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Abstract

Benkova, M., Nenova, L., Simeonova, Ts. & Atanassova, I. (2020). The effect of Fluvisol applied biochar on wheat 
yield and nutrient uptake. Bulg. J. of Agric. Sci., 26 (1), 84–90

In recent years, the effect of biochar for improving soil fertility, reducing the use of mineral fertilizers, increasing crop 
yields and the quality of the production has been reported. The aim of the present study is to make an agronomic assessment 
of the impact of biochar on wheat yield, nutrient uptake and some soil properties. A field experiment with wheat was carried 
out on a Fluvisol in the experimental field of the Institute of soil science agrotechnologies and plant protection (ISSAPP) at 
Tsalapitsa village (Plovdiv). The impact of biochar on the wheat yield and some soil properties was studied. The applied bio-
char has a significant effect on wheat yield in variant BC4 but doesn’t influence the content of the main nutrients. There is no 
statistically significant effect of biochar application on the content of major macroelements in the different parts of wheat by 
variants. Only insignificant decrease in the content of nitrogen was found in all the organs compared to the control. The highest 
elements uptake is observed in the variant BC2 (4 t.ha-1), where the highest rate of biochar was applied which has the greatest 
impact on soil characteristics and mineral nutrition and elements uptake. 

Keywords: biochar; wheat; yield; chemical content; nutrient uptake

Introduction

In recent years, the effect of biochar to improve soil fer-
tility, reduce the use of mineral fertilizers, increase the yields 
and the crop quality, and to protect the ground water and 
atmosphere of pollution has been reported. This product 
obtained by pyrolysis of plant residues shows contradictory 
properties but some trends for the influence of biochar on 
the yield of agricultural crop and soil properties are clearly 
outlined. 

Worldwide, various data have been reported for the past 
15 years (Major et al., 2010, Park et al., 2011; Vaccari et al., 
2011; Schulz & Glaser, 2012; Zhao & Joseph, 2015). The 
research on the effect of biochar on wheat yield shows that 
different combinations of biochar and mineral fertilizers in-
crease the yield by 18% compared to the control and by 48% 
at a dose of 1.5 t / ha of biochar and mineral fertilizers (So-
laiman et al., 2010). According to Blackwell et al. (2010), 

applying biochar is the most effective in terms of increasing 
grain yield of wheat compared to control when it is applied 
at rate of 1 t/ha along with 50 kg/ha of phosphorous fertilizer. 
Very few studies have been carried out in Bulgaria to study 
biochar obtained by treatment of various plant residues and 
its effect on soil properties and on the quantity and quality 
of crop yields (Molla et al., 2013; Stoimenov et al., 2015; 
Kercheva et al., 2018). In our previous studies (Petkova et 
al., 2018) it was found that biochar applied at the same rates 
used in this study had a stimulating effect on the soil micro-
flora and the CO2-production and the bacterial amounts werе 
positively affected to the greatest extent. Recently innovative 
research carried out by Atanassova et al. 2020 revealed that 
the surface horizons of the biochar amended Fluvisol (3t/ha) 
contained alkanes < C24 with even over odd predominance 
(EOP) and carbon preference index (CPI) of 10.6, which in-
dicates anthropogenic sources and/or predominant microbial 
contribution to soil organic matter. 
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The aim of the present study is to make agronomic as-
sessment of the impact of biochar on the wheat yield, nutri-
ents uptake and some soil properties of a long-time fertilizer 
treated Fluvisol.

Materials and Methods

A field experiment with wheat was carried out on a 
Fluvisol at the experimental field of Tsalapitsa village 
(Plovdiv). The soil is characterized by slightly acidic re-
action (рНН2О- 5.4-5.8), cation exchange capacity (CEC) = 
16.5 cmol kg-1; low humus content (0.78%), mineral nitro-
gen – 16.1 mg.kg-1, available K and P (28.2 mg K2O.100g-1 

