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ABSTRACT

An experiment was carried out to evaluate the effects of varying nutrient levels and

spacings on soil nutrient status and nutrient uptake by broccoli hybrids under open

field condition at Sanjeevini Vatika, Department of Horticulture, UAS, GKVK,

Bengaluru, Karnataka, during the Rabi season of 2023. The study was designed as a

factorial Randomized Complete Block Design (RCBD) with three replications,

encompassing three factors. Among the treatments, T
8 
(H

2
S

2
N

2
), which involved the

NS1250 hybrid planted at wider spacing combined with higher NPK application,

exhibited significantly enhanced uptake of nitrogen, phosphorus and potassium. The

treatment T
8
 recorded maximum uptake of nitrogen (225.47 kg ha-1), phosphorus

(60.99 kg ha-1) and potassium (175.69 kg ha-1) by the plant.TreatmentT
5
 (H

2
S

1
N

1
)

involving the same hybrid planted at closer spacing and receiving a lower nutrient

dosage recorded the higher nutrient use efficiency: 56.38 kg per kg for nitrogen, 38.64

kg per kg for phosphorus and 90.51 kg per kg for potassium.The treatment T
8
 (H

2
S

2
N

2
)

proved most effective for maximizing nutrient uptakeas it allowed plants to access

sufficient space and nutrients, resulting in significantly higher absorption of nitrogen,

phosphorus and potassium compared to other treatments.
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BROCCOLI (Brassica oleracea var italica), a
healthy, nutritious and exotic vegetable

belonging to family crucifer. The name ‘broccoli’
originates from the Latin word ‘brachium’, meaning
‘arm’ or ‘branch’. The compact heads are encircled
by numerous leaves, which constitute the largest
portion of the mature plant. Historically, broccoli is
believed to have evolved from a wild cabbage species
native to the coastal regions of Italy and Greece
(Nagraj et al., 2020). In India, broccoli cultivation is
largely confined to temperate regions such as
Himachal Pradesh, Uttarakhand, the Nilgiri Hills and

selective areas of Maharashtra and Karnataka, where
productivity remains relatively low.

The floral biology of broccoli resembles to that of
other cole crops, featuring 4 petals and sepals with
6 stamens and 2 carpels (Kumar, 2021). For every
100 g of broccoli edible portion provides 6.64 g of
carbohydrates, 2.81 g of protein, 1.6 g of sugars and
supplies 34 kcal energy. It also contains vitamin A
(4%), 89.31 g of water along with essential minerals
including 47 mg of calcium and 316 mg of potassium,
(Pankaj et al., 2018).
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Plant nutrients are fundamental to promoting vigorous
plant growth, ensuring optimal development and
achieving superior-quality yields. Broccoli, being a
high nitrogen-demanding crop, requires adequate
nutrient input to support vigorous growth and the
formation of healthy, marketable heads as nitrogen
being an essential component of proteins via amino
acids, chlorophyll, nucleotides, alkaloids and
enzymes. Nitrogen is essential for photosynthesis,
vigorous vegetative growth and dry matter
production which is very essential for growth and
development of broccoli (Aswini et al., 2024).
Phosphorous promotes better root development,
flowering and fruit production in addition to aiding
in the synthesis of nucleic acids like DNA and RNA.
Potassium plays a crucial role in nutrient transport
and the regulation of stomatal opening and closing. A
deficiency of potassium reduces the plant’s ability to
absorb photosynthetic carbon, leading to slower
growth and decreased yield (Reddy et al., 2024).
Hence, precise and balanced nutrient management is
essential to maintain soil fertility and optimize crop
performance. However, in India, broccoli cultivation
lacks a well-defined package of practices, resulting
in the adoption of suboptimal nutrient regimes and
poorly managed agronomic practices that constrain
yield potential. To overcome these challenges, focused
research and strategic agronomic interventions are
imperative for enhancing productivity and ensuring
sustainable cultivation. Therefore, the present
investigation was undertaken to study the influence
of plant spacing and nutrient levels on soil nutrient
status and nutrient uptake by broccoli hybrids.

