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Abstract

This study was conducted to assess the effect of Shea nut cake biochar on tomato growth, evaluate 
the soil-biochar ratio necessary for enhanced tomato growth and assess the response of local and 
Petomech variety to soil-biochar treatment. Both varieties were raised in two set-ups (set-up A for 
local variety and set-up B for Petomech variety) comprising experimental pots of six treatments 
where soil level varied but amount of biochar was maintained constant; T1 (1S:1B), T2 (2S:1B), 
T3 (3S:1B), T4 (4S:1B), T5 (5S:1B), T6 (6S:1B) and control (only soil). Plants at T1, T2 and T3 
all wilted and died five days after transplanting, leaving T4, T5, T6 and control on which data on 
growth parameters were taken and analysed. Results from the study revealed that Shea nut cake 
biochar in T6 of both set-ups significantly increased the performance of tomato. Plant height, stem 
girth, leaf area index and number of leaves increased as soil levels increased with biochar levels 
constant indicating that decreased soil levels at constant biochar levels decreased the performance 
of the tomato plants. Treatments T4 and T5 recorded lower tomato performance. Soil pH (6.55) 
increased as shea nut cake biochar treatments were applied. However, pH concentration decreased 
as soil levels were increased in treatments as T4 recorded the highest pH (8.39) and T6 recorded 
the least (8.13). Petomech variety performed better in all treatments as compared to the local va-
riety following the growth parameters recorded and analyzed. 
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Resume

Cette étude a été menée pour évaluer l’effet du biochar de tourteau de noix de karité sur la croissance 
de la tomate, évaluer le ratio sol-biochar nécessaire pour améliorer la croissance de la tomate 
et évaluer la réponse d’une variété locale et de la variété Petomech au traitement sol-biochar. 
Les deux variétés ont été plantées dans deux installations (installation A pour la variété locale et 
installation B pour la variété Petomech) comprenant des pots expérimentaux de six traitements 
où le niveau de sol a varié mais la quantité de biochar a été maintenue constante ; T1 (1S:1B), T2 
(2S:1B), T3 (3S:1B), T4 (4S:1B), T5 (5S:1B), T6 (6S:1B) et le contrôle (seulement le sol). Les 
plantes de T1, T2 et T3 ont toutes flétri et sont mortes cinq jours après la transplantation, laissant 
T4, T5, T6 et le contrôle sur lesquels les données sur les paramètres de croissance ont été prises 
et analysées. Les résultats de l’étude ont révélé que le biochar de tourteau de noix de karité dans 
T6 des deux installations a augmenté de manière significative la performance de la tomate. La 
hauteur des plantes, la circonférence de la tige, l’indice de surface foliaire et le nombre de feuilles 
ont augmenté lorsque les niveaux de sol ont augmenté avec des niveaux de biochar constants, 
ce qui indique que des niveaux de sol réduits à des niveaux de biochar constants ont diminué la 
performance des plants de tomates. Les traitements T4 et T5 ont enregistré une performance plus 
faible des tomates. Le pH du sol (6,55) a augmenté avec l’application des traitements au biochar 
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de tourteaux de karité. Cependant, le pH a diminué lorsque les niveaux de sol ont été augmentés 
dans les traitements, le T4 a enregistré le pH le plus élevé (8,39) et le T6 le moins élevé (8,13). La 
variété Petomech a donné de meilleurs résultats dans tous les traitements par rapport à la variété 
locale suivant les paramètres de croissance enregistrés et analysés.

Mots-clés : Biochar, Petomech, tourteau de noix de karité, tomate.

