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Deshpande, A.N.", A.R. Dhage", V.P. Bhalerao", and S.K. Bansal®?

Abstract

Field experiments were conducted at the Post Graduate Institute
Farm of the Department of Soil Science and Agricultural
Chemistry, Mahatma Phule Agricultural University, Rahuri
(Maharashtra) during three consecutive Rabi seasons from
2007-2008 to 2009-2010 to study the effect of increasing rates of
potassium (K) fertilizer application on yield, quality and nutrient
uptake of onion (Cv. N-2-4-1). All treatments including a yield
targeted treatment and one based on a soil test significantly
increased bulb yield compared to the control without K. Application
of 100 kg K,O ha' recorded statistically superior bulb yield of
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(52 mt ha'); but further improvement on yield was not detected
with the two higher rates of up to 150 kg K,O ha"'. Total sugar,
reducing sugar and non-reducing sugar percentage contents of the
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bulbs increased significantly as a consequence of application of
K,0 (100 kg ha') along with the recommended dose of N and P
fertilizers. The yield contributing characters viz., polar diameter
and equatorial diameter were significantly increased by 100 kg
K,O ha'. Application of graded levels of K raised the quality
of the crop by increasing the total soluble solids, non-reducing
sugars and chlorophyll (45 days after transplanting) content up
to 100 kg K, O ha™. This beneficial influence of K most probably
largely relates to its stimulating effect on photosynthesis and the
translocation of photosynthestic products to the bulbs.

Nutrient balance (fertilizer input vs. crop offtake) was influenced
by the various K treatments. Offtake of nutrients increased
with increased yields but also with higher N and K tissue
concentrations. At zero or low levels of applied K fertilizer, a
positive nitrogen (N) balance (unused N fertilizer by the crop)
was induced in accordance with the low yield. A zero N balance
between crop offtake and fertilizer input was observed with an
application of 75 kg K O ha''. With further increase in K fertilizer
input, yield increased up to 100 kg K,O ha™', but at higher levels of
K fertilization a negative balance of N to the extent of 70-80 kg N
ha! was evident. These results suggest that the stagnation in yield
increase beyond the application of 100 kg K, O ha™' was largely due
to a lack of N. The results obtained in the present investigation
indicate that the economic analysis is not sensitive to the cost of
K fertilizer, and on this particular site the application of 150 kg
K,O ha' resulted in the highest economic yield.

Introduction

Onion is one of the most widely grown vegetable crops on a
commercial scale. It is extensively cultivated all over the world,
especially in Australia, Bangladesh, China, India, The Netherlands
and Pakistan. As the second largest onion growing country in the
world, India accounts for about 16% of world production, but has
an average yield of only 10.38 mt ha!, considerably lower than the
global average of 18.08 mt ha! (www.fao.org, 2005). Imbalanced
fertilization with excess N and too little phosphorus (P) and K,
inducing low nutrient efficiency, is a common cause of low yield
and poor quality in vegetables, including onion (Kanwar and
Sekhon, 1998).

The essential role of K in numerous physiological and biochemical
processes in the plant - including photosynthesis, enhancing
the translocation of assimilates, protein synthesis, maintenance
of water balance, and promoting enzyme activities - are well
established (Marschner, 2012). In practical terms the importance
of K inrelation to onion yield and quality has been reported (Yadav
et al., 2002; Masalkar et al., 2000). An adequate K content of the
bulb is also important for storage quality of the crop. K deficiency
in onion is expressed by the appearance of brown tips in older
leaves and poor bulb formation. The application of an appropriate
quantity and source of K to onion at critical growth stages is thus
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essential for maintenance of growth and quality (Subba Rao and
Brar, 2002). The onion crop removes large quantities of nutrients
from the soil, which must be replenished to maintain soil fertility.
For a 40 mt ha? bulb yield this amounts to 120 kg N, 50 kg P
and 160 kg K per ha'! (Tandon and Tiwari, 2008), whereas lower
nutrient rates of 100 kg N, 50 kg P,O, (30 kg P) and 50 kg K O (41
kg K) per ha'! are commonly applied, especially for K.

The present work was therefore undertaken to study the effect
of soil applied graded levels of K as muriate of potash (MOP) on
yield, quality and nutrient uptake by onion (Cv. N-2-4-1).