MATERIAL AND METHODS

An experiment was conducted in the Rabi season of
2023 at Sanjivani Vatika, Department of Horticulture,
University of Agricultural Sciences, GKVK,
Bengaluru. The experiment was arranged in a factorial
randomized complete block design with three
replications, considering plant hybrids as first factor
(3 hybrids: H

1
-Lucky, H

2
-NS1250 and H

3
-Saki), plant

spacing as the second factor (2 levels: S
1
-45 cm × 45

cm & S
2
-60 cm ×45 cm) and major nutrients as the

third factor (2 levels: N
1
-120:80:60 kg NPK ha-1 &

N
2
-150:100:75 kg NPK ha-1). Fifty per cent dose of

nitrogen, along with the full doses of phosphorus and
potash were applied as basal fertilizers. The remaining
50 per cent of nitrogen was top dressed 30 days after
transplanting in each plot, according to the treatments.
The experimental field was well-ploughed prior to
transplanting and soil samples were collected before
planting to analyze the chemical properties and the
nutrient status. Analysis revealed slightly acidic soil
pH (5.84) and normal electrical conductivity (EC) of
0.28 dS m-1. Organic carbon was found low (0.41%),
both available nitrogen and potassium were found low
(169.28 kg ha-1 and 157.49 kg ha-1), while available
phosphorus found medium (47.68 kg ha-1). The soil is
deficient in zinc (0.39 mg kg-1) and boron (0.26 mg
kg-1) content whereas, sufficient in iron (4.31 mg
kg-1), manganese (3.56 mg kg-1) and copper (3.33 mg
kg-1) content. After crop harvest from each plot, a
composite soil samples were collected from the
0-30 cm depth. The soil samples were chemically
analyzed by following the standard procedures. Soil
pH and electrical conductivity (EC) were measured
using a digital meter as described by Jackson (1973),
while soil organic carbon was determined by the
Walkley and Black method (1934). Available nitrogen,
phosphorus and potassium contents in the soil were
analyzed according to the methods outlined by
Subbaiah & Asija (1956), Bray & Kurtz (1945) and
Jackson (1973), respectively. Available micronutrients
were analyzed following the method described by
Lindsay and Norwell (1978) and available boron was
determined by following the method described by
John et al. (1975).

Plant nutrient uptake was analyzed using various
methodologies: nitrogen content was measured by the
micro-Kjeldahl method, phosphorus content by
theVanado-molybdo phosphoric acid yellow color
method as described by Jackson (1973) and potassium
content by the same method used for available
potassium in soil analysis. The recorded data for all
the parameters were statistically analyzed using
OPSTAT software.

Mysore J. Agric. Sci., 60 (1) : 21-30 (2026) AKSHATA et al.
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RESULTS AND DISCUSSION

Soil Nutrient Status after Harvest and the Plant
Nutrient Uptake of Broccoli

Following the broccoli harvest, measurements of soil
pH, electrical conductivity (EC) and organic carbon
content showed no significant differences across the
various plant spacing treatments, nutrient application
rates and their combinations in open field condition.
Comprehensive data on these soil properties are
presented in Table 1.

The interaction effect of hybrids, plant spacing and
nutrient levels on post-harvest soil availability of
nitrogen, phosphorus and potassium and on nutrient
uptake by broccoli hybrids was found significant and
the data is presented in Table 2.

Impact of hybrids: Among the evaluated hybrids,
H

2
 (NS1250) recorded lower residual soil available

nitrogen with values of 88.27 kg ha-¹, lower level of
available phosphorus (35.28 kg ha-1) and available
potassium (128.48 kg ha-1). In comparison, the hybrid
H

1 
(Lucky) recorded comparatively higher available

nitrogen, phosphorus and potassium levels after
harvest. Hybrid NS1250 (H

2
)

, 
absorbed significantly

higher amounts of nitrogen (203.99 kg ha -1),
phosphorus (55.66 kg ha-1) and potassium (163.61 kg
ha-1) compared to the other hybrids.

T
1 
- H

1
S

1
N

1
6.13 0.23 0.43

T
2 
- H

1
S

1
N

2
6.13 0.22 0.43

T
3 
- H

1
S

2
N

1
6.14 0.25 0.43

T
4 
- H

1
S

2
N

2
6.12 0.24 0.43

T
5 
- H

2
S

1
N

1
6.15 0.24 0.42

T
6 
- H

2
S

1
N

2
6.14 0.24 0.43

T
7 
- H

2
S

2
N

1
6.13 0.23 0.43

T
8 
- H

2
S

2
N

2
6.17 0.25 0.45

T
9 
- H

3
S

1
N

1
6.16 0.24 0.43

T
10 

- H
3
S

1
N

2
6.13 0.23 0.43

T
11 

- H
3
S

2
N

1
6.12 0.22 0.42

T
12 

- H
3
S

2
N

2
6.14 0.23 0.42

F-test NS NS NS

S.Em± 0.03 0.01 0.01

CD (5%) - - -

TABLE 1

Effect of hybrids, plant spacing and nutrient
levels on pH, EC and OC of soil at harvest

under open field condition

*Significance @ 5% level, NS – Non significant

H
1
: Lucky S

1
: 45 cm × 45 cm N

1
: 120:80:60 kg NPK ha-1

H
2
: NS1250 S

2
: 60 cm × 45 cm N

2
: 150:100:75 kg NPK ha-1

H
3
: Saki

Treatment pH
Electrical

conductivity
(dS m-1)

