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Abstract 
Biochar has been described as a possible means to improve soil fertility as well as other ecosystem 
services and sequester carbon (C) to mitigate climate change.  Climate change will make it imperative 
that agricultural practice can adapt and sustainably manage altered rainfalls, higher evaporation and 
higher temperatures. In a maize trial we compared 5 treatments and supplemented the traditional 
application of multiple mineral fertilisers including NPK. There were no significant differences (P<0.05) 
in the soil nitrogen, phosphorus and zinc levels in five treatments. There were significant differences 
(P<0.05) for both pH and soil organic carbon in the five treatments. In all treatments with biochar, the 
pH was increased. Soil organic carbon increased significantly in all treatments with biochar and resulted 
in a doubling of yield compared to the traditional application of mineral NPK. We conclude that biochar 
may have improved the biophysical conditions through a decrease in bulk density and improved soil 
water storage and in combination with a shift to a neutral pH resulted in a significant yield advantage.  

1. INTRODUCTION 

1.1 Maize production in Zimbabwe 
Most smallholder farmers in Zimbabwe practice monoculture cropping systems which is prone to climate 
change and climate adaptation strategies are the only way out. Maize is one of the crops grown in the 
monoculture systems. Monoculture can lead to depletion of inherent soil fertility (Rukuni, 1992). This 
poses a serious threat to sustainability of maize production in Zimbabwe considering the harmful effects 
of climate change. With increased changes in climate, there is need to adapt and produce in a 
sustainable way if farmers are to survive the harmful effects of climate change. It has been shown that 
on the poorly buffered kaolinitic soils found in many areas in the tropics including sub-Saharan Africa, 
continuous use of fertiliser alone cannot sustain crop yield and maintain soil fertility. Sewage sludge 
may have an average carbon content of about 30% and when added to soil may act as a soil improver 
by adding considerable amounts of organic matter there by offering an adaptive mechanism to climate 
change.  

1.2 Objective 
Determine the effect of biochar on soil pH, yield, cation exchange capacity and  
macro-nutrient levels in the soil 

1.3 Hypotheses 
Biochar increases the soil pH, yield, cation exchange capacity and availability of macro-nutrients to 
plants 

2. MATERIALS AND METHODS 
An experiment was conducted at Africa University farm to determine the effect of sewage sludge biochar 
on yield and fertiliser use efficiency on maize during the 2012/13 season. The treatments and design 
are described below.  

2.1 Measurements 

2.1.1 Soil samples 
Soils in plots were sampled sixty days after planting in January 2013. Soil samples were collected at 0-
20cm depth by taking two cores per plot of each replicate using a 50 mm diameter augur.  

2.1.2 Soil carbon 
Soil organic carbon was analyzed using the Wakley black method (Wakley, 1947). 

2.1.3 Soil pH 
This was done using the 0.01M calcium chloride solution method (Follet et al., 1981) 

 

mailto:wmutezo@gmail.com


2.1.4 Soil chemical elements  
These were measured in the laboratory using the absorption spectrophotometer. 

2.1.5 Yield determination 
After the kernels were fully set and were starting to dry up, the final number of grains per ear was 
determined. Plants were selected at random. The first, fifth, and tenth plant in the measurement row 
were selected if they had harvestable ears. If the selected plant did not have a harvestable ear, the next 
plant in the row would be used for the count. Plant density within the net plot was measured while 
opening three ears at each sampling spot and counting the number of grains per ear. The number of 
rows of grain and the number of grains in a representative row was counted. Yield was determined as: 
 
Y     =P*E*G     
             K 
 
Where P= Plants/ha, E= ears/plant, G= grains/ear and K= number of grains per kilogram (Lafitte, 1993). 

2.1.7 Data analysis 
The means for soil organic carbon, pH, cation exchange capacity, nitrogen, exchangeable bases, zinc, 
copper and maize yield were analyzed using analysis of variance (ANOVA) using Genstat Release 7 
and mean separation was done using Fishers LSD test at 5%. 

