
Citation: Koodi, S.; Ameta, K.D.;

Kaushik, R.A.; Choudhary, A.; Jain,

D.; Dudwal, B.L.; Kumar, U.; Farooq,

T.H.; Gulnaz, A.; Al-Sadoon, M.K.

The Integrated Approach for Organic

and Inorganic Sources of Nutrients to

Enhance Performance of Cauliflower

(Brassica oleracea var. botrytis L.)

under Sub-Humid Climatic

Conditions. Sustainability 2022, 14,

13368. https://doi.org/10.3390/

su142013368

Academic Editors: Simona M.

C. Porto, Agatino Russo and

Teresa Graziano

Received: 2 August 2022

Accepted: 19 September 2022

Published: 17 October 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

The Integrated Approach for Organic and Inorganic Sources of
Nutrients to Enhance Performance of Cauliflower (Brassica
oleracea var. botrytis L.) under Sub-Humid Climatic Conditions
Sunita Koodi 1, Kapil Dev Ameta 1, Ram Avatar Kaushik 1, Ashok Choudhary 2,*, Devendra Jain 3 ,
Babu Lal Dudwal 4, Uttam Kumar 5 , Taimoor Hassan Farooq 6 , Aneela Gulnaz 7

and Mohammad Khalid Al-Sadoon 8

1 Department of Horticulture, Rajasthan College of Agriculture, Maharana Pratap University of Agriculture
and Technology, Udaipur 313001, India

2 Department of Horticulture, College of Agriculture, GBPUA&T, Pantnagar 263145, India
3 Department of Molecular Biology and Biotechnology, Rajasthan College of Agriculture, Maharana Pratap

University of Agriculture and Technology, Udaipur 313001, India
4 Department of Agronomy, S.K.N. College of Agriculture, Sri Karan Narendra Agriculture University,

Jobner 303329, India
5 Institute of Applied Ecology, College of Plant Protection, Fujian Agriculture and Forestry University,

Fuzhou 350002, China
6 Bangor College China (BCC)-Bangor University, Central South University of Forestry and

Technology (CSUFT), Changsha 410004, China
7 Department of Biotechnology, Yeungnam University, 280 Daehak-Ro, Gyeongsan 38641, Korea
8 Department of Zoology, College of Science, King Saud University, P.O. Box 2455, Riyadh 11451, Saudi Arabia
* Correspondence: ashokchoudhary116@gmail.com

Abstract: To overcome the limitations of soil fertility and provide high crop output, soil fertility
management, including the sensible use of mixes of organic and inorganic fertilizers, is a realistic
approach. The strategy of integrated nutrient usage was used since there was a decrease in soil
characteristics and crop productivity as a result of the overuse of chemical fertilizers. The present
study was designed in 2019–2020 and 2020–2021 at the high-tech unit, Department of Horticulture,
Udaipur to investigate the integrated use of FYM and inorganic fertilizers along with silicon on
the development and output parameters of cauliflower (Brassica oleracea var. botrytis L.). The field
experiment was carried out with fourteen treatments as a soil application under randomized block
design. The results revealed that treatment T14 (50% recommended dose of nitrogen by FYM + 50%
recommended dose of fertilizers + 100 kg Silicon/ha) showed maximum plant height at harvest
(65.73 cm), number of leaves per plant (24.27), leaf area index (11.83), chlorophyll content at 50 days
after transplanting (1.99 mg/g), stalk length (8.23 cm) and stem girth (7.41 cm), minimum number of
days to curd initiation after transplanting (66.37), minimum number of days required for marketable
curd maturity after transplanting (89.17), maximum plant weight (1154.74 g), diameter of curd
(15.75 cm), curd yield (277.53 q/ha) and dry weight of curd (91.41 g) as compared to control. In the
end, the results showed that the growth and yield of cauliflower were better when silicon, manure,
and chemical fertilizers were used together.

Keywords: fertilizers; FYM; growth; silicon and yield

1. Introduction

Cauliflower is the most consumed vegetable of all the vegetables in the world. It is
high in vitamin B1, B2, B6, C, and K, as well as folate and folic acid, pantothenic acid,
protein, dietary fiber, and the minerals P, K, and Mn [1]. India is the second largest producer
of vegetables after China, holding an area of over 10,259 thousand hectares of vegetables
with a production of 184,394 thousand metric tons. In Rajasthan, vegetables are grown
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over a 163.22 thousand hectare area with a production of 1673.99 thousand metric tons.
According to [2], India covered an area of over 452.6 thousand hectares with a production
of 8668.2 thousand metric tones of cauliflower. In states like Rajasthan, cauliflower occupies
an area of over 10.25 thousand hectares with a production of 51.71 thousand metric tons.