Organic
carbon

(%)

Mysore J. Agric. Sci., 60 (1) : 21-30 (2026) AKSHATA et al.

TABLE 2

Effect of hybrids, plant spacing and nutrient levels on available nutrients in the soil at harvest
(nitrogen, phosphorus and potassium) and on nutrient uptake by broccoli hybrids

Treatments

Available nutrients in the soil
at harvest (kg ha-1)

Nutrient uptake by broccoli
hybrids (kg ha-1)

N P
2
O

5
K

2
O N P

2
O

5
K

2
O

Hybrids (H)

H
1

98.83 42.02 139.72 162.75 39.24 131.13

H
2

88.27 35.28 128.48 203.99 55.66 163.61

H
3

91.43 36.86 131.39 186.16 51.17 154.22

F-test * * * * * *

S.Em± 0.40 0.25 0.40 1.07 0.44 0.88

CD (5%) 1.18 0.74 1.16 3.13 1.28 2.59

Continued....
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Impact of spacing : Regarding plant spacing, the
lower residual soil available nutrient was recorded
in closer spacing (45 cm × 45 cm) with the values of
91.22 kg ha-1 of available nitrogen, 37.46 kg ha-1 of
phosphorus and 132.25 kg ha-1 of potassium. Meanwhile,
maximum available nutrients after harvest of broccoli
were recorded in wider spacing (60 cm × 45 cm). The
maximum uptake of nutrient was recorded in wider
spacing of 60 cm × 45 cm with values of 198.89 kg ha-1

of nitrogen uptake, 54.56 kg ha-1 of phosphorus and
161.75 kg ha-1 of potassium.

Impact of nutrient : The higher level of nutrients
dosage (N

2
: 150:100:75 kg NPK ha-1) recorded

maximum residual available nitrogen (95.13 kg ha-1),
phosphorus (39.41 kg ha-1) and potassium (135.56 kg
ha-1) compared to lower dose of nutrients. Also
recorded maximum uptake of nutrient was recorded
in N

2 
with the values of 190.44 kg ha-1 nitrogen uptake,

51.55 kg ha-1 of phosphorus and 155.69 kg ha-1 of
potassium.

The significant difference in nutrient uptake and
residual soil nutrients among hybrids might be due to
genetic variation in nutrient absorption efficiency,
plant density effects on root growth and competition
which may have affected the uptake of nutrients. The
closer spacing depleted nutrients faster due to higher
plant competition when compared to wider spacing,
which has provided enough space for proper root
growth and varied uptake. Higher nutrient doses
generally increased both nutrient uptake by plants and
residual soil nutrient levels, reflecting a balance
between supply and plant demand. The findings are
further supported by Abhijithnaik et al., 2023 in
broccoli.

Two-way Interactions on the Soil Nutrient Impact
of Status at Harvest and Nutrient Uptake by
Broccoli

The combined two-way interaction of broccoli
hybrids, spacing dimensions and nutrient levels
significantly influenced the residual availability of
nitrogen, phosphorus and potassium in the soil after

Mysore J. Agric. Sci., 60 (1) : 21-30 (2026) AKSHATA et al.

Treatments

Available nutrients in the soil
at harvest (kg ha-1)

Nutrient uptake by broccoli
hybrids (kg ha-1)

N P
2
O

5
K

2
O N P

2
O

5
K

2
O

TABLE 2 Continued....

