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Abstract

Loss of soil fertility, reduction in soil productivity and water scarcity is the major limitation of rain fed area of
Pakistan. Applications of biochar on low fertile and degraded soil enhance soil fertility, nutrients uptake and water
retention thus improves soil productivity. Field study was conducted to examine the effect of biochar on biological
nitrogen fixation (BNF) by mash bean (Vigna mungo. L), soil nutrients availability and soil water retention. Biochar
was applied at 0, 0.25 and 0.5 t ha-1 along with and without chemical fertilizer (20, 50, 50 kg ha-1 NPK) with four
replications. Crop was harvested at maturity and soil samples were collected from each experimental plot before
sowing and after harvesting and was analyzed for soil ECe, soil pH, total nitrogen, phosphorus, potassium, soil
infiltration rate, soil aggregate stability, soil water retention and cation exchange capacity (CEC). Biological nitrogen
fixation was determined by xylem-sap method and xylem sap was extracted at pod filling stage. Soil treated with
biochar @ 0.5 t ha-1+chemical fertilizer (NPK 20, 50, 50 kg ha-1 respectively) showed maximum pH (7.78) and soil
electrical conductivity (0.67 ds m-1). Application of biochar and chemical fertilizer to soil (0.5 t ha-1+NPK 20,50,50 kg
ha-1) increases total N from 3.9 mg kg-1 to 18 mg kg-1, Phosphorus from 4 mg kg-1 to 18.5 mg kg-1, potassium from
98 mg kg-1 to 143 mg kg-1 and soil CEC from 6.6 Cmolc kg-1 to 11.2 Cmolc kg-1. Biochar @ 0.5 t ha-1 stabilized soil
aggregates (34%) and improves soil infiltration rates (164 mm h-1) without impacting any significant effect on soil
water retention. Biochar applied @ 0.5 t ha-1 along with chemical fertilizer (NPK 20, 50, 50 kg ha-1 respectively)
showed maximum increase in BNF (24 kg N ha-1), biomass yield (2.7 t ha-1) and grain yield (1.8 t ha-1). The study
concluded that biochar application (0.5 t ha-1) along with chemical fertilizer increase availability of nutrients (NPK),
soil pH and ECe where as sole application of biochar (0.5 t ha-1) promoted aggregation and infiltration rate. The
significant increase was observed in case of BNF (40%), grain yield (77%) and biomass yield (64%) of mash bean. It
is recommended that biochar application to soil along with chemical fertilizer improve soil productivity and BNF by
mash bean.
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Introduction
The major problem of increasing rapid global human population is

decreasing food reserve due to climate change [1]. In Pakistan, most of
the cultivated land (23%) depends upon rainfall. In Punjab 20% of
cultivated land depends upon rainfall [2]. In semi-arid area high
temperature and drier climatic condition led to major problem of soil
degradation and infertility [3]. To solve these problems, use of biochar
is proven alternative which hold soil nutrients [1,4].

Whereas in fast pyrolysis, heating of biomass can be done at
400-700°C under anaerobic environment [5]. The physico-chemical
properties like pore size, structure and pH of biochar depends upon
the characteristics of feedstock and the condition of pyrolysis.
Temperature of pyrolysis determines the carbon contents and chemical
structure of biochar [6,7].

Biochar is chemically composed of four components i.e., carbon,
ash, volatile matter and moisture. Biochar addition sometime reduce
the availability of nitrogen in tropics soil [8] that correlates with C:N

ratio of biochar and catalyze the reduction of N2O to N2 and reduce
the emission of greenhouse gases.

Biochar addition to soil improve its bulk density, water content,
infiltration rate, soil temperature and chemical properties like soil pH,
soil CEC and soil EC that help to improve plant growth. Biochar
application to soil has no significant effect on soil water retention, soil
hydraulic properties and soil aggregate stability. Biochar retain soil
moisture and minimize soil irrigation cost. Its application improves
potential of soil to retain water and make it available to crops during
hot dry period. Biochar has a very high surface area about 100 m2

gm-1. This high surface area helps to adsorb more water molecule
when more water is available and release it back to soil solution when
there is shortage of water. Biochar applications to soil also have
significant effect on soil drainage system in clayey and sandy soil.

