Asian Journal of Soil
Science and Plant Nutrition

Asian Journal of Soil Science and Plant Nutrition

Volume 10, Issue 2, Page 430-444, 2024; Article no.AJSSPN.116199
ISSN: 2456-9682

Recycling of Mulberry Stalk as Biochar
and its Effect on Uptake of Nutrients
by Mulberry

Nandini, R. &, Shaziya, K. L.2 Hanumanta, D. Lamani 2
and Prakasha, H. C.2

a Department of Soil Science and Agricultural Chemistry, College of Agriculture, UAS, GKVK,
Bengaluru, 560065, India.

Authors’ contributions

This work was carried out in collaboration among all authors. All authors read and approved the final
manuscript.

Article Information
DOI: 10.9734/AJSSPN/2024/v10i2300

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,
peer review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://www.sdiarticle5.com/review-history/116199

Received: 24/02/2024

Accepted: 29/04/2024

Original Research Article Published: 11/05/2024

ABSTRACT

A field experiment was conducted in the mulberry crop to know the effect of soil application of
mulberry stalk biochar on nutrients uptake by mulberry at farmer’s field at Sidlaghatta (Tq),
Chikkabalapura District. A randomized block design was employed with eight treatments and three
replications. A randomized block design was employed with eight treatments replicated thrice.
Results revealed that, Combined soil application of biochar @ 10 t ha-1 and FYM @ 10 t ha-1 (T8)
recorded higher leaf yield per hectare (13.07 t ha-1) and it was on par with T7 (12.61 t ha-1) which
received soil application of biochar @ 7.5t ha-1 and FYM @ 10 t ha-1. The lowest leaf yield of
10.45 t ha-1 was recorded in control which was devoid of biochar. Among different treatments,
significantly higher uptake of primary nutrients (Nitrogen, phosphorus and potassium of 90.68, 9.07
and 47.10 kg ha-1, respectively) secondary nutrients (calcium, magnesium and sulphur of 44.48,
17.26 and 9.75 kg ha-1, respectively) and micronutrients (iron, manganese, zinc, copper and boron
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of 748.20, 153.22, 139.34, 60.92 and 54.25 g ha-1, respectively) by mulberry were recorded in the
treatment (T8) which received soil application of biochar @ 10 t ha-1 + FYM @ 10 t ha-1 and
followed by T7 which received biochar @ 7.5t ha-1 + FYM @ 10 t ha-1 and found superior over

other treatments.

The control with no biochar application recorded lower nutrients uptake by

mulberry crop. The findings revealed that utilization of mulberry stalk as a biochar has positive
effect on nutrient uptake by mulberry crop and it could partly replace chemical fertilizers and
promote organic farming in a circular economy concept.

Keywords: Mulberry; leaf yield; biochar; nutrient uptake.

1. INTRODUCTION

Mulberry, 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 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 quantities.

Imprudently disposed and burning of a huge
amount of agricultural waste including crop
residues and animal manure is devastating our
environment by emitting gases like carbon
dioxide (CO2) and methane (CHa4). Recycling and
value-added utilization of agricultural residues
through combining technologies such as
anaerobic digestion and pyrolysis could double
the recoverable energy, close the nutrient recycle
loop and ensure cleaner agricultural production.
The conversion of waste biomass into
biochar could help to mitigate CO:
emissions, reduce the generation of CHa
emissions, and increase the carbon
sequestration in the soil for sustainable climate-
smart agriculture.

“Biochar is a source of organic
amendment/manure that is receiving attention by
researchers all over the world” [1]. “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. Organic C content in biochar has
been reported up to 90 percent depending upon

its feedstock, which enhances C sequestration in
soil” [2].

“Biochar has a high surface area and a porous
structure, which increases its CEC. CEC refers to
the soil's ability to retain and exchange positively
charged ions (cations) such as calcium (Ca2"),
magnesium  (Mg?*), potassium (K*), and
ammonium (NH,*), which are essential nutrients
for plant growth. By increasing CEC, biochar can
retain nutrients in the soil, preventing leaching,
and making them more available to plants” [2].
The porous structure of biochar allows it to hold
water like a sponge, which can improve soil
water retention. This can be particularly
beneficial in sandy soils or in regions with limited
water availability. By holding onto moisture,
biochar creates a more favorable environment for
root growth and nutrient uptake [3].