Plant spacings (S)

S
1

91.22 37.46 132.25 169.71 42.82 137.55

S
2

94.46 38.64 134.13 198.89 54.56 161.75

F-test * * * * * *

S.Em± 0.33 0.21 0.32 0.87 0.36 0.72

CD (5%) 0.96 0.61 0.95 2.56 1.51 2.11

Nutrient levels (N)

N
1

90.55 36.70 130.82 178.16 45.83 143.61

N
2

95.13 39.41 135.56 190.44 51.55 155.69

F-test * * * * * *

S.Em± 0.33 0.21 0.32 0.87 0.36 0.72

CD (5%) 0.96 0.61 0.95 2.56 1.04 2.11

*Significance @ 5% level, NS – Non significant

H
1
: Lucky S

1
: 45 cm × 45 cm N

1
: 120:80:60 kg NPK ha-1,

H
2
: NS1250 S

2
: 60 cm × 45 cm N

2
: 150:100:75 kg NPK ha-1

H
3
: Saki
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Treatments

Available nutrients in the soil
at harvest (kg ha-1)

Nutrient uptake by broccoli
hybrids (kg ha-1)

N P
2
O

5
K

2
O N P

2
O

5
K

2
O

TABLE 3

Interaction effect of hybrids, plant spacing and nutrient levels on soil nutrients availability at harvest
(nitrogen, phosphorus and potassium) and on nutrient uptake by broccoli hybrids

(H×S)

H
1
S

1
97.48 41.13 138.49 150.55 32.60 120.04

H
1
S

2
100.18 42.90 140.95 174.95 45.89 142.22

H
2
S

1
85.28 34.40 126.79 185.03 50.78 152.60

H
2
S

2
91.26 36.16 130.17 222.95 60.55 174.62

H
3
S

1
90.91 36.86 131.48 173.55 45.09 140.02

H
3
S

2
91.95 36.87 131.29 198.77 57.24 168.42

F-test * * * * * *

S.Em± 0.57 0.36 0.56 1.51 0.62 1.25

CD (5%) 1.67 1.05 1.65 4.43 1.81 3.66

(H×N)

H
1
N

1
98.08 41.55 139.21 158.52 37.11 126.58

H
1
N

2
99.57 41.90 139.51 166.98 41.37 135.68

H
2
N

1
84.89 32.62 124.47 198.12 53.05 159.49

H
2
N

2
91.65 37.94 132.48 209.86 58.28 167.73

H
3
N

1
88.68 35.34 128.07 177.84 47.32 144.77

H
3
N

2
94.18 38.39 134.70 194.49 55.01 163.67

F-test *  * * * * *

S.Em± 0.57 0.36 0.56 1.51 0.62 1.25

CD (5%) 1.67 1.05 1.65 4.43 1.81 3.66

(S×N)

S
1
N

1
89.47 36.67 130.81 161.44 38.72 129.83

S
1
N

2
92.97 38.25 133.70 177.98 46.93 145.28

S
2
N

1
91.63 36.72 130.84 194.88 52.94 157.40

S
2
N

2
97.30 40.57 137.43 202.90 56.18 166.10

F-test * * * * * *

S.Em± 0.46 0.29 0.46 1.23 0.50 1.02

CD (5%) 1.36 0.86 1.34 3.61 1.48 2.99

*Significance @ 5% level, NS – Non significant

H
1
: Lucky S

1
: 45 cm × 45 cm N

1
: 120:80:60 kg NPK ha-1,

H
2
: NS1250 S

2
: 60 cm × 45 cm N

2
: 150:100:75 kg NPK ha-1

H
3
: Saki

Mysore J. Agric. Sci., 60 (1) : 21-30 (2026) AKSHATA et al.
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crop harvest, as well as the nutrient uptake by broccoli
hybrids. The corresponding data are presented in
Table 3.

Combined impact of hybrids and plant spacings:
Significantly higher available nitrogen, phosphorus
and potassium in soil at harvest were observed in the
treatment H

1
S

2
 (Lucky + 60 cm × 45 cm spacing),

with available nitrogen values of 100.18 kg ha-¹,
available phosphorus of 42.90 kg ha-¹ and available
potassium of 140.95 kg ha-¹. The lower available
nitrogen was recorded in H

3
S

1
 (Saki + 45 cm × 45 cm

spacing) with the values of 90.91 kg ha-1, whereas
H

2
S

1
 (NS1250 + 45 cm × 45 cm) exhibited lower

available phosphorus (34.40 kg ha-1) and potassium
(126.79 kg ha-1).

The maximum uptake of nutrients by broccoli was
recorded (in the treatment) H

2
S

2
 (NS1250 + 60 cm ×

45 cm) with uptake of 222.95 kg ha-1 of nitrogen, 60.55
kg ha-1 of phosphorus and 174.62 kg ha-1 of potassium.
In contrast the lower uptake of nitrogen, phosphorus
and potassium were recorded by treatment
combination of H

1
S

1
 (Lucky+45 cm×45 cm) with the

values of 150.55 kg ha-1 of nitrogen, 32.60 kg ha-1 of
phosphorus and 120.04 kg ha-1 of potassium.