Biochar has great potential for the exchange of NH4
+ with in the soil

solution that helps in the nodulation and N-fixation and improves the
availability of nitrogen to plants [9]. Addition of biochar to soil can
increase the nitrogen fixation derived from the common bean
(Phaseolus vulgaris) and this increase in N-fixation also increase the
yield of crops [10]. In comparison with grasses, legumes performed
better in low nitrogen soil with biochar [11].

The addition of biochar to soil increase the biological nitrogen
fixation due to the improved availability of some nutrients like boron,
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molybdenum, potassium, calcium and phosphorus [10]. Keeping in
view the importance of biochar study was conducted to check the
effect of biochar with and without chemical fertilizer on biological
nitrogen fixation by mash bean on soil water retention.

Materials and Methods
Field experiment was performed at university research farm Koont

located at village Koont on Rawalpindi-Chakwal road. Biochar used in
experiment was produced locally design air tight vessel. The vessels
were consisting of two metal barrels which were 60 cm wide and 90 cm
height. The biomass was stocked at barrel as tight as possible and the
barrel was ignited by using natural gas. The produced charcoal was left
to cool for one hour thus converting 50% biomass to biochar. This local
design biochar had a capacity to produce 5 kg biochar per hour. For
field study, biochar was ground to pass through 2 mm sieve. Soil pH
(8.8) and soil EC (1.78 ds m-1) were determined by 1:1 w/v ratio of
biochar and distilled water with standard electrode. Biochar also had
58% C, 0.24% N, 0.92% P and 2.91% K. Biochar was applied at the rate
of 0, 0.25 and 0.5 t ha-1 without and with chemical fertilizer (NPK 25,
50, 50 kg ha-1 respectively) with four replications. Mash bean was used
as a test crop. The soil samples were collected after harvesting crop, air
dried at room temperature and pass through 2 mm sieve for further
analysis. Soil pH and soil EC were determined at ratio 1:2.5 soil and
distilled water. Combustion method and walkley and black method
were used for determination of organic C, total N was by Kjeldahl
method, P was determined by Olsen’s P method and available K,
method used by Rhodes [12] CEC by ammonium acetate method and
particle size distribution by hydrometer method. Wet sieving apparatus
was used for the aggregate stability. Soil water or moisture retention
curve was determined by applying potential of 0.1, 1, 5, 10 and 15 bar
through pressure membrane apparatus and soil infiltration rate by
double infiltrometer method.

Assessment of BNF
Xylem Solute Technique was used for estimation of biological

nitrogen fixation. By vacuum extraction method sap was collected at
pod filling stage and was stored at freezer at -15°C. Concentration of
ureide, nitrate and amino-N were determined to calculate the relative
abundance of ureide (RUN %) and % Pfix (proportion of plant N
derived from N2-fixation).

Following formula was used to calculate RUN % and Pfix.

RUN (%)=[4 × ureide/(4×ureide+nitrate+amino-N)]× 100

After calculating RUN%, the proportion of plant N derived from
N2-fixation (%Pfix) was estimated.

%Pfix=1.6 (%RUN-15.9) for plants during pod fill

The legume N was derived from the measure of biomass
accumulation and tissue N content as follows:

Crop N (kg ha-1)=Legume dry matter (kg ha-1) × (%N)

The amount of nitrogen fixed by legume can be regulated by two
factors, the amount of N accumulated during growth, and the
production of that N derived from symbiotic N2-fixation.

Amount of N2-fixed (kg ha-1)=% Pfix × Crop N (kg ha-1) × 1.5 [13].

Statistical analysis
Randomized complete block design (RCBD) was used for this

experiment. The data collected was analyzed statistically in RCBD and
means were compared at 5% level of significance [14].

Results and Discussion

Basic characteristics of soil and biochar investigated
Basic characteristics of soil and biochar are shown in Table 1. The

basic soil characteristics were analyzed before the application of
biochar to soil. Soil pH was 7.68 while soil ECe was 0.31 ds m-1. Due to
high soil pH soil was alkaline and there was no problem of salinity in
soil because soil ECe is less than 4 ds m-1. Rainfed area is considered
normal when soil ECe is 0.2 to 2 ds m-1 [15]. Soil texture is sandy clay
loam with sand 56%, silt 22.8% and clay 21.2%. Soil pH increased upto
7.8 after application of biochar whereas soil electrical conductivity
remained same i.e. 0.31 ds m-1. Soil total organic carbon, N and P are
1.3%, 3.9 mg kg-1, 4 mg kg-1 and K 98 mg kg-1 respectively. Biochar has
pH 8.8 and ECe 1.78 ds m-1. Biochar contain 0.24% P, K 2.5% and
0.92% N.

