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Abstract

Deficiencies of sulphur (S), copper (Cu) and zinc (Zn) are becoming prevalent under intensifying agricultural systems in north-eastern Nigeria. They 

are manifest in the partial or lack of response by crops to NPK fertilizers leading to a reduction in crop quality and yields. Data were collected on the 

initial available S, Cu and Zn contents of some samples from 0-15 cm depth from farmers’ compound fields (64) and bush fields (73) in 30 

communities across three agro-ecological zones in north-east Nigeria. These were related to the grain yields of soybean and maize varieties from 

demonstration trials to assess if they are yield determinants of these crops. Available S content (range 5.10-18.49 mg kg-1) was moderate to medium 

status in over 80% of the fields within the region. This content significantly influenced yields of soybean (P = 0.0245) and maize (P = 0.0415) in bush 

fields in the Southern Guinea savanna (SGS) and maize (P = 0.0074) in compound fields in Sudan savanna (SS), thus indicating S was a determinant 

of the performance of these crops. Nearly all fields were deficient in Zn with a range of 0.002-1.47 mg kg-1. This had a significant effect on maize yields 

in compound fields (P = 0.0376) in SGS and in bush fields (P = 0.0090) in SS. Also available Cu content was deficient (range 0.001-0.274 mg kg-1) in 

over 83% of the soils and had a significant effect on soybean yields in compound fields (P = 0.0455) in SGS. The soils in north-east Nigeria were 

moderate in S but deficient in Cu and Zn and may require the application of NPK fertilizer containing these micronutrients for the cultivation of maize 

and soybean. 
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Introduction

In the southern and northern Guinea savannas (SGS/NGS) of north- 

east Nigeria, the hilly/rocky nature of the terrain is forcing farmers 

to intensify their production systems to eke out their livelihood 

from the limited cultivable land 3. The cultivable lands on the 

plains have been continuously cropped for more than 30 years 23.

During this period, maize has been replacing sorghum as a staple 

food crop and as a cash crop because the climate is suitable for 

maize production and the yield is higher per unit area 23.

Intensification of agricultural production through continuous 

cropping depletes soil organic matter and limits the supply of 

micronutrients from organic matter mineralization  4, 7 resulting in 

reduced soil fertility and low crop yields. Sulphur and micronutrient 

deficiencies in sub-Saharan Africa (SSA) were first recognized in 

areas where cash crops were grown 25. More recently, emphasis 

has been given to the S and micronutrient status of soils for other 

crops 7.

   The status of S and micronutrients in soils of the SGS, NGS and 

SS of north-east Nigeria is not well documented. However, 

elsewhere, Kang and Osiname 10 and Ojeniyi and Kayode 21 have 

reported significant responses to S by maize. On soils deficient in 

S maize did not respond to N fertilizers unless S was added 16.

Deficiency of S is likely to be widespread in Africa, especially in 

the savanna regions where annual burning results in losses to the 

atmosphere as sulphur dioxide 31. Farmers’ attempts to restore soil 

fertility and increase crop yields through imbalanced nutrition 

using high analysis NPK fertilizers on maize varieties that are high 

yielding but have high nutrient requirements had led to the rapid 

depletion of the reserves of micronutrient elements in the soil  18,

26. Maize has become an important food and cash crop in the 

savannas of north-east Nigeria. 

   Sillanpää 25 provided data on micronutrient concentrations in 

some soils of SSA showing that Cu and Zn deficiencies are common 

in many coarse textured, acid soils of some countries, including 

Nigeria. Munkholm et al. 19 reported that in Nigeria deficiencies of 

Cu and Zn could be expected for sandy soils developed on aeolian 

deposits. Kanwar and Youngdahl 12 believe that Zn deficiency is 

the most serious deficiency, and is becoming as important as 

deficiencies of N, P, K, and S. In all African countries, problems 

with Cu were common, with deficiencies more widespread in 

tropical acid soils. In Nigeria, Sillanpää 25 showed that the great 

majority of low Cu values originated from the eastern states where 

Zn content was generally satisfactory. Low Zn contents were 

more typical of sites in the northern states. There is growing 

evidence that Zn gradually becomes deficient in parts of Nigeria’s 

savanna, especially in areas under continuous cultivation and 

phosphate fertilization 2, 15. Osiname et al. 22 have shown that Zn 

deficiencies have been found to reduce maize yields in several 

parts of Africa, including Nigeria. 