Due to its bioactive components, indole-3-carbinol1, and higher proportion of isothio-
cyanate, which is useful in preventing carcinogenesis, cauliflower has health advantages,
medicinal value, and therapeutic effects. For growth and development, cauliflower needs a
significant number of nutrients [3].

Farmyard manure improves soil qualities, lowering the need for chemical fertilizers
and increasing the balance of organic material, soil moisture, and water usage effective-
ness [4]. Organic manures provide all primary and secondary macronutrients as well as
micronutrients, which are essential for plant growth and development [5].

Chemical fertilizers have high nutrients and are rapidly available to plants, but excess
use causes a number of problems; loss of nutrients, contaminating soil water and increased
insect pest activity. Globally, soils are losing fertility and productivity as a result of increased
use of inorganic fertilizers, which could impact flowering and fruiting [6].

The secret to superior crops and sustainable agricultural production is soil fertility
and nutrient control. Combining chemical and organic fertilizers allowed for maximum
productivity to be maintained while reducing the need for inorganic fertilizers, which had
detrimental effects on soil fertility, crop yield, and the environment [7,8]. Organic manures
help to maintain soil properties (structure, texture, water holding capacity, etc.), soil health,
and nutrient availability for plants that help to provide a favourable environment for
growth, flowering, and fruiting stages [9].

A crucial ingredient for plant growth and development, silicon has been discovered
to be plentiful in soils and the second most widely accessible element on Earth after oxy-
gen [10]. Plants with silicon improved the ability of plants to withstand environmental
stress and improved plant growth, production, and quality [11]. It has long been believed
that silicon fertilizer is essential for promoting vegetative growth and healthy development
and that the proper amount of silicon is required for cell development and differentia-
tion [12].

Using silicon or nano-silicon on plants promotes growth and development by im-
proving proline accumulation, nutritional content, free amino acid levels, gas exchange,
antioxidant enzyme activities, and the effectiveness of the photosynthetic machinery [13].
When Si was added, K uptake went up and Na uptake went down, which were the two
main ways plants grew better in salty conditions [14].

Si helps to maintain nutrients in plant-available forms by enhancing the physical and
chemical qualities of the soil and the nutritional state of plants. Nitrate concentrations in
edible tissues decreased as a result of the Si supply, increasing edible yield and quality [15].
The direct impact of silicon can encourage the biofortification of vegetable leaves and has a
significant impact on root development, allowing for quicker root growth and improved
root resilience in dry soils [16]. Silicon encourages vertical growth, precludes lodging,
encourages favorable leaf exposure to light, and increases the functions of anti-oxidant
enzymes which reduce biotic and abiotic stress in plants. Silicon also increases the growth
and yield of all annual and vegetable crops. Draught-exposed plants that were silicon-
treated kept their greater stomatal conductance, relative water content, water potential,
and yield levels. It encourages leaves to grow bigger and thicker, which limits water loss
through transpiration and lowers water use [17]. This study set out to determine how
nutritional sources, both organic and inorganic, affected the performance of cauliflower.

2. Materials and Method

The field experiment was conducted at hi-tech unit, Rajasthan College of Agriculture,
Maharana Pratap University of Agriculture and Technology, Udaipur located at 24◦35′ N
latitude 74◦42′ longitude at 585.5 m above mean sea level of India. Seedlings were trans-
planted on ridge and furrow system in beds at (60 cm × 45 cm) spacing in open field
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circumstances with fourteen treatments and three replications under randomized block
design during 2019–2020 and 2020–2021. The experimental location is located in Rajasthan’s
Agro-climate zone IV A, which is sub-tropical and semi-arid with annual minimum 28.8 ◦C
and maximum 38.3 ◦C temperature in summers and minimum 11.6 ◦C and 28.3 ◦C temper-
ature in winters (Figure 1). The average annual rainfall is 760–900 mm, with the South-West
monsoon bringing the majority of the rain from mid-June to September and the annual.
The soil had a clay loam texture, was slightly alkaline in reactivity and was inferior in other
nutrients (Table 1) and the treatment details were given in (Table 2).
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Figure 1. Mean weekly meteorological data during the experimentation years 2019–2020 and
2020–2021. “i” and “ii” shows the two different times of observations in the same year.

Table 1. Initial fertility status of experimental soil.

S. No. Soil Properties Content Method of Analysis References

1. Organic carbon % 0.62 Rapid titration
method [18]

2. Available nitrogen
(kg/ha) 273.32 Flame photometer

method [19,20]

3. Available
phosphorus (kg/ha) 15.87 Olsen’s method [20]

4. Available potassium
(kg/ha) 356.25 Flame photometer [19,20]

5. EC (ds/m) 0.72
Method No. 4,

USDA Hand Book
No. 60

[21]

6. pH 7.2
Method No. 21 (b),
USDA Hand Book

No. 60
[21]
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Table 2. Treatment details.