Biochar can serve as a habitat for beneficial soil
microbes. These microbes play crucial roles in
nutrient cycling and can help break down organic
matter into forms that are more readily available
to plants. By enhancing microbial activity, biochar
indirectly promotes nutrient availability and
uptake by plants [4]. Biochar can help reduce
nutrient losses through leaching and volatilization
by adsorbing nutrients and holding them in the
root zone. This prevents them from being
washed away by rainfall or lost to the
atmosphere, thereby increasing their availability
for plant uptake [5]. In view of this, the current
study was undertaken to assess the impact of
biochar on productivity and nutrient uptake by
mulberry crop.

2. MATERIALS 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)
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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 test crop was mulberry. Total 3
crop cutting were taken. The treatment details
are given below

Ta: Control (NPK alone)

T2: POP (FYM (25 t ha'l) + NPK 375:140:140
kg ha?)

Ts: Soil application of biochar @ 5 t ha!
T4: Soil application of biochar @ 7.5t hat
Ts: Soil application of biochar @ 10t ha!

Te: Soil application of biochar @ 5t hal +
FYM @ 10 t hat

T7: Soil application of biochar @7.5 t ha' +
FYM @ 10 t hat

Ts: Soil application of biochar @ 10 t ha! +
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.

2.1 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.

2.2 Studies on  Nutrient
Mulberry

uptake by

Nutrient contents in leaf were analysed as per
the standard procedures [10], Jackson [11],
Lindsay and Norwell, [12] and ultimately the
nutrient uptake was calculated by using the
formula,

Nutrient uptake (kg ha-1) = Nutrient
concentration (%) x biomass (kg ha-1)
/100

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

Particulars content
Texture Sandy loam
Bulk density (Mg m-3) 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™1) 0.40
Available nitrogen (kg hat) 261.37
Available phosphorus (P20s kg ha1) 35.84
Available potassium (K20 kg ha?) 210.26
Available sulphur (ppm) 15.82
Exchangeable calcium [cmol(p*) kg] 4.52
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
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Table 2. Physico-chemical characteristics of mulberry stalk biochar

Parameters Value
Bulk density (Mg m-3) 0.32
WHC (%) 93.14
pH (1: 2.5) 8.53
EC (dS mY) (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) 33.5

Table 3. Methods employed for the analysis of plant samples

1  Total nitrogen Micro Kjedahl method Tandon [6]
2  Total phosphorus Vandomolybdo phosphoric yellow
colour method
3 Total potassium Flame photometer method
4  Total calcium and Complexometric titration Piper [7]
magnesium
5  Total sulphur Turbidimetric method Tandon [6]

6 Micronutrients Atomic

(Fe, Mn, Cu and Zn)

absorption Page et al. [8]

spectrophotometer method

7 Boron

Azomethine- H method

Jones and Case [9]

3. RESULTS AND DISCUSSION
3.1 Leaf Yield of Mulberry

Application of FYM and different levels of biochar
significantly influenced the leaf yield and the
values ranged from 568.45 to 691.37 g plant?
and 10.45 to 13.07 t ha! in pooled data (Table 4
and Fig. 1).

The pooled mean data showed marked
significant differences with respect to leaf yield
and the highest leaf yield was being recorded in
Ts (13.07 t ha'l) and the next best treatment was
Tz (12.61 t ha?') while the lower values was
recorded in control (10.45 t hal). Treatments
which received biochar @ 10, 7.5 and 5 t ha!
recorded significantly higher leaf yield of 12.13
(Ts), 11.83 (T4) and 11.62 (T3) t ha'l compared to
treatments T> (10.86 t ha'') which received POP
(FYM @ 25 t hal + NP20s K20 350:140:140 kg
ha') and T: (10.45 t ha) 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
1+ 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. [13], Zwieten et al. [14] and
Fasiha and Devakumar [15] and 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
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the sugarcane crop, rice and maize production”
[Chen et al., [16], Ogawa and Okimori [17].

3.2 Uptake of Nutrients
3.2.1 Primary nutrients uptake (kg ha?)

Combined application of biochar and FYM had
profound influence on uptake of nitrogen,
phosphorus and potassium by mulberry in all the
three crops cuttings (Table 5 and Fig. 2).