Combined impact of hybrids and nutrient levels:
Among the various hybrid and nutrient combinations
evaluated, the Lucky hybrid (H

1
) when applied with

150:100:75 kg NPK per hectare (N
2
) resulted in the

higher residual levels of nutrients in soil after harvest,
with available nitrogen, phosphorus and potassium
of 99.57 kg ha-¹, 41.90 kg ha-¹ and 139.51 kg ha-¹,
respectively. Conversely, the NS1250 hybrid (H

2
)

when applied with 120:80:60 kg NPK per hectare (N
1
)

registered the lower nutrient availability for nitrogen
(84.89 kg ha-¹), phosphorus (32.62 kg ha-¹) and
potassium (124.47 kg ha-¹) in the soil at the harvest.

In terms of nutrient uptake, the combination of H
2
N

2

(NS1250 + 150:100:75 kg NPK ha-1) recorded the
higher uptake of nitrogen, phosphorus and potassium,
with values of 209.86 kg ha-¹, 58.28 kg ha-¹ and 167.73
kg ha -¹, respectively. On the other hand, the
combination of H

1
N

1 
(Lucky + 120:80:60 kg NPK

ha-1) demonstrated the lower uptake, registering
158.52 kg ha-¹ of nitrogen, 37.11 kg ha-¹ of phosphorus
and 126.58 kg ha-¹ of potassium.

Combined impact of plant spacing and nutrient levels:
Among the different combinations of spacing and
nutrient application assessed, the treatment
comprising S

2
N

2
 (60 cm × 45 cm + 150:100:75 kg

NPK ha-1) recorded the higher availability of nutrients
in soil with residual nitrogen, phosphorus and
potassium content of 97.30 kg ha-¹, 40.57 kg ha-¹ and
137.43 kg ha-¹, respectively. In contrast, the lower
nutrient levels after harvest were observed under S

1
N

1

(45 cm × 45 cm + 120:80:60 kg NPK ha-1), with
available nitrogen, phosphorus and potassium content
of 89.47 kg ha-¹, 36.67 kg ha-¹ and 130.81 kg ha-¹,
respectively.

Regarding nutrient uptake, the combination of S
2
N

2

(60 cm × 45 cm + 150:100:75 kg NPK ha-1) recorded
the maximum uptake of macronutrients with nitrogen,
phosphorus and potassium uptake amounting to
202.90 kg ha-¹, 56.18 kg ha-¹ and 166.10 kg ha-¹,
respectively. Meanwhile, the lower uptake values were
found in the S

1
N

1 
(45 cm × 45 cm + 120:80:60 kg

NPK ha-1) treatment with nitrogen, phosphorus and
potassium uptake value of 161.44 kg ha-¹, 38.72 kg
ha-¹ and 129.83 kg ha-¹, respectively.

The combined effects of broccoli hybrids, spacing and
nutrient levels on soil nutrient availability and broccoli
uptake are influenced by the interaction of plant
genetics, growing conditions and nutrient supply.
Wider spacing likely reduces plant competition,
resulting in higher residual soil nutrients, especially
with the Lucky hybrid. The observed interactions
indicate that the NS1250 hybrid coupled with wider
spacing of 60 cm × 45 cm under higher nutrient levels
enhances nutrient uptake and crop performance,
reflecting its superior nutrient absorption efficiency
and biomass production potential. These findings
highlight that optimizing hybrid selection along with
appropriate spacing and nutrient management
enhances soil fertility conservation.

Three-way Interactions on the Soil Impact  of
Nutrient Status after Harvest and the Plant
Nutrient Uptake of Broccoli

The available nitrogen, phosphorus and potassium in
the soil after harvest, along with the uptake of

Mysore J. Agric. Sci., 60 (1) : 21-30 (2026) AKSHATA et al.
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macronutrients by the hybrids was significantly
influenced by the three-way interaction of broccoli
hybrids, plant spacing and nutrient levels. The results
are summarized in Table 4.

The combined treatment H
2
S

1
N

1
 (T

5
: NS1250 + 45

cm × 45 cm + 120:80:60 kg NPK ha-¹) recorded
the lower residual nutrient levels in soil after
harvest with 81.42 kg ha-¹ of nitrogen, 31.45 kg
ha-¹ of phosphorus and 122.86 kg ha-¹ of potassium.
In contrast, the higher available nutrient
content in soil were observed under H

1
S

2
N

2

(T
4
: Lucky + 60 cm × 45 cm + 150:100:75 kg NPK

ha-¹), registering 102.34 kg ha-¹ of nitrogen, 44.24 kg
ha-¹ of phosphorus and 142.42 kg ha-¹ of potassium.

