Effect of mulberry stalk biochar on soil nutrients status and productivity of mulberry
(Morus alba L.)

Abstract

Biochar as an organic amendment improves soil attributes, with a potentially
significant effect on soil fertility. The main objective of this study was to quantify the effect
of biochar addition on nutrients status in mulberry cultivated soil. A field experiment was
conducted in the mulberry crop to know the effect of soil application of mulberry stalk
biochar on nutrients build up in soil at farmer’s field at Sidlaghatta (TQ), Chikkaballapura
District, A randomized block design was employed with gight treatments replicated thrice.
IResuIts Irevealed that, Combined soil application of biochar @ 10t ha* and FYM @ 10 t ha*
(Ts) recorded higher leaf yield per hectare (13.07 t ha') and it was on par with T7 (12.61 t ha-
1) which received soil application of biochar @ 7.5 t ha' and FYM @ 10 t ha’. The lowest
leaf yield of 10.45 t ha' was recorded in control which devoid of biochar. Significantly
higher soil primary, secondary and micronutrients were recorded in Tg (soil application of
biochar @ 10 t ha' + FYM @ 10 t ha') followed by treatment T7 which received soil
application of biochar @ 7.5 t ha* + FYM @ 10 t haX. The lower soil primary, secondary and
micronutrients were recorded in T1 which is devoid of biochar. The findings revealed that
utilization of mulberry stalk as a biochar has positive effect on the improvement of nutrient
status and it could partly replace chemical fertilizers and promote organic farming in a

circular economy concept.
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Introduction

|Mu|berry], the sole nourishment plant for silkworm, Bombyx mori L. \plays a vital role
in the growth and development of silkworm and in turn the silk production. Leaf quality and

quantity not just impact the silkworm growth and development but also impact the cocoon
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production and quality of raw silk. It is grown under varied climatic conditions ranging from
temperate to tropics. The sustainable production of mulberry leaf is entirely dependent on the
maintenance of the soil fertility of mulberry garden through the periodical application of
organic sources and inorganic fertilizers in required quantitiesl.l

Soil organic matter (SOM) is the heart of soil cannot be overlooked as it is a vital
source of energy and nutrients for the soil macro- and micro- organisms and the plants as
well. SOM is important to soil fertility because it contains at least 95% of the total nitrogen
and sulphur along with 20 to 75% of phosphorus in the soil surface (Steiner et al., 2007). Soil
organisms, including microorganisms, use soil organic matter as food. As they break down
the organic matter, any excess nutrients (N, P and S) are released into the soil in the forms
that plants and organisms can use.

According to Lehmann and Joseph (2009), biochar is becoming a popular alternative
to organic amendments that is being applied to soils to increase and sustain soil productivity.
The use and functions of biochar in soils have been recently reviewed by Sohi et al., (2010)
and potential mechanisms of achieving agricultural benefits by biochar — soil application by
Atkinson et al., (2010). Application of biochar carbon allows cycling of nutrients back into
the agricultural soils and sequestering carbon in a recalcitrant form (Steiner, 2010).

Biochar alters soil structure, increases among others, water retention capacity, CEC,
sorption capacity, base saturation percentage, surface area, microbial activity, pH of acid soils
etc. That is why biochar is gaining huge acclamation of the environmentalists, scientists and
researchers nowadays to mitigate climate change and to enhance nutrient management.

Biochar is a source of organic amendment/manure that is receiving attention by
researchers all over the world (Lehmann et al., 2003). The process of biochar production
under controlled oxygen is known as pyrolysis and it results in a very stable carbon (C)-rich
material not only capable of improving physical and chemical soil properties but also
increasing soil carbon storage on a large scale. Among soil organic amendments, biochar is
considered as a more stable nutrient source than others (Chan et al., 2007). Organic C content
in biochar has been reported up to 90 percent depending upon its feedstock, which enhances
C sequestration in soil (Lehmann and Joseph, 2009).

Biochar is a carbon rich material, in association with porous characteristics and high
surface area which are favourable to accumulating soil moisture, increase the porosity,
reduces the bulk density and to promote the formation of soil aggregation. All the above soil
physical improvement can provide a good environment for the growth of plants. Furthermore,

biochar is an ideal acidic soil amendment which can improve the pH of acidic soil. It contains
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nutrient element which can be directly released into soil, and its surface charge and functional
groups are conducive to soil nutrient retention, such as the reduced leaching of NH*4 and NO-
3, PO%4, therefore improve the efficiency of nutrient elements.