   Though S and micronutrients are removed from the soils by 

cropping, erosion and leaching losses, these elements are rarely 

replenished by the use of fertilizers. Replenishment of S and 

micronutrients through organic residues, farmyard manure and 

other organic matter is not reliable. This is because in many areas 

in SSA, including the survey area of north-east Nigeria, crop 
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residues are completely removed or burnt and farmyard manure is 

not available in sufficient quantities for application to all fields. 

   Sulphur is taken up by most grain crops in amounts similar to 

those of P, from 10 to 30 kg/ha 31. However, the micronutrients Cu 

and Zn are required in small amounts and may be harmful when 

added to the soil in large amounts. At high rates, the concentration 

in forage may be toxic to animals. Because of the important role of 

micronutrients in plant growth and the fragile balance between 

adequacy and deficiency, the knowledge of micronutrient levels 

in soils is important as crop production becomes more intensified. 

This will guide the addition of only as much of the micronutrients 

as would be beneficial to plants and foraging animals. Secondly, 

special cases of partial or lack of response to major elements on 

account of deficiencies of micronutrients will be established and 

amended.

   The Project, Promoting Sustainable Agriculture in Borno State 

(PROSAB), has recently introduced new varieties of maize and 

soybean to be grown in rotation to improve the poor soil fertility 

in the area. However, before introducing this intervention, there is 

need to assess the initial S, Zn and Cu status of the soils and 

relate them to the yields of these crops, as intended in this study. 

This information would help in determining if S and the 

micronutrients, Zn and Cu are yield determinants of maize and 

soybean and the possibility of growing these crops in rotation for 

soil fertility management in the area. 

Materials and Methods

Study area: The study area covers 30 communities in the southern 

part of Borno State, (between latitudes 10º and 11ºN and 

longitudes 12º 15' and 14ºE) Nigeria, and covers three agro- 

ecological zones; SGS, NGS, and SS. It has an area of 16,100 km2

and a population of about 700,000 23. Average annual rainfall is 

1100-1300 mm in SGS, 800-1000 mm in NGS and 600-800 mm in 

SS 23. Temperatures are high throughout the study area, reaching 

a maximum of 40ºC,especially in April, and a minimum of 18ºC in 

December and January. The soil types in the study area are heavy 

clays (Vertisols) and sandy clay loam/sandy clay/silt clay loam 

soils on basalt and pyroclastic rocks and sandy/sandy loam soils 

on sandstones in Kwaya Kusar and Damboa/Gumsuri 5.

Selection of farmers’ fields, soil sampling and analysis: Between

6 and 10 farmers who were willing to provide their fields for 

participatory demonstration trials were identified in each of the 30 

communities. Some of their fields were within the village boundaries 

at a distance less than 0.5 km (compound fields) and others were 

more than 0.5 km from the villages (bush fields). A total of 137 

composite topsoil (0-15 cm) samples were collected from compound 

(64) and bush (73) fields before planting began in May to early 

June 2004. Each topsoil sample contained 15 subsamples that 

were mixed together. There were 25 soil samples from compound 

fields in SGS, 21 in NGS, and 18 in SS. For bush fields there were 25 

soil samples in SGS, 33 in NGS, and 15 in SS. 

   The soil samples were crushed and passed through a 2 mm 

sieve and stored in tightly sealed polythene bags. The soil samples 

were analyzed for texture, pH, organic carbon and total N 29.

Exchangeable K, available P, Zn and Cu were extracted with 

Mehlich III solution containing 0.02 M CH
3
COOH, 0.25 M NH

4
NO

3
,

0.01 M NH
4
F, 0.01 M HNO

3
 and 0.001 M EDTA 17. Potassium was 

determined by flame photometry and P on a spectrophotometer. 

