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Abstract: Callosobruchus chinensis (L.) (Coleoptera: Bruchidae) is one of the most destructive pests 

of leguminous seeds. This pest damages chickpeas and cowpeas both in the field and in stocks and 

causes decreases in the yield and in the nutritional quality. In this study, we evaluated the fumigant 

activity of essential oils (EOs) extracted from three aromatic and medicinal plants, myrtle (Myrtus 

communis L.) (Myrtaceae), laurel (Laurus nobilis L.) and cinnamon (Cinnamomum verum J. Presl.) 

(Lauraceae) against the 0-48-h-old eggs of C. chinensis under controlled conditions. Four 

concentrations (10, 20, 40 and 80 ÕL/L air) of each EO and three exposure periods (24, 48 and 96 h) 

were used in the bioassays. The results from the study showed that all the EOs had ovicidal activity in 

varying degrees, and mortality was concentration- and exposure period-dependent. Based on the 

highest concentration and the longest exposure period, cinnamon oil caused the highest ovicidal 

activity with a mortality of 81.8% and followed by laurel oil (78.1%). Myrtle oil showed the least 

ovicidal activity causing 66.7% mortality of eggs of C. chinensis. These findings suggest that the 

tested plant EOs can be used as bio-fumigants for the control of C. chinensis in stored pulses. 

 

Keywords: Bio-fumigant, Bruchidae, plant extract, ovicide, stored products pest 

 

Introduction  

 

The pulse beetle, Callosobruchus 

chinensis (L.) (Coleoptera: Bruchidae) is a 

common species of bruchids and is known to 

be a pest to many stored pulses. This serious 

pest damages chickpeas and cowpeas both in 

the field and in stocks and causes decreases 

in the yield and in the nutritional quality 

(Demianyk et al., 2007; Sharma et al., 

2007). 

The larvae of this species feed and 

develop exclusively in the seeds of host 

pulses, while the adults do not require food 

or water and spend their limited lifespan (1-

2 weeks) in mating and laying eggs on 

seeds. Adult females lay their eggs 

individually attaching to the testa of seeds. 

After an incubation period of 5-8 days, the 

larvae hatch and chew through the seed coat 

beneath the eggs into the seeds. The first 

instar larvae burrow and feed on the 

endosperm and embryo, undergo a series of 

molts and burrow to a position just 

underneath the seed coat prior to pupation. 

Although the seed coat is still intact, a round 

1-2 mm hole is apparent at the location 

where the beetle is pupating. Adult eclosion 

occurs within the seed usually at 

temperature of about 28ÁC, and beetles 

emerge approximately 30 days after 

oviposition. They mate within a short time, 

and in the presence of suitable host seeds, 

females begin laying eggs and adults die 

about 10-12 days after emergence. The seeds 

in case of severe infestation become 

completely hollow and are unmarketable 

(Varma and Anadi, 2010; Neog, 2012).
 

Unfortunately, the use of contact or 

fumigant insecticides had always been the 

first solution in controlling this pest. But use 

of them has had bad consequences, such as 

increased resistance, an imbalance of the 

ecosystem, and disturbances of the 

environment as there is a risk of toxicity due 

to the problems of residues. In this study, we 

evaluated the ovicidal activity of EOs from 

three aromatic and medicinal plants against 

the pest as the alternative solution to 

currently recommended conventional 

insecticides/fumigants for its control. 

 

Mater ials and Methods 

 

Dried foliage of myrtle (Myrtus 

communis L.) (Myrtaceae) and laurel 
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(Laurus nobilis L.) and dried barks of 

cinnamon (Cinnamomum verum J. Presl.) 

(Lauraceae) were used for the extraction of 

EOs used in the present study. The EOs 

were extracted by hydro-distillation using a 

Clevenger-type apparatus (Erler et al., 2009; 

Basbagci and Erler, 2013). Foliage of myrtle 

and laurel were collected by the authors 

from the natural habitats in Antalya. Dried 

barks of cinnamon were purchased from a 

local market. Taxonomic identification was 

performed by botanists from the Biology 

Department, Faculty of Science, Akdeniz 

University in Antalya, where voucher 

specimens of collected species have been 

deposited. To extract EO by distillation, 100 

g of air-dried plant material was put into 

water (1:12 w/v) for 4 h. Extracted EOs 

were stored in a refrigerator at 4ÜC in glass 

vials until used for biological tests. The vials 

were covered with aluminum foil to avoid 

exposure to light. Pure EOs were employed 

in all the tests. 