Moreover, due to the ability of biochar to persist in the soil over a long period of time
as it is recalcitrant to decomposition, it can provide desirable benefits to crops over several
seasons (Steiner et al., 2007; Major et al., 2010). |In Mew of this, the current study was
undertaken to assess the impact of biochar on mulberry leaf yield and nutrients build up in
soil.

Material and methods

The experiment was carried on farmer’s field at Sidlaghatta (TQ), Chikkabalapura
District, Karnataka, India, which falls under Eastern Dry Zone of Karnataka (Agro climatic
Zone No. 5) and is situated at 130 36’ North latitude 770 43.49’East longitude and at an
altitude of 915 meters above the mean sea level. Victory 1 (V1) variety planted at a spacing
of 90 x 60 cm. The experiment was laid out in randomized complete block design and
replicated thrice with 8 treatments and the test crop was muIberryH The treatment details are
given below

T1: Control (NPK alone)

T2 POP (FYM (25 t hal) + NPK 375:140:140 kg ha'%)

Ta: Soil application of biochar @ 5 t ha*

Ta: Soil application of biochar @ 7.5t ha't

Ts: Soil application of biochar @ 10 t hat

Te: Soil application of biochar @ 5thal +FYM @ 10t hat
T7: Soil application of biochar @7.5tha*+ FYM @ 10t ha*
Ts: Soil application of biochar @ 10t hal + FYM @ 10t hat
NPK is common for all the treatments

The physical and chemical characteristics of the top 0-15cm depth of the soil of the
experimental site are summarized in Table 1.

Table 1: Initial physico-chemical properties of the experimental site

Particulars Content

Texture Sandy loam
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Bulk density (Mg m) 1.34

Aggregate stability (%) 52.53
MWHC (%) 32.60
Soil pH (1:2.5) 6.64
EC (dS m?) (1:2.5) 0.21
Organic carbon (g kg %) 0.40
Available nitrogen (kg ha't) 261.37
Auvailable phosphorus (P20s kg ha't) 35.84
Available potassium (K20 kg ha1) 210.26
Available sulphur (ppm) 15.82
Exchangeable calcium [cmol(p*) kg 452
Exchangeable magnesium [cmol(p*) kg] 1.85
DTPA extractable iron (mg kg) 12.66
DTPA extractable copper (mg kg?) 1.56
DTPA extractable manganese (mg kg) 491
DTPA extractable zinc (mg kg™?) 0.83
Hot water-soluble boron (mg kg) 0.33

Biochar used for the study

Biochar is the C-rich solid product resulting from the heating of biomass in an
oxygen-limited environment. Due to its highly aromatic structure, biochar is chemically and
biologically more stable compared with the organic matter from which it is made. Generally,
the properties of biochar vary widely, depending on the source of biomass used and the
conditions of production of biochar (Lehman and Joseph, 2009). The biochar used for the
study was obtained from mulberry stalk and after the production, the biochar was ground and
sieved through a 2mm sieve. The phsico-chemical characteristics of the mulberry stalk
biochar used in this study are presented in the Table 2.

Table 2: Physico-chemical characteristics of mulberry stalk biochar
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Parameters Value

Bulk density (Mg m-3) 0.32
WHC (%) 93.14
pH (1: 2.5) 8.53
EC (dS m) (1: 2.5) 0.39
Total carbon (%) 69.37
Nitrogen (%) 0.89
Phosphorus (%) 0.22
Potassium (%) 0.65
Calcium (%) 0.96
Magnesium (%) 0.48
Sulphur (%) 0.18
Iron (ppm) 493
Manganese (ppm) 94.1
Zinc (ppm) 34.59
Copper (ppm) 20.55
Boron (ppm) 335

Results and discussion

Leaf yield of mulberry

Application of FYM and different levels of biochar significantly influenced the leaf | commented [Ma15]: Write some of the results as a
percent increase or decrease with the control treatment for

yield and the values ranged from 568.45 to 691.37 g plant and 10.45 to 13.07 t ha'! in pooled | better understanding.

data (Table 3).