Parameters pH EC
dsm-1

N mgkg-1 P mgkg-1 K mgkg-1 Sand % Silt % Clay% Soil texture TOC %

Soil 7.6 0.31 3.9 4 98 56 22.8 21.2 Sandy clay
loam

1.3

Biochar 8.8 1.78 0.24% 2.50% - - - - - 58

Table 1: Basic characterization of soil and Biochar.

Effect of biochar addition of soil chemical properties
Effect of biochar along with and without chemical fertilizer are

shown in Table 2. Soil chemical (pH, ECe, CEC) and soil physical
properties (aggregate stability, infiltration rate) changes by addition of
biochar to soil. Application of biochar with and without chemical
fertilizer significantly (p<0.05) increase soil pH from 7.6 to 7.6 to 7.9
this increase in pH is due to the alkaline nature of biochar Zhang et al.
[16]. Uzoma et al. [17] also reported the same results where application

of cow manure biochar increase soil pH from 6.4 to 8. Like pH, BC
+NPK also significantly increase (p<0.05) soil EC from 0.366 to 0.76 ds
m-1. It was observed that chemical characterization of biochar had
high variation in EC values vary from 0.39 to 4.18 ds m-1 [18].

In case of CEC biochar along with chemical fertilizer increases (6.6
to 11.2 Cmolc kg-1). Biochar is a porous and have high surface charge
and also have charged organic material, due to these characteristic
biochar additions to soil increase soil CEC [19]. Same results also
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suggested by Jien et al. [20] that it’s to soil improved soil chemical
properties as soil CEC increases from 7.41 to 10.8 Cmolc kg-1.

Soil pH EC dsm-1 N mgkg-1 P mgkg-1 K mgkg-1 CEC Cmolkg-1 Infiltration rate
mmh-1

Aggregate stability
%

BC 0 t ha-1 7.6 0.36 3.9 4 98 6.6 140 21.5

BC 0.25 t ha-1 7.78 0.51 5.07 5.4 120 8.7 155 27.3

BC 0.5 t ha-1 7.9 0.67 7.5 10 132 11.1 165 34

Recommended NPK 7.62 0.41 8 8 104 7.1 132 23.2

BC+NPK

0.25 t ha-1+20,50,50 NPK

7.65 0.54 14 13.4 130 9.5 155 27

BC+NPK

0.5 t ha-1+20,50,50 NPK

7.78 0.66 18 18.5 143 11.2 164 31

Table 2: Effect of biochar along with chemical fertilizer on soil properties.

Effect of biochar on N, P, K
Biochar increase soil fertility as by making available nutrients to

soil. As its application to soil increase (p<0.05) total N (3.9 to 18 mg
kg-1) high concentration of N were found in BC @ 0.5 t ha-1+20,50,50
kg ha-1 NPK as shown in Table 2. Nigussie et al. [21] also reported that
there is significantly increase in N by applying biochar at different rate
of 5 and 10 t ha-1. Knicker [22] also suggested in his study that
addition of biochar to soil significantly change total N of soil but there
is no effect of biochar on soil mineral N. Same results also reported by
Zhang et al. and Nelson et al. [16,21].

Same like N its application along with chemical fertilizer also have
significant effect on P and K. Maximum concentration of soil P (18 mg
kg-1) was found in BC 0.5 t ha-1+20,50,50 kg-1 NPK as compared to
control. Biochar contain different concentration of P and very little
amount of P are soluble in water due to this solubility application of
biochar change the concentration of P in soil [23]. Biochar application
to soil have tendency to minimize the leaching of P and thus to
maintain high concentration of P in soil [24]. Nelson et al. [23] also
reported increase in concentration of P with biochar addition in soil
and suggested that biochar inhibit P sorption. Potassium was also
significantly increase because of the presence of concentration of K in
biochar.