Treatments

T1 : Control

T2 : 50% RDF

T3 : 75% RDF

T4 : 100% RDF

T5 : 50% RDN by FYM

T6 : 75% RDN by FYM

T7 : 100% RDN by FYM

T8 : 50% RDN + 50% RDF

T9 : 50% RDF + 100 kg Silicon/ha

T10 : 75% RDF + 100 kg Silicon/ha

T11 : 50% RDN by FYM + 100 kg Silicon/ha

T12 : 75% RDN by FYM + 100 kg Silicon/ha

T13 : 100 kg Silicon/ha

T14 : 50% RDN by FYM + 50% RDF + 100 kg Silicon/ha
FYM—25 t/ha, RDF—120:80:80 kg/ha N:P:K.

Application of treatments—Well rotten FYM was purchased from the department of
animal production of RCA, Udaipur and silica as a source of silicon and chemical fertilizers
were purchased from market and calculate the quantity according to treatment doses and
applied in the experimental field before transplanting the seedlings in plots.

2.1. Growth Parameters

Growth attributes, like plant height (cm), number of leaves per plant, leaf area index,
chlorophyll content (mg/g), stalk length (cm), stem girth (cm), minimum number of days to
curd initiation, and minimum number of days required for marketable curd maturity, were
measured at the time of harvesting, as determined by ocular observation. These parameters
were determined from five randomly tagged plants from each replication and treatment,
and an average was worked out.

2.1.1. Leaf Area Index

The leaf area of five randomly tagged plants was measured with leaf area meter and
calculated by the following formula [22].

Leaf area index =
Leaf area

(
cm2)

Ground area (cm2)
(1)

2.1.2. Chlorophyll Content in Leaves (mg/g)

The chlorophyll content of cauliflower leaves at 50 days after transplanting was
determined through the method given by [23]. A 100 mg leaf sample was ground in 10 mL
of 80% acetone, centrifuged for 10 min at 2000 rpm, and the final volume was 10 mL.
The resultant absorbance of the clear supernatant present in test tubes was measured by
Spectronic 20 at 652 nm and presented in terms of mg/g fresh weight of leaves.

Total chlorophyll (mg/g) =
A (652)× Total volume (mL)× 29
α × Weight of sample (g)× 1000

(2)

where,
A = Absorbance specific wave lengths
α is the path length = 1 cm.
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2.2. Yield Parameter

Yield attributes such as plant weight, curd diameter, curd yield per hectare and dry
weight of curd were counted from each tagged plant of each treatment and then averaged
to obtain the mean value. Plant weight was calculated on an electronic weighing balance,
digital vernier calliper was used to measure curd diameter, and curd yield was determined
according to curd yield per plot.

Dry Weight of Curd (g)

The dry weight of curd was estimated by 100 g fresh curd sample is taken from each
selected plant and dried the sample in hot air oven at 60 ◦C. Weight the dried sample and
average was worked out.

2.3. Statistical Analysis

The analysis of variance was used for the statistical analysis (ANOVA). The ‘F’ test
was used to determine the significance of the difference within the treatment at a 5% level
of significance, and the critical difference was determined wherever the findings were
significant. Using Duncan’s multiple range test, the least significant difference between the
treatments was determined to be (p ≤ 0.05).

3. Results
3.1. Effect of Silicon, FYM and Inorganic Fertilizers on Growth Parameters

Silicon and organic and inorganic fertilizers used together considerably improved
the growth characteristics of cauliflower. The treatment T14 showed that maximum plant
height at harvest (65.73 cm) as compared to control. The treatment T12, T10, T4 and T7
were significantly at par with T14 and the plant height was increased 41.26% in treatment
T14 as compared to control in cauliflower. The maximum number of leaves per plant
(24.27) was observed in T14 as compared to control. The treatment T1 was 25.10%, 22.68%,
19.22%, 18.19% and 15.82% lower than the treatments T14, T10, T12, T9 and T11, respectively.
Maximum leaf area index (11.83) recorded in treatment T14 and minimum LAI was observed
in control (Table 3 and Figure 2A–C).

In Table 4 and Figure 2D–F, manure and chemical fertilisers along with silicon have a
significant effect on chlorophyll content, stalk length and stem girth in cauliflower. In terms
of the chlorophyll content treatment T14 showed maximum chlorophyll content at 50 DAT
(1.99 mg/g), which was increased by 65.12% as compared to control. The chlorophyll
content was increased by 60.49% in T10 as compared to control. The results revealed that
treatment T14 showed a maximum stalk length of 8.23 cm which was at par with treatments
T4, T7 and T12, while the minimum stalk length was found in T1. In cauliflower, treatment
T1 was 33.82%, 29.59%, 28.29%, and 24.87% lower than treatments T14, T4, T7, and T12.
Treatment T14 showed maximum stem girth (7.41 cm) was closely followed treatments T4
and T7. When treatments T14, T4, and T7 were compared to T1, the stem girth increased by
37.22%, 32.03%, and 31.29%, respectively.

