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ABSTRACT

A study on ‘Diatomaceous Earth (DE) and silicic acid as sources of silicon on
growth and yield of mulberry’ was conducted during 2023-24 at GKVK, Bengaluru.
The experiment was laid out in Randomized Complete Block Design (RCBD) with
thirteen treatment combinations and three replications. Diatomaceous Earth (DE) was
applied to soil in five split doses at 18 days after pruning (DAP) along with RDF and
Foliar Silicic Acid (FSA) spray was given on 28 DAP for five crops at varied levels.
Observations were recorded at 30, 45 and 60 DAP. Among the different treatments,
combined application of 600 kg ha™' DE + 0.4 per cent FSA (T ,) recorded maximum
shoot length (87.53 +4.30, 115.10+0.10 and 141.90 + 10.32 cm, respectively), highest
number of shoots per plant (14.21 +0.15,20.21 + 1.08 and 26.24 + 0.57, respectively),
highest number of leaves per plant (170.07 = 16.24, 330.52 + 19.55 and
438.53 + 32.50, respectively), maximum leaf area (111.28 + 2.71, 204.33 + 12.16
and 219.34 £ 11.59cm?, respectively) on 30", 45" and 60" DAP. The leaf yield
observed on 60" DAP was also highest in T, (57.17 + 1.46t ha' yr') followed by
T,, (RDF - control) (48.57+ 1.53t ha' yr') and lowest leaf yield was recorded in
T, (absolute control) (29.13+ 4.66t ha'yr"). Further, T, (450 kg ha" DE +0.4% FSA)
and T, (600 kg ha' DE + 0.2% FSA) exhibited comparable results with T, for
all the growth and yield parameters of mulberry.
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MULBERRY is a perennial, deep rooted, fast growing

Soil fertility and nutrient management affect the

and high biomass producing foliage crop
cultivated in different agro-climatic conditions varying
from temperate to tropical regions. The mulberry
silkworm, Bombyx mori L. being monophagous insect
derives all the nutrients required for its growth and
development from the mulberry leaf alone. Nearly 70
per cent of silk proteins produced by silkworm are
absorbed directly from proteins of mulberry leaf.
Therefore, leaf quality plays a vital role in larval
growth and cocoon crop productivity (Krishnaswami
etal., 1971).

sustained productivity and quality of foliage in
mulberry. Despite, periodical application of 20 tons
ha'lyr!of FYM and 350:140:140 kg NPK per hectare
per year under irrigated conditions, mulberry
production sector faces manifold challenges. Several
research revealed that, nutrients present in the soil
are not well absorbed in deep rooted plant like
mulberry and translocation of nutrients to shoot is
sluggish under adverse soil condition which favour
fixation of nutrientsin soil which are largely
responsible for deterioration of soil health and crop
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yield in medium to long term. Hence, the application
of other plant nutrients (Ca, Mg, S, Fe, Zn, Mg,
Mo, B) apart from primary nutrients is imperative to
improve crop productivity. Since, mulberry responds
well to foliar nutrition, which play a vital role in
supplying supplemental doses of major and minor
nutrients, hormones, stimulants and other beneficial
substances that can quickly improve plant metabolism
inturn enhances the growth, yield and biochemical
parameters (Banuprakash et al., 2024). However, the
beneficial effects of Si on stimulating plant growth
particularly in plants subjected to both abiotic
(e.g., aluminium, salt and heavy metal toxicity) and
biotic (e.g., plant diseases and pests) stresses in other
crops, have recently received increasing attention.

Silicon (Si) is the second most abundant element on
the earth crust, is taken up by crops as monosilicic
acid (H,Si0,) from the soil (Epstein, 1999).
Characterization and categorization of Si in South
Indian soils revealed that these soils under intensive
cultivation are deficient in plant available Si and
responded well to the external application of Si.
The most important characteristics of Si source to be
considered useful as a Si fertilizer are high soluble
Si content, suitable physical properties, ready
availability for plants, cost effectiveness, easy and
local availability, balanced ratios and amounts of
Calcium (Ca), Magnesium (Mg) and Silicon
and absence of heavy metals (Prakash et al., 2017a.
Silicon can be supplied to the plants from different
sources viz., calcium silicate, wollastonite, fly ash,
blast-furnace slag sodium silicate, potassium silicate
and Rice Husk Ash (RHA). Most of these studies were
carried out in the laboratory or greenhouse conditions.
The performances of these sources also varied
differently with their application in different climatic
conditions. However, studies on Diatomaceous Earth
(DE) and foliar silicic acid are gaining greater
momentum in different crops (Jeer et al., 2022 and
Karthik et al., 2024).