The pooled mean data showed marked
significant differences with respect to uptake of
nitrogen, phosphorus and potassium and the
highest uptake of nitrogen, phosphorus and
potassium being recorded in Tg (90.68, 9.07 and
47.10 kg ha) and the next best treatment was
T7 (87.40, 8.78 and45.45 kg ha, respectively)
while the lower values was recorded in control
(66.17, 5.66 and 31.99 kg ha, respectively).

The increase in N uptake due to application of
biochar and FYM was due to increase in leaf
yield, effective root system and increased
concentration of nutrients in soil solution as well
as better soil physical environment coupled with

sufficiency of water and nutrients helped in better
uptake of water and nutrients. This clearly
indicated that biochar application helped to
absorb nitrogen efficiently high. Major et al.
(2010) also supported that total nutrient uptake
by the maize crop increased with the application
of biochar. Similarly, Nigussie et al. [18] found
that uptake of N by plants was increased with
biochar application.

The changes in uptake were similar to the
changes in the leaf yield. Inclusion of organic
materials such as biochar found to bring about
changes in nutrient availability and its uptake.
Biochar being a component of soil organic
carbon with high CEC and organic carbon
content provides information on the nutrient
fixation and release through ion exchange
reaction besides acting as a nutrient reservoir
and soil conditioner. This is in line with the
findings of Novak et al. [19] and Hossain et al.
[20] who found that biochar application had
resulted in increased nutrient availability in soils
and increased nutrient uptake in plants and also
Uzoma et al. [21] reported that nutrient uptake by
maize grain was significantly increased with
higher biochar applications.

Table 4. Effect of mulberry stalk biochar on leaf yield of mulberry at different crop cutting

seasons
First crop Second crop cutting Third crop cutting Pooled mean
cutting
Treatments Leaf Leaf Leafyield Leaf Leaf Leaf Leaf Leaf
yield yield (g plant?) yield yield yield yield yield
(9 (t (tha') (g (tha') (g (tha)
plant!) ha?) plant?®) plant?®)
T1 367.73 6.99 612.18 11.34 725.43 13.01 568.45 10.45
T2 375.57 7.14 64155 1190 736.55 13.55 584.56 10.86
T3 39459 7.31 699.08 1295 789.41 14.62 627.69 11.62
T4 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 42545 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 44294 8.20 770.39 14.64 860.76 16.37 691.37 13.07
S.Emzt 5.73 0.04 7.76 0.29 8.48 0.29 6.54 0.20
CO@ (5% 17.38 0.13 2354 0.88 25.73 0.90 19.84 0.61

T1: Control (NPK alone)

T2: POP (FYM @ 25 t ha* + NP20s K20 350:140:140
kg hal)

T3 Soil application of biochar @ 5 t ha?

Ta: Soil application of biochar @ 7.5 t hat

Ts: Soil application of biochar @ 10 t ha!

Te: Soil application of biochar @ 5t ha! + FYM @
10t hat

T7: Soil application of biochar @7.5t hal+ FYM @
10t hat

Ts: Soil application of biochar @ 10 t ha! + FYM @
10t hat
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Table 5. Effect of mulberry stalk biochar on uptake of major nutrients by mulberry at different
crop cutting seasons

First crop cutting Second crop cutting Third crop cutting Pooled mean

N P K N P K N P K N P K

Treatments Kg ha

T1 4299 3.68 21.41 7241 6.18 34.71 8310 7.10 39.84 66.17 5.66 31.99
T2 4423 3.95 22.10 76.97 6.52 37.34 8781 7.47 42.60 69.67 5.98 34.01
Ts 48.45 4.30 24.78 85.04 7.62 43.94 95.03 8.61 4895 76.17 6.84 39.23
T4 50.10 4.45 25.13 87.06 7.84 43.09 98.12 883 49.56 78.43 7.04 39.26
Ts 52.06 4.89 26.03 91.05 855 4553 101.92 9.61 51.17 81.68 7.68 40.91
Te 53.98 5.14 2753 94.47 8.99 48.19 105.28 10.08 54.04 84.58 8.07 43.25
T7 55.70 559 28.96 97.51 9.79 50.68 108.97 10.95 56.72 87.40 8.78 45.45
Ts 57.88 5.82 30.49 101.99 10.12 5240 112.17 11.25 58.42 90.68 9.07 47.10
S.Emz+ 124 0.09 0.78 1.67 035 135 1.98 036 138 1.34 0.24 1.00

