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Abstract
Rapid decomposition of organic manure and utilization of rice husk waste are the two major issues in
improving soil and environment quality. However, information regarding biochar effects on aggregate
associated carbon, water retention, and bulk density are limited in high water demanding organically
grown vegetable crop. In this experiment we have studied effect of rice husk biochar and compost (FYM,
vermicompost) alone and in combination in two factorial randomized block design with three replicates
on soil properties, economics and yield of radish crop in sandy clay loam soil. Increased soil moisture,
in�ltration rate and mean weight diameter, aggregate associated carbon and reduced bulk density and
penetration resistance were recorded in biochar and compost amended plots relative to control. 1.14, 2.54
times higher WUE and 1.13, 2.53 times higher root yield were recorded in treatments receiving biochar and
manure (FYM+VC) as compared to without biochar and manure (OM0), respectively. While sole
application of biochar did not have any signi�cant effect on soil properties and growth performance of
radish. Our results suggest that biochar addition with manure is effective tool to improve soil structure,
WUE, economics and yield of radish.

Introduction
Application of inorganic fertilizers with organic manures has been widely documented a sustainable
management practice to improve soil fertility and crop productivity. Chemical fertilizers application
increased the crop yield however long term application resulted in decline soil health and underground
water contamination. Addition of manures with fertilizers improved soil aggregation, soil compaction, soil
water content and reduce the cost of inorganic fertilizer. Besides supplying soil nutrients use of organic
amendments improves microbial populations, activity and diversity1. Organic manures are bene�cial for
soil health and crop production by increasing the e�ciency of mineral fertilizers and reducing the nutrient
loss but they required in large quantity due to speedy mineralization of carbon. Soil structure stability,
organic carbon and bulk density are important indicators of soil health and depend on management
practices. Excessive mineral fertilization and irrational cultural practices contribute to reduce fertility and
the organic matter contents of the soil.

Biochar addition to soil has potential to increase carbon in the soil over long period of time due to its
recalcitrant nature which is an important indicator of soil health. India has generated crop residues (about
93 million tons) which can be converted into biochar for application in soil as amendment. Thus,
combination of organic manures with biochar is one of the viable options that can reduce farm wastes,
improve environment, enhance soil quality and help in the long-term carbon sequestration in the soil.
Biochar and organic manures use as a soil amendment is regarded as a promising strategy to increase
soil organic matter and has been shown to offer a range of agricultural bene�ts, such as reduced nutrient
leaching2, increased soil cation exchange3 and water holding capacity4. In addition it is well documented
that biochar application to soil accelerates the availability of N, P and K and improves root and plant
growth. Application of biochar to soil in combination with organic manures has been reported to have a
positive impact on crop growth and soil properties. Recent studies have demonstrated that biochar in
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combination with organic manures decreased the loss of nitrogen while simultaneously improving
humi�cation and producing mature manure with a high fertilizer value5. However, studies on biochar
effect on radish are lacking in subtropical Inceptisol.

In India, vegetables are grown on an area of about 10435.53(000) hectares with the production of about
187474.31(000) MTs National Horticulture Board6. Among vegetables, radish is grown on an area of
about 10100(000) hectares, with the production of about 185883(000) MTs National Horticulture Board6

Radish (Raphanussativus L.) is one of the most important root crop belonging to the family Cruciferae. In
Jammu region, it tops the list of vegetables and is cultivated over an area of about 2292 hectares with
the production of about 57838.28MT out of the total of 28137.05 hectares. Realizing the importance of
the radish crop in Jammu region and its short duration marketable maturity, its cultivation through
organic inputs like FYM, vermicompost and biochar was planned to investigate the effect of biochar on
soil properties, economics and radish growth.

