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ABSTRACT 
 

The experiment was conducted during Rabi 2021 at Zonal Agricultural Research. Station, GKVK, 
Bangalore to study the efficacy of a Growth Enhancer (GE) as a foliar nutrient source for enhancing 
maize growth and yield. The field investigation was carried out using Randomized Complete Block 
Design (RCBD) having eleven. treatments viz., T1: GE 10.0 ml per litre + 50 % RDF, T2: GE 10.0 ml 
per litre + 75 % RDF, T3: GE 10.0 ml per litre + 100 % RDF, T4: GE 20.0 ml per litre + 50 % RDF, 
T5: GE 20.0 ml per litre + 75 % RDF, T6: GE 20.0 ml per litre + 100 % RDF, T7: Urea spray - 0.5 % 
+ 100 % RDF, T8: Nano N two sprays at 30 and 60 DAS + 50% RDN and 100% P&K, T9: Nano N & 
P two sprays at 30 and 60 DAS + 50% RDNP and 100% K, T10: RDF with FYM, and T11: Only RDF 
with three replications. The results of the study revealed that among different treatments application 
of growth enhancer 20 ml per litre of water with 100 % RDF was recorded a significantly higher 
plant height, dry matter accumulation in leaves, stem, cob and total dry matter accumulation, cob 
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length, cob girth,, number of kernels cob-1 and weight of kernels cob-1
, kernel and stover yield in 

comparison to all other treatments. Similarly higher gross returns, net returns and benefit cost ratio 
were obtained with the application of GE 20.0 ml per litre + 100 % RDF. 
 

 
Keywords: Maize; growth enhancer; RDF; growth; yield parameters and yield. 
 

1. INTRODUCTION 
 
Maize is the most important cereal crop after rice 
and wheat in the world.  It is recognized as the 
"Queen of Cereals" due to its enormous yield 
potential and adaptability among cereals. It is 
cultivated in more than 166 nations worldwide, 
from sea level to 3000 m altitude, in tropical, 
subtropical and temperate climates. Nearly 197 
m ha area is under cultivation, producing 1148mt 
and productivity of 5823.8 kg ha-1 in a wider 
range of environmental factors like soil, climate, 
biodiversity and farming techniques, and making 
up 37 % of the world's total grain production [1]. 
In India, maize cultivation spans an extensive 
area of 9.9 million hectares, yielding a substantial 
production of 30 million metric tons in the 2020-
2021 season [2]. The state of Karnataka plays a 
significant role in this, devoting approximately 
1.32 million hectares of land to maize cultivation, 
resulting in a remarkable output of 4.58 million 
metric tons with an impressive productivity of 
3470 kg ha-1. The state's maize area under 
cultivation and production are increasing very 
year due to the huge demand for poultry and 
animal feed, also due to ease of cultivation 
provided by mechanization. 
 
Maize is a crop that requires high levels of 
nutrients, and its potential yield is significantly 
influenced by the management of these 
nutrients. However, the efficiency of nutrient 
utilization when applied to the soil is relatively 
low due to various climatic and soil factors. 
Besides traditional soil application, there are 
notable advantages to providing essential 
nutrients through foliar spray at appropriate 
timings. These benefits include rapid and 
effective crop responses, reduced quantity 
requirements, and reduced reliance on specific 
soil conditions [3]. 
 
Growth enhancers (GE) are materials that 
typically are added to soil, plants, or the plant-
growth environment to enhance plant growth. 
These include fertilizers, compost, sludge, 
manure, microbes, additives, hydrolysates, and 
others or combinations thereof. Foliar feeding 
has been used to administer additional doses of 
minor and major nutrients, plant hormones, 

stimulants and other advantageous substances. 
Foliar nutrition has been shown to increase 
yields, improve drought tolerance, increase pest 
and disease resistance and improve crop quality. 
Species, fertilizer type, concentration, frequency 
of application and stage of plant growth all affect 
how a plant will react to. Fish hydrolysates have 
superior physical, chemical and functional 
characteristics when compared to their synthetic 
counterparts. The literature has reported on 
characteristics like anti-oxidative activity, anti-
hypertensive activity, antimicrobial activity and 
anti-anemia activity Mendis et al. [4]. In general, 
many farmers are not well-informed about the 
benefits of foliar spray of growth enhancers. 
However, in addition to the standard basal 
application of fertilizers, utilizing foliar sprays with 
growth enhancers at the appropriate time can 
significantly enhance nutrient utilization 
efficiency, leading to increased grain yield and 
cost savings on fertilizers. Earlier research has 
shown promising outcome in terms of improved 
growth, yield, and quality in some cereals, food 
crops, and vegetables when using foliar 
application of growth enhancers [5]. In light of 
these findings, the present investigation aims to 
examine the impact of foliar nutrition with growth 
enhancers on the growth and productivity of 
maize. 
 