Treatments

Available nutrients in the soil
at harvest (kg ha-1)

Nutrient uptake by broccoli
hybrids (kg ha-1)

N P
2
O

5
K

2
O N P

2
O

5
K

2
O

TABLE 4

Interaction effect of hybrids, plant spacing and nutrient levels on available nutrients in the soil at
harvest (nitrogen, phosphorus and potassium) and on nutrient uptake by broccoli hybrids

(H×S×N)

T
1 
- H

1
S

1
N

1
98.16 42.69 140.38 148.62 31.25 118.59

T
2 
- H

1
S

1
N

2
96.80 39.57 136.61 152.49 33.95 121.49

T
3 
- H

1
S

2
N

1
98.01 41.57 139.47 168.42 42.98 134.57

T
4 
- H

1
S

2
N

2
102.34 44.24 142.42 181.47 48.79 149.86

T
5 
- H

2
S

1
N

1
81.42 31.45 122.86 175.81 45.99 145.43

T
6 
- H

2
S

1
N

2
89.14 37.34 130.71 194.24 55.56 159.76

T
7 
- H

2
S

2
N

1
88.37 33.79 126.08 220.43 60.11 173.55

T
8 
- H

2
S

2
N

2
94.16 38.53 134.25 225.47 60.99 175.69

T
9 
- H

3
S

1
N

1
88.85 35.88 129.19 159.88 38.91 125.46

T
10 

- H
3
S

1
N

2
92.97 37.83 133.77 187.22 51.27 154.57

T
11 

- H
3
S

2
N

1
88.51 34.79 126.95 195.79 55.73 164.08

T
12 

- H
3
S

2
N

2
95.39 38.94 135.62 201.75 58.76 172.76

F-test * * * * * *

S.Em± 0.80 0.51 0.79 2.13 0.87 1.77

CD (5%) 2.35 1.49 2.33 6.26 2.55 5.18

*Significance @ 5% level, NS – Non significant

H
1
: Lucky S

1
: 45 cm × 45 cm N

1
: 120:80:60 kg NPK ha-1

H
2
: NS1250 S

2
: 60 cm × 45 cm N

2
: 150:100:75 kg NPK ha-1,

H
3
: Saki

Nutrient uptake by broccoli plants varied significantly
across treatments. The greater uptake of macro
nutrients-nitrogen, phosphorus and potassium were
recorded in the treatment H

2
S

2
N

2 
(T

8
: NS1250 + 60

cm × 45 cm + 150:100:75 kg NPK ha-¹), with
respective values of 225.47 kg ha-¹ for nitrogen,
60.99 kg ha-¹ for phosphorus and 175.69 kg ha-¹ for
potassium. This treatment was on par with the
combination treatment H

2 
S

2 
N

1
 (T

7
: NS1250 + 60 cm

× 45 cm + 120:80:60 kg NPK ha-¹), which recorded
nutrient uptake values of 220.43 kg ha -¹ for
nitrogen, 60.11 kg ha-¹ for phosphorus and 173.55 kg
ha-¹ for potassium. Conversely, the lower uptake of
these nutrients was observed under H

1
S

1
N

1 
(T

1
: Lucky

+ 45 cm × 45 cm + 120:80:60 kg NPK ha-¹), where
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nitrogen, phosphorus and potassium were absorbed
at levels of 148.62 kg ha-¹, 31.25 kg ha-¹ and 118.59
kg ha-¹, respectively. The Lucky hybrid exhibits a
slower growth rate compared to other hybrids,
possibly due to its lower nutrient uptake efficiency,
which may have resulted in more nutrients residual
in the soil after harvest rather than being utilized by
the crop. Wider spacing reduces competition among
plants for nutrients, potentially leaving more nutrients
available in the soil post-harvest. In contrast, denser
spacing leads to higher nutrient uptake, likely due to
a greater number of plants per unit area and increased
competition for nutrients. A higher nutrient application
rate increases the total nutrients supplied, which can
cause higher residual nutrient concentrations, while
a lower nutrient rate resulted in less nutrient input
overall, contributing to lower residual nutrient levels.
The interaction of hybrid vigor, plant spacing and
nutrient application rates collectively influences
nutrient uptake dynamics and residual soil nutrient
status. Thus, a less nutrient-demanding hybrid grown
at wider spacing with higher nutrient levels may leave
more residual nutrients compared to a high-demand
hybrid under closer spacing with lower fertilizer
application. Similar findings were reported by Kumar
et al. (2018), Yildirim et al. (2020), Hussain et al.
(2021) and Abhijithnaik et al. (2023) in broccoli.