Introduction

Biochar is a solid material that is produced from the conversion of biomass under higher temperature 
with limited oxygen conditions (IBI, 2012). Its use in the Agricultural and Environmental sector 
distinguishes it from charcoal which is used in the Energy sector (Lehmann and Joseph, 2009). 
Shea nut cake is the residue obtained after extracting butter from shea nuts. Laboratory analysis 
of the cake has shown the presence of a reasonable amount of the following elements: N, P. 
K, Na, Ca, Mg, Cu and Mg, which highly support plant growth (Abdul-Mumeen et al., 2013). 
Soil fertility is a great concern in the production of vegetables such as tomato. The continuous 
decline in soil fertility has led to the use of agrochemicals such as inorganic fertilizers which 
sometimes has left lethal residual soil effects. The input cost of chemical fertilizers however, 
scares peasant farmers who farm purposely to feed their families as well as those engaged in 
commercial production (Jansen et al., 2004). Soil fertility enhancement is required to reverse the 
trend of declining agricultural productivity since its management holds the key to enhancing food 
production (Eghball, 2001). This paves way for the use of organic materials such as crop residues 
and some by-products from agro processing industries such as shea nut cakes to provide cheaper 
alternative as well as supply nutrients to the soil and improve soil properties (Awiti et al., 2002). 
The preparation of biochar from shea nut cake following its proximate analysis holds a potential 
in effectively supporting plant growth. The aim of this study was therefore to assess the effect of 
shea nut cake biochar on tomato growth, evaluate the soil biochar ratio necessary for enhanced 
tomato growth and assess the response of local and Petomech variety to soil-biochar treatment. 

Materials and methods
Experimental site. The study was carried out at the University for Development Studies Plant 
House on Nyankpala Campus located Latitude 9⁰ 25⁰ 41⁰N and Longitude 0 ⁰ 58 ⁰ 42 ⁰W and 183m 
above sea level. The soil is an Alfisol under USDA classification, and Savanna Ochrosol under 
the Ghanaian system of classification (NAES Annual report, 1984). The entire study took place 
between January and May 2019. 

Source of study materials. Local tomato seeds were obtained from a local farmer in Nyankpala 
located within the Tolon district while Petomech variety was purchased from an agro chemical 
shop within the Tamale metropolis. Shea nut cake was obtained from SEKAF Co. LTD., a shea 
processing company off Nyankplala-Tamale road. Black soil samples were randomly taken from 
a field outside the plant house. 

Shea cake biochar preparation. Shea nut cake samples obtained were dried at the glasshouse 
to expel moisture and later divided into proportions to be burnt in batches. Using an improvised 
barrel pyrolyser, a small quantity of dry grasses was placed at its bottom. First batch of the cake 
biomass was spread on the dry grasses in the pyrolyser and a second layer of dry grasses placed 
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on it. A starter was then used to initiate the burning process. The whole unit was then set ablaze 
to begin burning of the shea nut cake into biochar. The pyrolyser was then covered with a lid with 
a hole created at its centre and a chimney placed on it to cover the hole and aid the process of 
pyrolysis (slow burning in the presence of limited oxygen). The biomass was allowed to burn for 
about 3-6 hours until it was charred. Frequent checks were conducted to ensure efficient process 
control. Charred hot red biomass was then discharged and cooled down using sprinkled water. The 
process was repeated to burn the batch of shea nut cake left.

Soil preparation, nursing and transplanting of tomato seedlings. Soils obtained were sterilized 
using an improvised barrel steam sterilization method. A barrel was placed on a four concrete 
blocks laid to provide anchorage, stability as well as space for burning firewood. Soil samples 
obtained were screened for sticks, metals, plastics, twigs and gravels after which they were placed 
in a jute sack. The barrel was then filled with water and the firewood set ablaze beneath the barrel 
to provide heat for steaming the soil as the water heats up. A metallic stand was placed in the water 
and the jute sack of soil placed on top of it thus, creating a little space between the sack and the 
water. The barrel was covered by a lid and soil sterilized for 2 hours. The process was repeated to  
sterilize the batch of soil left. 

The nursery was set up in the planthouse using improvised nursery containers cut out from 
“yellow gallons”. Holes were perforated beneath the container to ensure proper aeration and 
drainage. Emerged seedlings were watered morning and evening and weeds controlled manually 
by hand picking to reduce competition for air, moisture and nutrients. Seedlings were hardened 
occasionally and uniform ones transplanted after three weeks.

Experimental design and treatments. Two experimental set ups were established and data were 
collected on growth parameters of the tomato plants in each pot. Set-up A consisted of plants 
grown from the local seeds whilst Set-up B consisted of plants grown from the purified seeds 
obtained (PETOMECH variety). The experiment was laid out in a complete randomized design 
in 7 L buckets with six treatments and control and five replicates each with two plants per pot 
where biochar ratio remained unchanged as soil ratio varied. Treatments included T1 (1S:1B), 
T2 (2S:1B), T3 (3S:1B), T4 (4S:1B), T5 (5S:1B), T6 (6S:1B) and Control (only soil) where “S” 
stands for parts of soil, and “B” stands for parts of  biochar at 500g.
 