In the cauliflower plant, the application of treatment T14 minimizes the number of
days to curd initiation and the number of days to marketable curd maturity as compared to
T1 [Table 5 and Figure 3A,B]. The data revealed that minimum days to curd initiation after
transplanting (66.37) was observed in treatment T14, which was 12.59% lower than treatment
T1. In case of the minimum days required for marketable curd maturity after transplanting
(89.17) were recorded in treatment T14 as compared to control. The minimum days required
for marketable curd maturity was 7.94% lower in treatment T14 as compared to control.
Treatments T10 and T12 were 6.91% and 6.60% lower than treatment T1, respectively, for the
minimum days required for marketable curd maturity in cauliflower.
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Table 3. Utilization of silicon in conjunction with manure and chemical fertilizers on cauliflower
plant height (in cm), number of leaves per plant, and leaf area index (Brassica oleracea var. botrytis L.).
The identical letters in the table denote no substantial difference (p ≤ 0.05). The letters from a to i

shows the significant difference between the treatments.

Treatments
Plant Height (cm) Number of Leaves per Plant Leaf Area Index

2019 2020 Pooled
Mean 2019 2020 Pooled

Mean 2019 2020 Pooled
Mean

T1 46.18 f 46.88 e 46.53 g 19.2 c 19.6 d 19.4 e 6.21 f 5.687 g 5.949 i

T2 48.31 f 49.66 de 48.98 fg 20.53 bc 21.2 b–d 20.87 b–e 7.042 ef 8.525 f 7.784 f–h

T3 58.07 b–e 60.57 a–c 59.32 a–d 21.07 a–c 22.53 a–d 21.8 a–e 8.591 cd 9.016 d–f 8.804 d–g

T4 63.9 ab 65.15 a 64.53 a 21.4 a–c 22.93 a–c 22.17 a–e 8.806 b–d 9.411 c–f 9.108 c–f

T5 51.71 ef 52.93 de 52.32 e–g 19.47 c 20.93 b–d 20.2 c–e 6.951 ef 8.31 f 7.631 gh

T6 56.61 c–e 56.3 b–d 56.46 b–e 20.87 bc 22.33 a–d 21.6 a–e 8.216 de 8.807 ef 8.511 e–g

T7 63.57 ab 64.99 a 64.28 a 21.2 a–c 22.7 3 a–c 21.97 a–e 8.685 cd 9.055 d–f 8.87 d–g

T8 60.4 a–d 61.29 ab 60.84 a–c 21.13 a–c 22.67 a–d 21.9 a–e 8.604 cd 9.036 d–f 8.82 d–g

T9 52.37 ef 53.18 de 52.77 d–g 22.53 ab 23.33 ab 22.93 a–c 9.865 a–c 10.416 b–d 10.141 b–d

T10 61.77 a–d 62.32 ab 62.04 ab 23.07 ab 24.53 a 23.8 a 10.552 a 11.053 b 10.802 ab

T11 55.71 de 53.79 c–e 54.75 c–f 21.87 a–c 23.07 a–c 22.47 a–d 9.108 b–d 10.109 b–e 9.609 b–e

T12 62.93 a–c 64.73 a 63.83 a 22.87 ab 23.4 ab 23.13 ab 10.146 ab 10.524 bc 10.335 bc

T13 46.56 f 47.07 e 46.82 g 19.27 c 20.27 cd 19.77 de 6.437 f 6.826 g 6.631 hi

T14 65.2 a 66.25 a 65.73 a 23.67 a 24.87 a 24.27 a 10.677 a 12.999 a 11.838 a

Table 4. Use of silicon in combination with manure and chemical fertilizers on cauliflower’s chloro-
phyll content (mg/g), stalk length (cm), and stem girth (cm) (Brassica oleracea var. botrytis L.). The
identical letters in the table denote no substantial difference (p ≤ 0.05). The letters from a to j shows
the significant difference between the treatments.