Nutrient use Efficiency

The higher Nitrogen Use Efficiency (NUE) was
achieved by treatment T

5 
(H

2
S

1
N

1
: NS1250 hybrid at

45 cm × 45 cm spacing with 120:80:60 kg NPK ha-¹),
registering a value of 56.38 kg kg-¹ (Table 5). This
treatment also led in Phosphorus Use Efficiency
(PUE), recording 38.64 kg kg-¹ and Potassium Use
Efficiency (KUE) with 90.51 kg kg-¹. In contrast,
treatment T

3
 (H

1
S

2
N

1
: Lucky hybrid at 60 cm × 45 cm

spacing with 120:80:60 kg NPK ha-¹) exhibited the
lower nutrient efficiency across all three
macronutrients with NUE at 25.85 kg kg-¹, PUE at
23.23 kg kg-¹ and KUE at 45.45 kg kg-¹. The higher
nutrient use efficiency in treatment T

5
 is attributed to

the NS1250 hybrid’s strong genetic potential for
effective nutrient utilization, combined with closer
spacing (45 cm × 45 cm), which promotes a denser

plant population and maximizes nutrient uptake
per unit of fertilizer applied. Therefore, the synergy
of a nutrient-efficient hybrid, optimal plant density
and appropriate nutrient supply in T

5
 results in

superior nutrient use efficiency. Comparable results
were observed by Kumar et al. (2018), Yildirim et al.
(2020), Hussain et al. (2021) and Abhijithnaik et al.
(2023) in broccoli.

Available Micronutrients

The interaction effects of hybrids, plant spacing,
major nutrient levels on the available iron (Fe),
manganese (Mn), zinc (Zn), copper (Cu) and boron
(B) in the soil were found non-significant. The
corresponding data are presented in Table 6.

Micronutrients Uptake

The uptake of essential micronutrients- zinc (Zn), iron
(Fe), manganese (Mn), copper (Cu) and boron (B) by
broccoli hybrids was evaluated under open field
condition. The interaction effect of different hybrids,
plant spacing and nutrient levels on micronutrient
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T
1 
- H

1
S

1
N

1
36.08 25.12 72.16

T
2 
- H

1
S

1
N

2
37.13 26.70 74.27

T
3 
- H

1
S

2
N

1
25.85 23.23 45.45

T
4 
- H

1
S

2
N

2
26.44 23.52 48.74

T
5 
- H

2
S

1
N

1
56.38 38.64 90.51

T
6 
- H

2
S

1
N

2
45.47 33.12 89.08

T
7 
- H

2
S

2
N

1
40.37 31.55 80.74

T
8 
- H

2
S

2
N

2
39.38 30.07 78.77

T
9 
- H

3
S

1
N

1
55.25 36.14 89.72

T
10 

- H
3
S

1
N

2
44.86 32.17 87.80

T
11 

- H
3
S

2
N

1
35.95 24.93 71.90

T
12 

- H
3
S

2
N

2
36.56 25.84 73.12

TABLE 5

Interaction effect of hybrids, plant spacing and
nutrient levels on nutrient use efficiency

H
1
: Lucky S

1
: 45 cm × 45 cm N

1
: 120:80:60 kg NPK ha-1

H
2
: NS1250 S

2
: 60 cm × 45 cm N

2
: 150:100:75 kg NPK ha-1;