CD@(B%) 377 029 239 5.08 1.06

411 6.01 1.09 420 408 0.75 3.04

Ta: Control (NPK alone)

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

Tz Soil application of biochar @ 5 t ha'*

Ta: Soil application of biochar @ 7.5 t hat

Addition of biochar to soil has shown definite
increases in the availability of major cations and
phosphorus as well as in total nitrogen
concentrations. Glaser et al. [5], Lehmann et al.
[1] and Van Zwieten et al. [14] reported “similar
effect of biochar on N uptake in which it was
observed that application of biochar significantly
increased uptake of plant nitrogen”.

Biochar with different doses and in combination
with FYM showed highest value as compared to
respective RDF. Thus, the data revealed that, the
application of biochar with FYM was better than
the fertilizer application alone and increased the
uptake of phosphorus from soil. The
improvement in soil physical condition caused
due to addition of organics is beneficial for
enhanced uptake. The organics also help in
enhancing nutrients available in soil by reducing
fixation of phosphorus, which improves the
efficient use of added phosphorus.

In the present study biochar application
increased nutrient uptake in mulberry over
control, which could be due to the fact that
biochar can capture high amounts of exchange
cations (Lehmann et al., [1] because of its high
porosity and surface/volume ratio and can
improve plant nutrients and uptake. Biochar
addition had positive effects on plant phosphorus
nutrition. Atkinson et al. [22] reviewed several
mechanisms which can enhance availability and

Ts: Soil application of biochar @ 10 t hat

Te: Soil application of biochar @ 5t hat + FYM @ 10t
hat

T7: Soil application of biochar @7.5 t hal+ FYM @ 10 t
ha?

Te: Soil application of biochar @ 10t ha! + FYM @ 10 t
hat

plant uptake of P after biochar addition to soil. It
acts as source of soluble phosphorus salts and
exchangeable  phosphorus forms, avoids
phosphorus precipitation by modifying soil pH
(bonding or sorbing elements which precipitate
phosphorus) or enhance microbial activity
leading to changes in phosphorus availability.
Similarly, Nigussie et al. [18] found that uptake of
phosphorus by plants were increased with
biochar application. Xu et al.[23] also reported
that application of rice straw biochar observed a
cumulative uptake of nitrogen by 10.8 to 15.4 per
cent, phosphorus by 23.4 to 38.6 per cent, K by
32 to 33.2 per cent in successive four cropping
season of rice-wheat system due to improvement
in physical and chemical properties of soil.

Higher nutrient concentration in mulberry in
biochar treatments might be due to favourable
soil physical and chemical conditions that might
have increased the availability of nutrients with
application of biochar which has high organic
load. The increase in nutrient concentration may
also be due to higher nutrient content coupled
with better vegetative growth in these treatments.
The increase in microbial activity due to
application of biochar could also be the other
reason for the highest nutrient uptake in biochar
treated soils. The ash content of biochar
helps for the immediate release of the
occluded mineral nutrients like Ca, K and N for
crop use.
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Fig. 1. Effect of mulberry stalk biochar on leaf yield of mulberry (pooled mean)
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0 Tl T2 T3 T4 T5 T6 T7 T8
=N 66.17 69.67 76.17 78.43 81.68 84.58 87.4 90.68
mP 5.66 5.98 6.84 7.04 7.68 8.07 8.78 9.07
=K 31.99 34.01 39.23 39.26 40.91 43.25 45.45 47.1

Fig. 2. Effect of mulberry stalk biochar on uptake of primary nutrients by mulberry (pooled mean)
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An increase in N, P and K content with FYM and
biochar application may be due to the fact that
added FYM and biochar served as store house
of several macro and micronutrients which are
released during the process of mineralization. In
addition to release of plant nutrients from the
organic matter, the organic acids formed in the
decomposition process also release the native
nutrients in soil and increases the availability to
plants. Lehmann et al. [1] also observed an
increase in P concentration in plants with
increasing biochar application. The increase in K
uptake in biochar amended soils might also be
attributed to the presence of K rich ash in the
biochar.

Major et al. [13] reported that total nutrient
uptake by the maize crop increased with the
application of biochar. Similarly, Nigussie et al.
[18] found that uptake of N, P and K by plants
were increased with biochar application.