Available S was extracted with 0.01 M Ca(H
2
PO

4
)

2
 and determined 

by the turbidimetric method 27. Available micronutrients (Cu and 

Zn) were determined on an atomic absorption spectrophotometer. 

Field trials establishment and cultural practices: Each farmer’s 

field was subdivided into three 20 m x 20 m plots. Each plot was 

cropped with soybean (either TGX 1448-2E or TGX 1904-6F in 

SGS and NGS and TGX 1830-2E in SS), improved maize (either 97 

TZL COMP-1-W or TZE COMP 3 DT in SGS, TZE COMP 3 DT 

and 94 TZE COMP-5-W in NGS, and 95 TZEE-W and 94 TZE 

COMP-5-W in SS) or farmers’ choice of maize varieties. It was 

intended to rotate the three crops in 2005 to ameliorate the 

declining soil fertility status and demonstrate to farmers the benefit 

of crop rotation. 

   Fertilizer was applied to maize at the rate of N 100, P 22 and K 21 

kg ha-1 as NPK 15-15-15 and urea. Soybean received P 15 kg ha-1

as single super-phosphate. Weeds were controlled manually by 

hoe weeding. At harvest, ears of maize and pods of soybean were 

removed, shelled, and grain yield, adjusted to 12% moisture, was 

computed from the shelled grain. Simple statistics was used to 

compute mean grain yields of maize and soybean. Multiple 

regression analysis was carried out to relate maize and soybean 

grain yields with S, Zn, and Cu using the PROC REG in SAS 24.

Results and Discussion

Physicochemical properties of the soils: The physicochemical 

properties of the soils have been extensively reported by 

PROSAB 23 and are hereby summarized (Table 1). Soil texture varied 

from loamy sand to clay. More compound fields across all agro- 

ecological zones had a coarser texture than bush fields. Soil 

reaction varied from strongly acid to moderately alkaline (5.23 - 

8.03) with more fields across all the zones being slightly acid/ 

neutral (6.1 - 7.3). Organic carbon content ranged from 5.3 to 23.00 

g kg-1 in the SGS, from 2.20 to 23.6 g kg-1 in the NGS and from 2.90 

to 16.40 g kg-1 in the SS. Most of the compound fields in the NGS 

and both types of fields in the SS were low in organic carbon. 

Total N was low to high across all zones and ranged from 0.14 to 

4.90 g kg-1. Available P was deficient and exchangeable K was 

moderate in both types of fields across all zones. 

                SGS                 NGS                  SS 

Soil properties Compound Bush Compound Bush Compound Bush 

Clay (g kg-1) 344.5 333.1 272.0 289.0 147.0 173.0 

Total Carbon (g kg-1) 12.1 10.9 9.2 12.6 8.9 8.2 

pH (1:2.5 Soil-Water)  6.40 6.33 6.48 6.29 6.65 6.08 

Total N (g kg-1)  1.61 1.47 1.54 1.93 1.49 1.52 

Available P (mg kg-1)   4.24 4.65 4.70 3.68 2.51 1.50 

Exch. K (cmol kg-1)   0.60 0.58 0.54 0.68 0.61 0.44 

Table 1. Clay and macro-nutrient contents in field types in the SGS, NGS, and SS in north-east Nigeria. 
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   Fields in the SGS are better endowed with inherent fertility than 

fields in the NGS and SS. Levels of soil pH, organic carbon, and 

available P were identified as critical in some fields. The addition 

of organic inputs, rotation of maize and soybean varieties tolerant 

to Striga hermonthica and drought stresses, and the application 

of N and P fertilizers are recommended but targeted to specific 

field situations. 

Available sulphur: Available S varied from 5.74 to 15.94 mg kg-1 in 

the compound fields and from 6.38 to 16.58 mg kg-1 in the bush 

fields in the SGS (Table 2). Available S was medium (6.0 - 

12.0 mg kg-1) 27 in 80% of compound fields and 88% of bush fields 

in the SGS. In the NGS, available S varied from 6.38 to 13.39 mg 

kg-1 in compound fields and from 5.74 to 18.49 mg kg-1 in bush 

fields, showing medium amounts of available S in 95% of 

compound fields and 85% of bush fields (Table 3). In the SS, 

available S varied from 6.38 to 11.79 mg kg-1 in compound fields 

and from 5.10 to 12.75 mg kg-1 in bush fields. Available S was 

medium in 94% of compound fields and 80% of bush fields. 