Treatments
Chlorophyll Content (mg/g) Stalk Length (cm) Stem Girth (cm)

2019 2020 Pooled
Mean 2019 2020 Pooled

Mean 2019 2020 Pooled
Mean

T1 1.325 i 1.094 g 1.21 j 6.13 e 6.16 c 6.15 e 5.53 g 5.27 e 5.4 h

T2 1.592 g 1.405 f 1.498 h 6.98 c–e 6.33 c 6.65 c–e 6.32 ef 5.83 b–e 6.07 e–g

T3 1.688 f 1.603 e 1.645 g 7.28 b–d 7.02 a–c 7.15 b–e 6.92 de 6.06 bc 6.49 c–f

T4 1.819 de 1.874 c 1.847 de 8.09 ab 7.84 ab 7.97 ab 7.93 ab 6.32 ab 7.13 ab

T5 1.432 h 1.397 f 1.415 i 7.13 b–d 6.36 c 6.74 c–e 6.15 fg 5.73 c–e 5.94 f–h

T6 1.675 f 1.586 e 1.631 g 7.27 b–d 6.95 a–c 7.11 b–e 6.84 de 6.03 bc 6.44 c–f

T7 1.775 e 1.873 c 1.824 e 7.99 ab 7.78 ab 7.89 ab 7.9 ab 6.28 a–c 7.09 ab

T8 1.707 f 1.794 d 1.75 f 7.34 b–d 7.17 a–c 7.25 a–d 7.09 cd 6.08 bc 6.59 b–e

T9 1.903 bc 1.916 bc 1.909 b–d 7.21 b–d 6.77 bc 6.99 b–e 6.45 ef 5.95 b–d 6.2 d–g

T10 1.944 ab 1.94 ab 1.942 ab 7.48 b–d 7.22 a–c 7.35 a–d 7.6 a–c 6.26 a–c 6.93 a–c

T11 1.852 cd 1.89 bc 1.871 c–e 7.27 b–d 6.89 a–c 7.08 b–e 6.34 ef 5.89 b–d 6.12 e–g

T12 1.92 b 1.921 bc 1.92 bc 7.82 a–c 7.55 ab 7.68 a–c 7.32 b–d 6.22 a–c 6.77 b–d

T13 1.364 i 1.359 f 1.361 i 6.63 de 6.21 c 6.42 de 5.96 fg 5.43 de 5.7 gh

T14 1.997 a 1.999 a 1.998 a 8.47 a 7.99 a 8.23 a 8.15 a 6.67 a 7.41 a
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Figure 2. Integrated use of silicon with manure and chemical fertilizers on (A) plant height (cm),
(B) number of leaves per plant, (C) leaf area index, (D) chlorophyll content (mg/g) at 50 DAT (E) stalk
length (cm) and (F) stem girth (cm) of cauliflower (Brassica oleracea var. botrytis L.).

Table 5. Integrated use of silicon with manure and chemical fertilizers on minimum number of days
to curd initiation, minimum number of days required for marketable curd maturity after transplanting
and plant weight (g) of cauliflower (Brassica oleracea var. botrytis L.). In the table, the same letters
indicate no significant difference (p ≤ 0.05). The letters from a to k shows the significant difference
between the treatments.

Treatments

Minimum Number of Days to
Curd Initiation

Minimum Number of Days to
Marketable Curd Maturity Plant Weight (g)

2019 2020 Pooled
Mean 2020 2019 Pooled 2019 2020 Pooled

Mean

T1 76.13 a 75.73 a 75.93 a 96.93 a 96.8 a 96.87 a 638.22 k 611.59 i 624.91 k

T2 71.73 b–d 69.47 bc 70.6 b–d 92.47 bc 93.33 bc 92.9 b 783.55 hi 791.32 g 787.43 hi

T3 71.13 b–e 68.2 c–e 69.67 c–f 91.93 bc 92.8 bc 92.37 b–d 839 f–h 864.14 ef 851.57 f–h

T4 70.33 d–g 67.07 d–g 68.7 e–h 91.33 bc 92.2 b–d 91.77 b–d 906.43 d–f 925.29 de 915.86 d–f

T5 72.07 bc 69.8 b 70.93 bc 92.67 bc 93.53 bc 93.1 b 738.67 ij 778.82 gh 758.75 ij

T6 71.53 b–d 68.67 b–d 70.1 b–e 92.2 bc 93.07 bc 92.63 bc 826.67 gh 825.77 fg 826.22 g–i
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Table 5. Cont.

Treatments

Minimum Number of Days to
Curd Initiation

Minimum Number of Days to
Marketable Curd Maturity Plant Weight (g)

2019 2020 Pooled
Mean 2020 2019 Pooled 2019 2020 Pooled

Mean

T7 70.67 c–f 67.47 d–g 69.07 d–h 91.53 bc 92.4 b–d 91.97 b–d 884.32 e–g 907.86 de 896.09 d–g

T8 70.87 b–f 67.87 d–f 69.37 d–g 91.73 bc 92.6 bc 92.17 b–d 866.39 fg 878.36 d–f 872.37 e–g

T9 69.4 f–h 66.4 f–h 67.9 g–j 90.87 b–d 91.73 c–f 91.3 b–e 972.39 cd 949.93 cd 961.16 cd