2.  MATERIALS AND METHODS 
 
A field study was carried out during Rabi, 2021 in 
red loamy soil at Zonal Agricultural Research 
Station, University of Agricultural Sciences, 
GKVK, Bangalore, situated at 13o 05’ N latitude 
and 77o 34’ E longitude and at  924 m above 
mean sea level which is situated Eastern Dry 
Zone of Karnataka (ACZ- V). During the crop 
growing period i.e Rabi 2021-2022, the actual 
total rainfall recorded was 86.5 mm, which was 
higher than the normal rainfall of 88.2 mm. The 
mean maximum temperature fluctuated between 
26.4 °C and 33.5 °C, while the minimum 
temperature ranged from 14.6 °C to 20.6 °C. In 
terms of relative humidity, the highest value of 90 
% was recorded in December 2021 The 
maximum actual sunshine hours and mean wind 
speed were observed in the month February (8.7 
hr day-1 and 6.0 km hr-1) respectively during 
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2022. Composite soil samples were taken at 
random from top 15 cm layer in the experimental 
area and were analyzed for the soil physic-
chemical properties by using different methods 
were furnished in Table 1 and composition of 
growth enhancer in Table 2. 
 
Experiment was laid out in Randomized 
Complete Block Design (RCBD) having eleven  
treatments replicated thrice, with 19.44 m2 plot 
size (5.4 m × 3.6 m) each. The details of 
treatment are T1: GE 10.0 ml per litre + 50% 
RDF, T2: GE 10.0 ml per litre + 75% RDF, T3: GE 
10.0 ml per litre + 100% RDF, T4: GE 20.0 ml per 
litre + 50% RDF, T5: GE 20.0 ml per litre + 75% 
RDF , T6: GE 20.0 ml per litre + 100% RDF ,T7: 
Urea spray - 0.5 % + 100% RDF, T8: Nano N two 
sprays at 30 and 60 DAS + 50% RDN and 100% 
P&K, T9: Nano N & P two sprays at 30 and 60 DAS 
+ 50% RDNP and 100% K, T10: RDF with FYM, 
T11: Only RDF. In the experiment, a well-
decomposed farm yard manure was applied at a 
rate of 10 tons per hectare to all treatments 
except treatment T11 where only recommended 
dose of fertilizers (NPK) was applied as per 
treatments. Three weeks before sowing, this 

manure was uniformly spread.  At the time of 
sowing, 50% of the required nitrogen and entire 
dose of phosphorus, and potassium were applied 
to respective plots as per recommended dose of 
fertilizers (RDF). Urea, Diammonium Phosphate 
(DAP), and Muriate of Potash (MOP) fertilizers 
were applied to the crop rows and thoroughly 
mixed into the soil before sowing. Foliar spray of 
growth enhancer (GE) were administered at 30 
and 60 DAS according to the specific treatment 
requirements. The Recommended Dose of 
Nitrogen (RDN) was split into three applications, 
with one at sowing, and the other two at the knee 
height (30 DAS) and tasseling stage (60 DAS). 
 
The crop variety Beeja Raja Maize Hybrid 
(BRMH-8) is a hybrid released by the Varietal 
Research & Development Center (VRDC) in 
Dharwad. It is characterized by semi-dent 
kernels with a yellow grain color. This hybrid 
exhibits wide adaptability throughout all regions 
of Karnataka and holds a promising yield 
potential of 32-35 quintals per acre. The maturity 
period for BRMH-8 maize hybrid is between 110 
to 120 days and responds exceptionally well to 
fertilizer applications. Maize hybrid (BRMH-8)

 

Table 1. Physico-chemical Properties of soil in experimental area at ZARS, GKVK, UAS, 
Bangalore 

 
Particular Methods Values 

A. Physical properties 

Mechanical analysis (oven dry weight basis) 
Coarse sand (%) International pipette method (Piper, [6]) 53.4 
Fine sand (%) 14.4 
Silt (%) 16.2 
Clay (%) 15.2 
Soil textural class Red sandy loam 

B. Chemical properties 

pH (1:5) Potentiometric method, pH meter (Piper, [6]) 5.61 
EC (dS m-1) Conductometry (Jackson, [7]) 0.189 
Available N (kg ha-1) Alkaline permanganate method (Subbiah and Asija,[8]) 441.18 
Available P2O5 (kg ha-1) Brays method (Jackson, [7]) 36.25 
Available K2O (kg ha-1) Neutral normal ammonium acetate method (Jackson,[7]) 280.62 

Note : Composite soil samples in the experimental area and were analyzed in the Soil Science and Agriculture 
Chemistry laboratory at College of Sericulture, Chintamani. 