Materials And Methods
Location, climate and soil of experiment

A �eld experiment was carried out at organic farm research center in Sher-e- Kashmir University of
Agricultural Sciences and Technology- Jammu, Jammu and Kashmir, India (32° 40′ N, 78° 48′ E and an
altitude of 293 m) under sub-tropical condition in 2019. The average annual rainfall at the site is about
1000–1200 mm and 75–80% of which is received during July to September and rest 20–25% during
winter months of December to February. The maximum temperature rises up to 450C during May to June
and minimum falls to 10C during winter. The weather data traced at Meteorological Observatory of
SKUAST-Jammu, for the current investigation is given in Fig. 1. The soil was sandy clay loam in texture,
with an initial pH, EC, organic carbon, bulk density of 7.6, 0.24 dS m-1, 6.32 g kg-1 and 1.33 g cm-3,
respectively as represented in Table 2.

Experimental details
A factorial randomized block design was used with two different sets of treatments were used in this
investigation; the �rst factor consisted of biochar with two levels (0tha-1, 3tha-1) and the other factor
consisted of different organic manures with four levels, overall the treatments were comprised of 8
different combinations. A factorial randomized block design was used with two levels (0tha-1, 3tha-1) of
biochar and four levels of organic manures (control, FYM, vermicompost, FYM + VC) replicated thrice in
plot size of 3 x 4m2. The treatment details are represented in Table 1.
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Table 1
Treatments detail

Treatments B0 (without
biochar)

B( with biochar @ 3tha− 

1)

Control OM0 OM0B

100% N through FYM OM1 OM1B

100% N through vermicompost OM2 OM2B

50% N through FYM + 50% N through
vermicompost

OM3 OM3 B

Where B0: withoutbiochar, B: withbiochar @ 3tha− 1

 
Table 2

Initial soil properties of experimental soil
Soil Component Value obtained

pH (1:2.5) 7.6

EC (dS m− 1) 0.24

Organic carbon (g kg− 1) 6.32

Available Nitrogen (kg ha− 1) 197.01

Available P2O5 (kg ha− 1) 18.01

Available K2O (kg ha− 1) 175.40

Bulk density (g cm− 3) 1.33

Sand (%) 63.8

Silt (%) 7.92

Clay (%) 28.28

Textural class Sandy clay loam

 

The soil samples from 0-15cm and 15-30cm were taken after harvest of crop, air dried, sieved with 2mm
sieve and analysed for soil pH and electrical conductivity with pH meter and EC meter,
respectively7.Carbon associated with macro and micro aggregates were estimated according to Yeomans
and Bremmer8.The properties of rice husk biochar, FYM and vermicompost used in study are given in



Page 5/21

Table 3.Water use e�ciency was calculated using meteorological data from the division of Agro-
metrology, of Skuast- Jammu. Soil bulk density and penetration resistance were determined by core
method9 and by cone penetrometer, respectively. Soil moisture was determined using gravimetric method
by oven drying at 1050C.In�ltration rate was determined with mini disk in�ltrometer and aggregate
stability of macro-aggregates (> 0.25mm) and micro-aggregates (< 0.25 mm) was determined using
Eijkelkamp wet sieving apparatus.

Table 3
Composition of soil amendments

Sr. No. Components Biochar FYM Vermicompost

1. pH 8.3 - -

2 EC 0.50 - -

  Texture      

3. Total carbon% 54.3 - -

4. Nitrogen% 0.09 0.5 1.5

5. Phosphorus% 0.13 0.34 1.84

6. Potassium% 0.04 1.14 1.38

 
Radish sowing (Variety CR-45) was done on ridges by dibbling method directly in the main �eld, at a
spacing of 60 x 10 cm2 with seed rate of 15 kg ha− 1. The size of each plot was kept 4 x 3m2. The land
was ploughed once by using a rotavator and soil was brought to a �ne tilth. The plots were laid out and
raised; levelled seed beds of vital size were prepared. The �eld was prepared 15 days prior to sowing.
Plots were made by placing bunds of 20 cm width and 15 cm height. Irrigation channels of 50 cm width
were provided linking the treatment plots. The days required to mature the crop was calculated from the
�rst day of sowing until harvesting. The root and shoot yield were determined from ten tagged sample
roots. The root length was measured with the help of wooden scale from the tip of the root up to the
shoulder of the root. The forking percentage was calculated as;