The insect material used in the study was 

obtained from a laboratory culture of C. 

chinensis maintained in the Plant Protection 

Department of Akdeniz University for 2 

years. In all the tests, 0-48-hour-old eggs of 

C. chinensis were used. 

For the fumigation tests, about 100 adults 

of the pest were first collected by mouth 

aspirators from the culture, and then 

transferred into a plastic jar (5 L) including 

sterile chickpea (Cicer arietinum L.) seeds 

for oviposition. The jar was covered with a 

muslin cloth, tied with rubber bands to 

prevent the entry and escaping of insects and 

also to allow proper air circulation. The 

insects were allowed to remain there for the 

purpose of oviposition for 48 hours, and 

were then removed. Glass jars with 1 L 

capacity were used as test chamber. Fifteen 

chickpea seeds with eggs were placed in 

each glass jar, which was counted as one 

replicate. For each concentration X exposure 

period combination, 3 replicates were used, 

and experiments were repeated twice, thus 

the total number of replicates for each 

concentration X exposure period 

combination was 6. Each replicate set 

contained one control jar containing 

untreated eggs. Each concentration of each 

EO was applied with an automatic pipette on 

a blotting paper strip (3Ĭ8 cm) attached to 

the lower side of the jar's lid, and then the 

lid was tightly fitted. Initial tests were 

performed to establish appropriate 

concentration and exposure period ranges. 

The concentrations used for each EO were 

10, 20, 40 and 80 ɛL/L air. Taking into 

consideration insecticidal activity of various 

organic solvents which are generally used in 

screening plant products for insecticidal 

activity (Singh and Jain, 1987; Tun et al., 

1997), no organic solvent was used in the 

preparation of treatment concentrations of 

the EOs. Thus, no material was applied to 

the control jars. Three different exposure 

periods (24, 48 and 96 h) were used for each 

concentration of each treatment. All 

bioassays were conducted at 22Ñ1ÜC and a 

relative humidity of 65°5% in darkness. 

After the various exposures, mortality 

counts were made for each concentration X 

exposure period combination, and then the 

eggs on chickpea seeds (dead and living) 

were transferred to clean jars and incubated 

for 48 h at the same conditions. Mortality for 

each concentration X exposure period 

combination was then reassessed under a 

stereo-microscope (25Ĭ). Unhatched eggs, 

which had a shriveled and blackened 

appearance, were counted as dead. Mortality 

was expressed as a percentage of the initial 

number of healthy eggs in each jar. 
All mortality data were corrected using 

Abbott's formula (Abbott, 1925). The data 

were also transformed to arcsine square-root 

values for analysis of variance (ANOVA). 

Untransformed means are presented here. 

Fisherôs Least Significant Difference (LSD) 

test (LSD; P Ò 0.05) was used to test for 

differences among the treatment means. 

 

Results and Discussion 

 

The results of the fumigation assays are 

presented in Table 1. All the EOs tested 

showed ovicidal activity against the 0-48-h-

old eggs of C. chinensis under controlled 

conditions.
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Table 1. Fumigant toxicity of 3 plant essential oils against the eggs of Callosobruchus 

chinensis 

Exposure period (h) Mean mortality% Ñ S.E.   

Concentration (ÕL/L air) 

              10                                   20                                 40                                    80 

