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ABSTRACT 
 

The experiment was carried out to study the effect of fertigation levels and schedules on growth and 
yield of broccoli (Brassica oleracea var italica) during the rabi season of 2021-22 involving 4 levels 
of fertilizer (75, 100 and 125 % RDF) along with one control (100 % RDF) through soil application 
and three fertigation scheduling (S1, S2 and S3) with three replications. The result of study revealed 
that higher fertigation of broccoli with balanced nutrition; better water and nutrient utilization gave 
significantly higher plant growth and yield and good quality of broccoli. In general, pooled mean 
revealed that application of 125 % RDF with fertigation schedule S2 :15 % NPK at transplanting to 
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plant establishment, 1-10 DAT, 50 % NPK at curd initiation stage,11-35 DAT and 35 % NPK at curd 
development stage, 36-60 DAT recorded maximum NPK uptake in plant (kg/ha) and available NPK 
in soil (kg/ha). 
 

 

Keywords: Broccoli; fertigation schedules; soil nutrient; nutrient uptake. 
 

1. INTRODUCTION  
 

Broccoli is a member of the Brassicaceae plant 
family. It is packed with nutrients and vitamins 
and is sometimes even called a superfood 
(Bhoutekar et al., 2017). A major portion of 
broccoli consumption is only in the metros. 
When it comes to rural India (Kale et al., 2019), it 
is seldom consumed. Broccoli is known as the 
‟Crown of Jewel Nutrition” as it is rich in vitamins 
and minerals (Singh et al., 2020), (Rawat et al 
2023). It is one of the most nutritious cole crops 
and contains vitamin A (130 times and 22 times 
higher than cauliflower and cabbage, 
respectively), thiamin, riboflavin, niacin, vitamin 
C and minerals like Ca, P, K and Fe (Kumar and 
Sahu 2013). Eating large portion may also have 
additional benefits, since broccoli is also a rich 
source of many vitamins and minerals such as 
vitamin A and C, carotenoides, fiber, calcium 
and folic acid Assinapol et al., 2017. 
Consumption of broccoli in daily diet minimizes 
the incidence of various types of cancers in 
human beings. In India, it is mainly grown in hilly 
areas of Himachal Pradesh, Uttarakhand and 
Jammu & Kashmir, Tamilnadu and Northern 
plains (Amala et al., 2016).  
 
Broccoli requires an adequate supply of soil 
moisture to produce maximum yields of good 
quality (Baby et al., 2022). Earlier studies have 
shown that drip irrigation is the most suitable 
method of irrigation for vegetable crops, and it is 
possible to increase water use efficiency (WUE) 
by well scheduled irrigation programs, such as 
broccoli. Due to water scarcity, the available 
water resources should be very effectively 
utilized through water saving irrigation 
technologies (Agrawal et a.,l 2018). Fertigation 
facilitates a variety of benefits to the users like 
high crop productivity, resource use efficiency, 
environmental safety, flexibility in field 
operations, effective weed management and 
successful crop cultivation in fields with 
undulating topography. Regular and unbalanced 
use of chemical fertilizers leads in the end to a 
decrease in the base saturation and to 
acidification of soil. Hence, judicious use of 
fertilizers needs to be addressed. Fertigation 
scheduling is a critical management input to 
ensure optimum soil nutrients status for proper 

plant growth and development as well as for 
optimum yield and economic benefits. 
Appropriate fertigation scheduling is to increase 
fertilizer efficiencies by applying the balance 
amount of fertilizer needed to replenish the soil 
nutrients to desire level, saves nutrients 
resources and energy (Hari et al., 2018). 
Therefore, it is important to develop fertigation 
scheduling techniques under prevailing climatic 
conditions in order to utilize scare nutrients 
resources effectively for crop production (Joshi 
et al., 2015). 
 

2. MATERIALS AND METHODS 
 

Field experiment: The present experiment was 
carried out at Instructional farm, Dr. P.D.K.V, 
Akola, Maharashtra, India and Agriculture 
Training School, Buldhana during winter Season 
of 2021-22. Akola is situated in the subtropical. 
The climate of the place is semi-arid and is 
characterized by three distinct seasons viz., hot 
and dry summer from March to May, warm and 
rainy monsoon from June to October and mild 
winter from November to February and Buldhana 
district lie between 19°51 to 21°17 North 
latitudes and 76°38 to 76°40 east longitudes. It is 
surrounded by Satpuda mountain ranges. The 
climate of the district is hot and humid. In some 
parts of the districts i.e. khamgaon, Jalgaon 
(Jamod) and Shegaon area the climate is very 
hot in summer, which reaches to 42° C in the 
month of May and is much cold in winter during 
the month of December which come down to 
8°C to 10°C. Buldhana district falls in the rainfall 
zone between 700-800 mm per annum. 
 