Bene�t cost ratio was calculated by dividing the net return with the cost of cultivation of different
treatments. The data obtained from �eld and laboratory inspection were subjected to statistical analysis
by means of the technique of analysis of variance for factorial randomized block design as described by
Gomez and Gomez10. The treatment differences were compared at 5% level of signi�cance (P = 0.05)
using OPSTAT program11.
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Results
Response of soil physical properties to biochar and organic manure

The application of soil amendments showed signi�cant (p < 0.05) decreased in bulk density (BD)over
control in surface soil (0-15cm) however the differences were non-signi�cant in subsurface (15-30cm)
soil depth (Table 4). Biochar addition (3tha-1) retained lower BD (1.3gcm-3) as compared to no biochar.
Treatments receiving organic manure revealed lowest BDin OM3 (50% N through FYM and VC, each) and
at par with OM2, OM1 and the highest was in OM0 (1.34gcm-3). Interaction effects between biochar and
organic manures were not signi�cant. Similarly soil moisture signi�cantly higher in soil treated with
biochar and manure as compared to control in surface soil and non-signi�cant in subsurface soil.
However, soil moisture increased with depth.21% higher soil moisture was observed with biochar
application at the rate of 3tha-1 over B0. Among manure treatments signi�cantly higher soil moisture was
found in OM3(22.19%) followed by OM2, OM1 and control. The interaction between biochar and manure
was found signi�cant in0-15 cm depth and maximum value was recorded in BxOM3 combination (Fig. 2).
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Table 4
Impact of soilamendments on soil bulk density and moisture % at surface and sub surface soil depth
Treatments Bulk density (g cm− 3)

0-15cm 15-30cm

Soil moisture (%)

0-15cm 15-30cm

Biochar      

B0 1.32 1.44 19.19 17.06

B 1.30 1.42 20.96 18.39

SEm(±) 0.00 0.02 0.23 0.44

CD 0.01 NS 0.70 NS

Organic manure      

OM0 1.34 1.44 18.18 16.90

OM1 1.31 1.43 19.27 17.20

OM2 1.30 1.43 20.67 18.08

OM3 1.30 1.42 22.19 18.70

SEm(±) 0.01 0.03 0.32 0.63

CD 0.02 NS 0.98 NS

F-probability test      

B * NS * NS

OM * NS * NS

Bx OM NS NS * NS

* = signi�cant at P < 0.05

Values within columns followed by the same letter for each parameter are not signi�cantly different
from each other based on ANOVA and Fisher’s protected LSD test (p < 0.05). Interaction between
mulch type and soil amendment factors was not signi�cant for any property (p > 0.05).

 

Biocharand manure signi�cantly (P < 0.05)increased macro aggregate stability and MWD and decreased
micro aggregate stability at 0-15cm soil depth (Table 5), however there were no difference at 15-30cm.
3.1% increased in macro aggregate stability and 3.4% reduction in micro aggregate stability was found in
biochar treated plotsover B0.Similarly among manures treatments, macro aggregate stability and MWD
increased and the highest increase was observed in OM3 by 5.6% and 12%, respectively compared with
OM0 (control), while in the subsequent depth (15-30cm) the effect of soil amendments on MWD, macro
and micro aggregate stability was found not signi�cant.At both soil depths interaction between biochar
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and organic manures was non-signi�cant. The data presented in Table 6 showed that biochar and
organic manures signi�cantly (P < 0.05) decreased soil penetration resistance (PR). The higher reduction
in PR of 6.6% was obtained with biochar(B) than without biochar (B0). Manures addition resulted in
reduction of soil PR and the maximum was observed in OM3 (0.29 Mpa) and at par with OM2 and OM1
treatments. No signi�cant interaction was observed between biochar and manures. Soil in�ltration rate
increased signi�cantly with biochar application (P < 0.05) suggesting 20.8% increase over B0. Addition of
organic manures increased the soil in�ltration rate and the highest increase was observed in OM3 by
63.2% compared with OM0 and at par with OM2 and OM1. There was no interaction observed between
biochar and organic manures. Biochar incorporation indicated signi�cantly (P < 0.05) increased water use
e�ciency (WUE) by 1.13 times over B0. Using manure WUE increased and highest was observed in OM3
by 2.5 times as compared to OM0. However, treatment OM3, OM2 and OM1were statistically at par. The
interaction between biochar and amendments was non-signi�cant.
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Table 5
Impact of soil amendments on macro and micro aggregate stability at surface and sub- surface soil

depth
Treatments Macro-

aggregate
stability
(%)