3.2.2 Secondary nutrients uptake (kg ha-1)

The results pertaining to the effect of different
levels of biochar along with FYM on Ca, Mg and
S concentration and uptake of nutrients are
presented in Table 6. The concentration and
uptake in leaves differed significantly due to
imposition of different treatments.

The results of pooled mean data indicated that
significantly higher uptake of calcium (44.48 kg
hal), magnesium (17.26 kg ha?') and sulphur
(9.75 kg ha') was recorded in Ts and lowest
uptake of calcium, magnesium and sulphur was
recorded in T1 (31.28, 12.43 and 5.42 kg ha)
treatment. Among the different treatments, the
treatment with application of biochar @ 10 t ha!
(Ts) recorded higher uptake of calcium (39.42 kg
hal), magnesium (15.33 kg ha?) and sulphur
(8.15 kg hat) and it was on par with T4 (38.45,
14.78 and 6.96 kg ha?) and superior over Ts
(36.81, 14.27 and 6.69 kg ha), T» (33.49, 13.10
and 6.04 kg ha') and T1 (31.28, 12.43 and 5.42
kg ha) treatments.

Increase in calcium, magnesium and sulphur
uptake was observed with increasing the level of
biochar in combination with FYM and significantly
higher Ca, Mg and S uptake was recorded with
the application of biochar @ 10 t ha! + FYM @
10 t ha 1 (Ts). Gaskin et al. (2008) found that
application of pine chip biochar along with
fertilizer significantly increased Ca content of
maize plant compared to alone application of
biochar. Similar type of result also found by Chan
et al. (2007) and reported that application of
poultry litter biochar increased the calcium (0.138

g pot!) and magnesium uptake (0.033 g pot?) of
radish plants and significant increases were
found only at higher application of poultry litter
biochar @ 50 t ha. Positive effect of biochar
application on crop growth, vyield and
uptake (radish and common bean) has also
been reported by several workers [Lehmann et
al., [1], Chan et al., (2007) and Asai et al., [24],
Rondon et al. [25] stated that application of
biochar @ 60 g kg! recorded highest sulphur
uptake of 9.5 mg pot?! in common bean and
application of biochar increased soil available
nutrients and plant productivity [26].

Mg uptake in mulberry was fairly increased with
increased application of biochar along with FYM.
Similar types of results were obtained by
Lehmann et al. [1] and they observed that
application of biochar along with fertilizer
significantly recorded higher Mg content (15.3
mmolc kg?) in rice plant compared to alone
application of fertilizer. Further, similar results
found by Uzoma et al. [21] in sandy soil reported
that application of cow manure biochar @ 10, 15
and 20 t ha' along with fertilizer significantly
increased the uptake of Ca and Mg in maize and
the highest Ca uptake of 0.91 kg ha' and Mg
uptake of 4.99 kg ha'! was recorded with
application of cow manure biochar @ 20 t ha.
Similarly, Chan et al. (2008) reported that
application of poultry litter biochar at rates of 10,
25, 50 t ha! along with N fertilizer significantly
increased the sulphur content i.e., 0.78 per cent,
0.83 per cent and 0.79 per cent, respectively in
radish plant compared to control.

Increase in uptake of secondary nutrients might
be due to higher biomass production. The higher
content of calcium in biochar enhanced the
cation exchange capacity of soils. This
phenomenon in soil increased the uptake of
calcium and magnesium by maize and these
results are in accordance with the results of
Nigussie et al. [18]. Further, Fox et al. [27]
described that in biochar amended soil, the
higher number of bacterial colonies, improve S
and P uptake through enhanced nutrient
mobilization.

Application of biochar and FYM which contains
high amount of Ca, Mg and S helped in
increasing the secondary nutrients uptake.
Nutrient uptake is a function of nutrient content
and biomass production. Increased rate of
application of biochar increased biomass
production which obviously increased the nutrient
uptake. These results are in accordance with
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findings of Xu et al. [23] and Vecstaudza et al.
[28].

3.2.3 Micronutrients uptake (g ha)

Effects of mulberry stalk biochar on
micronutrients uptake by mulberry are presented
in Table 7 and 8. From the results, it is observed
that the uptake of micronutrients was significantly
affected by the treatments in all the three crop
cuttings. The increasing levels of biochar
significantly increased the uptake of Fe, Zn, Mn,
Cu and B in mulberry crop.