and 10.6 mg P2O5.100g-1).
In the experiment with wheat, the following variants 

are studied: BC0 – control without biochar; BC3 – variant 
with biochar applyed in 2016, produced by pyrolysis of 
rice straw (2 t.ha-1); BC4 – variant with biochar applyed in 
2017, obtained by pyrolysis of oak bark at 500°C (3 t.ha-1). 
In order to determine the effect of biochar on soil proper-
ties, soil samples are taken from previous years: BC1 – vari-
ant with biochar applied in 2013, produced by pyrolysis of 
maize plant residues at 500°C (1.8 t.ha-1) and BC2 – variant 
with biochar applied in 2014, obtained by pyrolysis of plant 
maize residues at 500°C (4 t.ha-1). Background fertilization 
was applied: 10 kg N.da-1 (carbamide), 12 kg P da-1 (triple 
superphosphate) and 10 kg K.da-1 (potassium sulfate). The 
agrotechnical activities were carried out in accordance to the 
requirements for cultivation of the tested crop.

After harvesting of wheat, plant samples were taken 
(grain, chaff and straw). The following biometric data were 
determined for the characterization of plant growth and de-
velopment: number of classes, weight of classes, straw and 
bunch (g) and grain yield (kg.da-1). Absolute dry weight (kg.
da-1) and content of nutrients N, P, K, Na, Ca and Mg (%) 
were determined in all the plant samples. The total nitro-
gen content in plant samples was determined by Ginzburg‘s 
wet digestion method and phosphorus, potassium, sodium, 
calcium and magnesium  by ash analysis. Nitrogen distilla-
tion was accomplished by the Keldahl method. Phosphorus 
was determined colorimetrically by molybdenum blue, and 
potassium and sodium by  flame photometer, calcium and 
magnesium by Perkin Elmer atomic absorption spectropho-
tometer. The main agrochemical parameters of the soil were 
analyzed by the following methods: nitrogen (N) – by the 
method of Bremner, (1965),  available phosphorus and po-
tassium (P and K) – by the oxalate-lactate method of Ivanov, 
(1984). Soil organic matter was measure following Tjurin’s 
method (acid-dichromate digestion, 120°C, 45 min in a ther-
mostat, catalyst Ag2SO4) and Kononova- Belchicova’s meth-

od (Kononova, 1966). Statistical data were analyzed by mak-
ing use of STATGRAPHICS Centurion XV, one-way Anova 
methods, one-factor variance analysis.

Results and Discussion

For obtaining optimal yields of wheat the main climatic 
factors are precipitation, temperature and soil moisture (Fig-
ure 1).

Air temperatures during the winter period were higher 
than the climatic norm and rainfall was relatively sufficient. 
The higher air temperatures than the climatic norm during 
the winter period and relatively sufficient rainfall provide 
suitable conditions for the sowing of crop.  Very good are the 
climatic conditions in the critical period of humidity during 
the vigorous growth, spindle and formation of the class – the 
amount of precipitation is ~ 83 mm. The most important is 
precipitation during the period April – June, when the gen-
erative organs are formed and the grain is poured. For this 
period the rainfall is ~120 mm.

In Table 1 it is shown that the values of all biometric 
parameters are highest in the variant with biochar applied in 
2017 year (BC4). Differences are significant at a confidence 
level of 95% between the number of classes of BC4 and the 
control variant without biochar (BC0), the variant with bio-
char added to the soil in 2013 (BC1) and the variant with 
biochar applied in 2016 (BC3). The straw weight showed 
differences between the control and the biochar variant of 
2014 (BC2). With respect to class weight, differences at the 
same confidence level between the control variant and BC4 
and between the BC3 and BC4 variants are significant. Fig-
ure 2 shows the yield of wheat by variants. The biometric 
data indicate that the yield of BC4 is the highest (Figure 2). 

Fig. 1. Average temperature and rainfall for the period 
Nov. 2016 – Sert. 2017 compared to the climatic norm 

(1960-1990)
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The yield of BC2 is with a very small and insignificant dif-
ference between data values, followed by BC1.

The lowest is the yield of wheat for the variant with ap-
plied rice straw (BC3). There are significant differences at a 
95% confidence level between the yield of BC3 and the yield 
of BC4 with applied biochar in 2017. This may be due to the 
fact that in 2016 there was  lack of sufficient biomass for 
pyrolysis and biochar was introduced into the soil in small 
amounts only 2 t.ha-1.The most probable reason for the high-
er yield of the variant with biochar added in 2017 (BC4) are  
the very good weather conditions during the growing season, 
corresponding to the bio-ecological requirements of the crop 
and the higher rate of biochar applied.