 

Table 2. Composition of growth enhancer 

 
SL. No Components Foliar spray (%) 

1. Moisture 82.02 
2. Protein 10.88 
3. Fat 3.15 
4. Ash 1.40 
5. Nitrogen 1740 
6. Phosphorous 2126 
7. Potassium  1117 
8. Calcium  1782 
9. Boron 0.16 
10. Zinc 5.40 
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seeds were dibbled in pre irrigated plots at 5 cm 
depth in the first week of December, 2021 at 60 
cm x 30 cm  spacing. After sowing, the seeds 
were covered with a thin layer of soil firmly and 
the plots were given light irrigation after sowing 
and thereafter at an interval of 5-6 days during 
cropping period depending on the soil moisture 
conditions. Gap filling was done in the rows 
where the seeds failed to germinate 10 days 
after sowing (DAS) to ensure uniform plant 
distribution. In cases where multiple seedlings 
appeared in a single hill, thinning was done to 
retain one healthy seedling per hill at 15 DAS.  
Two hand weeding at 15 and 30 DAS was 
carried out to keep plots weed and earthing up 
was done at 30 DAS. Biometric Observations on 
growth parameters and yield were recorded 
adopting standard procedure at 30, 60, 90 days 
after sowing and at harvest.  
 
Experimental data collected was statistically 
analysed by adopting Fisher’s method of 
Analysis of Variance (ANOVA) as suggested by 
Gomez and Gomez [9]. Whenever the ‘F’ test 
was found significant at 5 per cent level Critical 
Difference (CD) values were calculated. The 
price of the inputs, wage of the labour and the 
other cost incurred in cultivating the maize crop 
during the experimental period were considered 
for the cost of cultivation. Gross return was 
calculated by multiplying the total grain yield with 
price that was prevailing in the market at the time 
of harvest and was expressed in ₹ ha-1 and net 
return was calculated treatment wise by 
subtracting the total cost of cultivation from gross 
returns and  expressed in ₹ ha-1. 
 
Net returns (₹ ha-1) = Gross returns (₹ ha-1) – 
Cost of cultivation (₹ ha-1) 
 
Benefit-cost ratio was obtained from the ratio 
between gross returns and cost of cultivation.    
 

B: C ratio = 
Gross returns (Rs. ha-1) 

Cost of cultivation (Rs. ha-1) 
 

3. RESULTS AND DISCUSSION 
 

3.1 Effect of Foliar Application of Growth 
Enhancer on Growth of Maize   

 

Application of growth enhancer at various 
concentrations significantly affected the plants 
height, accumulation of dry matter in leaves, 
stem, cob and total dry matter accumulation at 
the time of harvest (Table 3). Significantly higher 
plant height, dry matter accumulation in leaves, 

stem, cob and total dry matter accumulation was 
observed in treatment GE 20.0 ml per litre + 
100%  RDF in comparison to other treatments in 
the experimentation but found at par with GE 
10.0 ml per litre + 100 % RDF. This might be due 
to the combined effect of the recommended dose 
of NPK plus the foliar sprays of organic 
preparations. This combination contains 
macronutrients, micronutrients, vitamins, 
cytokinin, auxins and microorganisms might have 
positively influenced growth parameters due to 
enhanced cell division, protein synthesis and 
mobilization of nutrients. These results are in 
accordance with Devi et al. [10]. Shoot length 
increase probably due to the effect on early cell 
division and cell expansion Saifuddin et al. [11]. 
 

The ability of the plant to photosynthesize is 
dependent upon the amount of accumulated dry 
matter in its leaves, which in turn is dependent 
on the amount dry matter is produced. The 
higher leaf dry matter production was noted as a 
result of increased plant height, having more and 
larger leaves in a plant due to sufficient 
availability of nutrients. These outcomes are 
consistent with the conclusions of Rani et al. [12]. 
After 30 DAS the plant height and 
comprehensive vegetative growth of the plant 
was increased with the application of a growth 
promoter that was quickly absorbed by the leaf, 
produced more leaf area, which intercepted more 
sunlight for the production of photosynthates, in 
turn increased the accumulation of 
photosynthates in stems to strengthen the crop. 
These results were found similar to the results of 
[13]. This was mainly because more leaf area 
was produced, which intercepted more sunlight 
for the production of photosynthates. The similar 
results found with Mallikarjuna [14] and Rajesh 
[13]. as plants age after 60 DAS, the 
accumulation of dry matter in leaves decreases, 
primarily because photosynthates are transferred 
from the leaves to the sink portion (cob) of the 
plant These results observed were found similar 
to the results of [13,14]. 
 