Diatomaceous Earth (DE) or diatomite are the
sedimentary rocks that result from the deposition of
Si-rich unicellular life forms known as diatoms.
Amorphous silica is the main component of DE and

has high plant available Si, highly porous in structure
with low density, high surface area and CEC for
retaining nutrients in soil proving to be useful in
improving the physical properties of soils (Anitha and
Prakash, 2015). Diatomite is characterized by an
alkaline pH (9.21) with an electrical conductivity of
0.72 dS m’' containing significant amount of SiO,
(54.8%), AL,O, (18.3%), Fe,O, (4.9%) and MgO
(3.0%) (Prakash et al., 2021). The XRD analysis of
DE showed a dominance of quartz, kaolinite and
smectite. The presence of diatom was confirmed
under SEM together with sponge spicules
(Sandhya et al., 2018). Dissolution and release
of silicon in soil incubation experiment (Prakash
et al., 2019) under field capacity and submerged
moisture regimes in different soils revealed higher
plant available silicon with the application of DE.
Many researchers reported that DE application
exhibited a positive response on growth and yield
of different crops viz., sugarcane (Prakash et al.,
2017b), aerobic rice (Anitha and Prakash, 2015);
higher bioavailable Si and increased yield in wetland
rice in different types of soils of Southern India
(Sandhya and Prakash, 2016); wheat (Jeer et al., 2021)
and several horticultural crops viz., pomegranate
(Swamy et al., 2017; Kalatippi et al. (2017)), tomato
(Ashok et al., 2017) and potato (Kadalli et al., 2017)
recorded significant higher yield, better quality and
resistance for biotic and abiotic stresses in many crops.

Silicic acid (SA) as a foliarspray can enhance the use
efficiency and bio availability of Si to plants. In this
context, series of experiments were conducted to study
the beneficial effect of foliar silicic acid which gave
promising results on crop growth, yield, disease
management and quality parameters in different
crops namely, food grain crops like rice (Prakash
et al., 2011, Yogendra et al. 2015), wheat (Jeer
et al., 2022), finger millet (Sandhya et al., 2020);
oil seed crops like rapeseed (Karthik et al., 2024),
soybean (Shwethakumari et al., 2021); horticultural
crops like grapes (Bhavya et al., 2011) and cut rose
(Chikkur et al., 2015) and cash crop like tobacco
(Vageesh et al., 2015), onion (Haroon et al., 2020).
These studies suggest that different levels of foliar
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silicic acid application could be used as one of the
eco-friendly strategies to enhance crop growth, yield
and quality of produce in combination with other
nutrients.

Given an importance of Si in crop plants, with no such
information is available on the effect of silicon on
mulberry, an attempt was made in the current study
through application of diatomaceous earth and soluble
silicic acid as silicon sources on mulberry growth and
yield related parameters.

MATERIAL AND METHODS

Experimental Location

Field experiments were conducted at Department of
Sericulture, Gandhi Krishi Vignana Kendra,
Bengaluru, Karnataka state, India for five consecutive
crops during 2023-24. The experimental site is
located at a latitude of 12° 58 N and longitude of 77°
35’ E and at an altitude of 930 m above mean sea
level in the Eastern Dry Zone (Zone-5) of Karnataka
and receives an annual average rainfall of 915.8 mm.
The soil of the experimental site had a clay loam
texture with pH of 6.192 and available nitrogen (N),
phosphorus (P,0;) and potassium (K,O) content in
the soil were 224.78, 45.68 and 193.12 kg ha’,
respectively. The initial acetic acid extractable
Si (AASi) content and calcium chloride extractable
Si (CCSi) were 24.09 mg kg' and 30.88 mg kg,
respectively in soil.

Experimental Details

Field experiments were laid out to study the effect of
diatomaceous earth and silicic acid as sources
of silicon on growth and yield of mulberry under
field conditions by pruning the crop during 2023-24
for five times. The experiment was laid out in a
randomized complete block design (RCBD) with
thirteen treatments and three replications. Si sources
tested were T, - Foliar application of silicic acid (FSA)
@ 2ml L'; T, - Foliar application of silicic acid (FSA)
@ 4ml L''; T, - Soil application of diatomaceous earth
(DE) @ 300 kgha''; T, - Soil application of
diatomaceous earth (DE) @ 450kgha’; T, - Soil
application of diatomaceous earth (DE) @ 600 kg

ha'; T, - Combination of DE @ 300 kg ha'and 2ml
L' FSA; T, - Combination of DE @ 450 kg ha' and
2ml L' FSA; T, - Combination of DE @ 600 kg
ha"and 2ml L' FSA; T, - Combination of DE @ 300
kg ha''and 4ml L' FSA; T, - Combination of DE @
450 kg ha' and 4ml L' FSA; T, - Combination of
DE @ 600 kg ha'and 4ml L' FSA. Apart from
these, T, ,and T, were included as RDF (Control) and
absolute control (without RDF), respectively.

Diatomaceous Earth (DE) was the main source for
soil-applied Si with 30 per cent Si concentration and
soluble silicic acid was the main source for foliar
Si with 2 per cent Si concentration. The dosage for
soil-applied Si was fixed based on the dissolution
rates of DE at field capacity moisture regime and
plant-available Si in soil solution (Sandhya and
Prakash, 2019). To understand the effect on mulberry
and growth related parameters at different levels of
soil application and foliar application of Si sources
were used in the study. Both DE and soluble silicic
acid were procured from the Plant Nutrition Lab,
Department of Soil Science and Agricultural
Chemistry, University of Agricultural Sciences,
Bangalore. Mulberry variety, V1 is very popular
among farmers and hence it was selected for the
experiment and pruned in a well-established
mulberry garden with a spacing of 90x90 cmwith
anindividual plot of the size of 2.4 mx2.4 m. Apart
from treatment details, other practices of mulberry
cultivation were followed as per standard package of
practices (Dandin and Giridhar, 2014).