Chemical elements content in the wheat biomass
The content of main macroelements in the organs of 

wheat (grain, chaff and straw) is presented in Table 2. In 
the variants with biochar added there was insignificant re-
duction of N content in all organs compared to the control 
with the exception of the BC1 variant. In other research 
(Sika, 2012; Gaskin et al., 2008; Lehmann et al., 2003; 
Rondon et al., 2007) it has been also reported that lower N 
content in plants was established in biochar treated soils. 
The highest is the nitrogen content in wheat grain between 
1.18 and 1.38. There are no significant differences in the 
content of the studied macro elements P, K, Na, Ca and 
Mg. The phosphorus content is almost unchanged between 
variants, but difference is observed between the grain and 
the straw. It should be noted that nitrogen and phosphorus 
contents there are insignificantly different between variants 
(Table 2).

The potassium content is higher in straw (0.7-1.23%) 
compared to grain (0.4-0.46%). The added biochar in BC4 
has a significant effect on wheat yield but does not have a 
significant influence on the content of the main nutrients. 
Magnesium values   decreased from grain to straw, and for 
calcium the opposite trend was observed – the highest values 
were found in straw.

Uptake of macro elements by crop biomass
Uptake of macro element by the biomass of the crop is 

an important factor when studying the balance of nutrients in 
the soil-plant system and monitoring the effects of biochar 
on plant production.

The total biomass ranged from 919 to 1190 kg.da-1 and it 
exports from 8.76 to 10.64 kg. da-1 nitrogen (Table 3). The 
higher are the amounts of nitrogen uptake by biomass in 
variants BC1 and BC2, where biochar (cornstalks) is added 
in 2013 and 2014 and the post-effect of the ameliorant is 
probably observed. 

Table 1. Average values of the biometric parameters of wheat 
Variant Weight, g Number of 

classеs
% to control (without  ВC)

bunch straw class Weight  
straw

Weight  
class

Number  
of classes

ВC0 1 047 a 386 a 660 a 458666 a 100 100 100
ВC1(2013) 1147 a 453 ab 693 аb 458666 a 117 105 100
ВC2(2014) 1367 a 533 b 833 ab 538666 ab 138 126 117
ВC3(2016) 1080 a 426 ab 653 a 442666 a 110 99 97
BC4(2017) 1367 a 500 ab 866 b 713333 b 129 131 156
SD 77 131 141718
CV % 16 17 27
LSD  5% 118 199 205484

(а,b – means in the same column followed by the same symbol are not significantly different at P < 0.05 level based on test one – way Anova test.)

Fig. 2. Wheat yield (kg.da-1) by variants (every box 
represent five statistical values: median, minimum and 

maximum values and 25/75 quartiles)



87The effect of Fluvisol applied biochar on wheat yield and nutrient uptake 

Table 2. Macroelement content (%) in vegetative organs of wheat 
Variants Gen. 