 

3. RESULTS AND DISCUSSION 
Results are summarized in Tables 1, 2 and 3 below 

3.1 Phosphorus 
There were significant differences among treatments (P<0.05) on total phosphorus, nitrogen and 
potassium. The available phosphorus for the control was significantly different (P<0.05) from that for 
15t/ha biochar. The available phosphorus was highest when biochar was applied at 15t/ha together 
with 300kg/ha compound D (569.17ppm). When compound D was applied alone phosphorus, levels 
were significantly different (P<0.05) from both treatments where biochar was applied together with 
compound D. Biochar has a potential to improve fertiliser effectiveness by making more mineral 
nutrients available to the plant. This reduces the use of inorganic fertilisers which have harmful effects 
to the environment. This improves plant growth and ultimately the yield of maize. This also reduces the 
use of inorganic fertilizer which reduces eutrophication of water bodies. In search of higher yields, 
farmers will resort to unsustainable production practices. Biochar gives farmers a way to increase their 
yield in an environmentally and sustainable way. 
 
Table 1: Means for exchangeable phosphorus, nitrogen and potassium in treatments plot at Africa 
University farm measured using the absorption spectrophotometer  

Treatment P (ppm) N(ppm) K (meq %) 

15t/ha biochar 
15t/ha biochar+300kg/ha compound D 
 
15t/ha biochar+150kg/ha compound D 
 
300kg/ha compound D 
No amendment (control) 
Significance F 
Lsd0.05 
CV % 

354.90b 
569.17a 
378.28b 
381.61b 
271.54c 
*** 
38.552 
1.0 

59.31c 
86.56a 
73.74b 
72.67b 
63.64bc 
*** 
11.107 
1.5 

1.4581b 
2.2405a 
1.3906bc 
0.9820c 
0.4862d 
*** 
0.45198 
3.4 

*, ** and *** denote significance at p=0.05, 0.01 and 0.001 respectively. ns= not significant. a, b, c and 
d denote significance difference between treatments. Where no significance differences the letters are 
the same. 
 
 



3.2 Nitrogen 
There were significant differences among treatments for available nitrogen (P<0.05). The available 
nitrogen when 15t/ha biochar was applied was not significantly different from that for the control 
treatment. There were no significant differences (P<0.05) when 15t/ha biochar was applied together 
with 150kg/ha compound D  from the normal practice of applying 300kg/ha compound D alone. 
Application of biochar was expected to increase the available nitrogen, but Table 1 shows no significant 
difference with the control for all treatments except when biochar was combined with 300kg/ha 
compound D. Application of 15t/ha biochar together with 300kg/ha compound D showed the highest 
amount of available nitrogen measured. This might be a result of increased fertiliser use efficiency since 
application of compound D alone showed lower values. Adapting to climate change means farmers 
should get technologies to mitigate droughts, unreliable rainfall patterns and in some cases floods. High 
unpredictable rainfall patterns result in leaching of nutrients. Biochar increases the cation exchange 
capacity thereby allowing farmers to adapt to excessive rainfall patterns in some instances. 

3.3 Potassium 
There were significant differences among treatments (P<0.05) for available potassium. The highest 
percentage was reported when biochar at 15t/ha was applied together with 300kg/ha compound D. An 
increase in the potassium level increased the rate of photosynthesis. This was shown by the increase 
in the green coloring of leaves in treatments where biochar was applied. Increased photosynthesis 
implied an increased potential to get high yield of maize crop. Increased crop growth comes with 
increased crop biomass. This can help in providing the much-needed soil organic matter which has 
been seen depleting with the result of changes in climatic conditions.  