T10 68.13 hi 65.93 gh 67.03 ij 90.13 cd 90.2 ef 90.17 de 1052.92 b 1067.78 b 1060.35 b

T11 69.93 e–g 66.73 e–h 68.33 f–i 91.07 b–d 91.93 b–e 91.5 b–e 947.46 c–e 930.86 de 939.16 de

T12 68.93 g–i 66.2 gh 67.57 h–j 90.4 b–d 90.53 d–f 90.47 c–e 1014.89 bc 1010.14 bc 1012.51 bc

T13 72.27 b 70.2 b 71.23 b 92.8 b 93.87 b 93.33 b 702.08 jk 721.01 h 711.55 j

T14 67.67 i 65.07 h 66.37 j 88.53 d 89.8 f 89.17 e 1152.91 a 1156.57 a 1154.74 a

Note: Letter ‘a’ denoted maximum number of days to curd initiation and curd maturity.
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3.2. Effect of Silicon, Manure and Chemical Fertilizers on Yield Parameters

Integrated use of silicon, FYM and chemical fertilizers has a significant effect on
yield parameters in cauliflower as presented in Table 6 and Figure 3C–F. In terms of plant
weight, silicon, along with manure and chemical fertilizers showed a significant response
in cauliflower and found that the treatment T14 exhibited an 84.78% increase in the plant
weight as compared to the treatment T1. The highest plant weight (1154.74 g) was closely
followed by treatment T10, and the minimum was observed in control. When compared
to the control, treatment T14 had the largest curd diameter (15.75 cm). In cauliflower, the
diameter of curd in treatment T1 was 43.31%, 41.67%, 38.48%, 37.57%, and 36.57% smaller
than in treatments T14, T10, T12, T9, and T11. Treatment T14 showed a maximum yield of
277.53 q/ha, which was at par with treatment T10 and T12, respectively, while the minimum
curd yield was found in control. Curd yield was 2.95% and 7.27% higher in treatment
T14 than in treatments T10 and T12. The maximum dry weight of curd was (91.41 g) was
observed in treatment T14 which was closely followed by treatment T10. The treatment T14
was 7.52% more effective than treatment T10.

Table 6. Integrated use of silicon with manure and chemical fertilizers on curd diameter (cm), curd
yield (q/ha) and dry weight of curd (g) of cauliflower (Brassica oleracea var. botrytis L.). In the table, the
same letters indicate no significant difference (p ≤ 0.05). The letters from a to j shows the significant
difference between the treatments.

Treatments
Curd Diameter (cm) Curd Yield (q/ha) Dry Weight of Curd (g)

2019 2020 Pooled
Mean 2019 2020 Pooled

Mean 2019 2020 Pooled
Mean

T1 10.86 c 11.12 e 10.99 f 125.27 i 120.34 h 122.81 i 29.6 j 31.33 h 30.46 j

T2 13.86 b 14.19 cd 14.02 c–e 174.15 gh 181.97 e–g 178.06 f–h 45.36 hi 51.06 f 48.21 h

T3 14.51 ab 14.42 b–d 14.47 a–d 194.69 e–g 208.94 de 201.82 d–f 52.93 gh 58.89 de 55.91 fg

T4 14.68 ab 15.09 a–c 14.89 a–d 222.15 c–e 229.12 cd 225.63 cd 66.36 de 65.92 cd 66.14 de

T5 13.7 b 13.54 d 13.62 de 160.00 h 174.88 fg 167.44 gh 40.92 i 48.76 fg 44.84 hi

T6 14.34 ab 14.35 b–d 14.35 b–d 189.38 fg 192.26 ef 190.82 e–g 50.39 gh 53.88 ef 52.14 gh

T7 14.55 ab 15.00 a–c 14.77 a–d 213.91 c–f 225.14 d 219.52 c–e 61.21 ef 64.57 cd 62.89 ef

T8 14.49 ab 14.57 a–d 14.53 a–d 206.93 d–f 211.74 de 209.34 c–e 57.06 fg 59.72 de 58.39 fg

T9 14.87 ab 15.38 a–c 15.12 a–c 239.21 bc 239.31 bd 239.26 bc 72.09 cd 71.88 c 71.99 cd

T10 15.5 a 15.64 ab 15.57 ab 269.60 a 269.55 ab 269.57 a 84.91 ab 85.11 ab 85.01 ab

T11 14.75 ab 15.27 a–c 15.01 a–c 230.91 b–d 233.65 cd 232.28 bc 69.65 d 67.71 c 68.68 de

T12 14.95 ab 15.49 ab 15.22 a–c 257.37 ab 260.05 a–c 258.71 ab 78.65 bc 78.8 b 78.73 bc