Data were collected on pH of soil, biochar and treatments using a pH meter. Plant growth 
parameters including plant height, number of leaves, stem girth and leaf area index (LAI) were 
measured at 2, 4 and 6 weeks after transplanting (WATP).

Data taken were subjected to Analysis of Variance (ANOVA) using GENSTAT discovery Edition 
4, to indicate significant treatment differences. Treatment means were separated using Least 
Significant Difference (LSD) at 5 % level of significance to ascertain if the treatments were 
statistically different from each other. 

Results and discussion 

Death of plants. Tomato plants for both varieties under T1(S1:B1), T2(S2:B1) and T3(S3:B1) all 
wilted and died after five days of transplanting into their various treatment pots. This was chiefly 
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attributed to the presence of Pb in shea nut cake as reported by Abdul-Mumeen et al. (2013). 
Akinci et al. (2010) similarly reported the negative impact of lead concentrations in tomato as 
root, shoot and leaf were negatively affected.  Obroucheva et al. (1998) also reported retarded 
root growth in maize as Pb arrested cell divisions and decreased the final lengths of the elongating 
cells. Survival of plants at T4, T5 and T6 suggests decreasing alkalinity and insignificant effect 
of Pb on the plants. This also indicates significant plant growth as a result of nutrients present in 
shea nut cake in addition to that of the soil. Control survived due to the suitability of the soil for 
tomato growth at 6.27 pH. 

pH effect on soil treatments post-experiment. pH concentrations of treatments decreased 
with increased soil ratio. The T6 recorded the least alkaline concentration while T4 recorded 
the highest alkaline concentration. Control however had an acidic concentration. Lehmann et 
al. (2011), Alburquerque et al. (2014) and Cui et al. (2015) similarly reported an increase in pH 
with decreased soil level. Chirenje and Ma (2002) attributed this to ash accretion while Jeffery et 
al. (2011) indicated that the high surface area and porous structure of  biochar may increase the 
cationic exchange capacity of  the soil.

Table 1. Mean pH of soil treatments at the end of the experiment

Treatment  pH concentration  Description

T4 (4S:1B)  8.388   Alkaline
T5 (5S:1B)  8.366   Alkaline
T6 (6B:1B)  8.134   Alkaline
Control (only soil) 6.270   Acidic
LSD   0.149 
F pr.   < .001 

Plant height. There were significant differences between treatments at 5 % level of significance 
for both varieties. It was observed that treatment levels (T4-T6) increased plant height of tomato 
for both local and Petomech varieties throughout the six weeks. Shea nut cake biochar had a 
significant effect on tomato plant height for both varieties. The T6 (six parts of soil: one part of 
biochar) recorded the highest mean plant height for both varieties while T4 (four parts of soil: 
one part of biochar) and control (only soil) recorded the least for Petomech and local varieties, 
respectively. This could be attributed to a decrease in alkalinity at T6 and the presence of major 
nutrients in shea nut cake in addition to that of the soil. This is in accordance with Grabber et al. 
(2010) who similarly reported an increase in plant height of tomato at lower biochar application.  
However, Howard (2011) also reported a decrease in plant height of maize and soybean as a result 
of higher biochar application rates. 

Number of leaves. Shea nut cake biochar amendment had a significant effect on the leaf number 
of tomato. At six weeks, T6 recorded the highest leaf number for both varieties while T4 recorded 
the least. It was observed that tomato plants with highest leaf number stemmed from the high 
soil ratio while those with least leaf number from low soil ratio. This agreed with the findings 
in a study conducted by Graber et al. (2010) which indicated significant greater numbers of leaf 
nodes on pepper plants in biochar treatments as compared to the control. Viger et al. (2015) 
similarly reported increased leaf number in lettuce and Arabidopsis thaliana. A study conducted 
by Noguera et al. (2012) in rice also revealed that the biochar treated soil also significantly 
increased the number of leaves as compared to earthworm treated soil.
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Table 3. Effect of shea nut cake biochar on tomato leaf number 
Mean number of leaves