3.4 Calcium and magnesium 
There were significant treatment differences (P<0.05) with regards to exchangable calcium and 
magnesium. In the control experiment the available calcium and magnesium were lower than when 
biochar was applied at 15t/ha (Table 2). This increase is attributed to the ability of biochar to unlock 
available plant nutrients in the soil and making them available for plant uptake. When biochar was 
applied together with 300kg/ha compound D, the available calcium and magnesium were highest as 
shown in Table 2. 
Table 2: Means for exchangeable calcium, magnesium and zinc measured at ten weeks after planting 
in treated plots at Africa University farm during the 2012/13 season  
 

Treatment Ca (meq%) Mg (meq%) Zn(ppm) 

15t/ha biochar 
15t/ha biochar+300kg compound D 
 
15t/ha biochar+150kg/ha compound D 
 
300kg compound D 
No amendment(control) 
Significance F 
Lsd0.05 
CV % 

2.7856b 
3.4334a 
2.8359b 
2.2091c 
2.1935c 
*** 
0.33964 
1.2 

1.1316a 
1.2257b 
1.1673a 
0.4770c 
0.4386c 
*** 
0.17491 
1.9 

6.108b 
7.740a 
6.169b 
6.022b 
5.912b 
*** 
0.9153 
1.4 

*, ** and *** denote significance at p=0.05, 0.01 and 0.001 respectively. ns= not significant. a, b, c and 
d denote significance difference between treatments. Where no significance differences the letters are 
the same. 
 
The declining stocks of available Ca and Mg and the decrease in yield and harvest index in this 
experiment in 2006, that is before application of biochar, indicated that the system was Ca and Mg 
limited. The retention of these nutrients by biochar is responsible for the maize yield increases observed 
in 2007. Indeed, available Ca and Mg amounts in the soil to a depth of 30 cm were lowest, but the 
beneficial effects of biochar on Ca and Mg nutrition were the greatest relative to the unamended control. 
Climate change in form of drought causes mineral deficiency and the poor ability of crops to fight 
diseases. Biochar makes it possible to adapt to climate change through retention of calcium and 
magnesium which are important elements for cell development and growth. 



3.5 Zinc 
There were significant differences (P<0.05) among treatments for available zinc. The available zinc for 
the control treatment was 5.912 ppm while that for 15t/ha biochar was 6.108 ppm. There were no 
significant differences (P<0.05) between the two treatments. This means that biochar does not contain 
zinc levels which can become toxic to plants when in excess. 
 
 Table 3: Means for pH, soil organic carbon, cation exchange capacity (CEC) and yield of maize variety 
SC403 in kilograms per hectare at AU farm during the 2012/13 growing season. 
 

Treatment Soil pH Soil organic 
carbon (%) 

CECmeq/100
g 

Yield(Kg/ha)  

15t/ha biochar 7.275a 8.112a 12.284a 3719b 
15t/ha biochar+300kg compound 
D 

6.750b 8.280a 12.159a 7233a 

15t/ha biochar+150Kg compound 
D 

6.967c 8.281a 12.124a 2175c 

300kg/ha compound D 5.657d 2.220b 8.959b 3775b 
No amendment(control) 5.452e 2.237b 8.763b 1723c 
Significance F *** *** *** *** 
Lsd0.05 0.1129 0.7094 1.2497 1036.2 
CV % 1.1 1.2 1.1 1.8 

*, ** and *** denote significance at p=0.05, 0.01 and 0.001 respectively. ns= not significant. a, b, c and 
d denote significance difference between treatments. Where no significance differences the letters are 
the same. 
 

3.6 Soil pH  
There were significant differences among the five treatments (P<0.05) for pH. The pH in the control was 
slightly acidic (Table 3). When biochar at 15t/ha was applied, the pH rose to 7. 275.In all treatments 
with biochar, the pH was increased. Improved pH results in improved microbial activity which allows for 
better adaptation to climate change. Improve soil activity is a result of raises soil microbes and other 
living organisms.  Maize can be successfully grown on soils with pH of 5.0-7.0 but a moderately acid 
environment of pH 6.0-7.0 is optimum (Chan et al., 2007). A pH outside this range results in deficiency 
of some minerals and mineral toxicity. Most soils in smallholder farming sector have become sandy and 
with poor fertility combined with low pH. This has made smallholder farming sector very unproductive 
and this has come because of climate change and unsustainable production practices. Biochar comes 
in as a remedy by buffering the soil against low pH levels and improving the soil condition. This will 
increase the water holding capacity of the soils and allow farmers to adapt to the effects of climate 
change. This offers a sustainable route to the reclamation of the poor rural soils which have been 
worked for years without consideration of sustainability issues. 