 Myrtus communis 

24 18.2Ñ3.8 c*C**  24.8Ñ4.8 bC 40.8Ñ4.0 aB 44.4Ñ2.6 aC 

48 22.6Ñ4.6 dB 32.4Ñ3.2 cB 42.8Ñ3.2 bB 62.4Ñ4.2 aB 

96 28.6Ñ4.2 dA 36.4Ñ4.0 cA 52.4Ñ4.0 bA 66.7Ñ4.2 aA 

 Laurus nobilis 

24 26.8Ñ3.2 dC 48.2Ñ2.6 cC 56.2Ñ2.8 bC 62.8Ñ4.8 aB 

48 38.8Ñ2.6 dB 54.6Ñ2.8 cB 68.0Ñ4.0 aB 61.8Ñ4.4 bB 

96 44.6Ñ4.2 dA 66.4Ñ3.6 cA 74.6Ñ2.6 bA 78.1Ñ3.4 aA 

 Cinnamomum verum 

24 32.4Ñ4.8 dC 38.4Ñ4.4 cC 48.2Ñ4.2 bC 61.2Ñ4.2 aC 

48 38.8Ñ4.2 dB 47.6Ñ3.4 cB 56.8Ñ3.6 bB 78.8Ñ3.2 aB 

96 46.3Ñ4.6 dA 52.8Ñ3.2 cA 66.8Ñ2.8 bA 81.8Ñ2.8 aA 

 Control 

24 0.0Ñ0.0 bC 2.8Ñ0.2 aC 0.0Ñ0.0 bB 0.0Ñ0.0 bB 

48 5.4Ñ1.8 aB 5.4Ñ2.2 aB 0.0Ñ0.0 bB 0.0Ñ0.0 bB 

96 6.6Ñ2.2 aA 6.2Ñ2.8 aA 5.4Ñ1.2 bA 6.4Ñ2.4 aA 

*: For each treatment, means within a line followed by the same lower-case letter are not significantly different (LSD; P Ò 

0.05). 

**: For each treatment, means within a column followed by the same capital letter are not significantly different (LSD; P Ò 
0.05). 

 

Ovicidal activity was generally 

concentration- and exposure period-

dependent. Based on the highest 

concentration (80 Õl/ l air) and the longest 

exposure period (96 h), cinnamon oil caused 

the highest ovicidal activity with a mortality 

of 81.8% and followed by laurel oil (78.1%). 

Myrtle oil showed the least ovicidal activity 

causing 66.7% mortality of eggs of C. 

chinensis. 

The test on the seed germination using 

the highest concentration of the EOs and the 

longest exposure period, showed no damage 

to the germinating seeds. The germination 

rate was about 99%. 

The results from the study showed that 

from the EOs tested, cinnamon and laurel 

oils had comparatively higher vapor effect 

against the eggs of a C. chinensis on 

chickpea seeds than myrtle EO. This study 

provides promising results for controlling 

the pest on stored pulses. 

To date, fumigant toxicity of a large 

number of plant EOs has been evaluated 

against a number of stored-product insects. 

However, no available reports concerning 

the ovicidal activity of the EOs tested in the 

present study against C. chinensis eggs on 

chickpea seeds as fumigants. So, it is not 

possible to compare our results with others.  

Comparison of the results presented here 

with some previous investigations 

demonstrates that concentration and 

exposure period are factors affecting the 

efficiency of EOs. A similar result was 

reported by Sara and Tun (1995) and Tun 

et al. (2000). Additionally, Rice and Coats 

(1994) reported that the most important 
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factor affecting the toxic effects of vapors of 

plant EOs are mainly monoterpenoid 

components in their composition, and there 

was a distinct correlation between the 

fumigant toxicity and volatility. The more 

volatile components were the more effective 

fumigants. They also indicated that there 

was a relationship between fumigant toxicity 

and structure of monoterpenes. In general, 

ketones were more effective than alcohols 

and less toxic than aldehydes in the fumigant 

assays. These findings in activity of EOs can 

be used in the search for more potent EOs 

for control of various insect species in stored 

products. 

In regard to the chemical composition of 

the EOs tested in the present investigation, 

previous studies revealed that the major 

component of myrtle, laurel and cinnamon 

EOs were alpha-pinene (51%) (Grup: 

hydrocarbons), 1.8-cineole (50%) (Grup: 

Ethers) and cinnamaldehyde (79%) (Grup: 

Phenylpropanoids), respectively (Sangun et 

al., 2007; Wissem et al., 2007; Vazirian et 

al., 2015). 

Unlike conventional fumigants, plant 

EOs have certain advantages since they have 

been used in traditional medicine, 

pharmaceutical preparations, herbal 

beverages and natural flavorings. The EOs 

investigated in this study are also used as 

pharmaceuticals and in flavoring and are 

therefore considered less harmful to humans 

than conventional fumigants/insecticides. 

Furthermore, studies have shown that they 

are readily biodegradable and less 

detrimental to non-target organisms than 

many pesticides (Baysal, 1997). Despite 

these advantages, the potential for pest 

control or crop protection with these EOs 

has not been well investigated until recently. 