Materials and methods

Field experiments using onion (Cv. N-2-4-1) were conducted
during three consecutive Rabi seasons from 2007-2008 to
2009-2010 at the same site of the Post Graduate Institute Farm
of the Department of Soil Science and Agricultural Chemistry,
Mahatma Phule Agricultural University, Rahuri (Maharashtra).
Experiments were laid out in a randomized block design
comprising eight potash treatments, each replicated four times.
These included five increasing potash rates (50, 75, 100, 125, 150
kg K,O ha')and three other treatments viz. an absolute control,
a treatment as per soil test and a treatment as per yield targeted
40 mt ha' (Table 1). A fertilizer dose of 100 kg N as urea and
50 kg P,O, as single super phosphate was uniformly given to
all treatments, except T, and T, in accordance with the soil test
(higher N) and yield target calculation (higher N and P). K,O was
applied in the form of muriate of potash (KCl). The gross plot size
was 5 m x 3 m while the net plot size was 4.40 m x 2.60 m using
the recommended spacing of onion at 15 x 10 cm. The soil used
in the experiment was an Inceptisol (Vertic Haplustepts) with the
following chemical properties: pH 8.5, electrical conductivity
(EC) 0.16 dS m’!, organic carbon (6.2 g kg'), calcium carbonate
(106.2 g kg™), available N (75 ppm), available (Olsen-P) P (8.5
ppm) and available (NH,OAc-K) K (130 ppm). Farmyard manure
(FYM) @ 10 mt ha' was applied to all the treatments every year.

Table 1. Treatments with applied nutrients.

Treatment Applied nutrients

N P,05 K,0

kg ha'!

T, NP 100 50 0
T, NPK® 125 50 33
Ts NPKs, 100 50 50
Ty NPKs 100 50 75
Ts NPK® 125 78 86
Ts NPKq0 100 50 100
T, NPK 5 100 50 125
Ty NPK 50 100 50 150

M According to soil test; @yield target 40 mt ha™
Note: Values of P and K are for P,O and K,O.
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A yield targeted treatment of 40 mt ha'
was established using the equations
below:

FN=5.40xT-0.54 x SN
FP,0,=4.0x T -4.32 x SP
FK,0=3.10x T - 0.13 x SK

where FN, FP,O, and FK,O represent
fertilizer N, P,O,and K,O (kg ha'), and T
the targeted yield finalized on the basis of
maximum achievable yield by progressive
onion growers for the productive capacity
of the variety (mt ha'). SN, SP and SK
indicate soil available N, P and K (kg ha™),
respectively (Kadam and Sonar, 2006).
The treatment of the soil test was based
on measurement of available K.

Farmers currently use a fertilizer dose
Of NIOOPSOKSO'
of high yielding onion varieties, with

while

However, the introduction

assured irrigation facilities,
increasing productivity and helping to
enhance farmers’ income has placed a
higher nutrient demand that cannot be met
by current rates of fertilizer application,

especially of K.

collected before
planting and after harvesting the crop.

Soil samples were
Dry and processed soil samples (<2 mm)

were used to determine chemical
properties using standard procedures.
Measurements were made as follows:
pH and electrical conductivity in 1:2
soil suspension (Jackson, 1973), organic
carbon (C) by the methods of Nelson
and Sommer (1982); available N by the
alkaline permanganate method (Subbiah
and Asija, 1956); available P by extracting
the soil with NaHCO, at pH 8 followed
by spectrophotometeric determination
(Olsen et al., 1954) and available K by
soil extraction with IN neutral NH,OAc
followed by estimation using a flame

photometer (Knudsen ef al., 1982).

Plant samples were dried to a constant
weight, then ground and analyzed. Total N
was determined using the micro-kjeldahl
digestion method with H,SO_:H,0, (1:1)
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Fig. 1. Response of onion (bulb yield) to K and N application.

followed by ammonia estimation. Total
P and K were both determined following
wet digestion of the dried plant material
with  H,SO_:HCIO_j:HNO, (1:4:10) as
described above. Total soluble solids
(TSS) were determined using a hand
refractometer. Reducing and non-reducing
sugars were estimated by the Fehling
reagent method as per procedures given

by A.O.A.C. (1990). Chlorophyll content
of the fresh leaves was determined at
45 days after transplanting. Fresh leaf
tissue was crushed in acetone by use of a
pestle and mortar then filtered. The color
intensity of the filtrate was then measured
spectrophotometrically at 645 and 663 nm
wavelengths as per the method outlined
by Arnon (1949).