Effect on soil physical properties
Like soil chemical properties biochar application to soil also have

positive effect on soil physical properties like soil infiltration rate,
aggregate stability, soil water content and soil water retention [25].

In case of soil infiltration rate application of biochar at 0.5 t ha-1

without chemical fertilizer significantly increase (P<0.05) soil
infiltration rate from 140 mm ha-1 to 165 mm ha-1. Biochar application
to soil increase soil porosity and aggregate stability due to increase in
soil porosity biochar application to soil increase soil infiltration rate
[26]. Dumroese et al. [27] also reported that biochar addition to soil
increase soil infiltration rate.

Stable aggregates (34%) were found in soil treated with biochar 0.5 t
ha-1 without chemical fertilizer. The increasing rate of biochar to soil
increase aggregate stability of soil and due to this increase in aggregates

stability soil becomes less prone to erosion Zhang et al. [28]. Biochar
when incorporated to soil it slowly changes to stable humus [29]. It is
reported that soil contain humus can increase soil aggregate stability
[30,31]. Biochar and charcoal can make a bond through carboxylic and
phenolic group with soil minerals significantly increases the aggregate
stability of soil [32].

The effect of biochar on soil water retention is shown in Figure 1. It
is indicated that biochar applied at 0.5 t ha-1 retained more water but
due to the short duration of study there is no significant increase in soil
water retention. Biochar addition to soil brings changes in soil
hydraulic properties and have significant changes in soil water
retention [33] but this study showed that biochar did not significantly
change soil water retention as reported by major et al. [34] that biochar
had no significant effect on soil moisture retention. Gaskin et al. [35]
also reported that application of biochar had no significant effect on
soil moisture holding capacity. The mechanism behind the influence of
biochar on soil water retention and other physical properties are still
poorly understood [36].

Figure 1: Effect of BC+NPK on soil water retention.

Effect of biochar on crop growth and BNF
Effect of biochar on BNF and crop growth are given in Table 3. It is

indicated from the result that biochar application to soil increase BNF
significantly. Soil treated with biochar at 0.5 t ha-1+NPK showed

Citation: khan S, Hayat R, Farooq MS, Hussain Q, Ali NA (2018) Interactive Use of Biochar and Chemical Fertilizer on Soil Nutrients (NPK), Soil
Water Retention and Biological Nitrogen Fixation by Mash Bean. Adv Crop Sci Tech 6: 328. doi:10.4172/2329-8863.1000328

Page 3 of 5

Adv Crop Sci Tech, an open access journal
ISSN: 2329-8863

Volume 6 • Issue 1 • 1000328



maximum N fixation (24 kg N ha-1) followed by biochar at 0.5 t ha-1

without NPK fertilizer. The highest rate of BNF with biochar is due to
the availability of soil nutrients like B, Mo, Ca, K and higher pH.
Biochar addition to soil increase availability of these nutrients which
have good effect on BNF [10]. Evidence of this increase in BNF by
biochar is also provided by Nishio and Okano [11] using the Nitrogen
difference and acetylene reduction assay methods. Addition of biochar

to soil increase soil pH so, low acidity of soil also contributed to the
BNF as by liming. Biochar application to soil increases biological
nitrogen fixation but mechanism behind is un clear. There are some
possibilities that how biochar increases biological nitrogen fixation. As
biochar have high C/N ratio which lower the N availability in soil
resulting in N immobilization [8,19].

Soil pH EC dsm-1 N mgkg-1 P mgkg-1 K mgkg-1 CEC Cmolkg-1 Infiltration rate mmh-1 Aggregate stability%

BC 0 t ha-1 7.6 0.36 3.9 4 98 6.6 140 21.5

BC 0.25 t ha-1 7.78 0.51 5.07 5.4 120 8.7 155 27.3

BC 0.5 t ha-1 7.9 0.67 7.5 10 132 11.1 165 34

Recommended NPK 7.62 0.41 8 8 104 7.1 132 23.2

BC+NPK

0.25 t ha-1+20,50,50 NPK

7.65 0.54 14 13.4 130 9.5 155 27

BC+NPK

0.5 t ha-1+20,50,50 NPK

7.78 0.66 18 18.5 143 11.2 164 31

Table 3: Effect of Biochar+NPK on Biological N fixation, Biomass and Grain yield.