Combined application of biochar and FYM had profound influence on leaf yield of
mulberry in all the three crops cuttings. The pooled mean data showed marked significant
differences with respect to leaf yield and the highest leaf yield was being recorded in Tg (13.07
t ha'l) and the next best treatment was T7 (12.61 t ha't) while the lower values was recorded in
control (10.45 t ha'). Treatments which received biochar @ 10, 7.5 and 5 t ha recorded
significantly higher leaf yield of 12.13 (Ts), 11.83 (Ts) and 11.62 (Ts) t ha’ compared to
treatments T> (10.86 t ha'!) which received POP (FYM @ 25 t ha! + NP-Os K»0 350:140:140
kg ha') and T1 (10.45 t hal) which received NPK alone. Among different treatments, with
increased level of biochar application increased the leaf yield.

The treatment which received biochar @ 10 t ha' + FYM @ 10 t ha'! recorded higher
number of leaves and thereby higher leaf yield. Increased rate of biochar application increased
leaf yield due to increased availability of nutrients. This might be due to increase in rate of
biochar which increases the moisture content and nutrient supply in soil. Increase in leaf yield
with application of biochar can be attributed to increased CEC of soil, pH and base saturation,
available P, nutrient retention and increased plant-available water and also due to better
partitioning and migration of the total available photosynthates to economic yield. Such responses
with application rates were reported by Major et al. (2010), Fasiha and Devakumar (2022) and
Zwieten et al. (2010). Addition of more nutrients through combination of biochar, FYM and
inorganic fertilizers resulted in higher grain and stover yield. Many research workers have
reported that biochar-induced yield increases in the sugarcane crop, rice and maize production
[Chen et al., (2010), Ogawa and Okimori (2010)].



Table 3: Effect of mulberry stalk biochar on leaf yield of mulberry at different crop cutting seasons

First crop cutting Second crop cutting Third crop cutting Pooled mean
Leaf yield Leaf yield Leaf yield Leaf yield Leaf yield Leaf yield Leaf yield Leaf yield

Treatments (g plant?) (tha) (g plant™) (tha) (g plant™) (tha) (g plant™) (tha)
T1 367.73 6.99 612.18 11.34 725.43 13.01 568.45 10.45

T2 375.57 7.14 641.55 11.90 736.55 13.55 584.56 10.86

T3 394.59 7.31 699.08 12.95 789.41 14.62 627.69 11.62

Ty 403.84 7.48 711.03 13.17 801.36 14.84 638.74 11.83

Ts 416.79 7.72 728.72 13.49 819.05 15.17 654.85 12.13

Te 425.45 7.87 743.76 13.77 834.09 15.45 667.77 12.36

T7 433.21 8.09 757.85 14.03 848.18 15.71 679.75 12.61

Ts 442.94 8.20 770.39 14.64 860.76 16.37 691.37 13.07
S.Em+t 5.73 0.04 7.76 0.29 8.48 0.29 6.54 0.20
CD @ (5 %) 17.38 0.13 23.54 0.88 25.73 0.90 19.84 0.61

T, Control (NPK alone)

Ts: Soil application of biochar @ 10 t ha*

T,: POP (FYM @ 25 t ha + NP,Os K,0 350:140:140 kg ha) Ts: Soil application of biochar @ 5tha'+ FYM @ 10t ha*

T; Soil application of biochar @ 5t ha*

T7: Soil application of biochar @7.5tha’+ FYM @ 10t ha*

T4: Soil application of biochar @ 7.5 t ha*

Ts: Soil application of biochar @ 10tha' + FYM @ 10t ha*




Soil nutrient status after the harvest of mulberry crop
Primary nutrient

The nutrient status i.e., available N, P.Os and KO, of the soil after the harvest of
mulberry was analysed and results are presented in Table 4.

Combined application of biochar and FYM had profound influence on primary
nutrients status after harvest of mulberry in all the three crops cuttings (Table 3). In case of
pooled data, significantly higher available nitrogen (294.78 kg ha™), phosphorus (47.22 kg
ha) and potassium (235.06 kg ha') content was recorded in Ts (soil application of biochar
@ 10 tha! + FYM @ 10 t ha') and on par with T7 (N:291.59 kg hal, P,0s5:45.47 kg ha!
K20: 230.80 kg ha') received soil application of biochar @ 7.5t ha' + FYM @ 10 t ha™.
The lower available nutrient contents were recorded in T1 (N: 261.80 kg hal, P20s: 35.24 kg
ha'l K20: 209.46 kg ha't) which is devoid of biochar.