Treatment Imposition
Spraying of Foliar Silicic Acid

Foliar Si was given as silicic acid @ 2 mL L-!
(T,T,T,T)and4mL L' (T, T,T,,T,)imposed
at 28 days after pruning for different treatments
as one spray per crop and was done for 5 subsequent
crops in the whole experiment. For spraying, clean
tap water with negligible Si content was used @ 350
L ha'! for spraying tagged mulberry plants. Spraying
was done with a knapsack sprayer of 2 L capacity in
the early morning so as to avoid drifting of spray
droplet to adjoining plots.
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Soil Application

Recommended dose of fertilizer at the rate of
350:140:140 kg of N: P,O, : K,O ha' as urea,
single super phosphate (SSP) and muriate of potash
(MOP), respectively were applied to the soil.
Farmyard manure (20 t ha') was applied in 2 split
doses 10 days after pruning during 1 and 3" crop
respectively. The treatments (T,, T,, T, T, T, T,, T,,
T, & T,,) with DE soil application were applied at
the base of each plant at 18 DAP along with RDF.
DE was applied as per treatment details at 4.86g,
7.29¢, 9.72¢g plant! crop™ which corresponds to 300
kg ha'!, 450 kg ha'and 600 kg ha' respectively for all
the 5 crops. Immediately after treatment imposition,
the plots were irrigated to field capacity level and
plots were irrigated as and when necessary.

Observations Recorded

Mulberry growth and yield parameters like shoots
per plant (no.), leaves per plant (no.), maximum
shoot length (cm), leaf area (cm?), internodal
distance (cm), were recorded during the 30, 45 and
60 DAP of the crop. Leaf yield (t ha'yr') was
recorded on 60" DAP on a net plot basis leaving border
rows to avoid border effect.

Statistical Analysis

The data on growth parameters of mulberry plant were
recorded at 30, 45 and 60 DAP in each treatment on
randomly selected five plants from each replication
and mean values of five crops were calculated. The
average values are given along with ranges existing
between crops. The experimental data collected on
growth components of plant were subjected to
Fisher’s method of Analysis of Variance (ANOVA)
as outlined by Panse and Sukhatme (1967).

RESULTS AND DISCUSSION

Results obtained from the experiment and the findings
are described and discussed in this section.

Number of Shoots Per Plant

The number of shoots per plant varied significantly
among all the silicon treated plots throughout 5 crops

ranging from 7.91-14.81, 8.38-21.07 and 12.54-27.36
no. at 30, 45 and 60 DAP, respectively (Table 1).
Combined application of DE @ 600 kg ha!
through soil application and 4ml L' silicic acid
foliar spray (FSA) (T,,) has recorded a highest
number of shoots per plant (14.21 £ 0.15,
20.21 £ 1.08 and 26.24 + 0.57 respectively). T
(13.45 £ 1.41, 19.12 = 0.60 and 25.02 £ 2.35) and
T, (13.13+0.36, 18.68 + 1.03, 24.80 + 0.24) showed
on par results to T  and lowest number of shoots
was recorded in absolute control without RDF
(8.86 £0.82, 10.18 = 0.54 and 14.54 + 1.24) at 30™,
45" and 60" DAP, respectively. These results
corroborates with Sadgrove (2006) who reported
that potassium and phosphate levels improved for
all soil types amended with diatomaceous earth
which is attributed to ability of silicon fertilizer to
retain moisture as well as its high cationic exchange
capacity which enables DE to retain plant available
nutrients such as ammonium, potassium and
phosphate. Application of DE along with RDF
increased number of tillers, grain and straw yield as
well as Si content and its uptake by the aerobic rice
(Anitha and Prakash, 2015). Similar results were also
reported in wet land rice with the application of DE
@150 kg ha'! in alkaline soil, 300 kg ha! in acidic
soil and 600 kg ha! in neutral soil under submergence
conditions. (Sandhya et al., 2018). Diatomite at varied
levels reported significantly higher millable cane
height (cm), number of internodes per cane,
inter-nodal girth, cane yield and top yield in sugarcane.
This may be due to increase in the dissolution of
silicon from both soil and DE material and also
other nutrients contributed by soil and fertilizers.
Increase in the plant growth with the application of
DE compared to non-applied plots were also observed
and it was attributed to sufficient supply of nutrients
from the fertilizer and beneficial effect of silicon
released from the diatomite which improves the
nutrient use efficiency of the crop (Prakash et al.,
2017a). Foliar application of SA @ 0.4 per cent
thrice in rapeseed significantly enhanced the yield
attributing parameters viz., number of seeds per
siliqua, siliqua length, yield and oil content and oil
yield (Karthik et al., 2024).
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TaBLE 1

Effect of different levels of diatomaceous earth and silicic acid on number of shoots of mulberry