The experiment was laid out in split plot design. 
The first factor was different NPK fertigation 
levels (4) denoted by F whereas the second 
factor was scheduling of NPK fertigation 
throughout the growth period denoted by S. 
 

Factor A – Fertigation levels: (Main Plot factor) 
 

1. F1:  100% RDF (100: 50 : 50 NPK Kg ha-1) 
– through conventional method 

2. F2:  75% RDF (75: 37: 37 NPK Kg ha-1) 
3. F3:  100% RDF (100: 50: 50 NPK Kg h-1) 
4. F4:  125% RDF (125: 62.5: 62.5 NPK Kg 

ha-1) 
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List 1. Factor B – Fertigation Schedules: 03 (Sub plot factor) – 12 splits at 5 days interval 
 

Sr. No. Fertigation 
Schedules 

Transplanting to 
plant establishment 
(1-10 DAT) 

Curd initiation stage 
(11-35 DAT) 

Curd development 
stage 
(36-60 DAT) 

1 Schedule-1 10% NPK 40% NPK 50%NPK 
2 Schedule-2 15% NPK 50% NPK 35%NPK 
3 Schedule-3 20% NPK 45%NPK 35%NPK 

 
Four week old seedlings of broccoli cv. Palam 
samridhi were transplanted in second week of 
October in the plot size 450m2 in the 
experimental season. Transplanting was done in 
the early morning hours. Light irrigation was 
applied just after the transplanting and the gap 
filling was done seven days after transplanting.  

 
Statistical Analysis: The data on various 
parameters collected from the experiment were 
statistically analysed by analysis of variance 
(ANOVA) for split plot design. Critical difference 
was worked out at five per cent probability level 
when the treatment differences were found 
significant and the values were furnished. The 
treatment differences that were not significant 
were denoted by non- significant. 

 
3. RESULTS AND DISCUSSION 
 
3.1 Plant Uptake 
 
3.1.1 Effect of fertigation levels and 

schedules on NPK uptake in plant  
 
The data regarding NPK uptake (Kg/ha) of 
broccoli (Table 1) and (Figs. 1, 2 and 3) was 
significantly influenced by the fertigation level. 
The data clearly indicated that, the maximum 
NPK uptake (kg/ha) of broccoli was found 
(107.08 kg, 22.44 kg and 85.31 kg ) in the 
fertigation level F4 (125 % of RDF) and similarly 
the minimum NPK uptake (kg/ha) (77.52 kg, 
17.62 kg and 69.74 kg ) was found in the F1 (100 
% RDF- through soil application ).The higher 
NPK uptake (kg/ha) by plant with fertigation at 
125 per cent of RDF was the result of 
significantly higher dry matter production. 
Besides higher NPK uptake (kg/ha) at higher 
fertigation level might be due to increased 
availability of NPK in soil with higher rate of 
application and reduction in losses through 
leaching and volatilization which ultimately 
increases the NPK uptake in plant. These results 
are in confirmation with the findings of Singh et 
al. (2017) in tomato and Murthy et al. (2020) in 
ridge gourd. 

The data presented in Table 1 and depicted in 
(Figs. 4, 5 and 6) revealed that, NPK uptake 
(kg/ha) in plant of broccoli was influenced due to 
different fertigation schedules and was increased 
significantly at all the growth stages days after 
transplanting at both the locations of 
experimentation. The data clearly indicated that, 
the maximum nutrient uptake (kg/ha) of broccoli 
was found (92.69 kg, 20.48 kg  and 78.51 kg) in 
the fertigation level schedule S2 and similarly the 
minimum NPK uptake (kg/ha) (77.32 kg, 17.56 
kg and 68.47 kg) was found in the S1. Higher 
uptake of nitrogen observed under scheduling S2 
could be attributed to the increased dry matter 
production which could be due to balanced 
application of nutrients particularly phosphorus 
at the head initiation and development stage 
which imposed the synergistic effect on other 
nutrients like nitrogen and potassium and 
increased its uptake by the plant. These results 
are in agreement with Venkadeswaram                    
and Sundaram (2016) in okra, Nikzad et al 
(2020) in cabbage, Murthy et al. (2020) in ridge 
gourd and Rani et al. (2020) in onion, Verma et 
al (2020) in cauliflower. 
 

