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INTRODUCTION
Onion (Allium cepa L.) is one of the important 

vegetable crops belonging to family alliaceae. It is an 
indispensable item in every kitchen as vegetable and 
condiment liked for its flavour and pungency. Kharif 
onion plays an important role in fulfilling consumers 
demand and stabilizing the price of onion in the 
country. Globally, India ranks first in total area (11.73 
lakh hectare) and second in production (189.27 
lakh millions tonnes). But, productivity (16.13 MT 
ha-1) of this crop is very low as compared to world 
average (NHRDF, 8). Among the constraints for low 
productivity of onion, imbalanced nutrition is one of 
the important limiting factors. 

Potassium (K) is one of the most important 
essential major plant nutrients, which is required 
by the plants in large amount and is available to 
the plants in cationic form (K+). K is required for 
photosynthesis, fruit formation, osmotic regulations, 
disease resistance, promotion of enzymes activity, 
translocation of assimilates and underpinning 

agronomic productivity and sustainability (Mengel, 
7). Depletion of K stocks in soil resources has been 
reported due to suboptimal application rates of K 
fertilizers and manures in India (Srinivasarao et 
al., 14). Hence, it is required to apply potassium at 
recommended dose for successful crop cultivation. 
But, the destitute condition of the Indian farmers 
may not allow them to put the K optimally in the soil 
owing to high cost of imported fertilizers. Also, the 
continuous and liberal use of potassic fertilizer alone 
through inorganic sources affects soil productivity and 
thus results in lower yield with poor quality of produce. 
Thus, there is a need to search some alternative 
sources of potassic fertilizers for sustainability. Use 
of organics such as Azolla, vermicompost, farmyard 
manure (FYM) can serve as healthy and economical 
sources of potassium. Out of the potential sources 
of potassium, Azolla has its own significance due to 
higher biomass production rate, fair K content and 
suitability for kharif crops. The judicious combinations 
of organic and inorganic sources of plant nutrients are 
essential not only to maintain the soil health but also 
to sustain productivity of the crops. Thus, there is an 
urgent need to quantify the amount of organic and 
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inorganic sources of potassium for higher production 
and productivity of the onion crop in agro-climatic 
conditions of Bihar. 

MATERIALS AND METHODS
A field experiment was carried during kharif 

2016 at vegetable farm of Bihar Agriculture College, 
Sabour, Bhagalpur (25º 50’N, 87º 19’E, 52.73 m asl), 
India. The soil of the experimental site was sandy 
loam (Typic Haplustepts). The pH, EC and oxidisable 
organic carbon of initial soil samples were 7.52, 
0.27 dSm-1 and 0.76 per cent, respectively; While, 
available N, P and K of intial soil were 273, 27 and 
214 kg ha-1. Kharif onion variety “Agrifound Dark 
Red” was sown with row to row spacing of 15 cm 
and plant to plant spacing of 10 cm. The experiment 
was laid out in randomized block design with eight 
treatments, T1 (no K application), T2 (50 per cent 
Recommended Dose of potassium, i.e. RDK), T3 (100 
per cent RDK), T4 (50 per cent RDK + 50 per cent K 
by Azolla), T5 (50 per cent RDK + 50 per cent K by 
vermicompost), T6 (50 per cent RDK + 25 per cent 
K by Azolla + 25 per cent K by vermicompost), T7 
(100 per cent K by Azolla) and T8 (100 per cent K by 
vermicompost) with three replications. Recommended 
dose of NPK for the experiment was 100: 60: 60 
kg ha-1. Full doses of N and P were applied in all 
the treatments through urea and SSP, respectively. 
However, potassium was supplied through muriate 
of potash, vermicompost and Azolla as per the 
treatments. Nitrogen, phosphorus and potassium 
content in Azolla were 4.1, 1.8 and 2.62 per cent, 
respectively on dry weight basis; While vermicompost 
has N, P and K content of 1.3, 0.8 and 0.8 per cent, 
respectively. Suitable agronomic practices were 
followed for raising the given crop. Onion crop was 
harvested at 139 days after transplanting. However, 
crop attained physiological maturity at 120 days after 
transplanting after which onion tops were rolled down 
to boost the ripening process of onion and checking 
the vegetative growth of kharif onion by restricting 
water flow. The plants were pulled along with leaves 
and spread on the respective plot in the field for 
curing. Then the foliages were cut with sharp clean 
knives leaving 2.5 cm top above the bulb. 