Biochar application to soil increase biomass yield and also grain
yield of mash bean from 1.6 to 2.7 t ha-1 and 1.07 to 1.75 t ha-1 as given
in Table 3. Biochar application to soil increase grain yield and biomass
yield of common bean. Biochar application also increases yield of
moon bean, cow pea, pea and rice [8,37,38].

Conclusion
The present results of study are based on evaluation of biochar with

and without chemical fertilizer with the objectives to improve soil
water retention and N2-fixation by mash bean under rainfed areas.
Biochar applied at higher rate (0.5 t ha-1+NPK) resulted better crop
yield and maximum biological nitrogen fixation as compare to control.
Biochar application without NPK fertilizer to soil improve the soil
aggregates and enhanced soil infiltration rate. There is also some
significant effect of different doses of biochar+NPK on total nitrogen,
potassium and phosphorus. Soil water retention is not significantly
affected by biochar because of short duration study. Mash bean yield
and biomass are increased 77% and 64% by application of biochar
+NPK. It is recommended from the study that biochar application
along with NPK increase BNF and grain yield of mash bean.

Acknowledgment study was financially supported by HEC Pakistan
and we are thankful to Mr. Shafiq ahmad (lab attended) for his help in
xylem sap samples.

References
1. Lehmann J, Joseph S (2009) Biochar for environmental management: An

introduction. In: Lehmann J, Joseph S (eds) Biochar for environmental
management. Sci Tech: 1-12.

2. Nizami MI, Shafiq M, Rashid A, Aslam M (2004) The Soils and the
iragriultural development potential in Pothwar. WRRI-LRRP, National
Agricultural Research Centre, Islamabad, Pakistan, p: 158.

3. Chan KY, Xu Z (2009) Biochar nutrient properties and their
enhancement. Biochar for environmental management. Sci Tech: 67-84.

4. Laird DA (2008) The charcoal vision: A win scenario for simultaneously
producing bioenergy, permantly sequestering carbon, while improving
soil and water quality. Agron J 100: 178-181.

5. Cummer KR, Brown RC (2002) Ancillary equipment for biomass
gasification. Biomass Bioenerg 23: 113-128.

6. Baldock JA, Smernik RJ (2002) Chemical composition and bioavailability
of thermally altered Pinusresinosa (red pine) wood. Org Geochem 33:
1093-1109.

7. Demirbas A (2004) Effects of temperature and particle size on biochar
yield from pyrolysis of agricultural residues. J Anal Appl Pyrol 72:
243-248.

8. Lehmann J, Silva JP, Steiner C, Nehls T, Zech W, et al. (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.

9. Gundale MJ, Deluca TH (2007) Charcoal effects on soil solution
chemistry and growth of Koeleriamacrantha in the ponderosa pine/
Douglas fir ecosystem. Biol Fertil Soil 43: 303-311.

10. Rondon MA, Lehmann J, Ramírez J, Hurtado M (2007) Biological
nitrogen fixation by common beans (Phaseolus vulgaris L.) increases with
biochar additions. Biol Fertil Soil 43: 699-708.

11. Nishio M, Okano S (1991) Stimulation of the growth of alfalfa and
infection of mycorrhizal fungi by the application of charcoal. Bull Natl
Grassl Res Inst 45: 61-71.

12. Rhoades JD (1982) Soluble salts (Electrical Conductivity). In: Page AL,
Miller RH, Keey DR (eds) Methods of soil analysis. Am Soci Agron:
26-29.

13. Hayat R, Ali S, Siddique MT, Ijaz SS, Chatha TH (2008) Estimation of
N2-fixation of mung bean and mash bean through xylem ureide
technique under rainfed condition. Pak J Bot 40: 723-734.

14. Steel RGD, Torrie JH, Dicky DA (1997) Principles and procedures of
Statistics. A biometrical approach. Co. Inc. New York, pp: 400-428.

15. Siddique M, Siddique MT, Ali S, Javeed SA (2009) Macronutrient
assessment in apple growing region of Punjab. Soil and Environ 28:
184-192.