The data regarding NPK uptake in plant (Kg/ha) 
of broccoli at was significantly influenced by both 
the fertigation level and schedules. The data 
clearly indicated that, the maximum interaction 
effect of broccoli (119.71 kg, 24.28 kg and 91.99 
kg) was found in the fertigation level F4 with 
schedule S2 (F4S2) and minimum interaction 
effect (74.96 kg, 16.27kg and 66.66 kg) was 
found in fertigation level F1 with schedule S1 
(F1S1). Higher uptake of NPK was the result of 
significantly higher dry matter production at all 
the growth stages of crop. Secondly, the 
increase in uptake might be due to better 
availability of nutrients in root zone as a result of 
frequent application of nutrients coupled with 
better root activity. The recommended                      
dose of NPK was applied in more number of 
splits along with irrigation water created 
favourable conditions for uptake of nutrients                  
by the plant. These results are in confirmation 
with the results of Singh et al. (2022) In 
cucumber, Patil et al (2016) in cucumber. 
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Table 1. Effect of fertigation levels and schedules on NPK uptake in plant of broccoli 
 

Treatments Akola Buldhana Pooled 

 Nitrogen (Kg/ha) Nitrogen (Kg/ha) Pooled 

Fertigation levels S1 S2 S3 Mean S1 S2 S3 Mean S1 S2 S3 Mean 

F1 76.85 75.97 81.11 77.97 73.96 80.75 76.45 77.05 74.96 80.93 76.65 77.52 
F2 59.16 63.61 63.02 61.93 56.76 60.89 60.60 59.42 57.96 62.26 61.81 60.68 
F3 82.07 105.13 86.36 91.18 74.61 108.57 78.44 87.20 76.76 107.89 80.26 88.30  
F4 100.68 122.04 104.56 109.09 99.21 112.67 102.29 104.72 99.60 119.71 101.95 107.08 
Mean 79.69 91.68 83.76  76.13 90.72 79.44  77.32 92.69 80.16   
F-test 79.69 91.68 83.76  76.13 90.72 79.44  77.32 92.69 80.16   
SE(m)± A B AXB  A B AXB  A B AXB  
CD at 5 % Sig Sig Sig  Sig Sig Sig  Sig Sig Sig  

 Phosphorus (Kg/ha) Phosphorus (Kg/ha) Pooled 

Fertigation levels S1 S2 S3 Mean S1 S2 S3 Mean S1 S2 S3 Mean 

F1 16.88 19.57 17.86 18.10 15.67 18.73 17.01 17.13 16.27 19.15 17.43 17.62 
F2 14.32 16.43 15.69 15.48 13.46 16.29 14.80 14.85 13.89 16.36 15.24 15.17 
F3 19.25 23.45 19.81 20.83 17.06 22.01 20.39 19.82 18.15 22.13 20.10 20.12 
F4 22.24 25.67 23.56 23.82 20.37 22.88 20.02 21.09 21.91 24.28 21.13 22.44 
Mean 18.17 21.28 19.23  16.64 19.97 18.05  17.56 20.48 18.47  
F-test A B AXB  A B AXB  A B AXB  
SE(m)± Sig Sig Sig  Sig Sig Sig  Sig Sig Sig  
CD at 5 % 0.42 0.40 0.78  0.31 0.39 0.71  0.31 0.28 0.55  