The precise application of foliar sprays during 
crucial crop growth stages, such as the eighth 
leaf stage, grand growth period, tassel 
emergence, and dough stage in sync with the 
nutrient requirements of the crop has led to 
enhanced uptake, translocation, and assimilation 
of essential nutrients like nitrogen (N) and 
potassium (K). As a result, maize plants have 
exhibited remarkable improvements in their 
overall dry matter yield.  At the silking stage, the 
plant has produced about half of its final dry 
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weight. At around 60 DAS, maximum leaf weight, 
leaf area and stem stalk was attained. The dry 
weight of the stem and leaves was equal at the 
same time. Eventually, leaf growth abruptly 
ceased. Additionally, the stem and cob at 
maturity had accumulated higher dry matter. The 
higher total dry matter production was attributed 
to better plant growth, which led to higher 
accumulation of dry matter in leaves and stem at 
early growth stages and better translocation to 
cob during later stages. These results were 
found similar to the findings of [15,16]. 
 

3.2 Effect of Foliar Application of Growth 
Enhancer on Maize Yield Parameters  

 
The economic output of a plant results from a 
range of coordinated biological processes, 
encompassing biochemical, physiological, and 
morphological changes. These transformations 
take place as the plant grows and responds to 
the occurrence of nutrients, light, water, and 
other environmental influences. Significant 
changes were noticed in yield components viz., 
cob length and girth, kernels per cob, kernel 
weight per cob and 100 kernel weight (Table. 4)  
  
The impact of treatments on number of cobs per 
plant was found non-significant and the number 
of cobs per plant remained one for all plants 
supplied with different concentration of growth 
enhancer along with nutrients. However the 
impact of growth enhancer application on cob 
girth was found significant (Table 4) where higher 
cob girth was found in plants supplied with GE 
20.0 ml per litre + 100% RDF over GE 10.0 ml 
per litre + 50% RDF GE 20.0 ml per litre + 50% 
RDF and nano N & P two sprays at 30 and 60 
DAS + 50% RDN and 100% P & K. However, it 
was found at par with all other treatments. 
 
Significantly longer cobs and higher number of 
kernels per cob were produced in the foliar spray 
of GE 20.0 ml per litre + 100 % RDF over all 
other treatments but found on par with GE 10.0 
ml per litre + 100 % RDF and nano N & P two 
sprays at 30 and 60 DAS + 50 % RDNP and 
100% K. The significantly lesser cob length was 
noticed with GE 10.0 ml per litre+50% RDF and 
only RDF. 
  
Increased nitrogen uptake supplied in the form of 
growth enhancer resulted in development of 
superior amount of source, which ensures 
sufficient production of photosynthates which 
later transferred from the source to the sink, 
which resulted in enhanced girth of the cob and 

length of cob. The increase in girth and length of 
the cob may be due to favourable influence of 
nutrients in increasing the source size and 
establishing an appropriate source to sink 
relationship, respectively Samui et al. [17]. 
Similar outcome were recorded by Rajesh [13], 
Ajith kumar et al. [18], Reddy et al. [19] and 
Yasser et al. [20]. Maximum number of kernels 
per cob due to 100% RDF with foliar application 
of GE @ 20.0 ml per litre was mainly due to 
increased cob length, cob girth, rows per cob and  
kernels per row. The similar findings were also 
recorded by Al-Saray and Faiz, [21], Ajith kumar 
et al. [18] and Reddy et al. [19]. 

 
Data pertaining to kernel weight per cob 
presented in the Table 4, shows that significantly 
higher kernel weight per cob was produced in 
combined application GE 20.0 ml per litre + 
100% RDF in comparison to other treatments but 
found non significant with GE 10.0 ml per litre + 
100% RDF. However, GE 10.0 ml per litre + 50 
% RDF recorded significantly lower kernels 
weight per cob. The higher kernel weight per cob 
with GE 20.0 ml per litre + 100% RDF was 
mainly due to significant increase in number of 
kernels per cob. The more number of kernels per 
cob was on mainly an account of more number of 
rows per cob (16.0) and number of kernels per 
row (40.33). The number of rows per cob and 
kernel per row were due to increased cob length 
(21.8 cm) and girth of cob (17.1 cm). These 
results are in confirmation with findings of [22]. A 
larger cob size may be the resultent of increased 
photosynthetic activity, efficient uptake of applied 
N, efficient transfer of metabolites, and 
accumulation of these metabolites in the cob 
Brar et al. [23]. 
 

Numerically significantly high test weight was 
noticed in GE 20.0 ml per litre + 100 % RDF over 
other treatments but found at par with application 
of GE 10.0 ml per litre + 100 % RDF (34.5 g), 
RDF with FYM (34.3 g), nano N & P two sprays 
at 30 and 60 DAS + 50% RDNP and 100% K), 
nano N two sprays at 30 and 60 DAS + 50% 
RDN and 100% P & K and GE 20.0 ml per litre + 
75% RDF. 