(0-15cm)

Micro-
aggregate
stability
(%)

(0-15cm)

Mean
weight
diameter
(MWD)

(0-15cm)

Macro-
aggregate
stability
(%)

(15-30cm)

Micro-
aggregate
stability
(%)

(15-30cm)

Mean
weight
diameter
(MWD)

(15-30cm)

Biochar          

B0 51.86 48.15 1.05 51.11 48.91 1.05

B 53.49 46.50 1.09 51.68 48.31 1.08

SEm(±) 0.38 0.38 0.02 0.56 0.27 0.01

CD 1.16 1.16 NS NS NS NS

Organic manure          

OM0 51.34 48.66 1.00 50.47 49.53 1.04

OM1 51.93 48.07 1.07 51.26 48.74 1.05

OM2 53.24 46.76 1.10 51.82 48.18 1.07

OM3 54.20 45.80 1.12 52.04 48.00 1.10

SEm(±) 0.54 0.54 0.03 0.80 0.38 0.02

CD 1.64 1.65 0.09 NS NS NS

F-probability test          

B * * NS NS NS NS

OM * * * NS NS NS

Bx OM NS NS NS NS NS NS
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Table 6
Impact of soil amendments on soil penetration resistance, in�ltration rate

and water use e�ciency
Treatments Penetration resistance

(Mpa)

In�ltration rate

(cm hr− 1)

WUE

(Kgha− 1-mm-1)

Biochar    

B0 0.32 0.24 224.42

B 0.30 0.29 254.92

SEm(±) 0.01 0.01 6.01

CD 0.02 0.04 20.01

Organic manure    

OM0 0.33 0.19 116.21

OM1 0.31 0.26 272.10

OM2 0.31 0.27 275.67

OM3 0.29 0.31 294.65

SEm(±) 0.01 0.02 9.33

CD 0.02 0.05 28.30

F-probability test    

B * * *

OM * * *

BxOM NS NS NS

* = signi�cant at P < 0.05

 
No signi�cant differences were observed in biochar and manures added treatments on soil pH (Table 7).
However, addition of biochar slightly increased the soil pH. Similarly soil EC signi�cantly increased with
the application of 3tha-1biochar (0.30 dS m-1) as compared to no biochar. Addition of organic manures
increased the soil EC and the highest increase was observed in OM3 by 15.4% compared with the OM0.
However, there was no interaction observed between biochar and organic manures. Biochar and manures
signi�cantly (P < 0.05), increased macro and micro aggregate associated organic carbon (Table 8).
Organic carbon content in macro and micro aggregates with biochar addition were 6.59 g kg-1, 3.26 g kg-

1, respectively. Manure application increased the macro and micro aggregate associated organic carbon
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and highest was observed in OM3 (4.4%, 3.1%, respectively) compared with the OM0. The interaction
between biochar and manures was non-signi�cant in both the soil aggregates.