 Potassium (Kg/ha) Potassium (Kg/ha) Pooled 

Fertigation levels S1 S2 S3 Mean S1 S2 S3 Mean S1 S2 S3 Mean 

F1 68.04 73.77 70.95 70.92 65.29 71.56 68.83 68.56 66.66 72.67 69.89 69.74 
F2 58.11 62.02 61.17 60.43 55.49 59.41 59.04 57.98 56.80 60.71 60.10 59.21 
F3 74.20 89.06 78.30 80.52 70.30 88.28 74.51 77.69 72.25 88.67 76.41 79.11 
F4 79.53 93.82 87.89 87.08 76.87 90.16 83.59 83.54 78.20 91.99 85.74 85.31 
Mean 69.97 79.66 74.57   66.98 77.35 71.49   68.47 78.51 73.28   
F-test A B AXB  A B AXB  A B AXB  
SE(m)± Sig Sig Sig   Sig Sig Sig   Sig Sig Sig  
CD at 5 % 0.74 0.91 1.66   1.07 1.08 2.05   0.66 0.77 1.42  
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Fig. 1. Effect of fertigation levels and schedules on nitrogen (N) uptake in broccoli plant (kg/ha) 
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Fig. 2. Effect of fertigation levels and schedules on phosphorus (P) uptake in broccoli plant (kg/ha) 
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Fig. 3. Effect of fertigation levels and schedules on Potassium (K) uptake in plant (kg/ha) 
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Table 2. Effect of fertigation levels and schedules on available NPK in soil (Kg/ha) Treatments 
 

 2021-22 2021-22 Pooled 

 Available N (kg/ha) Available N (kg/ha) Pooled 

Fertigation levels S1 S2 S3 Mean S1 S2 S3 Mean S1 S2 S3 Mean 

F1   242.52 229.97 231.37 179.80 200.70 183.98 188.16 200.70 221.61 206.98 209.76 
F2 217.43 238.34 225.79 227.18 175.62 196.52 183.98 185.37 196.52 217.43 204.88 206.28 
F3 225.79 238.34 234.15 232.76 183.98 203.56 188.16 191.90 204.89 221.61 211.16 212.55 
F4 234.16 246.70 238.33 239.73 192.34 204.88 196.52 197.92 213.25 225.79 217.43 218.82 
Mean 224.75 241.47 232.06  182.93 201.41 188.16  203.84 221.61 210.11  
F-test A B AXB  A B AXB  A B AXB  
SE(m)± Sig Sig Sig  Sig Sig Sig  Sig Sig Sig  
CD at 5 % 4.41 5.57 8.63  4.90 5.50 8.48  3.55 4.05 7.52  

 Available P (kg/ha) Available P (kg/ha) Pooled 

Fertigation levels S1 S2 S3 Mean S1 S2 S3 Mean S1 S2 S3 Mean 

F1 26.77 29.70 27.54 28.00 21.60 23.92 22.18 22.57 24.15 26.43 24.10 24.89 
F2 25.39 29.08 26.16 26.88 20.88 22.62 21.31 21.60 23.83 26.16 24.43 24.80 
F3 27.24 31.70 28.47 29.13 22.91 24.50 22.04 23.15 24.42 28.26 25.33 26.00 
F4 30.47 32.01 29.39 30.62 23.34 25.08 23.78 24.06 26.91 28.39 27.35 27.55 
Mean 27.47 30.62 27.89  22.18 24.03 22.32  24.83 27.31 25.30  
F-test A B AXB  A B AXB  A B AXB  
SE(m)± Sig Sig Sig   Sig Sig Sig   Sig Sig Sig  
CD at 5 % 0.40 0.58 1.03  0.44 0.72 1.72  0.15 0.49 0.81  

 Available K (kg/ha) Available K (kg/ha) Pooled 

Fertigation levels S1 S2 S3 Mean S1 S2 S3 Mean S1 S2 S3 Mean 

F1 355.00 360.30 355.45 356.92 294.45 301.50 297.10 297.68 324.73 330.90 326.27 327.30 
F2 350.37 358.89 354.70 354.65 292.13 301.95 291.61 295.23 321.25 330.42 323.16 324.95 
F3 355.38 365.27 358.03 359.56 295.60 304.90 300.49 300.33 325.49 335.09 329.26 329.95 
F4 358.40 368.41 361.98 362.93 295.38 305.20 301.20 300.60 326.89 336.80 331.59 331.76 
Mean 354.79 363.22 357.54  294.39 303.39 297.60  324.59 333.30 327.57  
F-test A B AXB  A B AXB  A B AXB  
SE(m)± Sig Sig Sig   Sig Sig Sig   Sig Sig Sig  
CD at 5 % 3.22 4.03 7.32  2.45 4.18 7.25  1.75 3.45 5.91  



 
 
 
 

Kanwar et al.; Int. J. Plant Soil Sci., vol. 36, no. 11, pp. 173-185, 2024; Article no.IJPSS.126709 
 
 

 
181 

 

 
 