 
3.3 Effect of Foliar Application of Growth 

Enhancer on Maize Yield  
 

A perusal of data in Table 5 indicates that kernel 
yield and stover yield was significantly higher 
with foliar nutrition of GE 20.0 ml per litre and 
100 % RDF (7485 kg ha-1) in comparision to 
other treatments in the experiment, except GE 
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10.0 ml per litre + 100 % RDF (7183 kg ha-1) and 
RDF with FYM (6418 kg ha-1), which were found 
statistically on par with GE 20.0 ml per litre + 100 
% RDF. However, statistically least kernel yield 
was recorded in the treatment GE 10.0 ml                       
per litre + 50 % RDF (4903 kg ha-1) over                   
other treatments. It indicates that the                   
optimum kernel yield can be achieved                        
with foliar nutrition of growth enhancer  with                
soil application of recommended dose of                
NPK. 
 
Higher kernel yield and stover yield in plants 
treated with GE 20.0 ml per litre + 100 % RDF is 
mainly attributable to synergistic effect of 
conventional soil applied urea and foliar applied 
nutrients which enhanced the uptake of nitrogen 
Chandana et al. [24] and its being a component 
of many amino acids helped in production of 
more photosynthetic surface area which in-turn 
increased the total dry matter accumulation in 
plants.  The higher leaf area and delaying 
senescence of leaves increased the dry matter 
production and translocation of photosynthates 
from source to sink and also better source to sink 
relationship resulted in higher number of kernels 
per row, number of rows per cob and kernel 
weight per cob resulted in increased kernel yield. 
The similar results has been recorded by Kumar 
et al. [25]. El-Gewely et al. [26], Rajesh [13], 
Reddy et al. [19], Samui et al. [17], and Yasser et 
al. [20]. Significant increase in stover yield with 
application of GE 20.0 ml per litre+100% RDF 
was  attributed to increased growth parameters 
viz., plant height, stem diameter, leaf area index 
led to higher total  dry matter   production per 
plant over other treatments. The results are in 
line with Asghar et al. [27] who noticed the higher 
stover yield of maize by foliar nutrition of multi-
nutrient solutions over RDF alone. Addition of 
nitrogen has greater role in increasing the 
vegetative growth of the plant; thus, increasing 
the  activity of  photosynthesis resulting in 
greater accumulation of dry matter in the grain 
and nitrogen has its role in prolonging the period 
of full-grain and delaying senescence of leaves 
(El-Gewely et al. [26]. Progressive significant 
increase in  dry matter accumulation  was mainly 
attributed to  increase in growth factors like plant 
height. Harvest index presented in Table 5 
indicated that treatments in the experiment       
with respect   to soil and  foliar nutrition were 
failed to  register significant differences in 
harvest index. 
 

 
 

3.4 Influence of growth enhancer on 
economics of maize production 

 

The primary determinant of a technology's 
acceptance and wide-scale adoption is its cost. 
In every production system, net returns and the 
B:C ratio, among other economic efficiency 
measures, have a greater impact on the practical 
usability and adoption of technologies by 
farmers. The data on cultivation costs (₹ ha-1), 
gross returns (₹ ha-1), net returns (₹ ha-1) and 
benefit cost ratio as influenced by various levels 
of foliar application growth enhancer and 
recommended dose of fertiliser are furnished 
Table 6. 
 

The cost of cultivation varied due to different 
fertilizer levels along with growth enhancer and 
nano fertilizer spray. It was observed that GE 
20.0 ml per litre + 100 % RDF recorded a higher 
cost of cultivation (₹ 58816 ha-1), followed by GE 
10.0 ml per litre + 100 % RDF (₹ 57273 ha-1). 
Lower cost of cultivation was observed in only 
RDF (₹ 47730 ha-1) due to the absence of cost 
on FYM and application of growth enhancer. The 
higher cost of cultivation recorded in GE 20.0 ml 
per litre + 100 % RDF was mainly due to the 
higher cost incurred on growth enhancer, FYM 
and fertilizer application. The results are in 
accordance with the findings of Rajesh [13] and 
Mallikarjuna [14] in maize. 
 

Net returns, Gross returns and B:C ratio were 
maximum with the application of GE 20.0 ml per 
litre + 100 % RDF (₹ 88213 ha-1), followed by GE 
10.0 ml per litre + 100 % RDF. It was due to 
higher gross returns obtained, because of  higher 
kernel and stover yield as compare to other 
treatments. Lower net returns were recorded in 
GE 10.0 ml per litre + 50 % RDF. The findings 
are consistent with Parasuraman et al. [28], who 
observed a 28.19 percent increase in maize's net 
income when using foliar fertilization of multi-
nutrients compared to the application of 100 
percent soil-applied fertilizers. Asghar et al. [27] 
found that foliar fertilization resulted in a 
significant 40.06 percent increase in maize's 
gross returns compared to the application of 100 
percent recommended dose of fertilizers. The 
higher gross returns were obtained in GE 20.0 ml 
per litre + 100 % RDF application this is 
contributed for achieving higher B:C ratio. These 
findings align with the results of Kumar et al. [25], 
Ajithkumar et al [18], Mallikarjuna [14] and 
Rajesh [13] in maize. 
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Table 3. Effect of foliar application of growth enhancer on plant height of maize 