The higher status of soil available nitrogen under biochar applied with different doses
of fertilizers were ascribed due to more release and additive effect of mineralization and their
uptake, there by the higher yields under these treatments. Nitrogen retention could be
improved as biochar provides micro habitat. Biochar improved the soil physical properties
which might have altered the inorganic nitrogen pool. Biochar might also reduce the leaching
losses due to its higher surface area.

Biochar application can reduce nutrient leaching from soil with resulting increase in
fertilizer use efficiency. Various other studies indicated that addition of biochar recorded
higher available nitrogen, phosphorus and potassium of soil by Widowati et al. (2012), Khan
et al., (2014) and Widowati & Asnah (2014). According to Venkatesh et al. (2018) observed
application of pigeon pea biochar increased in soil available nitrogen 26 percent over the
initial soil available nitrogen (109.4 kg ha''). Lehmann (2007) reported that biochar alters the
N dynamics in soil. With biochar application to soil increased the availability and rate of
mineralization of organic N which indicates the ability of biochar as a slow release N
fertilizer by Chan and Xu (2013), Singh et al., (2018) and Steiner et al. (2008).

The increase in soil phosphorus content as compared to initial was ascribed due to P
content of biochar and also due to its effect on biotic activity. The favourable effect of
biochar on phosphorus availability was also reported by Venkatesh et al. (2018), who
reported that application of pigeon pea biochar increased 14 % availability of phosphorus
over the initial soil (11.4 kg ha'). Abewa et al. (2014) reported that biochar application
improves available phosphorus due to synergetic effect of biochar and fertilizer. Possible
explanation for increased phosphorus content on biochar application includes some capacity



of the biochar to retain anions and also presence of soluble and exchangeable phosphate in
biochar, it is a modifier of soil pH and ameliorator of P complexing metals (AI**, Fe3*) and
promoter of microbial activity and hastening P mineralization. Such increase in available
P20s content with biochar addition was also reported by Laird et al., (2010); Novak et al.,
(2009); Parvage et al., (2013) and Hass et al., (2012). Chan et al. (2007) and Chan et al.
(2008) also reported the increase in available phosphorus in soil after the application of
biochar.

With increase in levels of biochar increased the potassium content of soil at harvest in
post harvested soil which may be due to the high concentration of K found in the biochar
(Chan et al., 2007). The immediate beneficial effects of biochar additions on nutrient
availability are largely due to higher potassium (Lehmann et al., 2003). The biochar contains
high ash and itself has more amount of potassium content compared to other major nutrients,
so by the application of ash rich biochar to soils increased the potassium content
significantly.



Table 4: Effect of mulberry stalk biochar on major nutrients of soil at different crop cutting seasons

First crop Second crop Third crop Pooled mean
Treatments N ‘ P20s ‘ K20 N ‘ P20s ‘ K20 N ‘ P20s ’ K20 N P20s K20
(Kg ha')

T 266.95 36.49 212.13 261.84 35.04 208.93 256.62 34.20 206.32 261.80 35.24 209.46

T2 270.37 37.39 213.26 265.26 36.60 210.06 260.37 35.19 208.45 265.33 36.39 210.59

T3 279.31 40.31 221.26 274.40 39.38 218.06 268.97 38.01 216.12 274.23 39.23 218.48

T4 283.39 42.22 224.17 278.27 41.75 220.90 273.06 39.92 218.96 278.24 41.30 221.34

Ts 287.57 43.20 226.41 282.49 42.98 223.14 277.24 40.84 221.20 282.43 42.34 223.58

To 291.42 46.17 230.26 286.09 44.24 226.99 280.75 42.18 225.05 286.09 44.20 227.44

Tr 296.77 47.56 233.63 291.58 45.19 230.36 286.43 43.66 228.42 291.59 45.47 230.80

Ts 299.92 49.13 237.98 294.83 46.76 234.58 289.59 44.88 232.64 294.78 47.22 235.06
S.Em+ 2.74 0.94 2.37 2.86 0.80 2.37 2.80 0.87 2.42 2.80 0.78 2.32
CD@ (5%) | 8.33 2.86 7.20 8.68 2.45 7.19 8.50 2.64 7.43 8.49 2.36 7.04

T1: Control (NPK alone

Ts: Soil application of biochar @ 10 t ha'?