According to the results of the present 

study, cinnamon and laurel EOs could be a 

potential natural alternative candidate for 

control of C. chinensis on stored pulse seeds 

as fumigants. 

 

Conclusion 

 

These findings suggest that the tested 

plant EOs, especially cinnamon and laurel 

oils, can be used as bio-fumigants for the 

control of C. chinensis in stored pulses and 

indicate that they deserve future studies. The 

use of EOs in stored products instead of 

synthetic fumigants/insecticides can reduce 

unacceptable residues on foods and preserve 

both human health and environmental 

quality. 

 

Acknowledgment 

 

The authors wish to thank Barēĸ Ķmrek, 

Tuba Eker and Athanase Hategekimana 

(master and Ph.H. students at the 

Department of Plant Protection, Akdeniz 

University, Antalya, Turkey) for helping in 

insect maintenance. They are also grateful to 

the Scientific Projects Coordination Unit of 

Akdeniz University for financial support. 

 

References 

 

Abbott, W.S., 1925. A method for 

computing the effectiveness of an 

insecticide, Journal of Economic 

Entomology, 18(2):265ï267. 

Basbagci, G. and Erler, F., 2013. Evaluation 

of some essential oils and their major 

components against mushroom 

scatopsid flies as fumigants, Fresenius 

Environmental Bulletin, 22(11):3170-

3178. 

Baysal, O., 1997. Determination of micro-

organisms decomposing essential oils 

and effect of these micro-organisms 

on some soil-borne pathogens. M.S. 

Thesis, Akdeniz University, Antalya 

(in Turkish). 

Demianyk, C.J., White, N.D.G. and Jayas, 

D.S., 2007. Storage of Chickpea. In: 

Yadav, S.S., Redden, R., Chen, W. 

and Sharma, B. (Eds.), Chickpea 

Breeding and Management, CAB 

International, Wallingford, England, 

pp. 538-554. 

Erler, F., Erdemir, T., Ceylan, F.O. and 

Toker, C., 2009. Fumigant toxicity of 

three essential oils and their binary 

and tertiary mixtures against the pulse 

beetle, Callosobruchus maculatus F. 

(Coleoptera: Bruchidae), Fresenius 

Environmental Bulletin, 18(6):975ï

981. 

Neog, P., 2012. Studies on adult longevity of 

Callosobruchus chinensis (L.) 



мпΦ ¦ƭǳǎŀƭ мΦ ¦ƭǳǎƭŀǊŀǊŀǎƤ ¢ŀǊƤƳǎŀƭ ¸ŀǇƤƭŀǊ ǾŜ {ǳƭŀƳŀ YƻƴƎǊŜǎƛ нс-ну 9ȅƭǸƭ нлму !ƴǘŀƭȅŀ 

5 

developing in different pulses, 

International Journal of Bio-resource 

and Stress Management, 3(3):383ï

386. 

Rice, P.J. and Coats, J.R., 1994. Insecticidal 

properties of several monoterpenoids 

to the house fly (Diptera: Muscidae), 

red flour beetle (Coleoptera: 

Tenebrionidae), and southern maize 

rootworm (Coleoptera: 

Chrysomelidae), Journal of Economic 

Entomology, 87(5):1172-1179. 

Sangun, M.K., Aydin, E., Timur, M., 

Karadeniz, H., Caliskan, M. and 

Ozkan, A., 2007. Comparison of 

chemical composition of the essential 

oil of Laurus nobilis L. leaves and 

fruits from different regions of Hatay, 

Turkey, Journal of Environmental 

Biology, 28(4):731-733. 

Sara, A. and Tun, I., 1995. Toxicity of 

essential oil vapours to stored-product 

insects, Zeitschrift fur 

Pflanzenkrankheiten und 

Pflanzenschutz, 102(1):69-74. 

Sharma, H.C., Gowda, C.L., Stevenson, 

P.C., Ridsdill-Smith, T.J., Clement, 

S.L., Ranga-Rao G.V., Romies, J., 

Miles, M. and Bouhssini, M., 2007. 

Host plant resistance and insect pest 

management in chickpea. In: Yadav, 

S.S., Redden, R., Chen, W. and 

Sharma, B. (Eds.), Chickpea Breeding 

and Management. CAB International, 

Wallingford, England, pp 520ï537. 