 
 Plant height 

(cm) 
Partitioning of Dry matter accumulation (g plant-1) 

Leaf Stem cob Total dry matter 

T1: GE 10.0 ml per litre + 50 % RDF 237.1 33.9 92.8 198.1 324.8 
T2:GE 10.0 ml per litre + 75 % RDF 266.2 41.1 126.2 217.8 385.1 
T3: GE 10.0 ml per litre + 100 % RDF 283.3 78.7 186.6 257.2 522.6 
T4: GE 20.0 ml per litre + 50 % RDF 251.7 33.9 133.7 226.4 394.0 
T5: GE 20.0 ml per litre + 75 % RDF 270.1 59.5 148.9 243.8 452.2 
T6: GE 20.0 ml per litre + 100 % RDF 285.5 80.7 190.4 259.3 530.3 
T7: Urea spray - 0.5 % + 100 % RDF 254.4 60.1 147.1 232.7 439.9 
T8: Nano N two sprays at 30 and 60 DAS + 50% RDN and 100% P&K 263.8 66.7 149.2 231.8 447.6 
T9: Nano N&P two sprays at 30 and 60 DAS + 50% RDNP and 100% K 274.3 70.0 153.0 244.5 467.5 
T10: RDF with FYM 278.6 72.8 170.0 252.5 495.4 
T11: Only RDF 267.9 66.0 158.5 230.1 454.6 
S.Em ± 8.77 2.15 5.28 8.18 15.61 
C.D. at 5% 25.90 6.34 15.59 24.12 46.05 

 
Table 4. Effect of foliar application of growth enhancer on yield attributes of maize 

 
Treatments Number of cobs 

plant-1 

Cob length 
(cm) 

Cob girth (cm) Number of 
kernels cob-1  

Kernels weight  
cob-1 (g cob-1) 

Test weight 
(g) 

T1: GE 10.0 ml per litre + 50% RDF 1.0 15.8 15.2 416.0 136.9 30.2 
T2:GE 10.0 ml per litre + 75% RDF 1.0 18.0 15.8 450.3 141.3 32.2 
T3: GE 10.0 ml per litre + 100% RDF 1.0 21.1 16.6 558.7 187.7 34.5 
T4: GE 20.0 ml per litre + 50% RDF 1.0 18.5 15.4 463.3 147.8 31.9 
T5: GE 20.0 ml per litre + 75% RDF 1.0 19.0 16.0 492.0 157.0 32.9 
T6: GE 20.0 ml per litre + 100% RDF 1.0 21.8 17.1 568.0 195.6 35.9 
T7: Urea spray - 0.5 % + 100% RDF 1.0 19.0 16.3 492.0 173.2 31.9 
T8: Nano N two sprays at 30 and 60 DAS + 50% 

RDN and 100% P & K 
1.0 17.0 15.4 495.7 161.5 32.9 

T9: Nano N & P two sprays at 30 and 60 DAS + 
50% RDNP and 100% K 

1.0 20.6 16.1 525.7 164.5 33.7 

T10: RDF with FYM 1.0 19.7 16.5 538.0 177.0 34.28 
T11: Only RDF 1.0 15.8 14.5 472.3 147.8 31.2 
S.Em ± 0 0.65 0.48 17.05 5.82 1.07 
C.D. at 5% - 1.93 1.42 50.28 17.19 3.16 
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Table 5. Effect of foliar application of growth enhancer on kernel yield, stover yield and harvest index of maize 
 

Treatments Kernel yield  
(kg ha-1) 

Stover yield  
(kg ha-1) 

Harvest index 

T1: GE 10.0 ml per litre + 50% RDF 4904 6822 0.41 
T2: GE 10.0 ml per litre + 75% RDF 5580 7394 0.43 
T3: GE 10.0 ml per litre + 100% RDF 7183 8289 0.46 
T4: GE 20.0 ml per litre + 50% RDF 4975 6953 0.42 
T5: GE 20.0 ml per litre + 75% RDF 5634 7417 0.43 
T6: GE 20.0 ml per litre + 100% RDF 7485 8556 0.47 
T7: Urea spray - 0.5 % + 100% RDF 5101 7100 0.42 
T8: Nano N two sprays at 30 and 60 DAS + 50% RDN and 100% P & K 5854 7133 0.45 
T9: Nano N & P two sprays at 30 and 60 DAS + 50% RDNP and 100% K 6182 7478 0.45 
T10: RDF with FYM 6418 7816 0.45 
T11: Only RDF 5926 7391 0.44 
S.Em ± 376.67 255.6 0.02 
C.D. at 5% 1111.19 754.1 NS 