Plant height (cm) and dry matter content (g 
plant-1) was measured at 30, 60, 90 and 120 day 
after transplanting. In yield attributing characters, 
polar diameter, equatorial diameter, neck thickness 
and fresh bulb weight were taken. Total bulb yield 
was obtained after harvest of the crop and yield 
per ha was computed. The economics (benefit-cost 
ratio) was worked out for each plot. Observations 
recorded were subjected to statistical analysis as per 
procedure of Panse and Sukhatme (9). Differences 

among means and treatments were compared by the 
least significant differences (LSD) at P<0.05.

RESULTS AND DISCUSSION
Results showed that different treatments had 

non-significant effect on plant height at 30 and 60 
days after transplanting (DAT) of crop. At 90 DAT 
and 120 DAT (maturity stage), significant difference 
in plant height was recorded (Table 1). It was found 
that treatment T7 receiving 100 per cent K by Azolla 
(split as 50 per cent at basal and rest 50 per cent as 
mulching at 35 and 70 DAT) recorded the highest 
plant of 45.59 cm at 90 DAT and was significant to 
control (38.93 cm) , 50 per cent RDK (39.38 cm) 
and 100 per cent RDK (41.43 cm), while, it was at 
par with treatment T8 (100 per cent K from VC), T4 
(50 per cent K from Azolla and 50 per cent K from 
MOP), T5 (50 per cent K from VC and 50 per cent K 
from MOP), and T6 (25 per cent K from Azolla, 25 
per cent K from VC and 50 per cent K from MOP) in 
addition to 100 per cent N and 100 per cent P through 
inorganic sources to all the treatments. At 120 DAT, 
treatment T7 recorded the highest plant height and 
was significant to treatment T1, T2 and T3, while, it 
was at par with treatment T4, T5, T6 and T8. Significant 
increase in plant height was recorded in T7 (50.80 
cm) at maturity. While the lowest plant height (38.93 
and 42.86 cm) at 90 DAT and 120 DAT respectively 
was found in control treatment (T1). It is clear from 
the data that treatment with organic sources along 
with inorganic N and P perform better in terms of 
plant growth and that may be due to reason that 
they provide N from decomposition at 90 DAT and at 
maturity in additional to inorganic N that was common 
to all the treatments. K too has effect on plant height 
and it can be observed from the control treatment 
receiving no potassium. Since potassium plays an 
important role in the translocation of photosynthates, 
the added K might have translocated photosynthates 
from leaves to bulb, which were further utilized in 
building up of new cells leading to better height and 
vigour. Jayathilake et al. (3), Farooq et al. (2) and 
Kumar et al. (6) also reported increase in plant height 
with application of organic sources of nutrients.

The treatments had significant effect on dry 
matter content at 30, 60, 90 and 120 days after 
transplanting. Significantly higher dry matter of 0.513, 
1.520, 5.54 g plant-1 was found in treatment T4 at 30, 
60 and 90 DAT, respectively. However, at 120 DAT 
(maturity stage) significantly the highest dry matter 
content (14.34 g plant-1) was found in T5. At 30 DAT, 
T4 was at par with T3, T5, T6, T7 and T8. Whereas, 
at 60, 90 and 120 DAT, treatment receiving no K or 
only inorganic K were found to give lower dry matter 
content in comparison to integrated K application or 
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organic K application. This might be due to greater 
uptake of potassium by onion from soil which might 
have increased the biomass due to increased water 
uptake and translocation of photosynthates. These 
results are similar to those obtained by Singh and 
Dhankar (11) and Kumar et al. (5) who observed a 
decrease in dry matter yield of crops in the absence 
of potassium. Highest dry matter production in 
integrated K as well as organic K application in 
addition to recommended inorganic N and P could 
be attributed to the better vegetative growth and 
yield attributes which in turn resulted in production 
of more fresh weight and dry weight compared to 
other treatments. Improved dry matter production 
was also related to altered root permeability of the 
plant for maximum uptake of minerals into the plant 
system. The present findings are in coherence with 
those of Jayathilake et al. (4).