   Compound fields in the NGS and SS are better endowed with S 

than in the SGS, possibly because of differences in the amount of 

precipitation in the agroecosystems as soils in drier zones or those 

receiving less rainfall generally contain higher levels of S 27.

Sulphur does not appear to pose an immediate serious threat to 

crop production under non-intensive agriculture. However, when 

legumes, for example, soybean, with a higher potential for N fixation, 

are introduced into the area to be grown in rotation with maize as 

is intended through the Project, PROSAB, there may be a need for 

S application. If single super-phosphate is applied as the source 

of P for legumes, this concern may not be serious. Nevertheless, 

the need for supplementary S has been realized in the savanna 

soils of Nigeria, hence its inclusion was recommended in brands 

of NPK fertilizer 1.

Available zinc and copper: Available Zn varied from 0.142 to 1.47 

mg kg-1 in compound fields and from 0.143 to 1.208 mg kg-1 in bush 

fields in the SGS (Table 2). In the NGS, the range was from 0.154 to 

0.581 mg kg-1 in compound fields and from 0.002 to 0.498 mg kg-1

in bush fields. In the SS, available zinc ranged from 0.035 to 0.540 

mg kg-1 in compound fields and from 0.079 to 0.398 mg kg-1 in bush 

fields. The Mehlich III extracts more Zn, Fe and Cu than DTPA 9, 20.

Therefore, for the purpose of delineating deficient soils, the use 

of DTPA ratings of 0.60-0.80 mg kg-1 for Zn and 0.20 mg kg-1 for 

Cu 14 is safe. Except for compound and bush fields in the SGS, all 

fields were deficient in Zn. 

   Available Cu varied from 0.001 to 0.200 mg kg-1 in compound 

fields and from 0.007 to 0.274 mg kg-1 in bush fields in the SGS. In 

the NGS, the range was from 0.020 to 0.210 mg kg-1 in compound 

fields and from 0.014 to 0.248 mg kg-1 in bush fields. In the SS, 

available Cu varied from 0.011 to 0.188 mg kg-1 in compound fields 

and from 0.027 to 0.141 mg kg-1 in bush fields. Available Cu was 

deficient in all compound fields in the SGS and NGS and in 92% of 

bush fields in the SGS, and 88% in the NGS. In the SS, 83% of 

compound fields and 93% of bush fields were deficient in Cu 

(Table 3). 

   All fields, except compound and bush fields in the SGS, were 

deficient in Zn while over 83% of the soils were deficient in Cu. 

Deficiencies of Zn and Cu are increasingly being reported as a 

major concern in the savanna soils of Nigeria  1, 13, 30. Our findings 

have confirmed this deficiency. Kang and Osiname 11 suggested 

that micronutrient deficiencies in Africa are generally related to 

the parent material and that deficiencies of Cu and Zn are prevalent 

in the savanna. The deficiencies of Cu and Zn in the SS could be 

related to the low organic matter content and the sandy texture of 

the soils having developed on sandstone. In the SGS and NGS, 

the deficiencies might have arisen as a result of continuous 

cropping and the use of fertilizers containing only the major 

nutrients, making necessary the addition of these important 

micronutrients to the soil 1.

   Deficiencies may be the reason for the failure of crops to realize 

their yield potentials or for a considerable reduction in their 

quality 1.  Chude et al. 7 reported that Zn is one of the most limiting 

nutrients for maize production in the savanna soils. On such soils, 

the application of small amounts of these nutrients can 

greatly enhance crop production. Drosdoff 8 reported that 

dramatic responses had been obtained with the application of 

micronutrients (Zn, Mo, and B) to crops in Latin America. The 

increasing problem of Zn deficiency in Nigeria has led to the 

recommendation that Zn be included in the NPK fertilizers 1.

Farmers need to be advised about the importance of this fertilizer 

so that they don’t use just any type of NPK fertilizer. There is also 

the need for formulating an NPK fertilizer, which will contain S, Cu 

and Zn. 