Singh, D. and Jain, D.C., 1987. Relative 

toxicity of various organic solvents 

generally used in screening plant 

products for insecticidal activity 

against house fly Musca domestica L. 

Indian Journal of Experimental 

Biology, 25: 569ï570. 

Tun, Ķ., Berger, B.M., Erler, F. and Daĵlē, 

F., 2000. Ovicidal activity of essential 

oils from five plants against two 

stored-product insects, Journal of 

Stored Products Research, 36(2): 161-

168. 

Tun, Ķ., Erler, F., Daĵlē, F. and ¢alēĸ, ¥., 

1997. Insecticidal activity of acetone 

vapours, Journal of Stored Products 

Research, 33(2):181ï185. 

Varma, S. and Anadi, P., 2010. Biology of 

pulse beetle (Callosobruchus 

chinensis Linn., Coleoptera: 

Bruchidae) and their management 

through botanicals on stored mung 

grains in Allahabad Region, Legume 

Research, 33(1):38ï41. 

Vazirian, M., Alehabib, S., Jamalifar, H., 

Fazeli, R., Toosi, A.N. and Khanavi, 

M., 2015. Antimicrobial effect of 

cinnamon (Cinnamomum verum J. 

Presl) bark essential oil in cream-

filled cakes and pastries, Research 

Journal of Pharmacognosy, 2(4):11-

16. 

Wissem, W.A., Mhamdi, B. and Marzouk, 

B., 2007.  Essential oil composition of 

two Myrtus communis L. varieties 

grown in North Tunisia, The Italian 

Journal of Biochemistry, 56(2):180-

186. 

 

  



мпΦ ¦ƭǳǎŀƭ мΦ ¦ƭǳǎƭŀǊŀǊŀǎƤ ¢ŀǊƤƳǎŀƭ ¸ŀǇƤƭŀǊ ǾŜ {ǳƭŀƳŀ YƻƴƎǊŜǎƛ нс-ну 9ȅƭǸƭ нлму !ƴǘŀƭȅŀ 

6 

Potential of Selected Soil Amendments to Increase The Yield of 

Spring Barley in The Central Europe 

Elena Kondrlova Jan Horak, Dusan Igaz 

Slovak University of Agriculture, Faculty of Horticulture and Landscape Engineering, Department of 

Biometeorology and Hydrology, Nitra, SLOVAKIA 

 

Corresponding author email: elena.kondrlova@uniag.sk; elena.kondrlova@gmail.com 

 

Abstract: The study presents the result of field experiment established on loamy soil in 2014 in 

western Slovakia on 27 plots sown by spring barley. We studied the effect of biochar application (0, 

10, 20 t/ha) in combination with ammonium nitrate fertilizer (0, 40, 80 kg N/ha) on selected crop yield 

parameters. Total above-ground biomass, total number of plants, ears per plant and final grain yield 

were examined. When 40 kg/ha of fertilizer was applied, both doses of biochar significantly increased 

the number of plants per m
2
, while significant decrease of number of ears per plant was observed. On 

the other hand application of biochar at dose 10 t/ha without fertilizer or in combination with 80 kg 

N/ha resulted in nonsignificant increase of number of ears per plant. Regarding final grain yield, 

application of 10 t/ha of biochar showed best results; the difference rose in the order 40 kg N/ha < 0 

kg N/ha < 80 kg N/ha. We conclude that a single biochar application of 10 t/ha can increase the yield 

of spring barley at least in the first cropping season. 

 

Keywords: agriculture, spring barley, biochar, crop yield, fertilizer 
 

 

Introduction  

 

A number of studies have shown that 

biochar from biomass waste pyrolysis is a 

promising soil amendment material which 

has the potential to mitigate climate 

change through increasing soil organic 

carbon content and by improving soil 

quality and thus increase carbon 

sequestration and also reduce greenhouse 

gas emissions, and enhance soil quality 

(Subedi et al., 2017) and crop growth 

(Subedi et al., 2017; Jeffery et al., 2011). 

Considering the climate change and food 

demand by population growth, there is an 

assumption that this kind of research will 

be still in the centre of attention of 

international scientists, public institutions 

and food producers. According to Subedi 

et al. (2017) biochar-amended soils 

enhance crop growth and yield via several 

mechanisms: expanded plant nutrient and 

water availability through increased use 

efficiencies, improved soil quality, and 

suppression of soil and plant diseases. 