T2 POP (FYM @ 25 t ha'! + NP,Os K20 350:140:140 kg ha')

Te: Soil application of biochar @ 5tha'+ FYM @ 10tha*

T3 Soil application of biochar @ 5 t ha!

T7: Soil application of biochar @7.5that+ FYM @ 10t ha!

T4: Soil application of biochar @ 7.5 t ha!

Ts: Soil application of biochar @ 10tha!+ FYM @ 10t ha*







Secondary nutrients

Application of biochar at different quantities significantly influenced the exchangeable
Ca status of soil (Table 5). In case of pooled data, highest exchangeable calcium status in the
soil [5.85 cmol (p+) kg] was recorded in Ts treatment with soil application of biochar @ 10
thal + FYM @ 10 t ha! followed by T7 treatment which received biochar @ 7.5 t ha* +
FYM @ 10 t ha! [5.68 cmol (p+) kg']. Lowest exchangeable calcium status of soil [4.71
cmol (p+) kg*] was recorded in control (T1).

Significant differences were found between treatments with respect to exchangeable
magnesium status. Significantly higher [2.77 cmol (p+) kg] exchangeable magnesium was
recorded in soil application of biochar @ 10 t ha’+ FYM @ 10 t ha* (Tg) treatment, whereas
significantly lower magnesium value of 1.87 cmol (p+) kg! was found in Ti treatment
(control).

Application of biochar at different quantities significantly influenced the available
sulphur status of soil (Table 5). The available sulphur status in soil showed significant
difference among the treatments. However, the highest available sulphur status (21.97 mg kg
1) was found with application of biochar @ 10 t ha! + FYM @ 10 t ha ! (Ts). The lower
sulphur status (17.35 mg kg') was found in control (T1). Combined application of biochar
and FYM had profound influence on secondary nutrients status after harvest of mulberry in
all the three crops cuttings.

Significant effect of application of different levels of biochar on secondary nutrients
in soil was observed. Exchangeable bases such as Ca and Mg status in soil varied
significantly with application of varied levels of biochar combined with FYM due its high
cation exchange capacity. Increase in exchangeable bases in soil can be attributed to release
of basic cations from biochar. Most of the Ca, Mg, K, P and plant micronutrients in feedstock
are partitioned into the biochar ash fraction during pyrolysis. Ash in biochar rapidly releases
free bases such as Ca, Mg and K to the soil solution thereby not only increases soil pH but
also exchangeable bases. Such observations were also noticed by Lehmann et al. (2003) and
Chan et al. (2008).

Sulphur status in soil varied significantly with application of different levels of
biochar with FYM. This may be due the contribution of available sulphur to soil after the
mineralization of organic sulphur in biochar and also due to application of FYM. The results
suggest that biochar also improves the bioavailability of sulphur; which mainly depends on

mineralization of organic forms of sulphur in soil (De Luca et al., 2009).



Table 5: Effect of mulberry stalk biochar on secondary nutrients of soil at different crop cutting seasons

First crop Second crop Third crop Pooled mean
Treatments Ca Mg S Ca Mg S Ca Mg S Ca Mg S
[cmol (p*) kg™l | (mgkg | [cmol (p*) kg™l | (mgkg?) | [cmol (p*) kg™] |(mgkg™)| [cmol(p+) kg™l | (mg kg
) )
I 4.88 1.93 17.70 4.70 1.87 17.32 4,53 1.83 17.03 4,71 1.87 17.35
T2 4.92 2.10 18.29 4.74 1.98 17.91 4.62 1.92 17.62 4.76 2.00 17.94
Ts 5.28 2.35 19.68 5.09 2.22 19.30 4.96 212 19.01 5.11 2.23 19.33
T4 5.37 2.46 20.17 5.14 2.37 19.78 5.06 2.25 19.50 5.19 2.36 19.82
T
° 5.49 2.54 20.68 5.31 2.45 20.29 5.16 2.35 20.01 5.32 2.45 20.33
T
® 5.63 2.65 21.17 5.51 2.53 20.78 5.42 2.43 20.50 5.52 2.54 20.82
T7 5.80 2.74 21.47 5.68 2.61 21.08 5.56 2.54 20.80 5.68 2.63 21.12
Ts 5.96 2.88 22.25 5.83 2.77 21.97 5.76 2.65 21.69 5.85 2.77 21.97
S.Emzt 0.10 0.07 0.34 0.09 0.07 0.36 0.11 0.06 0.35 0.10 0.07 0.35
CD@ (5 %) 0.32 0.22 1.04 0.30 0.21 1.11 0.33 0.19 1.07 0.31 0.21 1.07