organs
Macroelements % 

N ± SD P ±SD K ±SD Na ±SD Ca ±SD Mg ±SD

Bo grain 1.28 0.10 0.38 0.04 0.41 0.01 0.002 0 0.03 0.01 0.12 0.01

chaff 0.88 0.06 0.23 0.02 0.52 0.06 0.002 0.001 0.04 0.01 0.06 0.01

straw 0.51 0.08 0.07 0.03 0.70 0.03 0.005 0 0.18 0.01 0.06 0.01

BC1 grain 1.38 0.12 0.38 0.01 0.40 0.01 0.005 0.001 0.03 0.00 0.12 0.01

chaff 0.56 0.09 0.18 0.02 0.52 0.01 0.004 0.001 0.06 0.02 0.05 0.01

straw 0.58 0.10 0.06 0.01 1.23 0.08 0.010 0.001 0.26 0 0.05 0.01

BC2 grain 1.26 0.15 0.40 0.03 0.40 0.01 0.003 0.001 0.03 0 0.12 0.01

chaff 0.61 0.20 0.19 0.05 0.46 0.05 0.004 0.001 0.04 0.01 0.05 0.01

straw 0.50 0.18 0.05 0.35 1.12 0.03 0.007 0.001 0.24 0 0.06 0.09

BC3 grain 1.18 0.20 0.41 0.02 0.41 0.01 0.004 0.001 0.02 0.01 0.12 0.01

chaff 0.60 0.19 0.21 0.09 0.49 0.03 0.003 0.001 0.05 0.01 0.04 0.01

straw 0.63 0.19 0.06 0.05 0.75 0.02 0.010 0.001 0.17 0 0.05 0.01

BC4 grain 1.18 0.07 0.40 0.02 0.42 0.01 0.003 0.001 0.03 0 0.12 0.01

chaff 0.63 0.09 0.19 0.03 0.43 0.02 0.004 0.002 0.04 0.01 0.06 0.02

straw ND ND ND ND ND ND

Table 3. Macroelements uptake (kg.da-1) by wheat biomass
Variant Gen.  

organs
Dry weight,

кg.dа-1
Uptake of macroelements, kg.da-1

N P K Na Ca Mg
B0 grain 483 6.23 a 1.85 a 1.97ab 0.010a 0.16ab     0.60ab    

chaff 80 0.69 0.18 0.42 0.002 0.03     0.05    
straw 453 2.31 0.32 3.17 0.023 0.83     0.25    
total 1016 9.23 2.35 5.56 0.034 1.02     0.90    

BC1 grain 523 7.28 a 1.97 a 2.11ab 0.024b 0.16ab 0.61ab
chaff 106 0.62 0.19 0.55 0.004 0.06 0.06
straw 501 2.57 0.27 5.45 0.044 1.16 0.23
total 1131 10.47 2.43 8.11 0.072 1.38 0.90

BC2 grain 619 7.8 a 2.46 a 2.5 ab 0.019ab 0.19b 0.72ab
chaff 128 0.79 0.25 0.59 0.005 0.06 0.07
straw 443 2.05 0.20 4.59 0.029 0.98 0.23
total 1190 10.64 2.91 7.68 0.052 1.23 1.02

BC3 grain 448 5.22 a 1.85 a 1.86 a 0.018ab 0.11a 0.52a
chaff 61 0.38 0.13 0.30 0.002 0.03 0.03
straw 410 3.16 0.30 3.76 0.050 0.83 0.24
total 919 8.76 2.28 5.92 0.070 0.97 0.78

BC4 grain 647 7.6 a 2.62 a 2.70 b 0.017ab 0.19b 0.80b
chaff 120 0.75 0.23 0.52 0.005 0.04 0.07
straw ND ND ND ND ND ND
total

а,b – means in the same column followed by the same symbol are not significantly different at P < 0.05 level 
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The amount of phosphorus uptake by the biomass ranged 
in very narrow limits (from 2.28 to 2.91 kg.da-1), which indi-
cates that biochar has no effect on the phosphorus uptake by 
plants. Рotassium uptake in wheat varies from 5.56 to 8.11 
kg.da-1 reflecting the increase in the amount of accumulation 
of absolutely dry biomass depending on the variants with 
biochar. Calcium, magnesium and sodium are removed from 
the field in significantly lower quantities. The highest is cal-
cium uptake (0.97-1.38 kg.da-1) compared to the other two 
macroelements (Figure 3).

The differences between variants are not clearly ex-
pressed, but the nitrogen and phosphorus uptake are high-
er in grain than in straw, without significant differences 
between the variants. Potassium uptake in straw is higher 
than in grain, but significant differences between the tested 
variants BC3 and BC4 are observed only when uptake by 
grain is considered. Statistically significant differences of the 
uptake of Ca by grain are reported between the variants BC3 
and BC4, and between BC2 and BC3. It can be concluded 
that the highest chemical element uptake is observed in the 
variant BC2, where the highest rate is applied and probably 
has the greatest effect on the soil characteristics, and hence 
the influence on the mineral nutrition and elements uptake. 
Also, it should be noted that higher macro-element uptake 
by wheat grain and chaff is observed in the variant BC4, as 
compared to the control and variant BC3. 

Agrochemical analysis of soil after harvesting of wheat
The data for pH values of the Fluvisol (Figure 4) after 

wheat cultivation showed a certain increase in pH (by 0.3-
0.4 pH units), depending on the biochar application. This is 
more evident in the BC3 and BC4 variants as compared to 

the control (BC0). The Fluvisol is characterized by low hu-
mus content, which in the control variant BC0 is 0.65%. The 
addition of biochar in increasing quantities during different 
years leads to increase of carbon content in soil. Its content is 
highest in the last year, probably due to the material used to 
produce biochar oak peel. In a study by Brewer et al. (2009), 
biochar obtained by wood has been found to have higher C 
content and lower ash content than biochar derived from 
plant residues of corn and grass.