Number of shoots per plant

Treatments 30 DAP 45 DAP 60 DAP
Range Average Range Average Range Average

T, 11.36 - 12.39 11.89 +£0.03 14.63 - 15.96 15.31£2.40 20.15 -21.99 21.09 £2.27
T, 11.57 - 12.62 12.11 +£0.15 1539 -16.79 16.11 £0.58 20.89 -22.79 21.89 £0.50
T, 11.70 - 12.77 12.25 +£1.57 16.06 - 17.53 16.81 +£0.85 21.65 -23.63 22.66 £1.17
T, 11.93 - 13.02 12.50 £0.22 16.37 - 17.87 17.14 £2.25 22.06 -24.07 23.08 £2.08
T, 11.99 - 13.08 12.55 +£0.86 16.76 - 18.29 17.54 £0.62 22.41 -24.46 23.45+2.70
T, 11.97 - 13.06 12.53 £0.45 16.73 - 18.26 17.51£0.34 22.18 -24.20 23.21+3.44
T, 12.11 - 13.21 12.67 £1.11 17.22 - 18.79 18.02 £2.39 22.76 -24.84 23.82 £0.57
T, 12.55 - 13.69 13.13 £0.36 17.85-19.47 18.68 £1.03 23.70 -25.86 24.80 £0.24
T, 12.15 - 13.26 12.72 £0.21 17.28 - 18.86 18.09 £0.12 23.11 -25.22 24.19 £2.04
T, 12.84 - 14.02 13.45 +1.41 18.27 -19.94 19.12 £0.60 23.92 -26.10 25.02 £2.35
T, 13.57 - 14.81 14.21 £0.15 19.31-21.07 20.21 +£1.08 25.07 -27.36 26.24 +£0.57
T, 11.16 - 12.17 11.68 +1.55 14.18 - 15.47 14.84 £1.91 19.55 -21.33 20.46 +£1.13
T, 9.89 - 7.91 8.86 £0.82 11.96 - 8.38 10.18 £0.54 16.41 -12.54 1454 +£1.24
F test * * *
S.Em+ 0.51 0.8 1.02
CD @5% 1.5 2.33 2.98
C.V. (%) 7.2 8.2 7.8

Values in columns represent mean + SD (Deviation between pooled replication data);
Range of five crops; DAP- Days After Pruning; *- Significant

Number of Leaves Per Plant

Statistically significant variations in number of leaves
per plant were noticed by application of different
sources of silicon in all the five crops taken ranging
from 77.85-177.41, 134.55-344.80, 228.71-457.48
no., at 30, 45 and 60 DAP, respectively (Table 2).
Combined application of DE @ 600 kg ha! through
soil application and 4ml L™ FSA (T ) has recorded
highest number of leaves per plant (170.07 £ 16.24,
330.52+£19.55,438.53 £32.50 no., respectively) and
lowest number of leaves per plant (97.99 + 4.43,
169.36 + 4.84, 268.69 £+ 33.05 no.after 30", 45"
and 60" DAP, respectively) was recorded in absolute
control without RDF (T,,). T, (164.69 + 3.37,
315.61 £11.48,413.80 £ 35.92 no.) is found next to

T,,, followed by T, (161.50 = 18.94, 302.10 + 23.84,
404.82 +21.32 no.) and found on par suggesting they
are nearly as effective in promoting leaf growth after
30%, 45" and 60" DAP, respectively.

Similar findings by Nithya et al. (2018) indicated
that influence of nano zinc application of 50 ppm
foliar spray showed significantly highest shoot height,
number of branches/ plant, number of leaves per
shoot, number of leaves per plant, leaf area and leaf
yield. These findings are also in line with Mona
(2010), who reported that diatomite - treated plants
displayed an overall better morphological increments
expressed as shoot and root length, number of leaves
and pods per plant, fresh and dry weights of shoots
and roots, total nitrogen (TN) and total soluble
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Effect of different levels of diatomaceous earth and silicic acid on number

TABLE 2

of leaves per plant in mulberry

Numberof leaves per plant

Treatments

30 DAP

45 DAP

60 DAP

Range

Average

Range

Average

Range

Average

— _ © = N =N [ ES w S} —_
- 5]

i T e T e D e T R

8]

—

123.49 -134.75
127.94 -139.61
129.85 -141.70
139.65 -152.39
149.93 -151.96
139.26 -163.61
153.12 -167.09
154.39 -168.48
151.36 -165.17
157.44 -171.80
162.58 -177.41
120.56 -131.56
118.13 - 77.85

129.17+ 1.44
133.83 £ 20.44
135.84 £ 0.48
146.09 £ 4.70
152.21 + 16.34
150.30 + 7.01
160.17 = 11.10
161.50 + 18.94
158.33 £ 6.35
164.69 £ 3.37
170.07 + 16.24
126.11 + 15.26
97.99 + 4.43

246.84 -269.36
252.12 -275.11
256.84 -280.27
260.19 -283.93
280.42 -291.92
267.52 -306.00
282.81 -308.61
289.28 -313.48
285.37 -311.40
301.72 -329.24
315.98 -344.80
244.57 -266.88
204.19 -134.55

258.21 £18.95
263.72 £10.31
268.67 £ 9.41
27217+ 1.36
287.74 £23.21
285.42 £ 14.13
295.83 £46.22
302.10 £23.84
298.50 £ 4.44
315.61 £11.48
330.52 £19.55
255.83 £10.47
169.36 + 4.84