16. Zhang A, Bian R, Pan G, Cui L, Hussauin Q, et al. (2012) Effects of
biochar amendment on soil quality, crop yield and greenhouse gas
emission in a Chinese rice paddy: A field study of 2 consecutive rice
growing cycles. Field Crops Research 127: 153-160.

Citation: khan S, Hayat R, Farooq MS, Hussain Q, Ali NA (2018) Interactive Use of Biochar and Chemical Fertilizer on Soil Nutrients (NPK), Soil
Water Retention and Biological Nitrogen Fixation by Mash Bean. Adv Crop Sci Tech 6: 328. doi:10.4172/2329-8863.1000328

Page 4 of 5

Adv Crop Sci Tech, an open access journal
ISSN: 2329-8863

Volume 6 • Issue 1 • 1000328

https://books.google.co.in/books?hl=en&lr=&id=gWDABgAAQBAJ&oi=fnd&pg=PP1&dq=Biochar+for+environmental+management:+an+introduction&ots=tYTqzWHXpX&sig=X9Dwjw_GdJjy7WJFcJWlVJC-0mE
https://books.google.co.in/books?hl=en&lr=&id=gWDABgAAQBAJ&oi=fnd&pg=PP1&dq=Biochar+for+environmental+management:+an+introduction&ots=tYTqzWHXpX&sig=X9Dwjw_GdJjy7WJFcJWlVJC-0mE
https://books.google.co.in/books?hl=en&lr=&id=gWDABgAAQBAJ&oi=fnd&pg=PP1&dq=Biochar+for+environmental+management:+an+introduction&ots=tYTqzWHXpX&sig=X9Dwjw_GdJjy7WJFcJWlVJC-0mE
https://books.google.co.in/books?hl=en&lr=&id=iqrksC-PT1kC&oi=fnd&pg=PA67&dq=Biochar+nutrient+properties+and+their+enhancement&ots=FOaJpM83vp&sig=jbUKfUvjqGUCNFZZoZfhr0IzYRM
https://books.google.co.in/books?hl=en&lr=&id=iqrksC-PT1kC&oi=fnd&pg=PA67&dq=Biochar+nutrient+properties+and+their+enhancement&ots=FOaJpM83vp&sig=jbUKfUvjqGUCNFZZoZfhr0IzYRM
http://doi.org/10.2134/agronj2007.0161
http://doi.org/10.2134/agronj2007.0161
http://doi.org/10.2134/agronj2007.0161
https://doi.org/10.1016/S0961-9534(02)00038-7
https://doi.org/10.1016/S0961-9534(02)00038-7
https://doi.org/10.1016/S0146-6380(02)00062-1
https://doi.org/10.1016/S0146-6380(02)00062-1
https://doi.org/10.1016/S0146-6380(02)00062-1
https://doi.org/10.1016/j.jaap.2004.07.003
https://doi.org/10.1016/j.jaap.2004.07.003
https://doi.org/10.1016/j.jaap.2004.07.003
https://doi.org/10.1023/A:1022833116184
https://doi.org/10.1023/A:1022833116184
https://doi.org/10.1023/A:1022833116184
https://doi.org/10.1023/A:1022833116184
https://doi.org/10.1007/s00374-006-0106-5
https://doi.org/10.1007/s00374-006-0106-5
https://doi.org/10.1007/s00374-006-0106-5
http://www.pakbs.org/pjbot/PDFs/40(2)/PJB40(2)723.pdf
http://www.pakbs.org/pjbot/PDFs/40(2)/PJB40(2)723.pdf
http://www.pakbs.org/pjbot/PDFs/40(2)/PJB40(2)723.pdf
http://agris.fao.org/agris-search/search.do?recordID=PK2010000091
http://agris.fao.org/agris-search/search.do?recordID=PK2010000091
http://agris.fao.org/agris-search/search.do?recordID=PK2010000091
https://doi.org/10.1016/j.fcr.2011.11.020
https://doi.org/10.1016/j.fcr.2011.11.020
https://doi.org/10.1016/j.fcr.2011.11.020
https://doi.org/10.1016/j.fcr.2011.11.020


17. Uzoma C, Inoue M, Andry H, Fujimaki H, Zahoor A, et al. (2011) Effect
of cow manure biochar on maize productivity under sandy soil condition.
Soil Use and Management 27: 205-212.