    Local variety Petomech variety
Treatment 2 WATP  4 WATP  6 WATP  2 WATP  4 WATP  6 WATP
T4 (4S:1B) 4.40  7.80  11.20  3.40  6.80  11.56
T5 (5S:1B) 5.60  9.80  14.00  4.60  7.20  12.24
T6 (6S:1B) 6.40               10.20  15.40  5.20  8.40  15.98
Control  4.60  7.40  11.40  5.00  7.40  12.58
(only soil)
LSD (0.05) 1.18  1.90  1.36  1.01  1.21  2.06
F pr.  0.01  0.02  < .01  0.01  0.00  0.00

Table 2. Effect of shea nut cake biochar on tomato plant height 
     Mean plant height (cm)
   Local variety                      Petomech variety
Treatment 2 WATP  4 WATP  6 WATP  2 WATP  4 WATP  6 WATP
T4 (4S:1B) 10.10  20.00  36.78  11.77  27.00  54.00
T5 (5S:1B)   9.44  20.34  41.74  13.23  30.86  61.72
T6 (6S:1B) 12.04  25.22  50.64  16.25  34.30  68.60
Control    7.98  17.18  36.00  16.63  28.70  57.40
(only soil)
LSD (0.05)  3.41    4.92   5.00    2.78    1.73   3.46
F pr.   0.13    0.03  < .01    0.01  < .01  < .01

Stem girth. There was a significant effect of Shea nut cake biochar on stem girth of both tomato 
varieties. As soil ratio increased and biochar amount remained constant, the stem girth of both 
plant varieties increased. The T6 recorded the highest stem girth for both varieties while T4 and 
control recorded the least for both varieties, respectively. This agreed with the study conducted 
by Situmeang et al. (2015) who reported on dose bamboo biochar amended medium which had 
a significant effect on maize stem girth as compared to untreated fertilizer medium. Viger et al. 
(2015) also observed similar trends in Arabidopsis thaliana and lettuce.

Table 4. Effect of shea nut cake biochar on tomato stem girth
     Mean stem girth (cm)
    Local variety    Petomech variety
Treatment 2 WATP  4 WATP  6 WATP  2 WATP  4 WATP  6 WATP
T4 (4S:1B) 0.92  1.32  1.76  1.12  1.48  1.82
T5 (5S:1B) 1.12  1.50  2.60  1.30  1.68  2.04
T6 (6S:1B) 1.30  1.50  2.64  1.32  1.74  2.50
Control  1.20  1.50  1.88  1.14  1.52  1.82
(only soil) 
LSD (0.05) 0.22  0.26  0.27  0.14  0.14  0.22
F pr.  0.02 0.00 < .01 0.01 0.01 < .01

WATP= Weeks after transplanting

WATP= Weeks after transplanting

WATP= Weeks after transplanting
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Table 5. Effect of Shea nut cake biochar on tomato Leaf area index 

Mean leaf area index (cm2)s
   Local variety Petomech variety
Treatment 2 WATP  4 WATP  6 WATP  2 WATP  4 WATP  6 WATP

T4 (4S:1B) 8.33  23.33  102.10  11.51  50.70  105.70
T5 (5S:1B) 9.61  24.61  156.40  15.91  76.50  168.30
T6 (6S:1B) 10.28  25.28  171.90  17.89  83.90  182.70
Control  8.74  23.74  78.10  22.08  57.40  95.40
(only soil) 
LSD  1.38  1.38  12.10  4.40  9.55  19.23
F pr.  0.04  0.04  <  .01  0.02  < .01  < .01

Leaf area index. There was significant effect of Shea nut cake biochar on the leaf area index of 
varieties of the tomato plants under study. Leaf area index of both varieties increased as soil levels 
were increased while biochar was constant throughout the six weeks. The T6 recorded the highest 
leaf area index for both varieties while the control recorded the least. This may be as a result of 
decreased alkalinity at T6 and the presence of major nutrients in shea nut cake in addition to that 
of the soil. This is in accordance with a research carried out by Alburquerque et al. (2010) who 
reported a significant positive effect of biochar on leaf area, specific leaf area and leaf area ratio 
as compared to control. Graber et al. (2010) also reported similar findings on pepper and tomato 
plants as leaf area index showed significant responses to biochar treatments at all levels. Harel et 
al. (2012) also reported significant effect of biochar-sand treatment on leaf area index in pepper.