358.31 -391.00
363.89 -397.08
365.33 - 398.66
369.76 -403.49
371.98 -405.91
370.76 -402.58
371.98 -405.91
387.02 -422.32
375.25 -409.48
394.96 -429.71
419.24 -457.48
356.13 - 388.62
303.91 -228.71

374.80 + 44.95
380.63 +£31.57
382.14 £ 44.58
386.77+ 8.97
389.10 £ 38.00
386.82 + 3.42
389.09 + 11.12
404.82 £21.32
392.51 £ 12.65
413.80 £35.92
438.53 £32.50
372.52 + 48.09
268.69 £ 33.05

w

F test *

S.Em=+ 6.61
CD @ 5% 19.3
C.V. (%) 7.89

* *

1.38 17.69
33.22 51.64
7.11 8.02

Values in columns represent mean + SD (Deviation between pooled replication data);
Range of five crops; DAP - Days After Pruning; * - Significant

nitrogen (TSN) and the concentrations of phosphorus
(P), potassium (K), calcium (Ca) and magnesium
(Mg) than non-treated faba bean plants. The increase
in number of leaves produced per plant with
increased levels of silicon can be attributed for the
improvement in photosynthetic activity. Soil
application of DE @ 300 kg ha' in wheat
significantly recorded the highest grain yield. Both
soil and foliar applied Si sources along with
potassium @ 36 kg ha’', significantly enhanced the
net photosynthesis rate, stomatal conductance, water
use efficiency, spike length, spike weight, number
of grains per spike, 1000 grains weight and
significantly decreased the transpiration rate in
contrast to untreated control (Jeer et al., 2021).

Integration of organic and inorganic sources of
nutrients influenced plant height and other growth
parameters. This may be attributed to the higher
availability and uptake of nutrients at higher fertilizer
level. Chikkur et al. (2015) reported that the
application of foliar silicic acid @ 4ml L' at 10 days
interval in rose cut flowers significantly enhanced
growth and yield parameters like plant height and
number of marketable flowers/ plant, plant spread,
number of shoots per plant, leaf area and number of
flowers per plant under naturally ventilated poly
house conditions. Similar studies were reported by
Bhavya et al., (2011) showed significantly increased
yield parameters like bunches per vine, yield per
vine and yield per hectare and enhanced the quality
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parameters in Bangalore Blue grapes.

Maximum Shoot Length (cm)

The data on maximum shoot length varied
significantly due to different treatments throughout
five crops ranging from 34.65-91.30, 55.84-120.07,
73.69-148.03 cm at 30™, 45" and 60" DAP,
respectively (Table 3) and that too significant
difference in shoot length was observed among the
silicon treated plots. T | (600 kg ha™' diatomite through
soil application and 4ml L' FSA) has recorded
increase in shoot length (87.53 +£4.30, 115.10+ 0.10,
141.90 + 10.32 cm respectively) and the least was
recorded in absolute control (T, - 43.62 + 1.14,
70.29 + 8.77, 92.76 £ 1.05 cm after 30%, 45t

and 60™ DAP, respectively). T, (82.82 + 13.15,
110.84 +8.28,136.28 +£2.03 cm) and T, (80.89 +3.28,
109.37 £11.16, 135.15 £ 20.95 cm) are relatively on
par to T , indicating as effective in promoting
shoot elongation when compared to RDF Control
(62.16 £6.63,94.26 £ 11.78, 121.23 + 0.45 after 30,
45 and 60 DAP, respectively), which performed
lower to the other treatments. It has been found by
various workers that Si has many positive effects on
the growth and yield as well physiology and
metabolism of different crops. Diatomaceous Earth
(DE) as source of silicon recorded higher number of
fruits per plant, fruit yield by weight and disease
occurrence in pomegranate (Kalatippi et al., 2017).
Manjunatha et al. (2014) observed that combination

TABLE 3
Effect of different levels of diatomaceous earth and silicic acid on shoot length of mulberry

Maximum shoot length (cm)