The pooled mean data showed marked
significant differences with respect to uptake of
micronutrients and the highest uptake of iron,
manganese, zinc, copper and boron being
recorded in Ts (748.20, 153.22, 139.34, 60.92
and 54.25 g hal, respectively) and the next best
treatment was T7 (732.23, 145.59, 135.08, 59.22
and 52.72 g hal, respectively) while the lower
values was recorded in control (615.66, 111.94,
81.99, 45.51 and 35.12 g ha’l, respectively).

The application of biochar differed micronutrient
content and uptake by mulberry crop significantly
in different treatments. In general, application of
biochar improved the content and uptake of
nutrients by mulberry. Application of biochar at
higher rates, in comparison to control

significantly increased the content and uptake of
micronutrients.  Higher uptake of these
micronutrients might be due to higher biomass
production which was recorded due to increased
level of biochar along with FYM. Application of
biochar is accompanied by increase in soil pH
and reduced mobility of micronutrients. But in
presence of plant, which actively releases
organic compounds in rhizosphere may mobilize
the micronutrients.

Lehmann et al. [1] also noticed “higher uptake of
P, K, Ca, Zn, and Cu by the plants with increased
level of biochar additions due to reduced
leaching losses and increased fertilizer use
efficiency”. “Increase in iron uptake by mulberry
might be due to addition of biochar and FYM,
chelated the iron and prohibit the oxidation of
iron and keeping it to available form. At maturity,
N, P, K, B, and S uptake was enhanced
significantly in plants” [29]. “This uptake was
higher with the co-application of biochar and
synthetic fertilizers. The reason is that the
combined doses of biochar and inorganic
fertilizers release more nutrients for plants
uptake than synthetic fertilizers alone” [30].
“Biochar application along with B and S
increases the accumulation of N, P, K, B,
and S in the soil, thereby improving soil
fertility and thus increasing plant nutrient
absorption” [31].

Table 6. Effect of mulberry stalk biochar on uptake of secondary nutrients by mulberry at
different crop cutting seasons

First crop cutting Second crop Third crop cutting Pooled mean
cutting

Treatments Ca Mg S Ca Mg S Ca Mg S Ca Mg S

Kg hat
T1 2094 7.10 3.19 3395 13.81 5.88 38.96 16.39 6.74 31.28 12.43 5.42
T2 22.03 7.68 3.63 36.64 1458 6.61 4180 17.04 755 33.49 13.10 6.04
Ts 23.31 869 4.34 40.92 15.89 7.45 46.21 18.22 842 36.81 14.27 6.69
Ta 2431 9.07 497 4280 16.31 7.75 48.24 18.95 873 38.45 14.78 6.96
Ts 25.09 9.70 5.36 43.87 17.08 9.07 49.30 19.22 10.19 39.42 15.33 8.15
Te 26.14 10.23 6.15 4574 17.79 10.05 51.29 20.49 11.27 41.06 16.17 9.02
T7 27.09 10.92 6.57 47.35 18.23 10.51 53.07 21.07 11.76 4250 16.74 9.42
Ts 28.13 11.17 7.09 49.52 18.94 10.86 55.80 21.68 12.14 44.48 17.26 9.75
S.Emzt 041 030 023 122 037 021 134 035 024 108 0.34 0.18
CO@(5%) 125 091 0.70 3.70 1213 0.64 408 106 072 329 103 0.56

Ta: Control (NPK alone)

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

T3 Soil application of biochar @ 5 t ha?

T4: Soil application of biochar @ 7.5 t ha?