Yield response to biochar has been shown 

to be more evident in acidic and sandy 

soils than in alkaline and fine-textured 

soils. 

The final form of biochar and its 

properties depends on its feedstock origin 

(subject to availability in a specific 

region) and processing conditions. Some 

feedstocks already used include wheat 

straw (Bruun et al., 2014) or soft- or 

hardwood from various tree species 

(Schulz et al., 2013; Bruun et al., 2014; 

Baronti et al., 2010; Nelissen et al., 2015), 

cow manure (Uzoma et al., 2011) and rice 

straw, bamboo and wood chips (Liopa-

Tsakalidy and Barouchas, 2017). Subedi 

et al. (2017) presents review of papers 

describing the changes in biochar 

properties according to the conditions of 

pyrolysis. With increasing pyrolysis 

temperature the yield of biochar decreases 

as well as its surface acidity. On the other 

hand with rising temperature pH increases 

as well as increases cation exchange 

capacity (up to 500ÁC), porosity (up to 

600ÁC) and surface area (up to 600ÁC). 

Under these contexts, we hypothesised 

that the application of biochar with long 

residence time to the soil can improve the 

crop yield especially if combined with 

nitrogen fertilizers and that this effect will 
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be specific for biochar type used in the 

study as well as initial soil properties at 

the study site. The objective of this study, 

therefore, was to determine whether the 

addition of biochar and biochar with N 

fertilizer a ects the crop yield parameters 

of selected agricultural crop in the mild 

climate region of Slovakia. 

 

Materials and Methods 

 

Design of the field experiment 

Field experiment of the Department of 

Biometeorology and Hydrology of the 

Slovak University of Agriculture in Nitra, 

Slovakia was established  at the university 

experimental site in Doln§ Malanta (lat. 

48Á19ô00ôô; lon. 18Á09ô00ôô) in 2014. The 

mean annual air temperature and annual 

precipitation was 10.3 ÁC  and 640 mm, 

respectively. The soil type is classified as 

loamy Typic Hapludalfs (USDA, 1999), 

resp. Haplic Luvisol according to WRB 

(2006) classification. The initial soil 

carbon content was 9.13 g/kg, the average 

soil pH (KCl) was 5.71 (ĠimanskĨ, 2016).  

Plots of agricultural land (4 m x 6 m) 

were organized into a randomized block 

design representing replication of one of 

nine different treatments: 

 

1. B0N0 ï no biochar and N fertilizer; 

2. B10N0 ï biochar at 10 t/ha without N 

fertilizer; 

3. B20N0 ï biochar at 20 t/ha without N 

fertilizer; 

4. B0N40 ï no biochar with N fertilizer at 

40 kg/ha; 

5. B10N40 ï biochar at 10 t/ha with N 

fertilizer at 40 kg/ha; 

6. B20N40 ï biochar at 20 t/ha with N 

fertilizer at 40 kg/ha ; 

7. B0N80 ï no biochar with N fertilizer at 

80 kg/ha; 

8. B10N80 ï biochar at 10 t/ha with N 

fertilizer at 80 kg/ha; 

9. B20N80 ï biochar at 20 t/ha with N 

fertilizer at 80 kg/ha. 

 

Biochar commercially produced by 

Austrian company Sonnenerde from paper 

fiber sludge and grain husks (1:1) by 

pyrolysis at 550ÁC for 30 minutes in a 

Pyreg reactor (Pyreg GmbH, Dºrth, 

Germany) was manually applied into the 

top of the soil (0-10 cm) on March 10, 

2014. Ammonium nitrate was manually 

applied to fertilized plots in dosages 

according to experimental plan. Both 

substances were then incorporated into the 

soil by disking. Spring barley (Hordeum 

vulgare L. var. Malz) was sown in rows 

12.5 mm apart at a sowing rate of 190 

kg/ha in March 11, 2014. Plant material 

from randomly selected 0.5 m x 0.5 m 

square was sampled at the harverst time 

on July 14, 2014 and transported to the 

lab, where the plants were counted and 

roots separated from above-ground 

biomass. Ears were separated from stems 

and counted. Grain was threshed in a 

mechanical thresher and counted by a 

digital seed counter. Grains and the rest of 

above ground biomass was dried 

separately in the oven at 60ÁC at least for 

5 days until constant dry weight and then 

weighted. Final grain yield was calculated 

as a multiplication of total number of ears 

per m
2
, number of grains per ear and 

average grain weight at 85 % of dry 

biomass (HGCA, 2005). 