Treatments 30 DAP 45 DAP 60 DAP
Range Average Range Average Range Average
T, 6145 - 67.06 6428+ 4.53 92.06 - 100.46 9630+ 1.02 117.86 - 128.61 123.29 +14.70
T, 64.11 - 69.96  67.07+ 730 94.04 - 102.62 98.38 +£11.34 120.58 - 131.57 126.13 + 5.92
T, 64.77 - 70.68  67.76 £ 2.58 97.32 - 106.19 101.80 + 2.33 120.87 - 131.90 126.44+ 9.25
T, 67.10 - 73.22  70.19+ 3.14 98.53 - 107.52 103.07 +14.71 123.87 - 135.17 129.58 + 10.08
T, 71.37 - 77.88  74.66 + 3.38 100.90 - 110.10 105.55+ 0.94 126.39 - 137.92 132.22 + 18.11
T, 70.16 - 76.56  73.40+ 2.75 100.69 - 109.87 105.33 = 8.51 126.08 - 137.58 131.88+ 5.84
T, 73.66 - 80.38  77.05+10.40 102.02 - 111.33 106.72 £ 12.15 127.20 - 138.80 133.06 + 9.24
T, 77.32 - 8438  80.89 £ 3.28 104.56 - 114.10 109.37 + 11.16 129.20 - 140.99 135.15+20.95
T, 74.89 - 81.72 7834+ 3.92 102.31 - 111.65 107.03 + 7.56 127.97 - 139.64 133.86 + 1.45 2
T, 79.16 - 86.39  82.82 + 13.15 105.96 - 115.62 110.84 + 8.28 130.27 - 142.16 136.28 + 2.03 é
T, 83.67 - 91.30  87.53+ 4.30 110.03 - 120.07 115.10+ 0.10 135.66 - 148.03 141.90 +10.32 o5
T, 5942 - 6483 62.16+ 6.63 90.10 - 9832 9426+ 11.78 115.89 - 126.46 121.23+ 0.45 §
T, 52.58 - 3465 4362+ 1.14 84.74 - 5584 7029+ 877 111.83 - 73.69 92.76+ 1.05 é.
F test * * * .go
S.Em+ 3.51 5.17 6.31 <
CD @5% 10.25 15.09 18.41 =
C.V. (%) 8.5 8.79 8.54 S
S
Values in columns represent mean + SD (Deviation between pooled replication data); Range of five crops; ®
DAP- Days After Pruning; *- Significant 2
5
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of micro nutrients and soluble silicic acid at 5 ml L
on growth parameters such as maximum plant height,
stem diameter, number of leaves per plant, petiole
length, plant spread and significant positive response
recorded for reproductive parameters including
number of flowers, no. of fruits per plant and fruit
yield in papaya. Foliar application of Silicic acid in
finger millet significantly increased test weight, grain
and straw yield was reported by Sandhya et al.
(2011 & 2020). Similar studies were reported in rice
by Yogendra et al. (2015) and Prakash et al. (2011).
Korndorfer et al. (2005) reported that slightly higher
soil pH promotes the transformation of polysilicic
(insoluble) acid into monosilicic acid (soluble) and
played a dominant role in silicon availability with
more dissolution of silicon and other nutrients from

both soil and DE which enhances the growth
parameters as compared to application of fertilizer
alone and control, which supports the present results.

Leaf Area (cm?)

The findings on leaf area (cm?) were significantly
influenced by different treatments of silicon
among 5 crops ranging from 57.02-116.08,
89.34-213.16, 98.75-228.81 cm*in mulberry at 30, 45
and 60 DAP (Table 4). T,, (600 kg ha' diatomite
through soil application and 4ml L' FSA) has
recorded increased leaf area (111.28 + 2.71,
204.33 £12.16 and 219.34 + 11.59 cm? respectively)
compared to T, (83.66 + 1.24, 131.66 + 5.39,
165.10 £ 2.69 cm?) and lowest leaf area
was recorded in absolute control without RDF

TABLE 4

Effect of different levels of diatomaceous earth and silicic acid on leaf area of mulberry

Single leaf area (cm?)

Treatments 30 DAP 45 DAP 60 DAP
Range Average Range Average Range Average

T, 81.62 - 89.07 8538+ 1.30 127.09 - 139.95 133.77+16.86 162.68 - 176.61 168.81 £ 1.57
T, 86.04 - 90.89 88.81 + 3.08 133.74 - 142.67 140.17+ 6.05 168.85 - 182.43 173.71+ 7.35
T, 88.81 - 9591 9251+ 398 141.24 - 153.22 14629+ 7.93 171.34 - 186.97 179.23 £ 9.68
T, 91.63 - 96.60 94.47+10.42 146.01 - 157.33 152.13 £25.69 175.85 - 188.62 183.05+ 3.54
T, 92.11 - 104.55 9796+ 1.33 144.06 - 165.46 156.13+ 4.69 182.62 - 193.97 188.92 + 12.69
T, 95.81 - 100.51 98.62+ 8.44 146.30 - 163.92 15596 £20.66 177.76 - 199.27 188.05+ 3.85
T, 96.36 - 105.14 100.79 £ 7.00 151.33 - 171.95 162.61 +£18.92 187.79 - 204.92 196.43 = 11.77
T, 100.49 - 109.66 105.12+ 3.87 164.90 - 179.94 172.49+ 3.55 195.49 - 213.32 204.49 + 20.57
T, 96.67 - 105.49 101.12+ 2.37 159.01 - 173.52 16633+ 7.64 192.63 - 206.20 198.70 + 10.46
T, 102.62 - 111.98 107.35+ 9.83 181.08 - 197.59 189.41+ 3.22 203.65 - 218.22 209.22+ 0.85
T, 106.37 - 116.08 111.28 £ 2.71 195.34 - 213.16 204.33 £12.16 209.68 - 228.81 219.34 + 11.59
T, 7997 - 8726 83.66+ 1.24 125.87 - 137.35 131.66+ 539 157.83 - 172.22 165.10+ 2.69
T, 80.49 - 57.02 69.66+ 3.63 125.05 - 89.34 10790+ 3.33 137.79 - 98.75 11947+ 3.14
F test * * *
S.Em=+ 3.02 7.55 5.26

CD @5% 8.81 22.04 15.35
C.V. (%) 5.49 8.42 4.95

Values in columns represent mean + SD (Deviation between pooled replication data); Range of five crops;
DAP - Days After Pruning; * - Significant
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(T,-69.66+3.63,107.90 = 3.33 and 119.47 + 3.14
cm?) after 30™, 45" and 60™ DAP, respectively.
T,, (Combination of DE @ 450 kg ha' and 4ml
L' FSA), T, (Combination of DE @ 300 kg ha'
and 4ml L' FSA) and T, (Combination of DE @ 600
kg ha''and 2ml L' FSA) showed relatively higher leaf
area and their values are significantly on parto T .