Results and discussion

Yield of onion

Yield data is presented in Fig. 1 and yield
contributing characters are given in Table
2. As evident from Fig. 1, application of
KCI at various levels and treatments all
significantly increased bulb yield over the
control without K (NP, T,). Application of
K, 0 of 150kgha™ (T,) recorded the highest
bulb yield of 53.90 mt ha!, however, there
was no statistical difference between this
treatment and the maximum achieved
with the application of 100 kg K,O ha'
(T,) (52.06 mt ha™). The yields of all three
treatments (T, T., T,) were significantly
higher than the yield of T, - the absolute
control with no K (30.11 mt ha! ) - and the
yields of the four other treatments with K
levels lower than 100 kg K,O ha", including
the dose calculated from soil test (T,) and
that calculated for yield target (T,).

These findings show that the treatment
as per soil test (T,; point 1 in Fig. 1)
overestimated N  requirement and
underestimated K,O requirement, clearly
indicating the need for a complete
reappraisal of the interpretation of this
soil testing method in relation to K
fertilizer recommendations for the onion
crop. In the targeted yield treatment (T.;
point 2 in Fig. 1), it appears that despite
the 25% additional N and 56% additional
P,O, applications (Table 1), the yield was
restricted by sub-optimal K, O application.
The addition of more K than the
recommended dose, at levels greater than
100 kg K O ha, resulted in vigorous plant
growth and higher bulb yield. This may
possibly be due to higher concentrations
of K in promoting photosynthesis,
enhancing the translocation of assimilates
as well as enzyme activity, and protein
synthesis (Shaheen et al., 2011; Shusheel
Kumar et al., 20006).

Chlorophyll content and yield contributing
characters

The application of potash significantly
increased the chlorophyll content of
onion leaves (Table 2). The chlorophyll
leaf content at 45 days after transplanting
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Table 2. Effect of potash levels on chlorophyll content (45 DAT) and yield contributing characters of

onion.

Treatment Chlorophyll content Polar Equatorial Neck
in leaves diameter diameter thickness
mg g fresh wt cm
NiooPso 0.542 443 483 0.28
NiasPsoKs 0.596 5.48 5.63 0.61
Ni00Ps0Kso 0.547 5.40 5.63 0.63
NiooPsoKos 0.595 5.75 5.73 0.62
Ni»sP7sKge? 0.549 5.70 5.74 0.55
Ni00Ps0K 100 0.627 6.88 7.00 0.56
Ni0oPsoK 125 0.583 5.54 5.78 0.56
NiooPsoKiso 0.558 5.53 5.73 0.57
SE + 0.003 0.149 0.164 0.026
CD at 5% 0.009 0.439 0.482 0.077
MAccording to soil test; Pyield target 40 mt ha™'
(DAT) was significantly higher with Significant  effects of  treatment

100 kg K,O ha' (0.627 mg g' of fresh
weight) than all other treatments tested.
To our knowledge there is no evidence
that K plays a direct role in chlorophyll
synthesis. However, it seems very
plausible that a high K status should
facilitate essential processes of growth
and development, thereby, inducing an
indirect effect to increase chlorophyll
concentration. Evidence in support of
this concept comes from the findings of
Varpe (2005) who reported an increased
chlorophyll content in onion leaves at 45
days after transplanting in response to
raised supply of all three nutrients N, P
and K, presented individually compared
to the control.

combinations on the size of the onion bulb
(viz. polar diameter, equatorial diameter
and neck thickness) were recorded
(Table 2). The highest polar diameter
and equatorial diameters were found in
treatment T i.e. application of 100 kg
K,O ha' (6.88 and 7.00 cm, respectively).
Neck thickness was also affected by K
application, ranging between 0.55 to
0.61 cm, compared to the control (only
0.28 cm). Similar results have been
reported by others (Mohanty and Das,
2001; Yadav et al., 2003; Kumar et al.,
2001; Nandi et al., 2002).

Quality parameters of onions
Potash levels significantly increased bulb
contents of total soluble solids (TSS),

Table 3. Effect of potash levels on quality parameters of onion.