 

Statistical analyses 

Reported results are the means Ñ the 

standard error of the mean. One-way 

ANOVA (analysis of variance) at P Ò0.05 

was carried out, statistically sgnificant 

differences between control and 

treatments were identified using the 

Fisher's least significant difference test (at 

P Ò 0.05) in Statgraphics Centurion XV v. 

15.1.2 software (Statpoint Technologies, 

Inc., USA). 

 

Results and Discussion 

 

Following selected crop yield 

parameters were evaluated: total above-

ground biomass (Figure 1), total number 

of plants (Figure 2), number of ears per 

m
2 

(Figure 3), number of grains per m
2 

(Figure 4), number of ears per plant 

(Figure 5), grains per ear (Figure 6) and 

final grain yield (Figure 7).  

Application of biochar in combination 

with fertilizer at 40 kg/ha did not have any 
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effect on the amount of above ground 

biomass (Figure 1). Interestingly, the same 

value of 10.83 t/ha was obtained for 

treatments B10N0 and B0N80, thus we can 

assume that the effect of biochar 

application at 10 t/ha without fertilization 

would have the same effect like the 

conventional fertilizing with N at 80 kg/ha 

(without biochar amendment). The highest 

above-ground biomass was observed at the 

B10N80 treatment that is combination of 

both soil amendments.  

Application of fertilizer or biochar itself 

did not increase the number of plants per 

m
2
 (Figure 2). But when 40 kg/ha of 

fertilizer was applied, both doses of 

biochar (B10N40 and B20N40) 

significantly increased the number of 

plants per m
2
 by 31 %. Regarding the 

number of ears per m
2 

(Figure 3), similar 

trend like at the aboveground biomass was 

observed. Application of fertilizer 

gradually increased the number of ears 

from 440 (control B0N0) to 477 ears at 40 

kg/ha and 589 ears at 80 kg/ha (increase by 

34 %). Biochar application at 10 t/ha 

without fertilizer intervention (B10N0) 

increased the amount of ears per m
2
 by 23 

%. In contrary biochar at 20 t/ha caused 

decrease at all fertilization levels. The 

same trend like for aboveground biomass 

and number of ears per m
2
 was observed 

also for number of grains per m
2 
(Figure 4), 

however the observed differences were 

higher. Biochar application at 10 t/ha 

(B10N0) increased the number of grains 

per m
2
 by 43 % while N fertilizer at 80 

kg/ha without biochar (B0N80) by 37 %.  

Significant decrease after biochar 

application was observed at N fertilizer 

application at 40 kg/ha for the number of 

ears per plant (Figure 5). While application 

of biochar at 20 t/ha had neutral (at 0 and 

80 kg/ha fertilizer application) or negative 

effect, biochar applied at 10 t/ha had 

positive (at 0 and 80 kg/ha fertilizer 

application) and negative effect (at 

mentioned 40 kg/ha fertilizer), but these 

differences were not significant. On the 

other hand the effect of biochar and 

fertilizer application was more neutral 

regarding the number of grains per ear 

(Figure 6), with less positive impact of 

fertilization. Surprisingly, application of 

biochar at 10 t/ha  without fertilizer 

increased the number of grains in ear by 21 

%. 

While application of 20 t/ha showed 

neutral up to slightly negative effect on 

final grain yield (Figure 7), application of 

10 t/ha of biochar showed better results. 

The difference in final grain yield rose in 

the order 40 kg N/ha < 0 kg N/ha < 80 kg 

N/ha. Interestingly, single application of 

biochar at 10 t/ha (B10N0) had similar 

effect like N fertilizer application at 80 

kg/ha (B0N80 treatment).  

 

 
Figure 1. Effect of biochar and fertilizer on above ground biomass (means below the bars Ñ 

standard error; n = 3). Different letters indicate significant difference at P < 0.05 according to 

LSD multiple-range test. 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