Table 7
Impact of soil amendments on soil pH

and EC
Treatments Soil pH EC (dS m− 1)

Biochar  

B0 7.60 0.27

B 7.62 0.30

SEm(±) 0.03 0.00

CD NS 0.01

Organic manure  

OM0 7.63 0.26

OM1 7.62 0.28

OM2 7.60 0.30

OM3 7.60 0.30

SEm(±) 0.04 0.01

CD NS 0.02

F-probability test  

  NS *

OM NS *

B xOM NS NS

* = signi�cant at P < 0.05
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Table 8
Impact of soil amendments on macro and micro aggregate associated OC (g kg− 1)

Treatments Macro-aggregate associated OC (g kg− 1) Micro-aggregate associated OC (g kg− 1)

Biochar  

B0 6.46 3.22

B 6.59 3.26

SEm(±) 0.04 0.01

CD 0.11 0.03

Organic manure  

OM0 6.37 3.18

OM1 6.51 3.23

OM2 6.57 3.25

OM3 6.65 3.28

SEm(±) 0.05 0.02

CD 0.16 0.07

F-probability test  

B * *

OM * *

BxOM NS NS

 

Response of crop performance and economicsto biochar and organic manure 
Biochar and organic manures signi�cantly (P < 0.05) increased radish root length, forking percent, days of
marketable maturity, root yield and shoot yield (Table 9) Biochar application @ 3tha-1resulted in higher
root length by 16% over B0. Addition of manures increased the root length and the highest increase was
observed in OM3 (30.9%) compared with the OM0. However, treatment OM3 and OM2 were found
statistically at par. The maximum root length was obtained with OM3xB (24.25cm) (Fig. 3) and lowest
was in OM0B0. Forking percentage decreased by 8.3%, 2.4% with biochar and manure (FYM + VC)
application (OM3)than B0 and OM0, respectively. Similarly, root yield increased signi�cantly by 1.13 and
2.53 times in B and OM3 treatments over B0 and OM0, respectively. However, in case of shoot yield only
biochar (B) was able to increase the shoot yield signi�cantly and the increase was 7.4%.Biochar and
manures signi�cantly (P < 0.05) decreased days of marketable maturity by 8.3% (B) and 6.9% (OM3) as
compared to B0 and OM0, respectively. The interaction between biochar and organic manures was non-
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signi�cant.The bene�t and cost analysis of radish is presented in Fig. 4 and the data revealed that
treatment OM3B recorded maximum gross returns (Rs. 225000/ha) and net returns (Rs. 138325/ha).
Application of 3 t ha-1biochar with manure (FYM + VC) recorded highest B: C ratio of 1.6, followed by
OM2B(1.51). However, lowest B:C ratio was observed in control (1.05).

Table 9
Impact of soil amendments on root length, forking %, Days of marketable maturity, Root yield and Shoot

yield
Treatments Root length

(cm)
Forking
(%)

Days of marketable
maturity

Root yield
(qha− 1)

Shoot yield
(qha− 1)

Biochar        

B0 19.47 35.55 55.83 159.56 39.03

B 22.55 32.61 51.17 181.25 41.92

SEm(±) 0.28 0.98 0.51 4.69 1.73

CD 0.84 2.79 1.56 14.23 NS

Organic manure        

OM0 17.74 38.83 55.50 82.63 31.64

OM1 20.42 34.17 53.67 193.50 41.94

OM2 22.66 33.71 53.17 196 42.98

OM3 23.23 29.60 51.67 209.50 45.36

SEm(±) 0.39 1.39 0.73 6.63 2.44

CD 1.19 3.91 2.21 20.12 7.41

F-probability test        

B * * * * *

OM * * * * NS

BxOM * NS NS NS NS

* = signi�cant at P < 0.05

Discussion
Effect of biochar and organic manures on soil physicochemical properties

Our results showed an increase in soil moisture, macro aggregate stability,MWD, and IR and reduction in
BD and PR with soilamendments addition in one season at surface soil. However, there were no
signi�cant impact of biochar and manures on soil physical properties at subsurface soil depth. Increase
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in soil moisture, macro aggregate stability, and IR by 9.2%, 3.1%, 20.8%, respectively, in biochar addition
treatments than no biochar (B0) might be due to porous nature, high surface area and aromatic nature of
biochar that resulted in improved soil aggregation, soil water retention and water use e�ciency12–14. The
increase in macro aggregate stability and MWD in case of biochar treated plots probably is due to the
contribution of organic carbon present in biochar. Biochar promotes growth of soil microorganisms which
secretes polysaccharides that increases adherence of soil colloidal particles.According to our results it is
evident that WUE was higher (13.6%) in biochar applied plots than B0(Table 6). These �ndings are in
agreement with Abrol et al.15 who reported that biochar provide favourable soil physical condition for soil
water movement. Reduction in BD and PR with biochar amended plots further supports the results
obtained by many researchers Laird et al.16, Mukherjee and Lal17 and Gwenzi et al.18 as high porosity of
biochar and highly stable carbon of biochar resulted in increased pore volume and decreased soil
compaction.