H
3
: Saki

Treatment
NUE

(kg kg-1)
PUE

(kg kg-1)
KUE

(kg kg-1)
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T
1 
– H

1
S

1
N

1
78.02 191.08 106.61 39.14 54.34

T
2 
– H

1
S

1
N

2
78.17 195.38 105.71 38.17 54.69

T
3 
– H

1
S

2
N

1
79.22 196.75 106.31 38.54 54.74

T
4 
– H

1
S

2
N

2
79.57 194.72 107.76 39.79 55.10

T
5 
– H

2
S

1
N

1
80.21 204.58 108.30 40.94 55.31

T
6 
– H

2
S

1
N

2
83.98 211.42 111.97 40.81 56.45

T
7 
– H

2
S

2
N

1
81.76 215.43 111.50 42.11 55.97

T
8 
– H

2
S

2
N

2
85.17 214.28 112.12 41.89 57.35

T
9 
– H

3
S

1
N

1
81.22 199.68 110.39 40.12 55.36

T
10 

– H
3
S

1
N

2
85.02 206.53 111.99 41.27 57.09

T
11 

– H
3
S

2
N

1
83.17 196.58 109.47 40.01 56.11

T
12 

– H
3
S

2
N

2
86.14 208.47 110.23 42.57 61.02

F-test NS NS NS NS NS
S.Em± 1.08 2.47 1.55 0.67 0.94
CD (5%) - - - - -

TABLE 7

Interaction effect of hybrids, plant spacing and nutrient levels on micronutrient
uptake by broccoli hybrids

Treatment Zn (mg ha-1) Fe (mg ha-1) Mn (mg ha-1) Cu (mg ha-1) B (mg ha-1)

*Significance @ 5% level, NS – Non significant

H
1
: Lucky; H

2
: NS1250; H

3
: Saki; S

1
: 45 cm × 45 cm, S

2
: 60 cm × 45 cm; N

1
: 120:80:60 kg

NPK ha-1; N
2
: 150:100:75 kg NPK ha-1

T
1 
– H

1
S

1
N

1
0.34 4.15 3.48 3.01 0.27

T
2 
– H

1
S

1
N

2
0.34 4.15 3.46 3.07 0.26

T
3 
– H

1
S

2
N

1
0.34 4.16 3.44 3.01 0.27

T
4 
– H

1
S

2
N

2
0.34 4.16 3.45 3.05 0.28

T
5 
– H

2
S

1
N

1
0.35 4.15 3.48 3.04 0.26

T
6 
– H

2
S

1
N

2
0.33 4.13 3.47 3.06 0.26

T
7 
– H

2
S

2
N

1
0.33 4.15 3.47 3.01 0.27

T
8 
– H

2
S

2
N

2
0.34 4.16 3.48 3.05 0.26

T
9 
– H

3
S

1
N

1
0.33 4.12 3.41 3.05 0.26

T
10 

– H
3
S

1
N

2
0.33 4.15 3.44 3.03 0.28

T
11 

– H
3
S

2
N

1
0.34 4.15 3.42 3.02 0.26

T
12 

– H
3
S

2
N

2
0.33 4.16 3.45 3.04 0.27

F-test NS NS NS NS NS
S.Em± 0.01 0.02 0.05 0.03 0.01
CD (5%) - - - - -

TABLE 6

Interaction effect of hybrids, plant spacing and nutrient levels on available
micronutrients in soil at harvest

*Significance @ 5% level, NS – Non significant

H
1
: Lucky; H

2
: NS1250; H

3
: Saki; S

1
: 45 cm × 45 cm, S

2
: 60 cm × 45 cm; N

1
: 120:80:60 kg

NPK ha-1; N
2
: 150:100:75 kg NPK ha-1

Treatment Zn (mg ha-1) Fe (mg ha-1) Mn (mg ha-1) Cu (mg ha-1) B (mg ha-1)

Mysore J. Agric. Sci., 60 (1) : 21-30 (2026) AKSHATA et al.
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uptake is presented in Table 7. The measured values
of the uptake of micronutrients, were not statistically
significant.

The study revealed that the broccoli hybrid NS1250
(H

2
) consistently exhibited the higher nutrient uptake

and lower residual soil nutrient levels after harvest.
Wider plant spacing (60 cm × 45 cm) resulted in
greater residual soil nutrients and nutrient uptake
compared to closer spacing (45 cm × 45 cm). Higher
nutrient application rates (150:100:75 kg NPK ha-1)
enhanced both nutrient availability in the soil after
harvest and uptake by plants. Significant interactions
among hybrids, plant spacing and nutrient levels
influenced nutrient dynamics with the combination
of Lucky hybrid, wider spacing and higher nutrient
dose (H

1
S

2
N

2
) producing the higher residual soil

nutrients, and NS1250 with wider spacing and both
nutrient rates (H

2
S

2
N

1
 and H

2
S

2
N

2
) achieving the

greater nutrient uptake. Overall, treatment T
8
 proved

most effective for maximizing nutrient uptake, as
wider spacing combined with higher nutrient supply
allowed the plants to access more resources, resulting
in significantly greater absorption of nitrogen,
phosphorus and potassium compared to other
treatments.
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