Treatment TSS Reducing Non-reducing Total
sugar sugar sugar
°brix %
NiooPs0 7.19 2.01 3.88 5.89
NisPsoKss 7.94 2.16 443 6.59
NiooPs0Kso 7.56 2.18 4.25 6.43
NiooPsoKss 7.83 2.66 4.44 7.10
Ni25P7sKgs” 7.87 2.68 3.92 6.60
NiooPs0K100 8.34 2.56 4.76 7.32
NiooPsoKi25 8.25 2.74 3.77 6.51
NiooP3s0Kis0 7.87 2.60 4.45 7.05
SE + 0.030 0.026 0.108 0.097
CD at 5% 0.088 0.075 0.319 0.286

MAccording to soil test; Pyield target 40 mt ha™'
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reducing and non-reducing sugars and

thereby total sugar (Table 3). The highest 400 -
TSS (8.34" brix) was achieved with the 350 A
application of 100 kg K, O ha, significantly L.; 300 4 §2005 : } Leaves
higher than 7.19° brix obtained with K=0 - n
(absolute control). Many workers have % 250
reported increased TSS content in onion =< 200
in response to raised K status which has % 150 L Bulb
been ascribed to enhanced carbohydrate E 100
production during photosynthesis (Singh =
and Singh, 2000; Vacchani and Patel, Z 50
1993). Additionally from evidence of 0 T T T T T T -
other crops, such as sugar cane, higher 0 33 50 75 86 100 125 150
concentrations of K in the phloem enables K,0 application (kg ha™)
more rapid translocation of photosynthates 100 125 100 100 125 100 100 100
including both sucrose and amino N N application (kg ha!)
compounds from leaves to other plant parts
i.e. source to sink (Hartt, 1969). Fig. 2. Nutrient offtake in bulbs and leaves of onion.
Similarly, for total sugar percentage 14 -
content, increase in potash levels from A
the absolute control to 100 kg K,O ha' 12 A PS
significantly  increased values from ON AP OK L
5.89% (T,) to 7.32% (T,). With a further 2 107 .
increase in potash levels, for the two ED g ®
higher treatments, T, and T,, a decrease %
in content of total sugar in the bulb was E 6 1
observed at 6.51 and 7.05%, respectively. % 4 Py
The maximum non-reducing sugar content
of bulbs was 4.76% in T, (100 kg K,O ha™). 2 A °
The maximum reducing sugars content 2 Q c®} 9
of bulbs was recorded at 2.74% in T, L 8 QIIO > o 16
(125 kg K,O ha') and an increasing trend Leaf yield
was found from T, to T, treatments. The
higher sugar contents of the onion bulbs 3 -
with increasing K application may be B
explained by the direct stimulating effect 2.5 - °®
of K on photosynthesis in the onion leaves ®N AP OK (]
and enhancing transport of the resulting = 9 OO
photosynthates to the bulbs which act as a E e ©
very strong sink. %D 1.5 o
< o
Nutrient offtake and input/output balance &1 A
Offtakes of N, P and K by bulbs and leaves © -
of onion (kg ha') are presented in Fig. 2, 0.5 - A 5 Aad
and as a function of the yield in Fig. 3A ) 4
and 3B. We found that offtake of nutrients 0 i i i i i i i X
in bulbs is more than three times higher 20 25 30 35 40 45 50 55 60
than that of leaves, and hence, bulb yield Bulb yield (mt)
and offtake are the critical components
for nutrient balance calculations. A good Fig. 3. Concentration of N, P and K in leaves (A) and bulbs (B) of onion, at harvestin relation to bulb yield
yielding onion field with yields of 50-55 levels obtained in the experiment.

mt ha' removes 300-350 kg of nutrients
(Fig. 2) per season.
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N offtake in bulbs increased tenfold as K application increased,
from approximately 10 kg ha' with K=0 to 136 kg N when K=150
kg ha'! (Fig. 2). At the same time, yield doubled (Fig. 1 and 3A),
so that N concentration in bulb tissue increased as yield increased
from 0.3 to 2.5 kg N mt"! of bulbs (Fig. 3B). The N concentration
in leaves also increased markedly (10 fold) as leaf yield of onion
increased (Fig. 3A). K offtake in bulbs increased from 37 to
115 kg K,O0 ha', as K increased from zero to 150 kg K,O ha’,
or three times more, and its concentration in the bulbs doubled
as yield doubled, from 1.2 to 2.1 kg K,O mt of bulbs (Fig. 3B).
K offtake in leaves, however, hardly changed as yield increased
(Fig. 3A). These findings thus show that the application of K
greatly influence N and K offtake in bulbs and leaves, by both
increasing the yield, and, no less significantly, by increasing N
and K levels in the bulbs, and leading to higher N in the leaf
tissue with increasing yield. P offtake in bulbs increased from
71036 kg P,O, ha'', mostly accountable by increased yield (Fig. 1)
and to a small extent by increased P levels in bulb tissue as yields
increased (Fig. 3B).