Highest equatorial diameter (55.86 mm) was 
recorded in treatment T5 which was at par with T4, T6 
and T8 (Table 2). Lowest equatorial diameter (45.18 
mm) was found in treatment with no potassium 
application (T1). Highest polar diameter (47.59 
mm) was also found in treatment T5 which was at 
par with T4, T6, T7 and T8. Lowest polar diameter 
(39.67 mm) was noted in control. Significantly, lower 
bulb diameter was recorded in treatment with no 
potassium or graded doses of inorganic potassium 
application.

Increased bulb diameter might be due to 
result of better growth of plant with respect to 
growth parameters like plant height and dry matter 
accumulation at higher levels of potassium as well 
as supply of nutrients throughout the crop stages as 
vermicompost and Azolla release nutrients slowly but 
continuously throughout the growth of plant. Kumar 
et al. (5) reported that the dry matter production 
and translocation of photosynthates contributed to 
the swelling of bulbs which resulted in increased 
diameter of bulbs at higher K levels. These results 
are in accordance with observations of Kumar et al. 
(6). Also, addition of organic sources of nutrients adds 
nitrogen which accelerates the synthesis of chlorophyll 
and amino acids, resulting in more translocation of 
photosynthates from leaves to bulb causing increased 
bulb diameter (Jayathilake et al., 3). More bulb 
diameter in vermicompost in comparison to Azolla 
may be due to pulverizing action of vermicompost in 
soils that brings about structural improvement of soil 
structure, increasing aeration within and causes roots 
to extend into a large volume of soil.

Highest neck thickness (11.71 mm) was found 
in T5, while the lowest (10.18 mm) was in T1 but 
treatment effect was non-significant. Organics lead to 
increase in neck thickness of onion (Kumar et al., 6).

Treatments had significant effect on average bulb 
weight. Highest bulb weight (45.17 g) was recorded 
in treatment T5 which was significantly superior to T1, 

Table 1. Average plant height (cm) and dry matter content (g plant-1) as influenced by treatments at different stages 
of crop growth in kharif onion.

Treatment 30 DAT 60 DAT 90 DAT 120 DAT
Plant 
height 
(cm)

Dry matter 
content (g 

plant-1)

Plant 
height 
(cm)

Dry matter 
content (g 

plant-1)

Plant 
height 
(cm)

Dry matter 
content (g 

plant-1)

Plant 
height 
(cm)

Dry matter 
content (g 

plant-1)
Control (T1) 25.62 0.407 28.13 1.187 38.93 4.43 42.86 10.55
50% RDK (T2) 26.90 0.445 29.48 1.317 39.38 4.59 43.81 11.39
100% RDK (T3) 28.41 0.487 30.21 1.377 41.43 5.01 45.16 12.22
50% RDK + 50% K by 
mulching of Azolla (T4)

29.29 0.513 32.33 1.520 44.12 5.54 48.46 13.78

50% RDK + 50% K by 
vermicompost (T5)

28.28 0.510 31.57 1.493 43.11 5.33 46.49 14.34

50% RDK + 25% K by Azolla 
+ 25% K by vermicompost (T6)

29.06 0.483 32.23 1.503 44.11 5.39 46.80 14.01

50% K basal by Azolla + 50% 
K by mulching of Azolla (T7)

29.33 0.510 32.76 1.517 45.59 5.46 50.80 13.34

100% K by vermicompost (T8) 28.56 0.509 31.91 1.467 42.24 5.22 48.55 14.27
SEm (±) 1.01 0.017 1.22 0.047 1.30 0.16 1.56 0.50
CD (p=0.05) NS 0.050 NS 0.137 3.81 0.46 4.57 1.47

DAT= Days after transplanting
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T2 and T3. However, T5 was at par with integrated K 
application or organic K applied treatments. Lowest 
bulb weight (35.10 g) was recorded in treatment 
receiving no potassium. This might be due to fact 
that organic sources release nutrients slowly but 
throughout the growth stages and thus nutrients are 
available at bulb formation and filling stage, while 
inorganic fertilizers when applied basal, supply 
more nutrients initially than during later phase of 
development. Also, the average bulb weight is known 
to be influenced by equatorial and polar diameter of 
bulb which in turn determines the bulb yield. Similarly, 
significantly higher bulb weight due to integrated 
nutrient management and use of organics was 
reported by Jayathilake et al. (3) and Kumar et al. (6).