18. Shenbagavilli S, Mahimairaja S (2012) Characterization and effect of
biochar on nitrogen and carbon dynamics in soil. Int J Adv Biol Res 2:
249-255.

19. Glaser B, Haumaier L, Guggenberger G, Zech W (2001) The Terra Preta
phenomenon, a model for sustainable agriculture in the humid tropics.
Aus J Soil Res 88: 37-41.

20. Jien SH, Wang CS (2013) Effects of biochar on soil properties and erosion
potential in a highly weathered soil. Catena 110: 225-233.

21. Nigussie A, Endalkachew K, Mastawesha M, Gebermedihin A (2012)
Effect of Biochar Application on Soil Properties and Nutrient Uptake of
Lettuces (Lactuca sativa) Grown in Chromium Polluted Soils. American-
Eurasian J Agric Environ Sci 12: 369-376.

22. Knicker H (2007) How does fire affect the nature and stability of soil
organic nitrogen and carbon? A review. Biogeochemistry 85: 91-118.

23. Nelson SR, Sommers LE (1982) Phosphorus. In: Page AL, Miller RH,
Keey DR (eds) Methods of Soil Analysis Part 2. Am Soc Agron No 9.
Madison, Wisconsin, USA, pp: 403-427.

24. Miller JS, Rhaodes A, Puno HK (2012) Plant nutrient in biochar. Advo
Agro, p: 125.

25. Beaton JD, Peterson HB, Buer N (1960) Some aspect of phosphate
adsorption by charcoal. Soil sci Soc Am J 24: 340-346.

26. Jones BEH, Haynes RJ, Phillips IR (2010) Effect of amendment of bauxite
processing sand with organic materials on its chemical, physical and
microbial properties. J Environ Manag 91: 2281-2288.

27. Dumroese DS, Robichaud PR, Brown RE, Tirock JM (2014). Water
repellency of two forest soils after biochar addition. American Society of
Agricultural and Biological Engineers 58: 335-342.

28. Zhang GS, Chan KY, Oates A, Heenan DP, Huang GB (2007) Relationship
between soil structure and runoff/soil loss after 24 years of conservation
tillage. Soil Till Res 92: 122-128.

29. Brodowski S, Amelung W, Haumaier L, Zech W (2007) Black carbon
contribution to stable humus in german arable soils. Geoderma 139:
220-228.

30. Piccolo A, Mbagwu JSC (1990) Effects of different organic waste
amendments on soil microaggregates stability and molecular sizes of
humic substances. Plant Soil 123: 237.

31. Piccolo A, Pietramellara G, Mbagwu JSC (1997) Use of humic substances
as soil conditioners to increase aggregate stability. Geoderma 75: 267-277.

32. Topoliantz S, Pong JF, Ballof S (2005) Manioc peel and charcoal:a
potential organicamendment for sustainable soil fertility in the tropics.
Biology and Fertility of Soil 41: 15-21.

33. Ouyang N, Wang F, Tang J, Yu L, Zhang R (2013) Effects of biochar
amendment on soil aggregates and hydraulic properties. Journal of Soil
Science and Plant Nutrition 13: 991-1002.

34. Major J, Rondon M, Molina D, Riha S, Lehmann J (2010) Maize yield and
nutritionduring 4 years after biochar application to a Colombian savanna
oxisol. Plant Soil 333: 117-128.

35. Gaskin J, Speir A, Morris LM, Ogden FL, Harris K, et al. (2007) Potential
for pyrolysis char to affect soil moisture and nutrient status of loamy sand
soil. Georgia Water Resources Institute Proceedings.

36. Sohi SP, Lopezcapel E, Krull E, Bol R (2009) Biochar, climate change and
soil: A review to guide future research. CSIRO Land and Water Science
Report, p: 64.

37. Iswaran V, Jauhri K, Sen A (1980) Effect of charcoal, coal and peat on the
yield of moong soybean and pea. Soil Biol Biochem 12: 191-192.

38. Nehls T (2002) Fertility improvement of a Terra FirmeOxisol in Central
Amazonia by charcoal applications. MSc thesis, University of Bayreuth,
Germany.