The data show an increase in mineral nitrogen con-
tent in soil, depending on the quantities of biochar add-
ed during the years which reach 49 mg.kg-1. As a whole, 
mineral nitrogen is present in small contents (0.2–1.0%) 
in biochar (Chan & Xu, 2009). In Figures 4 and 5, it is 
shown that the application of biochar increases the pH 
and the total soil organic matter content and affects the 
available K, increasing its stock in soil in the variants, 

Fig. 3.  Nutrient uptake (kg.da-1)  by wheat grain

Fig. 4. Soil pH values and soil organic matter content 
(%) following wheat harvesting

Fig. 5. Content of phosphorus, potassium and mineral 
nitrogen in soil after wheat production
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except in variant BC2, where K2O (23.7 mg.100-1g) is 
lower than the control variant. The data obtained for the 
available phosphorus content did not show major changes 
compared to the control variant, but this is probably due 
to the different origin of biochar.

Conclusions

The applied biochar has a significant effect on wheat 
yield in the variant BC4 with addition of biochar obtained 
by oak bark (3 t.ha-1) but doesn’t influence the content of 
main nutrients. Although the effect of biochar of different 
plant origin was evaluated, we can state the following find-
ings: (1) there is no statistically significant effect of bio-
char application on the content of major macroelements 
in the different parts of wheat by variants. The reasons for 
the high yields are probably the following: (i) higher rates 
of biochar applied and (ii) The favorable weather condi-
tions during the growing season of the cultivated crop, 
corresponding to the bio-environmental requirements. (2) 
Only insignificant decrease in the content of nitrogen was 
found in all the organs compared to the control. (3) The 
highest elements uptake is observed in the variant BC2 
(4 t.ha-1), where the highest rate of biochar was applied 
which has the greatest impact on soil characteristics and 
mineral nutrition and elements uptake. 

Acknowledgements
This work was supported by the National Science 

Fund, Ministry of Education and Science, project: № KP-
06 -H26/7 (2018-2021).

References

Atanassova, I., Harizanova, M. & Banov, M.  (2020). Free 
lipid biomarkers in anthropogenic soils. In: Meena R. (eds) 
Soil health restoration and management. Springer, Singa-
pore, 321-355.

Blackwell, P., Krull, E., Butler, G., Herbert, A. & Solaim-
an, Z. (2010). Effect of banded biochar on dry land wheat 
production and fertilizer use in South-Western Australia: An 
agronomic and economic perspective. Australian Journal of 
Soil Research, 48 (7), 531-45. 

Bremner, J.M. (1965). Inorganic forms of nitrogen. In: C. A. 
Black et al., (eds.) Methods of soil analyses. Part 2: Chemi-
cal and microbiological properties, № 9, Agronomy, Amer-
ican Society of Agronomy Inc. Madison, Wisconsin, USA, 
pp. 1179-1237.

Brewer, C. E., Schmidt – Rohr, K., Satrio, J. A. & Brown, 
R. C. (2009). Characterization of biochar from fast pyrol-
ysis and gasification systems. Environmental Progress & 
Sustainable Energy, 28, 386–396. https://doi.org/10.1002/

ep.10378
Chan, K. Y. & Xu, Z. (2009). Biochar: nutrient properties and 

their enhancement. In: Lehmann J. and Joseph, S. (eds.) Bio-
char for environmental management: Science and Technolo-
gy, London, Earthscan.

Ivanov P, 1984. New acetate-lactate method for determination-
of available forms of P and K in soil. Soil Science and Agro-
chemistry, 4, 88-98 (Bg).

Gaskin, W., Speir, R., Harris, K., Das, K., Lee, R., Lawrence, 
M. & Dwight, F. (2010). Effect of peanut hull and pine 
chip biochar on soil nutrients, corn nutrient status and yield. 
Agronomy Journal 102 (2), 623-633.