3.7 Soil organic carbon 
There were significant differences among treatments (P<0.05) in soil organic carbon. The soil organic 
carbon was significantly different (P<0.05) for all treatments with biochar applied from the control 
treatment. There were no significant differences (P<0.05) for all treatments where biochar was applied. 
The application of biochar increased the soil organic carbon to above 8% in all treatments. Soil carbon 
is one of the most important element in sequestering carbon dioxide from the atmosphere. Considering 
that agriculture contribute immensely to the release of carbon dioxide in the atmosphere, it is therefore 
imperative that technologies which reduce greenhouse effect through reducing carbon dioxide be 
developed. Sewage sludge biochar can be used to mitigate the effects of climate change through 
capturing the carbon dioxide in the atmosphere into the soil because of its high carbon content. In 
addition, soil carbon can hold a lot of moisture due to its sponge form. Increasing soil carbon through 
increased organic matter can sustainably make farmers adapt to climate change by increasing their soil 
water holding capacity and becoming resilient to droughts. 
 
 



3.8 Cation exchange capacity 
There were significant differences (P<0.05) among treatments for cation exchange capacity. In all the 
treatments where biochar was applied, the cation exchange capacity increased to just above 12 mill 
equivalents per 100 grams of soil. In the control the cation exchange capacity measured were very low. 
This means farmers will be able to use less fertilizer and increase on their productivity. Most smallholder 
farmers cannot afford the inorganic fertilizer, and this can offer a sustainable way to improve their crop 
nutrition. Climate change adaptation is inevitable, biochar can offer ways for adaptation to the negative 
impacts of raised temperatures and poor soil fertility issues for farmers.  

3.9 Maize grain yield 
There were significant differences (P<0.05) among treatments for maize grain yield. The maize grain 
yields for the non-amended soil were low (Table 3). The yield after applying biochar increased to more 
than double that of the control. The highest maize grain yield was achieved when 15t/ha biochar was 
applied together with 300kg of compound D. Increased cation exchange capacity resulted in the positive 
yield changes wherever biochar was applied even without addition of fertiliser. Biochar can be 
successfully used to increase fertiliser use efficiency. There main reason why climate change 
adaptation is critical is to provide humans with food at the same time saving the environment. Biochar 
can be instrumental in improving the way farmers produce especially in low income communities where 
other forms might seem costly. 

4 Conclusion 
Climate change adaptation is a necessity for continued sustainable production of food crops especially 
in the face of low income communities. Biochar increases the mineral use efficiency of sandy loam clay 
soils. It increases the availability of both macro and micro nutrients to the plant. Biochar also increases 
the soil organic carbon. All the unsustainable production practices are in search of improved yield and 
quality. Biochar makes it possible to increase yield while at the same time improving on the soil health 
status which will provide a sustainable production system. Increased drought years and poor yield can 
be circumvented using biochar a soil organic amendment. The soil pH was also increased from 5.452 
to 7.275 after biochar was applied to the soil. Soil is a living component as do the plants we grow. 
Taking care of the soil is critical in adapting to climate change. Low soil pH is detrimental to the beneficial 
microorganisms and this has rendered the soils infertile and unproductive. Biochar improves soil pH 
which in turn improves soil life by increasing microbial activity and multiplication. Cation exchange 
capacity was also increased to above 12meq/100g for soils with an initial CEC of 8.763 meq/100g of 
soil. A yield increase from 1723kg/ha to 7233kg/ha was observed after the use of biochar together with 
300kg/ha compound D. Compared to the normal practice of applying 300kg/ha alone (3775kg/ha), 
biochar application doubled the maize yield. Sustainability includes increased production but taking 
care of the resources we are using to produce our food. Biochar can increase the yield while adding a 
lot of carbon which improve the soil structure and its ability to adapt to climatic changes. Biochar can 
offer a solution to the transformation of rural livelihoods by improving the soil fertility status and 
increasing its water holding capacity. This can therefore provide a sustainable way of responding to 
climate change and adapting to its negative effects at a much affordable cost. 
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