T1: Control (NPK alone

Ts

: Soil application of biochar @ 10 t ha*

T,: POP (FYM @ 25t ha! + NP,Os K20 350:140:140 kg hat)

Te

- Soil application of biochar @ 5tha’+ FYM @ 10t ha*

T3 Soil application of biochar @ 5t ha*

T7

: Soil application of biochar @7.5tha'+ FYM @ 10t ha*

T4: Soil application of biochar @ 7.5t ha!

Tg

: Soil application of biochar @ 10tha'+ FYM @ 10t ha*




Micronutrients

A significant difference was found with respect to micronutrients like Fe, Zn, Mn, Cu
and B in soil after harvest of mulberry crop due to imposition of different treatments (Table 6
and 7).

Combined application of biochar and FYM had profound influence on micronutrient
status after harvest of mulberry in all the three crops cuttings. In case of pooled data,
significantly higher Fe (16.34 mg kg™), Zn (1.00 mg kg1), Mn (6.13 mg kg%), Cu (1.71 mg
kg') and B (0.44 mg kg'') content was recorded in Tg (soil application of biochar @ 10 t ha!
+FYM @ 10 t ha! ) and on par with T7 (Fe: 15.99 mg kg, Zn: 0.98 mg kg%, Mn: 6.00 mg
kg?, Cu: 1.69 mg kg and B: 0.42 mg kg™?) received soil application of biochar @ 7.5 t ha' +
FYM @ 10 t hal. The lower micronutrient contents were recorded in T1 (Fe: 12.88 mg kg,
Zn: 0.82 mg kg, Mn: 5.04 mg kg1, Cu: 1.59 mg kg* and B: 0.31 mg kg%) which is devoid
of biochar. It was noticed that micronutrient status of soil increased with increased levels of
biochar and FYM. Increase in available micronutrient status in soil treated with biochar and
FYM might also be due to enhanced solubilisation of native minerals. As pH of soil and
micronutrients availability was negatively correlated, immobilization of micronutrient occurs
in soil. But the micronutrient status in soil increased with the application of biochar in
combination with FYM. This may be due to the mineralization of micronutrients from
organic matter and the release of micronutrients during decomposition of organic manures.
Increase in the status of micronutrients at harvest of crop might be due to higher availability
of the plant nutrients from the soil nutrient reservoir and additional quantity of nutrients
supplied through farm yard manure (Sharma and Dixit, 1987).

The higher content of available Fe was found in the treatment which received biochar
@ 7.5t ha-1 this might be due good retention power of biochar which retained large amount
of Fe in soil (Amonette and Joseph, 2009) and (Shankar et al., 2012).

Prasanna (2012) found that significantly highest zinc content in soil was recorded
with the application of biochar @ 2 t ha' + RDF + FYM @ 10 t hal, followed by the
treatment receiving biochar @1 t ha! + RDF + FYM @10 t ha'l. The increased available zinc
status in soil under different doses of biochar in combination with FYM application might be
due to the addition of organics. The organic materials form chelates and increase the
availability of zinc.

The available manganese status might be increased because of enhanced solubilisation

of manganese due to reduction potential of manganese and non-complexation by organic



ligands. Lentz and Ippolito, 2011 supported the significant increment in available manganese
on biochar addition as biochar acts as a source of manganese.

Slight increase in copper status with the addition of biochar and FYM might be due to
high extractability of micronutrients and Cu is strongly chelated by organic carbon and is less
subjected to adsorption process. Similar observations were made by Bandara et al. (2017).
There was an increase in Cu status with biochar application. Application of biochar might
have increased the soluble organic carbon; thereby resulting in the mobilization of Cu.
Beesley and Marmiroli (2011) also reported dependence of Cu content on soluble carbon and
pH.

Boron content in the biochar amended plots was higher than in the control treatment
which was probably due to the lower absorption of boron by the plants under the conditions
of increasing soil pH. A similar relationship was found by Hu and Brown (1997), according
to whom the availability of boron to plants decreases with increasing soil pH and therefore its

soil content increases.