Soil-biochar ratio necessary for enhanced tomato growth. Results from the study revealed that 
plants may perform better with the ideal soil-biochar ratio. Plants from T1 to T3 died leaving 
those in T4 to T6. Data analyzed showed that plants under T6 performed better as compared to T5, 
T4 and control. As soil ratio increased tomato plants recorded enhanced growth indicating that the 
2:1 soil- biochar combination was not effective hence, could not support tomato plant growth. The 
2:1 soil-biochar combination may be dependent on the type of material used to prepare biochar. It 
was therefore projected that soil ratio when increased beyond T6 may produce significant positive 
effects in tomato growth, however, there may be possible thresholds as well.  This agreed with a 
study conducted by Chamkha et al. (2002) as plants in pot experiment showed decreased growth 
with increasing shea nut cake application rate and suggested decomposition may be due to the 
presence of tannins. Roger et al. (1999) also reported that the antimicrobial action of shea nut 
cake could have negative effect on organic matter breakdown and lethal substances to growth 
of plants is capable of being released at the early stages of the decomposition (Van Scholl  and 
Nieuwenhuis, 2007).

Response of local and petomech varieties to soil-SNC biochar treatments. Results from the study 
revealed that the petomech varieties performed better under all soil- biochar treatments as 
compared to the local varieties.  This was reflected in the significant effect of shea nut cake biochar 
on the Petomech varieties as observed in all the growth parameters analyzed throughout the six 
weeks. The Petomech varieties are known to possess good growth qualities such as higher purity 
and germination rate, enhanced vegetative and yield parameters which may account for better 
response to Shea nut cake biochar treatments as compared to the local varieties. Ahmad et al. 

WATP= Weeks after transplanting
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(2007) similarly reported on the comparative performance of 11 tomato cultivars in the Northern 
area of Pakistan and recommended Petomech as one of the commercial cultivars following its 
enhanced performance. 

Conclusion

Shea nut cake biochar had a significant effect on tomato growth as reflected by the significant 
increase in plant height, stem girth, number of leaves and leaf area index of tomato. The 2:1 standard 
soil-biochar combination may be dependent on the type of material used to prepare biochar as 
Shea nut cake biochar at that rate did not support tomato plant growth. Tomato Petomech variety 
performed better in shea nut cake biochar treatments than the local variety. It is recomended the 
the pH of soils should be controlled to provide  conducive environment for plants to thrive and 
future research should examine presence and effect of heavy metals present in shea nut cake.

References

Abdul-Mumeen, I., Zakpaa, H.D. and Mills-Robertson, F.C. 2013. Proximate and biophytochemical 
properties of shea nut cake. Journal of Chemical and Pharmaceutical Research 5: 961-970.

Ahmad, F., Khan, O., Sarwar, S., Hussain, A. and  Ahmad, S. 2007. Performance evaluation of 
tomato cultivars at high altitude. Sarhad Journal of Agriculture 23 (3): 581-585.

Akinci, I. E., Akinci, S. and Yilmaz, K. 2010. Response of tomato (Solanum lycopersicum L.) 
to lead toxicity: Growth, element uptake, chlorophyll and water content. African Journal of 
Agricultural Research 5 (6): 416-423.

Alburquerque, J. A., Calero, J. M., Barrón, V., Torrent, J., del Campillo, M. C., Gallardo, A. and  
Villar, R. 2014. Effects of biochars produced from different feedstocks on soil properties and 
sunflower growth. Journal of Plant Nutrition and Soil Science 177 (1):  16-25.

Awiti, S., Bermey, K., Chan, M.K., Cornell, O.N., Jackson, D., Kiff, E. and Nelson, D. 2002. 
Improve vegetables in the forest- savannah transitional zone of Ghana: With special reference 
to the management of soil fertility. University of Greenwich. 45-47pp.

Chamkha, M., Pastel, K.C.B., Traore, A., Garcia, J.L. and  Labat, M. 2002. Isolation from a 
shea cake digester of a tannin degrading Streptococcus gallolyticus strain that decarboxylates 
protocatechuic and hydroxycinnamic acids, and emendation of the species. Int. J. Syst. Evol. 
Micr. 52:939-944.