T13 12.27 c 13.39 d 12.83 e 148.92 hi 155.93 g 152.42 hi 38.03 ij 43.11 g 40.57 i

T14 15.77 a 15.72 a 15.75 a 279.69 a 275.37 a 277.53 a 91.56 a 91.25 a 91.41 a

4. Discussion
4.1. Effect of Silicon, FYM and Inorganic Fertilizers on Growth Parameters

The application of nutrients through chemical fertilizers and organic manures en-
hances the accumulation of carbohydrates in the upper portion of curd and decreases the
translocation of carbohydrates to the roots. The quantity of auxin released by organic
and inorganic fertilizers has an influence on plants. The concentration of auxin is lower
in roots as compared to the tops of plants. Hence, between these two critical values, an
increasing concentration of auxin tends to stop root growth and encourage top growth [24].
Cauliflower plants produce the most leaves per plant when 50% chemical fertilizers and
composted cow dung are applied together at a rate of 20 t/ha [25]. According to [26], this
may be caused by the simultaneous application of inorganic, bio, and compost fertilizers,
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as well as tomato plants’ strong photosynthetic activity and rapid vegetative development.
The increased protein synthesis that results from the greater nitrogen concentration will
eventually lead to a rise in cell size and number, which will result in longer stalks and more
leaves on each plant [27].

Organic and inorganic fertilizers along with silicon increased the uptake of nutrients,
water use efficiency, and other physiological processes of plants, which increased plant
height as evidenced by [12] in rice. The results in terms of more leaves per plant and a
higher leaf area index were corroborated with the findings of [28,29] in broccoli and [25]
while working with cauliflower.

Higher photosynthetic rates cause an increase in coenzymes NADP and NADPH,
which enhance the biological processes of plant, hence maximum nitrogen absorption
and digestion capacity and high dry weight accumulation [30]. The increased levels of
potassium silicate resulted in a smaller opening of the erect leaf angle with the stem of rice.
This effect of silicon makes the plants more erect, straight and decreases the self-dropping of
lower leaves of the plant canopy, which makes the plants more photosynthetically efficient
and provides better availability of space for interception of solar radiation while also
increasing the longevity of plants [31]. Similar findings were supported by [32,33]. Different
sources of silicon might increase the bio-availability of macro and micro nutrients and their
uptake and enhance rice growth by improving photosynthesis, reducing transpiration and
respiration, and enhancing cell division and cell elongation, which led to enhanced plant
height and good canopy, which resulted in high LAI [34]. These results were supported
by [35]. The higher leaf area in plants treated with soil applied Si seems to be related to the
higher number of leaves from the same treatment since one of the several effects of Si on
plants is an increase in leaf number, as reported by [36] in potato.

Furthermore, silicon reduces salt stress in plants by reducing the permeability of
plasma membranes, maintains the shape and structure of cells by enhancing the antiox-
idative enzymes superoxide dismutase and catalase, and increases the tolerance of plant
leaves to salinity by raising the chlorophyll concentration and photochemical efficiency.
They also [37,38] discovered significant effects of organic and inorganic fertilizers on the
chlorophyll content of cauliflower. As reported by [39] in tomato, application of Si or
N-Si boosted photosynthesis and decreased transpiration as a consequence of stomatal
alterations as opposed to an increase in chlorophyll concentration.

Application of three different amounts of potassium silicate (25%) on Keitt mangos:
0.05%, 0.1%, and 0.20%. When compared to the control, the use of two or three potassium
silicate treatments at 0.1% or 0.2% significantly boosted growth, P, K, and Mg concentrations,
total chlorophyll in the leaves, first fruit set percentage, yield, and quality [40].

Bean crops cultivated in hydroponic systems dramatically enhanced their dry weight
of shoots, leaf area, net photosynthetic rate, and stomatal conductance by adding silicon
(1.5 mM Si) to nutrients, including 30 or 60 mM NaCl [41]. Application of Si increased the
leaf area index, chlorophyll content, and nitrate reductase activity in the lower leaves of
sugarcane [42].

The earliest curd initiation was obtained by using both organic and inorganic fertil-
izers. This may be because the production of nitrogen and phosphorus in the soil allows
plants to absorb them, which increases plant hormonal activity and results in earlier head
initiation, as shown by [43] in broccoli. Because organic resources enhance soil structure
and productivity by enhancing soil tilth and aeration, they also boost the water holding
capacity and activity of microorganisms and minimize the mining of soil nutrients. This
led to a reduction in the number of days that curds took to mature [44].