Since leaf area is an indicative of the assimilatory
surface, providing for the production and
accumulation of more photosynthates. Due to
beneficial effect of dissolution of Si from applied
DE material have facilitated the increased uptake of
potassium in soil thereby increasing length of the
leaf through cell elongation and cell division. These
results might be due to potassium presence, which is

also a major osmotically active component in plant
cells contributing to cell turgor and enhancing the
capacity of plant cell to retain water and nutrients,
decreased water loss from plants by transpiration
and water use efficiency and nutrient use efficiency
were increased and hence there is also improvement
in growth characters. Thus application of Si fertilizers
can promote plant growth with better quality. It was
observed in a study that Si application increases the
breadth of a leafy vegetable lettuce up to 17 per cent
compared to control (Olle, 2017). Vageesh et al.
(2015) reported that the application of foliar silicon
in FCV tobacco nursery improved the quality and
number of transplantable tobacco seedlings with a
steady and thick stems, cured leaf yield and leaf area
tobacco.

TABLE 5

Effect of different levels of diatomaceous earth and silicic acid on internodal distance of mulberry

Internodal distance (cm)

Treatments 30 DAP 45 DAP 60 DAP
Range Average Range Average Range Average
T, 529 -5.19 5.23 £0.69 541 - 531 5.35+0.25 5.49 -5.39 5.44 £ 0.56
T, 5.39 -5.29 5.33 £0.64 5.47 - 537 5.41 £0.23 5.56 - 5.46 551+ 0.50
T, 5.39 -5.29 5.33+0.24 5.50 - 540 5.44 +£0.07 5.57 -5.47 5.51 £ 0.10
T, 5.44 -534 5.38 £0.15 5.50 - 540 5.44 £0.16 5.59 -5.49 5.53+ 0.33
T, 5.45 -5.35 5.39 +£0.02 5.51 - 541 5.45+0.42 5.59 -5.49 5.53+ 0.15
T, 545 -5.35 5.39+0.22 552 - 542 5.46 +£0.57 5.60 - 5.50 5.54 £ 0.03
T, 545 -5.35 5.39 £0.25 5.56 - 5.46 5.50+0.34 5.63 - 5.53 5.57 £ 0.64
T, 5.48 -5.38 5.42 +£0.25 5.57 - 547 5.51 £0.60 5.63 - 5.53 5.58 £ 0.23
T, 5.51 -5.41 5.45+0.14 5.59 - 549 5.53+0.14 5.64 - 5.54 5.59+ 0.12 S
T, 5.40 -5.30 5.34+0.18 5.51 - 541 5.45+0.72 5.59 -5.49 5.54 £ 0.02 .g
T, 5.39 -5.29 5.33 £0.57 5.47 - 537 5.41 £0.10 5.57 -5.47 551+ 0.56 Cas
T, 5.36 -5.26 5.30 £0.55 543 - 5.33 5.37+0.19 5.54 -5.44 5.48 £ 0.43 §
T, 5.35-5.25 5.29+£0.23 543 - 5.33 5.37+0.67 5.52 -5.42 5.46 £ 0.48 \i
F test NS NS NS ;
S.Em+ 0.22 0.24 0.22 <
CD @5% - - - \g
C.V. (%) - - - §
Values in columns represent mean + SD (Deviation between pooled replication data); Range of five crops; DAP- Days After N
Pruning; NS-Non significant; ;%
S
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Internodal Distance (cm)

The data on internodal distance did not exhibit any
statistically significant difference among different
silicon treated plots but the values were found to be
ranging from 5.25-5.48, 5.31-5.59, 5.39-5.64 cm at
30%, 45% and 60" DAP, respectively (Table 5). The
internodal distance is too much as it is attributed as
varietal characteristics (Chakraborti et al., 2013).
However, it did not vary among the treatments.

Leaf Yield

Leaf yield parameters were significantly influenced
by application of silicon at 60" DAP within a range
from 23.14 to 59.64 tha! yr' for all the five crops
harvested and it was varied significantly among
silicon treated plots of mulberry crop ranging from
46.71 to 59.64 t ha! yr'. Foliar spray of silicic acid
recorded an improvement in leafyield in 2ml L' FSA
(48.86 £3.29) and 4ml L' FSA (49.62 = 0.49) when
compared to RDF control, T, (48.57 + 1.53) t ha™
yr!, respectively (Fig. 1). Soil application of DE alone
recorded comparatively higher leaf yield than only
FSA treated plots viz., 300 kg ha'(50.04 + 0.43 t ha'!
yr'), 450 kg ha' (50.42 + 8.08 t ha! yr') and 600 kg

ha' (50.72 + 8.33 t ha'! yr') which is 2.93 per cent,
3.66 per cent and 4.23 per cent, higher than the RDF
treated plots in mulberry (Fig. 2).