Result showed that the highest bulb yield (13.17 
t ha-1) was recorded in treatment T5 which was 
significantly superior to treatment with no potassium 
application as well as treatment with inorganic K 
application only. T5 were at par with treatments T4, 
T6 and T8. Lowest bulb yield (9.31 t ha-1) was noted 
in control. Use of Azolla and vermicompost was 
found to have positive impact on bulb production 
due to their positive effect on growth parameters as 
well as yield attributing parameters. It is clear from 
the data that inclusion of vermicompost improved 
soil physical conditions that might have resulted in 
better root growth, nutrient absorption and better 
bulb development (Rabari et al., 10). Datta et al. 
(1) also reported that beneficial effect of organic 
manures on yield might be due additional supply of 
plant nutrients as well as improvement in physical 
and biological properties of soil. It could also be 
attributed to the fact that after decomposition and 

mineralization, the organic sources supply available 
nutrients directly to plants and also have solubilizing 
effect on fixed form of nutrients (Singh et al., 13). The 
higher yield of crops with the use of vermicompost 
for potassium source in comparison to Azolla may 
be ascribed to the higher K content of vermicompost. 
Jayathilake et al. (4) too showed that integrated use of 
biofertilizers, organic manure and chemical fertilizers 
resulted in yield increase in comparison with the 
exclusive application of chemical fertilizer. This could 
be due to the increase in nutrient availability and 
uptake of nutrients resulting in faster synthesis and 
translocation of photosynthates from source (leaves) 
to sink (bulb). Also, use of organics increase yield 
attributes and their component effects might have 
resulted into higher bulb yield.

Calculation of cost of production and benefit 
obtained showed that T3 gave maximum benefit-
cost ratio of 2.1, while 100 per cent vemicompost 
application was not profitable due to high cost of 
vermicompost. Integrated application of Azolla and 
vermicompost gave good benefit ratio of 1.9 and 1.6, 
respectively. Although highest yield was recorded 
with vermicompost and inorganic K combination, 
but the high cost of vermicompost resulted in the 
lower benefit cost ratio and net return as compared 
to recommended dose of fertilizers. Azolla can be 
better organic material to get benefits of higher yield, 
improving soil fertility and getting good return in onion 
crop. Yadav et al. (15) reported high benefit cost ratio 
by inclusion of organic material. Singh et al. (12) 
reported high benefit: cost ratio of 1.55 in onion with 
application of 120 kg K2O ha-1 and minimum due to 
no K fertilization (control).

Table 2. Bulb equatorial diameter (mm), polar diameter (mm), neck thickness (mm), fresh weight of bulb (g), bulb 
yield (t ha-1) and benefit-cost ratio as affected by treatments in kharif onion.

Treatment Equatorial 
dia. (mm)

Polar dia. 
(mm)

Neck dia. 
(mm)

Bulb w.(g) Bulb yield
(t ha-1)

Benefit-
cost ratio

Control (T1) 45.18 39.67 10.18 35.10 9.31 1.6
50% RDK (T2) 46.92 41.63 10.66 36.60 10.70 1.9
100% RDK (T3) 48.32 42.46 11.59 39.97 11.33 2.1
50% RDK + 50% K by mulching of Azolla (T4) 50.45 44.82 11.21 41.07 12.13 1.9
50% RDK + 50% K by vermicompost (T5) 55.86 47.59 11.71 45.17 13.17 1.6
50% RDK + 25% K by Azolla + 25% K by 
vermicompost (T6)

53.58 45.39 11.35 43.67 12.40 1.7

50% K basal by Azolla + 50% K by mulching 
of Azolla (T7)

49.69 44.93 10.73 40.83 11.26 1.6

100% K by vermicompost (T8) 51.63 45.44 10.77 43.83 11.73 0.9
SEm (±) 1.93 1.54 0.38 1.52 0.61 0.16
CD (p=0.05) 5.66 4.51 NS 4.45 1.78 0.67
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The study indicated that application of Azolla and 
vermicompost alone or in combination with inorganic 
fertilizer resulted in improved growth pattern and 
increased bulb yield by ensuring constant availability 
of nutrient throughout the growth stages of onion 
crop. Integrated application of K (50 per cent RDK 
+ 50 per cent K by vermicompost) gave 16.24 per 
cent and 41.46 per cent higher yield in comparison 
to 100 per cent RDK and control respectively. Also, 
economics of crop production can taken care of 
by providing better marketing channel facilities for 
the farmers so that more benefit can be withdrawn 
by them. Thus, it is the need of the hour to focus 
on organic sources of nutrients for sustainable 
agriculture and environment.
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