Ts: Soil application of biochar @ 10 t hat

Te: Soil application of biochar @ 5tha'+ FYM @ 10t
hat

T7: Soil application of biochar @7.5tha'l+ FYM @ 10 t
hat

Te: Soil application of biochar @ 10t ha' + FYM @ 10 t
hat
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Table 7. Effect of mulberry stalk biochar on uptake of iron, zinc and manganese by mulberry at different crop cutting seasons

First crop cutting Second crop cutting Third crop cutting Pooled mean
Fe Zn Mn Fe Zn Mn Fe Zn Mn Fe Zn Mn
Treatments g hat
T1 384.76 54.63 70.63 682.41 88.55 120.79 779.80 102.78 144.42 615.66 81.99 111.94
T2 392.33 58.18 72.80 696.34 96.77 125.85 793.59 112.65 147.64 627.42 89.20 115.43
T3 444.10 75.27 85.95 776.35 131.66 147.23 875.59 149.05 170.59 697.68 118.66 134.59
Ta 428.16 70.85 82.80 753.75 124.77 141.15 849.50 143.16 165.48 677.14 112.92 129.81
Ts 414.75 64.87 78.57 734.40 113.21 135.20 829.30 130.17 159.09 659.48 102.75 124.29
Te 456.94 81.17 89.27 799.29 141.46 154.60 896.38 161.00 176.10 717.54 127.88 139.99
Tz 466.43 85.41 92.72 816.55 149.41 162.35 913.72 170.41 181.70 732.23 135.08 145.59
Ts 479.38 88.50 97.99 833.57 154.53 171.27 931.67 174.99 190.42 748.20 139.34 153.22
S.Emz 6.72 2.10 1.77 10.34 3.99 4.00 10.62 3.69 3.63 8.97 2.49 2.34
CD @ (5 %) 20.40 6.39 5.39 31.38 12.12 12.13 32.21 11.21 11.02 27.21 7.56 7.11
T1: Control (NPK alone) Ts: Soil application of biochar @ 10 t hat
T2: POP (FYM @ 25 t ha? + NP20s K20 350:140:140 kg hat) Te: Soil application of biochar @ 5tha' + FYM @ 10t ha!
T3 Soil application of biochar @ 5 t ha! T7: Soil application of biochar @7.5thal+ FYM @ 10t ha
Ta: Soil application of biochar @ 7.5 t hat Te: Soil application of biochar @ 10t ha* + FYM @ 10t ha!
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Table 8. Effect of mulberry stalk biochar on uptake of copper and boron by mulberry at different crop cutting seasons

First crop cutting Second crop cutting Third crop cutting Pooled mean

Cu B Cu B Cu B Cu B
Treatments g hat
T1 30.61 22.10 49.63 38.55 56.28 43.71 4551 35.12
T2 31.69 24.67 52.73 42.19 59.00 48.12 47.80 38.33
Ts 35.20 31.09 61.56 54.39 68.57 61.13 55.11 48.87
Ta 34.27 29.17 60.34 51.37 66.74 57.90 53.79 46.15
Ts 33.03 27.33 58.52 48.44 64.84 54.70 52.13 43.49
Te 36.80 32.21 64.39 56.41 70.89 63.26 57.36 50.63
T7 38.18 33.59 66.44 58.78 73.03 65.79 59.22 52.72
Ts 39.06 34.69 68.84 60.23 75.88 67.83 60.92 54.25
S.Emz 0.35 0.74 1.42 1.17 1.58 1.46 1.16 1.10
CD @ (5 %) 1.07 2.26 4.32 3.55 4.81 4.44 3.54 3.36
T1: Control (NPK alone) Ts: Soil application of biochar @ 10 t ha!
T2: POP (FYM @ 25 t ha? + NP20s K20 350:140:140 kg hat) Te: Soil application of biochar @ 5tha' + FYM @ 10tha
T3 Soil application of biochar @ 5 t ha! T7: Soil application of biochar @7.5t hal+ FYM @ 10t ha
T4: Soil application of biochar @ 7.5 t ha! Ts: Soil application of biochar @ 10t ha' + FYM @ 10t ha!
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Similar findings were also reported by Antonio et
al. [32], Willis et al. [33] and Jatav et al., [34] who
have reported that the uptake of iron, copper,
zinc, manganese and boron (micronutrients)
increased significantly with graded dose of
biochar application [35,36].

4. CONCLUSION

Soil application of biochar and FYM have more
stimulating effect on nutrients uptake by
mulberry. Among all the treatments imposed, soil
application of biochar @ 10 t hal + FYM @ 10 t
ha! recorded higher uptake values compared to
control. Treatments T4, Ts and Te Which received
biochar @ 5, 7.5 and 10 kg ha?, respectively
increased the uptake of nutrients over control.
From the present investigation, it is observed that
combined application of biochar and FYM has
significantly increased the nutrients uptake by
mulberry.
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