external supply of these nutrients is required to 
ameliorate low soil productivity in Ruvuma. Large number of farmers (86%) use Urea as N-source in 
maize production in Ruvuma (Malley et al., 2010). The multiple nutrients deficiencies observed show 
imbalanced nutrient supply for maize production and thereby causing to low response to N- from Urea 
alone.  One of the nutrients which critically deficient is sulfur ranging between 0.08 to 1.78 mg/kg. 
However, optimum nutrition of many field crops, soil sulfur concentration of 6-12mg/kg is required 
(Landon, 1990). 

Table 2: Physical-chemical characteristics of the trial sites 

Soil characteristics  Study sites 

Suluti Kitanda Mtama Mletele 

Soil pH-H2O (1:2.5) 5.77 5.49 5.76 5.89 

Particle Size Distribution   

Clay(g/kg) 464 300 120 - 

Silt (g/kg) 352 72 76 - 

Sand(g/kg) 184 628 804 - 

Total nitrogen N (g/kg) 1.4 2.4 2.2 1.10 

Organic Carbon (g/kg) 8.6 30.3 17.6 11.4 

Available Sulfur (mg/kg) 0.08 0.70 1.78 0.68 

Available P (mg/kg) 13.58 11.90 8.61 5.84 

Exchangeable bases   

Calcium (cmol/kg) 0.45 1.00 2.11 0.92 

Magnesium (Cmol/kg) 1.22 1.10 1.53 0.68 

Potassium (Cmol/kg)  0.61 0.74 1.12 0.72 

 

Maize grain yield response  

Analysis of mean maize show there is grain yield response to S-applications.   Results for two seasons in 
which trials were conducted are presented in Table 3. From the results it is evident that rate of about 10 
S/ha is sufficient and increases grain yield of maize by about 1t/ha. In depth, analysis using curvilinear 
regressions and differentiation of the derived equation (Y= -9.97X2 +249.95x +2370.1) revealed that 12.53 
kg S/ha is plateau point of grain yield response. This is biological optima point, which according to 
Tisdale et al., (1990), economic optimum is 90% of it, which thus gives optimum rate of sulfur application 
for rectification of deficiency in soil of  Ruvuma region of about 11kg S/ha. This rate is in agreement with 
observed response in Table 3, whereby in all locations a rate of 10kg/ha gave best response. Same rate 
was found optimum in maize production elsewhere in similar tropical soil environments (Ray personal 
communication).  

 

 

 



Table 3: Maize yield data from sites across Ruvuma Region (season 2011/2012) 

Treatment Maize mean yield (kg/ha) 

Mletele Suluti Mtama Kitanda Pooled across sites 

2010/11 2011/12 2010/11 2011/12 2010/11 2011/12 2010/11 2011/12 2010/11 2011/12 

Control 2119 2513 2837 2037 2836 2280 1326 3011 2280.00 2460.25 

Urea alone 3276 4576 4067 3573 4001 5107 2613 3767 3489.25 4255.75 

10 kg S/ha 5045 5411 5102 4550 5110 5300 3464 5201 4680.25 5365.55 

20 kg S/ha 4668 4910 4725 4057 4778 5597 3407 4106 4394.50 4667.50 

40 kg S/ha 5348 5191 6115 5133 5508 5223 3003 4091 4993.50 4909.50 

LSD (0.05) 762.9 1180 2297 2388 1361 1048 1966 1349   

CV (%) 9.90 13.88 26.70 32.73 15.55 11.37 38.36 17.52   
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Changes in soil pH 

All N-sources fertilizers acidify soils. However, it is generally believed that, use of SA fertilizer hastily 
acidify soils than any other fertilizer. Results of monitoring of soil pH over the two seasons in the trial 
plots are presented in Table 4. There are no consistent pH changes, which suggest that applications of 
these small amounts of SA as source of S in maize production is not harmful as believed.  This is 
supported by 8-year study on SA acidification in Mbinga district, which found continuous N-
application as high as 150 kg N/kg from SA-source for over 5 years resulted into 1 unit pH drop (UAC, 
1989/90). This rate is equivalent to applications of 700kg of SA/ha, which supplies 168 kg S/ha into the 
soil. To supply 11-12 kg S/ha from SA, 45-50kg of SA/ha is required to be blended with Urea for 
meeting both S and N nutritional requirements of current maize varieties recommended for Ruvuma 
region environment. 

Table 4: Soil reaction (pH in water) over two years of study 

Site  Treatment Initial pH pH after two 
seasons 

Mean pH difference 

Suluti No fertilizer 5.77 5.77 0.00 

 Urea only 5.77 5.70 -0.07 

 10kg S N/ha 5.77 6.01 0.24 

 20kg S N/ha 5.77 5.84 0.07 

 40kg S N/ha 5.77 5.80 0.03 

Kitanda No fertilizer 5.49 5.49 0.00 

 Urea only 5.49 5.60 0.11 

 10kg S N/ha 5.49 5.70 0.21 

 20kg S N/ha 5.49 5.57 0.08 

 40kg S N/ha 5.49 5.63 0.14 

Mtama No fertilizer 5.76 5.76 0.00 

 Urea only 5.76 5.73 -0.03 

 10kg S N/ha 5.76 5.71 -0.05 

 20kg S N/ha 5.76 5.63 -0.13 

 40kg S N/ha 5.76 5.84 0.08 

Mletele No fertilizer 5.89 5.89 0.00 

 Urea only 5.89 5.85 -0.04 

 10kg S N/ha 5.89 5.82 -0.07 

 20kg S N/ha 5.89 5.88 -0.01 

 40kg S N/ha 5.89 5.77 -0.12 

 

Conclusion and recommendation 

Maize grain yield increased substantially by external S applications from SA fertilizer as a source. 
Analysis established that a rate of 11 kg S/ha was optimum for maize production in soil of Ruvuma 
region. Application of S at this small rate is not deleterious to soil pH over two years and would earn 
farmer additional 1t/ha. We recommend farmers should use a blend of 45-50 kg of SA/ha with 125 kg 
of Urea/ha at first topdressing of maize in Ruvuma region.  
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