 

Citation: khan S, Hayat R, Farooq MS, Hussain Q, Ali NA (2018) Interactive Use of Biochar and Chemical Fertilizer on Soil Nutrients (NPK), Soil
Water Retention and Biological Nitrogen Fixation by Mash Bean. Adv Crop Sci Tech 6: 328. doi:10.4172/2329-8863.1000328

Page 5 of 5

Adv Crop Sci Tech, an open access journal
ISSN: 2329-8863

Volume 6 • Issue 1 • 1000328

http://doi.org/10.1111/j.1475-2743.2011.00340.x
http://doi.org/10.1111/j.1475-2743.2011.00340.x
http://doi.org/10.1111/j.1475-2743.2011.00340.x
http://scienceandnature.org/IJABR_Vol2(2)2012/IJABR_V2(2)13.pdf
http://scienceandnature.org/IJABR_Vol2(2)2012/IJABR_V2(2)13.pdf
http://scienceandnature.org/IJABR_Vol2(2)2012/IJABR_V2(2)13.pdf
https://doi.org/10.1007/s001140000193
https://doi.org/10.1007/s001140000193
https://doi.org/10.1007/s001140000193
https://doi.org/10.1016/j.catena.2013.06.021
https://doi.org/10.1016/j.catena.2013.06.021
https://pdfs.semanticscholar.org/ffb5/e16d49f0b49debdd7fa3f874c4a25d28ad44.pdf
https://pdfs.semanticscholar.org/ffb5/e16d49f0b49debdd7fa3f874c4a25d28ad44.pdf
https://pdfs.semanticscholar.org/ffb5/e16d49f0b49debdd7fa3f874c4a25d28ad44.pdf
https://pdfs.semanticscholar.org/ffb5/e16d49f0b49debdd7fa3f874c4a25d28ad44.pdf
https://doi.org/10.1007/s10533-007-9104-4
https://doi.org/10.1007/s10533-007-9104-4
http://doi.org/10.2136/sssaj1960.03615995002400050012x
http://doi.org/10.2136/sssaj1960.03615995002400050012x
https://doi.org/10.1016/j.jenvman.2010.06.013
https://doi.org/10.1016/j.jenvman.2010.06.013
https://doi.org/10.1016/j.jenvman.2010.06.013
https://elibrary.asabe.org/abstract.asp?aid=45431
https://elibrary.asabe.org/abstract.asp?aid=45431
https://elibrary.asabe.org/abstract.asp?aid=45431
https://doi.org/10.1016/j.still.2006.01.006
https://doi.org/10.1016/j.still.2006.01.006
https://doi.org/10.1016/j.still.2006.01.006
https://doi.org/10.1016/j.geoderma.2007.02.004
https://doi.org/10.1016/j.geoderma.2007.02.004
https://doi.org/10.1016/j.geoderma.2007.02.004
https://doi.org/10.1007/BF00009923
https://doi.org/10.1007/BF00009923
https://doi.org/10.1007/BF00009923
https://doi.org/10.1016/S0016-7061(96)00092-4
https://doi.org/10.1016/S0016-7061(96)00092-4
https://doi.org/10.1007/s00374-004-0804-9
https://doi.org/10.1007/s00374-004-0804-9
https://doi.org/10.1007/s00374-004-0804-9
http://dx.doi.org/10.4067/S0718-95162013005000078
http://dx.doi.org/10.4067/S0718-95162013005000078
http://dx.doi.org/10.4067/S0718-95162013005000078
https://doi.org/10.1007/s11104-010-0327-0
https://doi.org/10.1007/s11104-010-0327-0
https://doi.org/10.1007/s11104-010-0327-0
https://smartech.gatech.edu/handle/1853/48168
https://smartech.gatech.edu/handle/1853/48168
https://smartech.gatech.edu/handle/1853/48168

	Contents
	Interactive Use of Biochar and Chemical Fertilizer on Soil Nutrients (NPK), Soil Water Retention and Biological Nitrogen Fixation by Mash Bean
	Abstract
	Keyword:
	Introduction
	Materials and Methods
	Assessment of BNF
	Statistical analysis

	Results and Discussion
	Basic characteristics of soil and biochar investigated
	Effect of biochar addition of soil chemical properties
	Effect of biochar on N, P, K
	Effect on soil physical properties
	Effect of biochar on crop growth and BNF

	Conclusion
	References