Combined application of DE @ 600 kg ha'! through
soil application and 4ml L' FSA (T,)) has recorded
highest average leaf yield of 57.17 + 1.46t ha! yr'.
Whereas, T, (450 kg ha™' DE through soil application
and 4ml L' FSA) and T, (600 kg ha' DE through
soil application and 2ml L' FSA) showed on par
trend across all metrics of leaf yield. When calculated
the differences, T to T, were ranging from 5.34 to
8.19 per cent compared to T, . T, and T, produces
54.09 £ 1.66 and 52.84 + 1.54 tha! yr!, respectively
which is 94.61 and 92.42 per cent of that of
maximum leaf yield (57.17 t ha' yr'). However,
T, (RDF - control) recorded 48.57 + 1.53 t ha! yr'!
and T, (without RDF- absolute control) exhibits the
poor leaf yield of 29.13 + 4.66to t ha'! yr! (Fig. 3).
Leafyield has been significantly increased from first
pruning to fifth pruning in combination treatments in
acidic soil may be attributed to residual effect of
applied DE, higher availability of nutrients and
favourable conditions in the soil, thereby inducing
better nutrient uptake by varied levels of DE
application in mulberry.

—4—RDF + 0.2 %0 FSA
52.00 Leaf Yield —@—RDF + 0.4 %% FSA
RDF (Control)
51.00
50.00
49.00
& 48.00
2 47.00
46.00
45.00
44.00
43.00
Crop - 1 Crop -2 Crop -3 Crop -4 Crop -5
Fig. 1 : Effect of different levels of silicic acid on leaf yield (t ha''yr") of mulberry
*FSA — Foliar silicic acid; RDF — Recommended dose of fertilizers
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o RDF - 300 kg ha' DE
54.00 Leaf Yield . RDF + 450 kg ha™ DE
. —r— RDF + 040 kg ha"' DE
i RDF (Coatrol)
52.00
50.00
:;’ 48.00
<
=
46.00
44.00
42.00

Crop - 1 Crop -2 Crop-3 Crop -4 Crop -5

Fig. 2 : Effect of different levels of diatomaceous earth on leaf yield (t ha'! yr'') of mulberry
*DE - Diatomaceous Earth; RDF - Recommended dose of fertilizers

= Crop-S
Leaf Yield E Crop-4
= Crop-3
B Crop-2
H Crop-1
RDF (Control)

600 kg ha'! DE + 0.4% FSA

450 kg ha' DE + 0.4% FSA

300 kg ha' DE + 0.4% FSA

600 kg ha' DE + 0.2% FSA

450 kg ha' DE + 0.2% FSA

300 kg ha' DE + 0.2% FSA

40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.00
tha't yr!

Fig. 3 : Effect of different levels of diatomaceous earth and silicic acid in combination on leaf yield (t ha'yr!) of mulberry
*FSA — Foliar silicic acid; DE - Diatomaceous earth; RDF — Recommended dose of fertilizers
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The results of the current study are in agreement with
the findings of Shivaprakash ez al., (2009) where they
found that there was a significant increase in leafyield
due to application of secondary nutrients. Rani et al.
(2016) noticed varied biomass production in mulberry
with different levels of calcium and magnesium
fertilizer application and found that combined spray
of 0.4 per cent calcium and 0.2 per cent magnesium
resulted in significant increase in growth and yield
parameters of mulberry. Many researchers reported
that Si application had a significant positive effect on
crop growth, disease management and quality
parameters of different crops. Beneficial effects of
foliar silicic acid showed significant improvement in
the protein and oil content of soybean seeds
(Shwethakumari and Prakash, 2018). Haroon et al.
(2020) reported significant increase in average bulb
weight and total bulb yield in Arka Kalyan and
Bellary Red varieties of onion. Application of DE as
Si source increased growth, yield and quality of
several horticultural crops such as pomegranate
(Swamy et al., 2017), tomato (Ashok et al.,2017) and
potato (Kadalli et al., 2017). Improved physiological
functions in plant system contribute to better quality
and higher yield of the crops. This was mainly
attributed to additional supplement of Si fertilizer
induces biomass production due to efficient
partitioning of photosynthates and better utilization
of absorbed nutrients.

Among the different treatments, combined application
of 600 kg ha'! DE + 0.4 per cent silicic acid foliar
spray (T,,) recorded maximum shoot length, highest
number of shoots per plant, highest number of
leaves per plant and maximum leaf area on 30%, 45
and 60" days after pruning (DAP). The maximum
leaf yield was observed in T with 57.17 t ha' yr'.
However, T ; and T, exhibited on par results with
T,, for all the growth and yield parameters of
mulberry. This vindicates that the different sources
of silicon viz., diatomite and foliar silicic acidcan
provide promising results in mulberry by enhancing
its growth and leaf yield, especially the application
of DE in split doses for each crop favours the
growth and development.
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