Soil properties SGS-

Compound

SGS-

Bush

Probability 

Level 

NGS-

Compound

NGS-

Bush

Probability 

Level 

SS-

Compound

SS-

Bush

Probability

Level 

Available S (mg kg-1 ) 10.49 9.90 NS 8.41 9.17 NS 8.44 8.86 NS 

Available Zn  (mg kg-1)    0.52   0.40 P<0.05 0.27 0.27 NS 0.25 0.23 NS 

Available Cu  (mg kg-1)    0.07 0.10 NS 0.09 0.11 NS 0.07 0.07 NS 

Table 2. Available S, Zn and Cu in field types in the SGS, NGS, and SS in north-east Nigeria. 

Soil property SGS NGS SS 

 Compounds (25) Bush (25) Compound (21) Bush (33) Compound (18) Bush (15)

Available S (mg kg-1)   Low (<6.00) 0.00 0.00 0.00 3.0 5.6 6.7 

                                      Medium (6.0-12.0) 80.0 88.0 95.2 84.8 94.4 80.0 

                                      High (>12.0) 20.0 12.0 4.8 12.1 0.00 13.3 

Available Zn (mg kg-1) Low (<0.6-0.8) 92.0 92.0 100.0 100.0 100.0 100.0 

                                      Medium (>0.80) 8.0 4.0 0.00 0.0 0.0 0.0 

Available Cu (mg kg-1)  Low (<0.2) 100.0 92.0 100.0 87.9 83.0 93.0 

                                       Medium (>0.2) 0.0 8.0 0.0 9.1 0.0 0.0 

Table 3. Proportion (%) of fields deficient in S, Zn and Cu in the SGS, NGS,and SS in north-east Nigeria. 
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Crop yields: The yields of maize and soybean on farmers’ fields 

are summarized (Table 4). When disaggregated according to type 

of fields, maize yields were 11% higher in bush fields than in 

compound fields in the SGS and NGS; 21% higher in compound 

fields than in bush fields in the SS. Soybean yields were 29% 

higher in bush fields than in compound fields in the SGS and 11% 

higher in the NGS but in SS, soybean yields were 15% higher in 

compound fields than in bush fields. Across the zones, crop yields 

were higher in the SGS and NGS than in the SS. 

   The higher grain yields of maize and soybean from bush fields 

in the SGS and NGS were due to the better soil conditions 

(Table 1). The lower crop yields in the SS than in the SGS and NGS 

could be due to less rainfall and water retention and low fertilizer 

use efficiency since the soils were mainly coarse textured and 

contained low organic matter. 

   Mean crop yields in the SS were higher in compound fields than 

in bush fields because of widespread use of organic manure on 

compound fields. Soil acidity (40% of bush fields in the SS were 

strongly/moderately acidic) could also explain this observation. 

The yield trend in the SS supports the findings of Carsky et al. 6

who recorded the highest yields of maize on fields near the 

homestead (compound fields) where organic carbon values were 

2.0-2.5% in the NGS of Nigeria. Vanlauwe et al. 28 reported that 

maize grain yields decreased from 2.59 t/ha in homestead fields to 

1.59 t/ha in distant fields in Western Kenya, reflecting variable 

soil fertility status for fields within a farm. 

Relationship between crop yields and S, Zn and Cu: The multiple 

regression analysis relating soybean and maize yields with S, Zn 

and Cu is presented (Tables 5 and 6). The multiple regression 

analysis of grain yields on measured variables suggested that S 

content significantly influenced yields of soybean (P=0.0245) and 

maize (P = 0.0415) in bush fields in the SGS. Maize yield was also 

a function of available S in compound fields (P = 0.0074) in the SS. 

   Available Zn was an important variable for maize grain yield in 

compound fields in the SGS (P=0.0376) and in bush fields in the 

SS (P = 0.0090). Available Cu significantly influenced soybean 

grain yield in compound fields in the SGS (P = 0.0455). 

   The multiple regression between available S and crop yields 

showed S as one of the yield determinants of maize and soybean. 