4.2. Effect of Silicon, FYM and Inorganic Fertilizers on Yield Parameters

Utilizing both chemical and organic fertilizers together increased the accessibility and
absorption of key and trace elements, increasing the photosynthesis process and, as a result,
the weight of the plant, curd diameter, and dry matter content of the cauliflower. Addition-
ally, by increasing cell size and volume, it improves plant growth and development [45].
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The same results were reported by [46,47]. The combined application of 50% RDF along
with FYM, vermicompost, and Azospirillum resulted in the highest curd weight and curd
yield in cauliflower cv. Pusa Snowball K-1 as reported by [48]. Similar trends were reported
by [49] in cabbage.

The increases in yield and its components in cauliflower due to supplementation of
organic and inorganic resources may be referred to as beneficial effects of primary elements
(NPK) in upgradation of photosynthesis and the formation of proteins, nucleic acids,
carbohydrates, and other important organic components which move and escalate in edible
parts of plants like the curd of cauliflower by the action mechanism of these constituents
in this connection and therefore enhance the productivity of cauliflower [50]. The same
results were reported by [51,52]. Combined use of 50% RDF along with vermicompost
(25%) and poultry manure (25%) showed maximum curd weight on cauliflower [53]. The
same results were reported by [54].

As stated by [3] in cauliflower, a rise in the number of leaves might have allowed for
the storage of more carbohydrates, which would have increased the curd diameter. Due to
the higher accessibility of micro and macronutrients in the soil, which led to healthy plants
with greater physiological growth and yield that were reflected in head diameter, [43]
also reported a beneficial reaction of organic sources of nutrients and inorganic fertilisers
on head diameter. The results of [29] also showed that FYM and chemical fertilisers
considerably increased the head weight of broccoli. According to [49], the use of NPK
along with organic manure encouraged the efficient consumption of nutrients that were
already present in the soil. This increased the activity of auxin and the growth and function
of microbial saprophytes, which changed the yield per ha.

The use of silicon in conjunction with chelated iron (2 or 4 mmol K2SiO3 with 500 mg
Fe-EDDHA 6% L−1) increased tomato fruit weight and yield [55].It might be due to ap-
plication of silicon, alleviating biotic and abiotic stress can improve flowering and fruit
set. Plants produced the greatest number of fruits, increasing the cucumber yield reported
by [56].

Silicon with straw grown enriched nutrient solution increased total yield (16.15 kg/plant)
and marketable yield (14.92 kg/plant) in tomato [57], while silicon with sand grown
enriched nutrient solution increased mean fruit weight (158.3 g), dry weight (5.58%), and
total sugars (2.73%). These findings were in agreement with [58] in tomato. It is evident
from the results that the highest sugarcane yield (9 %) and sugar yield (9.7 %) were recorded
in Si (720 kg/ha SiO2) treated plants. [59]. Similar results were reported by [60] in sugarcane.

According to [61]’s research on cucumber, silicon also improved the availability of
macro and micronutrients, water use effectiveness, and the movement of assimilates from
the source to the sink, which increased fruit weight, number of fruits, yield, and dry weight
of fruit. The findings from productivity and its related parts closely match those from [62]
in rice and [57] in tomato.

The influence of KSi on yield components is related to the accumulation of elements
below the leaf epidermis, which produces a physical defence mechanism, boosts photosyn-
thetic capacity, decreases lodging, and decreases transpiration losses, ultimately reducing
limited space and vacant grain rates and increasing grain yield. When applying various
silicon sources, such as potassium silicate, grain production rose by 2–14% compared to
control. This corroborated the findings by [63,64]. According to a similar study by [12],
addition of silica at 120 kg/ha showed the maximum growth and yield of rice.

5. Conclusions

The current study offers fresh experimental data comparing fourteen treatments’
effects on the parameters affecting cauliflower growth and yield. The results show that, in
comparison to the control, the treatment T14 (50% RDN by FYM + 50% RDF + 100 kg Si/ha)
significantly increased plant height, number of leaves per plant, leaf area index, chlorophyll
content, stalk length, stem girth, minimum number of days to curd initiation, minimum
number of days to marketable curd maturity, maximum plant weight, curd diameter, curd
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yield, and dry matter content of curd. Small, marginal, and commercial farmers are finding
it increasingly difficult to afford chemical fertilizers, and their continued use degrades
the health of the soil and reduces crop output. When organic manures are applied, the
amount of chemical fertilizers is reduced, the chemical, biological, and physical qualities
of the soil are improved, and crop yield is boosted. Silicon is an essential element and
increased nutrient uptake in soil helps alleviate the toxic effect of metals and reduces biotic
and abiotic stress conditions. Cauliflower’s silicon decreased transpiration rate and plasma
membrane permeability and increased photosynthetic and antioxidant activities, which are
beneficial to the environment.

All things considered, it is said that using silicon in conjunction with organic ma-
nure and chemical fertilizers boosted growth and production, and ensured environmen-
tal sustainability.
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