 
Table 6. Economics of foliar application of growth enhancer in maize cultivation 

 
Treatments Cost of cultivation         

(₹ ha-1) 
Gross returns   (₹ 
ha-1) 

Net returns            (₹ 
ha-1) 

B:C ratio 

T1: GE 10.0 ml per litre + 50 % RDF 50943 97546 46603 1.91 
T2:GE 10.0 ml per litre + 75 % RDF 55608 110624 55016 1.99 
T3: GE 10.0 ml per litre + 100 % RDF 57273 141175 83902 2.46 
T4: GE 20.0 ml per litre + 50 % RDF 55486 98991 43504 1.78 
T5: GE 20.0 ml per litre + 75 % RDF 57151 111646 54495 1.95 
T6: GE 20.0 ml per litre + 100 % RDF 58816 147029 88213 2.50 
T7: Urea spray - 0.5 % + 100 % RDF 52129 101469 49340 1.95 
T8: Nano N two sprays at 30 and 60 DAS + 50% RDN and 100% P&K 56287 115432 59145 2.05 
T9: Nano N&P two sprays at 30 and 60 DAS + 50% RDNP and 100% K 55224 121845 66621 2.21 
T10: RDF with FYM 55730 126359 70629 2.27 
T11: Only RDF 47730 117022 69292 2.45 
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4. CONCLUSION 
 
Based on the results of the experiment, it can be 
concluded that the application of the growth 
enhancer (GE) at a rate of 20 ml per liter of 
water, combined with 100% recommended dose 
of fertilizer (RDF), resulted in significantly better 
outcomes compared to all other treatments. 

 
• Plant growth: The treatment with GE 20 ml 

per litre + 100% RDF showed a 
significantly higher plant height, indicating 
better overall growth. 

• Dry matter accumulation: The same 
treatment led to higher dry matter 
accumulation in leaves, stem, cob, and 
total dry matter, indicating increased 
biomass production and potential for better 
crop yields. 

• Cob characteristics: The treatment with GE 
20 ml per litre + 100% RDF resulted in 
longer and thicker cobs, indicating 
improved cob development. 

• Kernel yield: The treatment showed higher 
numbers of kernels per cob and higher 
kernel weight per cob, indicating increased 
kernel yield. 

• The application of GE 20 ml per liter + 
100% RDF resulted in higher economic 
returns such as gross returns, net returns  
and the benefit-cost ratio suggesting that 
this treatment was economically more 
efficient. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES  
 

1. Anonymous. Agricultural statistics at a 
glance. Directorate of Economics and 
Statistics, New Delhi; 2019. 

2. Anonymous. Directorate of economics and 
statistics, Department of Agriculture and 
Cooperation, Ministry of Agriculture, Govt. 
of India; 2021. 

3. Dobrinoiu RV, Dumbrava M. Impact of 
foliar fertilization with completely soluble 
chemical fertilizers on winter wheat 
productivity and yields quality, Lucrări 
ştiinţifice, U.S.A.M.V.B. 2003;44:271-277. 

4. Mendis E, Rajapakse N, Kim SK. 
Antioxidant properties of a radical-
scavenging peptide purified from 

enzymatically prepared fish skin gelatin 
hydrolysate. J. of agril. and food chem. 
2005;53(3):581-587. 

5. Patel GM. Water soluble fertilizers for 
efficient and balanced fertigation. Indian J. 
Fert., 2011;7(12):56-63. 

6. Piper CS. Soil and Plant Analysis, 
Academic Press, New York. 1966;           
236.  

7. Jackson ML. Soil chemical analysis. 
Prentice Hall of India. Pvt. Ltd., New Delhi. 
1973;498. 

8. Subbiah BV, Asija GL. A rapid procedure 
for the estimation of available nitrogen in 
soils. Curr. Sci. 1956;25:259-260. 

9. Gomez KA, Gomez AA. Statistical 
Procedure for Agricultural Research – An 
International Rice Research Institute, A 
Wiley Inter science, John Wiley and Sons 
Inc. New York, USA; 1984. 

10. Devi NL, Mani S. Effect of seaweed saps 
Kappaphycusalvarezii and Gracilaria on 
growth, yield and quality of rice. Indian J. 
Sci. Technol. 2015;8(19):1-6. 

11. Saifuddin M, Hossain AB, Osman N, Sattar 
MA, Moneruzzaman KM, Jahirul MI. 
Pruning impacts on shoot-root-growth, 
biochemical and physiological changes of 
'Bougainvillea glabra'. Australian J of Crop 
Sci. 2010;4(7):530-537. 