Table 6: Effect of mulberry stalk biochar on DTPA extractable iron, zinc and manganese of soil at different crop cutting seasons

First crop Second crop Third crop Pooled mean
Treatments | F€ ‘ Zn ‘ Mn Fe ‘ Zn ‘ Mn Fe ‘ Zn ‘ Mn Fe ‘ Zn ‘ Mn
mg kg

T1 13.02 0.87 5.12 12.87 0.81 5.03 12.74 0.79 4.97 12.88 0.82 5.04

T2 15.25 0.98 5.71 15.10 0.93 5.68 14.97 0.91 551 15.11 0.94 5.63

T3 15.15 0.96 5.65 15.00 0.90 5.52 14.87 0.88 5.44 15.01 0.91 5.54

Ts 14.82 0.94 5.42 14.67 0.88 5.35 14.54 0.86 5.23 14.68 0.89 5.33

Ts 1426 | 0.93 5.39 14.11 0.85 5.27 13.98 0.83 5.11 14.12 0.87 5.26

Te 15.92 1.00 5.95 15.77 0.95 5.81 15.52 0.93 5.73 15.74 0.96 5.83

T7 16.13 1.02 6.14 15.98 0.97 5.99 15.85 0.95 5.86 15.99 0.98 6.00

Ts 16.48 1.05 6.25 16.33 0.99 6.11 16.20 0.97 6.04 16.34 1.00 6.13
SEm: 0.40 | 0.01 0.08 0.37 0.01 0.07 0.35 0.01 0.09 0.36 0.01 0.08
COD@ (%) | 1.21 0.04 0.26 1.13 0.03 0.23 1.07 0.03 0.30 1.10 0.03 0.26

Ta: Control (NPK alone) Ts: Soil application of biochar @ 10 t ha'*

T2: POP (FYM @ 25 t ha't + NP20s K20 350:140:140 kg ha') | Te: Soil application of biochar @ 5tha’+ FYM @ 10t ha'
T3 Soil application of biochar @ 5 t ha! T7: Soil application of biochar @7.5that+ FYM @ 10t ha!
T4: Soil application of biochar @ 7.5 t ha! Tg: Soil application of biochar @ 10t ha'! + FYM @ 10 t ha!




Table 7: Effect of mulberry stalk biochar on copper and boron content of soil at different crop cutting seasons

First crop Second crop Third crop Pooled mean
Treatments Cu B Cu B Cu B Cu B
mg kg

T 1.60 0.32 1.59 0.31 1.57 0.30 1.59 0.31
T2 1.70 0.40 1.66 0.38 1.62 0.37 1.66 0.38
Ts 1.68 0.39 1.67 0.39 1.61 0.35 1.65 0.37
T4 1.65 0.37 1.63 0.34 1.60 0.32 1.63 0.34
Ts 1.63 0.35 1.60 0.32 1.59 0.31 1.61 0.33
Ts 1.72 0.44 1.67 0.39 1.63 0.38 1.67 0.40
T7 1.74 0.46 1.69 0.41 1.65 0.40 1.69 0.42
Te 1.76 0.48 1.71 0.43 1.67 0.42 1.71 0.44
S.Emz 0.009 0.01 0.01 0.009 0.01 0.01 0.008 0.009
CD@ (5 %) 0.02 0.03 0.03 0.02 0.02 0.03 0.02 0.02

Ta1: Control (NPK alone

Ts: Soil application of biochar @ 10t hat

T2: POP (FYM @ 25 t ha't + NP20s K20 350:140:140 kg ha't)

Te: Soil application of biochar @ 5tha'! + FYM @ 10tha!

Ts Soil application of biochar @ 5 t ha*

T+: Soil application of biochar @7.5tha'+ FYM @ 10 t ha*

T4: Soil application of biochar @ 7.5 t ha!

Tg: Soil application of biochar @ 10tha' + FYM @ 10t ha!




Conclusion

Soil application of biochar and FYM have more stimulating effect on the soil nutrient
status. Among all the treatments imposed, soil application of biochar @ 10 t ha! + FYM @
10 t ha! recorded higher soil nutrient status compared to control. From the present
investigation, it is observed that combined application of biochar and FYM has significantly
increased the nutrients status in the soil.
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