Kang and Osiname 10 and Ojeniyi and Kayode 21 reported 

significant responses by maize to S while MacColl 16 showed that 

maize did not respond to N fertilizers on soils deficient in S unless 

S was added. 

   Available Zn was an important variable for maize grain yield. 

This suggests Zn is one of the limiting nutrients for maize 

production in north-east Nigeria. Deficiency of Zn has been widely 

reported, especially in northern Nigeria  2, 15, 25, and its deficiency 

has been found to reduce maize yields 22. Available Cu was an 

important variable for soybean grain yield, indicating Cu as one 

of the yield determinants of this crop. 

   Recently, the inclusion of S and Zn in brands of NPK fertilizers 

produced in Nigeria had been recommended 1.

Crop yield   (kg ha-1) SGS-

Compound

SGS-

Bush

Probability 

Level 

NGS-

Compound

NGS-

Bush

Probability 

Level 

SS-

Compound

SS-Bush Probability 

Level 

Maize 2442.2 2753.5 NS 2513.6 2549.6 NS 2240.8 1764.7 NS 

Soybean 1798.8   2527.0 P<0.05 1701.2 1906.4 NS 1816.3 1553.0 NS 

Table 4. Maize and soybean grain yields in field types in the SGS, NGS, and SS in north-east Nigeria. 

Soil variable 

Parameter

estimate 

Standard

error  T value Pr > t 

SGS/Soybean-Bush fields  

Available S   425.28   181.12 2.35 0.0245

Available Zn 2219.35 1760.73 1.26 0.2156

Available Cu 9666.85 6901.53 1.40 0.1699

SGS/Soybean-Compound fields 

Available S     64.41     34.46 1.87 0.0708

Available Zn     27.73   232.30 0.12 0.9057

Available Cu 4151.56 1994.69 2.08 0.0455

NGS/Soybean-Bush fields 

Available S     99.01     53.52 1.85 0.0702

Available Zn   664.83 1079.51 0.62 0.5408

Available Cu   784.79 1415.93 0.55 0.5819

NGS/Soybean-Compound fields 

Available S       3.09   101.61 0.03 0.9760

Available Zn   615.96 2641.34 0.23 0.8172

Available Cu 5584.23 6490.05 0.86 0.3966

Table 5. Multiple regression of available S, Zn and Cu with soybean 

grain yield. 

           

Soil variable 

Parameter

estimate 

Standard

error  T value Pr > t 

SGS/Maize-Bush fields 

Available S   216.20    102.26 2.11 0.0415 

Available Zn 1367.90    994.09 1.38 0.1773 

Available Cu 2917.67  3896.52 0.75 0.4588 

SGS/Maize-Compound fields 

Available S     32.03    128.00 0.25 0.8040 

Available Zn 1871.92    862.90 2.17 0.0376 

Available Cu 3042.87  7409.55 0.41 0.6841 

NGS/Maize-Bush fields 

Available S   114.95      99.50 1.16 0.2535 

Available Zn  1001.94  2006.90 0.50 0.6198 

Available Cu 2983.63  2632.34 1.13 0.2624 

NGS/Maize-Compound fields 

Available S     43.62     164.16 0.27 0.7923 

Available Zn  3048.41   4267.19 0.71 0.4807 

Available Cu 4483.37 10485 0.43 0.6721 

SS/Maize-Bush fields 

Available S   117.70       93.63 1.26 0.2257 

Available Zn  6548.48   2222.28 2.95 0.0090 

Available Cu   588.33   8883.39 0.07 0.9480 

SS/Maize-Compound fields 

Available S   766.01     255.72 3.00 0.0074 

Available Zn  6801.76   3458.20 1.97 0.0640 

Available Cu 3092.28   8066.18 0.38 0.7057 

Table 6. Multiple regression of available S, Zn and Cu with maize 

grain yield. 

Conclusions

The soil test results showed that Zn and Cu are deficient in over 

83% of the fields while S status is moderate. The multiple 

regression results showed some differences between soybean 

and maize. Application of NPK fertilizers containing these 

micronutrients or organic inputs which contain macro- and 

micronutrients is recommended for the cultivation of maize and 

soybean in rotation. 
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