Fig. 4. Effect of fertigation levels and schedules on available N in soil (Kg/ha) 
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Fig. 5. Effect of fertigation levels and schedules on available P in soil (Kg/ha) 
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Fig. 6. Effect of fertigation levels and schedules on available K in soil (Kg/ha) 
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3.1.2 Effect of fertigation levels and 
schedules on available NPK in soil 

 
The data regarding available NPK (Kg/ha) in soil 
(Table 2) and (Figs. 4, 5 and 6) was significantly 
influenced by the fertigation level. The data 
clearly indicated that, the maximum available 
NPK (kg/ha) in soil was found (218.82 kg, 27.55 
kg  and 331.76 kg ) in the fertigation level F4 
(125 % of RDF) and similarly the minimum 
available NPK (kg/ha) in soil (209.76 kg, 24.89 
kg and 327.30 kg) was found in the F1 (100 % 
RDF- through soil application). Significantly 
higher available NPK in soil under fertigation 
treatments as compared to soil application of 
fertilizers may be due to the lower solubility of 
nutrients and application of frequent and small 
fraction applied through drip system directly at the 
root zone which minimizes the leaching losses and 
fixation of nutrients. Under traditional method of 
fertilizer application most of the applied nutrients is 
either fixed in soil profile or subjected to leaching 
losses due to flooding method of irrigation. These 
results are also in consonance with those of 
Kamble and Kathmale (2015) in onion, Mane et 
al. (2015) in tomato, Murthy et al. (2020) in ridge 
gourd and Kumar et al. (2022) in bottle gourd. 
 
The data presented in Table 2 and depicted in 
(Figs. 4, 5 and 6) revealed that, available NPK in 
soil of broccoli was influenced due to different 
fertigation schedules and was increased 
significantly at all the growth stages days after 
transplanting at both the locations of 
experimentation. The data clearly indicated that, 
the maximum available NPK (kg/ha) in soil was 
found (221.61 kg, 27.31 kg and 333.30 kg) in the 
fertigation schedule S2 and similarly the 
minimum available NPK in soil (kg/ha), (203.84 
kg, 24.83 kg and 324.59 kg) was found in the S1. 
Available NPK in soil after harvesting found 
maximum in schedule S2 as compared to S1 and 
S3. Fertigation treatment increased the available 
NPK by compared to control in first and second 
year, respectively. 
 
The data regarding available NPK (Kg/ha) in soil 
of broccoli presented in Table 2 and (Figs. 4, 5 
and 6) was significantly influenced by both the 
fertigation level and schedules. The data clearly 
indicated that, the maximum interaction effect of 
available NPK (kg/ha) in soil (225.79 kg, 28.39 
kg and 336.80 kg) found in the fertigation level 
F4 with schedule S2 (F4S2) and minimum 
available NPK in soil (kg/ha) (200.70 kg, 24.15 
kg and 324.73 kg) was found in F1S1. Higher 
uptake of NPK was the result of significantly 

higher dry matter production at all the growth 
stages of crop. Secondly, the increase in uptake 
might be due to better availability of nutrients in 
root zone as a result of frequent application of 
nutrients coupled with better root activity. The 
recommended dose of NPK was applied in more 
number of splits along with irrigation water 
created favourable conditions for uptake of 
nutrients by the plant. These results are in 
confirmation with the results of Singh et al. 
(2022) In cucumber. 
 

4. CONCLUSION 
 
This study has shown that fertigation treatments 
increased the NPK uptake of plant (kg/ha) and 
available NPK in soil (kg/ha) over conventional 
method of fertilization. As far as NPK uptake 
(kg/ha) and available NPK in soil (kg/ha) is 
concerned fertigation 125 % of RDF through 
scheduling S2 was the best with respect to NPK 
uptake (kg/ha) and available NPK (kg/ha) in soil. 
Based on the overall performance, it could be 
concluded that at Akola conditions of 
Maharashtra, fertigation of broccoli at 125: 
62.5:62.5 kg N, P2O5 and K2O per ha through 
scheduling S2 -10 % NPK at (Transplanting to 
plant establishment, 1-10 DAT),45 % NPK at 
(Curd initiation stage,11-36 DAT) and 40 % at 
(Curd development stage, 36 to 60 DAT, 
respectively) is the best and most economical for 
cultivation of broccoli. Hence, the same is 
recommended for commercial cultivation. 
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