Kercheva, M., Dimitrov, E., Doneva, K. & Stoimenov, G. 
(2018). Biochar of grape vine canes: effect on water proper-
ties of Meadow-cinnamonic soil. Journal of Balkan Ecology, 
21 (2), 135-140.

Kononova M. 1966. Soil Organic Matter: its nature, its role in 
soil formation and in soil fertility, 2nd edition. Oxford: Per-
gamon Press, pp. 544. 

Lehmann, J. & Joseph, S. (2015). Biochar for environmental 
management: an introduction. In: Lehmann, J., Joseph, S. 
(eds.). Biochar for Environmental Management: Science and 
Technology. Earthscan, London.

Lehmann, J., Pereira da Silva, J., Steiner, C., Nehls, T., Zech, 
W. & Glaser, B. (2003). Nutrient availability and leaching 
in an archaeological Anthrosol and a Ferralsol of the Central 
Amazon basin: fertilizer, manure and charcoal amendments. 
Plant Soil, 249, 343–357.

Major, J., Rondon,  M., Molina, D., Riha, S. J. & Lehmann, 
J. (2010). Maize yield and nutrition after 4 years of doing 
biochar application to a Colombian savanna oxisol. Plant 
Soil, 333, 117–128.

Mikova, I. (2014). Utilization of crop residues as soil amend-
ment. Soil Science, Agrochemistry and Ecology, XLVIII (3-
4), 79-85 (Bg).

Molla, I., Velizarova, E., Malcheva, B., Bogoev, V. & Hadzhie-
va, Y. (2013). Forest fire impact on the soil   carbon content 
and stock on the north slopes of Rila mountain. Second An-
niversary Scientific conference on Ecology SACE 2013, 01- 
02 Nov., 2013, Plovdiv, Bulgaria. 

Park, J. H., Choppala, G. K., Bolan, N. S., Chung, J. W. & 
Chuasavathi, T. (2011). Biochar reduces the bioavailability 
and phytotoxicity of heavy metals. Plant Soil, 348,439-451.

Petkova, G., Nedyalkova, K., Mikova, A. & Atanassova, I. 
(2018). Microbiological characteristics of biochar amended 
alluvial meadow soil. Bulg. J. Agric. Sci., 24 (2): 81-84. 

Rondon, M. A., Lehmann, J., Ramirez, J. & and Hurtado, 
M. (2007). Biologicalnitrogen fixation by common beans 
(Phaseolus vulgaris L.) increases with bio-char additions. 
Biol. Fert. Soils, 43, 699–708.

Schulz, H. & Glaser, B. (2012). Effects of biochar compared 
to organic and inorganic fertilizers on soil quality and plant 
growth in a greenhouse experiment. Journal of Plant Nutri-
tion and Soil Science, 175, 410–422. https://doi.org/10.1002/
jpln.201100143

Sika, M. P. (2012). Effect of biochar on chemistry, nutrient 
uptake and fertilizer mobility insandy soil Sika, M.Sc. the-



90 Maya Benkova, Lyuba Nenova, Tsetska Simeonova and Irena Atanassova

sis, University of Stellenbosch, Stellenbosch, 123, Google 
Scholar.

Solaiman, Z. M., Blackwell, P., Abbott, L. K. & Storer, P. 
(2010). Direct and residual effect of biochar application 
on mycorrhizal root colonisation, growth and nutrition of 
wheat. Australian Journal of Soil Research, 48 (7), 546-54.

Stoimenov, G., Mitova, I. & Mikova, A. (2015). Effect of bio-
char on some physiological parameters of Brassica capitata. 
In: The International Scientific and Practical Conference 

AGROINFO-2015, Novosibirsk, Russia. 
Vaccari, F. P., Barontia,  S., Lugatoa, E., Genesioa, L., Cast-

aldib, S., Fornasier, F. & Miglietta, F. (2011). Biochar as 
a strategy to sequester carbon and increase yield in durum 
wheat. Eur. J.Agron., 34, 231–238.

Zhao, X., Wang, J. W., Xu, H. J., Zhou, C. J., Wang, S. Q. & 
Xing, G. X. (2014). Effects of crop- strawbiochar on crop 
growth and soil fertility over a wheat-millet rotation in soils 
of China. Soil Use Manage, 30, 311-319.

Received: March, 18, 2019; Accepted: May, 3, 2019; Published: February, 29, 2020