Similarly, manure incorporation showed signi�cant improved soil physical properties over control.
Reduction in bulk density and penetration resistance and increased moisture percent, aggregation,
in�ltration rate and water use e�ciency was observed with manure addition. Comparable results were
observed by Saddiq and Al-Ameer19 who found reduction in soil bulk density due to the formation of
stable aggregates with organic matter incorporation into the soil.2.3–2.5 times, increase in WUE was
noticed with manure addition might be due to the increase in photosynthesis and reduction in
transpiration losses of crop, which leads to increase in crop yield20. Similarly, Sarkar et al.21 observed that
addition of organic manures to soil enhanced the moisture retention capacity of soil. Manure positively
modi�ed the soil structure and increased soil water and nutrient retention capacity of soil22–23.

Biochar treated plots showed the maximum soil pH. This might be due to alkaline nature of biochar, high
surface area and porous nature of biochar that increased cation exchange capacity of soil24. Similar
results of increase in EC were also found by Pandian et al.25; Raison26 who revealed that the increase in
EC because of incorporation of biochar are generally due to carbonates of alkali, amounts of silica,
phosphates and small amounts of organic and inorganic nitrogen. Similar results of increase in EC were
also reported by Dutta et al.27 who reported the increase in EC of soil due to application of vermicompost
were generally due to chloride and sulphate salt.

Results revealed that short term effect of biochar and manure can enhance C stability in macro
aggregates this could be due to carbon released from the decomposition of organic manures is
sequestered by the biochar. Joseph et al.28 also reported less mineralization resulted in physical,
enzymatic and microbial degradation of aggregate associated C. Earlier research showed biochar is
carbon rich recalcitrant material however it improved labile carbon by improving soil structural cohesion
between particles 29–30.

Effect of biochar and organic manures on crop performance and economics
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Besides containing labile and recalcitrant carbon biochar adds some other nutrients into soil (P, K, H and
S). Incorporation of biochar with manures further accelerates the nutrients availability and reduced the
nutrients leaching and fast decomposition of manure as reported by Adekiya et al.5 and Manolikaki, I.&
Diamadopoulos, E31. Maximum root length in biochar and OM3 treatments was found due to reduction in
bulk density, penetration resistance and elevated aggregate stability of soil. Adekiya et al.5 reported
similar �ndings. Similarly, biochar and organic manures both individually and in combination decreased
forking percentage in radish because of improved physical condition of soil, treated with biochar as well
as organic manures. These amendments make soil suitable for even root penetration and growth inside
the soil. Similar results were found by Subedi et al.32.

Incorporation of biochar and manures (FYM + VC) gave highest net returns (Rs138325) and lowest
(37450) was observed in control which might be due to the high radish yield and root length. Similarly,
results showed that biochar application at the rate of 3 t ha− 1with FYM and VC (OM3B) was superior with
B:C ratio of 1.5 while the lowest B:C ratio (1.0) was recorded in control(OM0B0)33.

Conclusion
Findings from the investigation revealed that management practice of incorporation of biochar at the rate
of 3 t ha-1and organic manures (FYM + VC) should be used to improve soil physical properties (reduced
bulk density, penetration resistance, increased WUE, in�ltration rate, moisture %)which leads to improve
organic radish production.
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Figure 2

effect of biochar and organic amendments on soil moisture %at 0-15 cm soil depth
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Figure 3

Effect of soil amendments on root length
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Figure 4

Effect of soil amendments on economics