12. Rani KU, Sharma KL, Nagasri K, Srinivas 
K, Muthy TV, Maruthi GR, Korwar GR, 
Sankar KS, Madhavi M, Grace JK. 
Response of sunflower to sources and 
levels of sulphur under rainfed semiarid 
tropical conditions. Comm. Soil Sci. Plant 
Anal.  2009;40:2926-2944. 

13. Rajesh H. Studies on foliar application of 
nano nitrogen (N) and nano zinc (Zn) in 
sweet corn (Zea mays L. saccharata). M. 
Sc. (Agri.) Thesis, Univ. Agril. Sci. Raichur; 
2021. 

14. Mallikarjuna PR. Effect of nano nitrogen 
and nano zinc nutrition on nutrient uptake, 
growth and yield of irrigated maize during 
summer in the southern transition zone of 
Karnataka. M. Sc. (Agri.) Thesis, Univ. 
Agril. Sci. Shivmogga; 2021. 

15. Miller CE.  Fundamentals of Soil Science. 
3rd ed. New York; John wiley and Sons, 
INC; 1948. 

16. Sayre JD.  Mineral accumulation in corn. 
Plant Physiol. 1948;23:267-281. 

17. Samui S, Sagar L, Sankar T, Manohar A, 
Rahul A, Sagar M, Subhashisa P. Growth 
and productivity of rabi maize as 



 
 
 
 

Shreenidhi et al.; Int. J. Environ. Clim. Change, vol. 13, no. 10, pp. 1708-1717, 2023; Article no.IJECC.104688 
 
 

 
1717 

 

influenced by foliar application of urea and 
nano-urea. Crop Res. 2022;57(3):136-140. 

18. Ajithkumar K, Yogendra K, Savitha AS, 
Ajayakumar MY, Narayanaswamy C, 
Ramesh R, Krupashankar MR, Bhat SN. 
Effect of IFFCO nanofertilizer on growth, 
grain yield and managing turcicum leaf 
blight disease in maize. Int. J. Plant Soil 
Sc. 2021;33(16):19-28. 

19. Reddy BMS, Elankavi Kumar MS, Vikram 
SM, Divya BV. Effects of conventional and 
nano fertilizers on growth and yield of 
maize (Zea mays L.). Bhartiya Krishi 
Anusandhan Patrika. 2022;1-4. 

20. Yasser E, El-Ghobashy Amira A, El-Mehy 
Kamal A, El-Douby.  Influence of 
intercropping cowpea with some maize 
hybrids and N nano-mineral fertilization on 
productivity in salinity soil. Egyptian J. 
Agron. 2020;42(1):63-78. 

21. Al-Saray MKS, Faiz AWHA. Effect of nano-
nitrogen and manufacture organic fertilizer 
as supplementary fertilizer in the yield and 
its component for three synthetics of maize 
(Zea mays L.). Plant Arch. 2019;19:1473-
1479.  

22. Shivashankar KA, Sudhakarbabu SN.  
Influence of organic matter, spacing and 
fertilizer levels on growth and yield of 
maize. Proceedings of the Seminar Tech 
for Sustainable Crop Production, IAT, 
Bangalore; 1994. 

23. Brar MS, Sharma PREETI, Singh 
AMANDEEP., Sandhu SS. Nitrogen use 
efficiency (NUE), growth, yield parameters 
and yield of Maize (Zea mays L.) as 
affected by K application. Electron. Int. 
Fert. Correspondent.  2012;30:3-6. 

24. Chandana P, Latha KR, Chinnamuthu CR, 
Malarvizhi P, Lakshmanan A.  Impact of 
foliar application of nano nitrogen, zinc and 
copper on yield and nutrient uptake of 
Rice. Int. J. Plant Soil Sci.  2021;33(24): 
276-282. 

25. Kumar S, Patra AK, Datta SC, Rosin KG, 
Purakayastha TJ.  Phytotoxicity of 
nanoparticles to seed germination of 
plants. Int. J. Adv. Res. 2015;3(3):854- 
865. 

26. El-Gewely Fathia, M. M., El-Gizawy, N. K. 
B., Fared, I. M. And Mehasen, S. A. S. 
Effect of mineral and nano nitrogen 
fertilizers on yield and yield components of 
some yellow maize hybrids. Annals Agri. 
Sci. 2020; 58(3): 535-540. 

27. Asghar A, Azhar GM, Mummad W, Ayub 
M, Asif I, Atta UM. Influence of integrated 
nutrients on growth, yield and quality of 
maize. American J. Pl. Sci. 2011;1(2):63-
69. 

28. Parasuraman P. Studies on integrated 
nutrient requirement of hybrid maize (Zea 
mays L.) under irrigated conditions. 
Madras Agric. J. 2008;92(1&3):89-94. 

 

© 2023 Shreenidhi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/104688 

http://creativecommons.org/licenses/by/2.0