Chirenje, T. and Ma, L. Q. 2002. Impact of high-volume wood-fired boiler ash amendment on soil 
properties and nutrients. Communications in Soil Science and Plant Analysis 33 (1-2): 1-17.

Cui, H. J., Huang, H. Z., Yuan, B. and  Fu, M. L. 2015. Decolorization of RhB dye by manganese 
oxides: effect of crystal type and solution pH. Geochemical Transactions 16 (1): 1-8.

Eghball, B. 2001. Composting manure and other organic residue. Cooperative extension 
(Nebguide), Institute of Agriculture and Natural Resources, University of Nebraska, Lincoln, 
Nebraska, USA.

Graber, E. R., Harel, Y. M., Kolton, M., Cytryn, E., Silber, A., David, D. R. and  Elad, Y. 2010. 
Biochar impact on development and productivity of pepper and tomato grown in fertigated 
soilless media. Plant and Soil 337 (1-2): 481-496.

Harel, Y. M., Elad, Y., Rav-David, D., Borenstein, M., Shulchani, R., Lew, B. and Graber, E. R. 
2012. Biochar mediates systemic response of strawberry to foliar fungal pathogens. Plant and 
Soil 357 (1-2): 245-257.



 Agbattey & Quainoo104

Howard, T. 2011. The effect of biochar on the root development of corn and soybeans in Minnesota 
soil and sand. International Biochar Initiative 1-23pp.

International Biochar Initiative. 2012. International Biochar Initiative (IBI) Standardized product 
definition and testing guidelines for biochar that is used in soil. IBI (2012), 47.

Jansen, V.W.S., Venter, S.L., Netshiluvhi, T.R., Van Den heever, E. and De ronde, J.A. 2004. Role 
of indigenous leafy vegetables in combating hunger and malnutrition. South Africa Journal of 
Botany 70: 52-59.

Jeffery, S., Verheijen, F. G., van der Velde, M. and Bastos, A. C. 2011. A quantitative review of 
the effects of biochar application to soils on crop productivity using meta-analysis. Agriculture, 
Ecosystems and Environment 144 (1): 175-187.

Lehmann, J. and Joseph, S. 2009. Biochar for environmental management: science   and    
technology. Journal of Plant Pathology 97 (2): 223-234.

Lehmann, J., Rillig, M. C., Thies, J., Masiello, C. A., Hockaday, W. C. and  Crowley, D. 2011. 
Biochar effects on soil biota–a review. Soil Biology and Biochemistry 43 (9): 1812-1836.

Noguera, D., Barot, S., Laossi, K. R., Cardoso, J., Lavelle, P.  and  de Carvalho, M. C. 2012. 
Biochar but not earthworms enhance rice growth through increased protein turnover. Soil 
Biology and Biochemistry 52: 13-20.

Nyankpala Agricultural Experimental Station (NAES). Annual report 1984. Tamale, Ghana. 41pp.
Obroucheva, N. V., Bystrova, E. I., Ivanov, V. B., Antipova, O. V. and  Seregin, I. V. 1998. Root 

growth responses to lead in young maize seedlings. pp. 445-456. In:  Root demographics 
and their efficiencies in sustainable agriculture, grasslands and forest ecosystems. Springer, 
Dordrecht. 

Roger, P., Alazard, D., Gaime-Perraud, I., Garcia, J.  L., Labat, M. and Roussos, S. 1999. Les 
recherches à l’IRD sur la dépollution et la valorisation de déchets agricoles et agro-industriels, 
Conference, Salon International de l’Agriculture. 1-6 Mars.

Situmeang, Y. P., Adnyana, I. M., Subadiyasa, I. N. N. and  Merit, I. N. 2015. Effect of dose biochar, 
bamboo, compost, and Phonska on growth of maize (Zea mays L.) in dryland. International 
Journal on Advanced Science, Engineering and Information Technology 5 (6): 433-439.

Van Scholl, L. and Nieuwenhuis, R. 2007. Soil fertility management. Agromisa Foundation, 
Wageningen, the Netherlands. 84 pp.

Viger, M., Hancock, R. D., Miglietta, F. and Taylor, G. 2015. More plant growth but less plant 
defence? First global gene expression data for plants grown in soil amended with biochar. Gcb 
Bioenergy 7 (4): 658-672.