The peak nutrient offtake at T,, associated with higher N offtake
in bulbs, was probably due to the higher N application rate (125 kg
ha™'), although it did not induce a yield increase. In T, N offtake
was lower than that of T, probably due to lower N application
(100 kg ha™"), but had a higher K offtake, potentially due to higher
rates of K application (150 kg K,O ha'). Hence, increased K

100
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application can induce higher N offtake in both bulbs and leaves
(Fig. 2).

These findings indicate that nutrient removal calculations for
onion bulbs must take into account the bulb yield, as uptake levels
per mt of bulbs can double when yields increase. The higher
uptake of nutrients may possibly be attributed to a more expansive
root system resulting from increased supply of photosynthetic
productions as observed by Watson (1963) in the potato crop.

Partial nutrient balance (PNB; fertilizer input minus crop offtake)
in the various treatments is presented in Fig. 4. Zero or low levels
of applied K fertilizer (0, 33 and 50 kg K,O ha™') induced a positive
N balance of at least 50 kg N ha!, due to low yield and offtake. N
was balanced when 75 kg K O ha' was applied (bulb yield of 48
mt ha'), but with increased K input and yields N became deficient
to the extent of 70-80 kg N ha™! (Fig. 4). With PNB calculations, P
was slightly to medium over fertilized, and a surplus of 11-43 kg
P O, prevailed through all treatments.

In contrast to N and P, K PNB was negative in almost all
treatments, and became positive only with application of at least
125 kg K,0 ha'' (Fig. 4). These results suggest that the stagnation
in yield increase beyond the application of 100 kg K, O ha™ (Fig. 1)
is due to the lack of N, as presented by the severe deficits of N in
T, and T,.

87.2
80 -

60 - 52.1 50.5
43.0

20 A 14.2

21.2 22.3

Net N Net P,O; Net K,O

40.0

21.9

17.0 15.6 114

7.3

-1.2

PNB (N, P,0,, K,0, kg ha!)

-22.8

-39.2
-45.7

-15.4

-25.3

-55.6 593

-70.7

100-50-0  125-50-33  100-50-50

100-50-75

125-78-86  100-50-100 100-50-125 100-50-150

kg ha! (N, P,Os, K,0)

Fig. 4. Net PNB (fertilizer input minus crop offtake) of N, P,0, and K,0 in onion (bulbs and leaves) in the different experimental treatments.
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Economics
The highest gross income and net profit
¥ 300,000

of Rs. 258,720 and Rs. 183,386 ha,
respectively, was obtained with the highest 250.000
K application (T 150 kg K,O ha''; Fig. 5).
With the cost of cultivation insensitive to ~ 200,000
the cost of additional K application, the £
higher the yield, the higher the net profit. & 150,000
Profits increased substantially (+50%) over

L 100,000
the control for the first K application (T,;
33 kg K,O ha''), but made a further increase 50,000

when applied K was greater than 86 kg K,0

ha'. From this data, it can be concluded 0
that K application proved profitable up
to the highest level of applied K (150 kg
K,O ha'). While yield increase over 100 kg
K,O ha'' was not statistically different, the
increase in income and net profit suggests
that farmers can be generous with K
application, as financial return is stable.

Conclusions

Application of all levels of K significantly increased bulb yield
and quality of onion over no K treatment. The application of
100 kg K,O ha' was found to be significantly greater than the
recommended dose calculated from the soil test (33 kg K,O ha™
in soil with 130 ppm exchangeable K) and the calculated dose
from target yield (86 kg K O ha™'). These results suggest that both
indicators (soil test and target yield calculation) need additional
improvements.

The nutrient balance of onion is sensitive to bulb yield, and the
application of at least 300 kg N, P and K is required to compensate
for the removal of 55 mt onion bulbs per ha. Positive K PNB is
achieved only when K application levels exceed 125 kg K O ha™.

The application of high levels of K fertilizer improves yield, but
our findings point to the fact that at such high yield levels, N
becomes the limiting nutrient. We propose to further investigate
the response of onion (Cv. N-2-4-1) with NPK formulas ranging
from 100-200 kg ha' for N and KO, while retaining the P level
at 50 kg P,O, ha™.

From the present study, it can be concluded that K application
proved profitable up to the highest level of applied K (150 kg
K, O ha'). Moreover, with current income from onion, additional
yield more than compensates for any incremental expenditure
of nutrients. Our profit results also support the assumption that
higher N and K application levels should be further investigated.
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Gross income

Net profit

Cost of cultivation

0 33 50 75 86

K application (kg ha'!)

100 125 150

Note: Selling price of onion bulb (Av. of 3 years): Rs. 4'800 per mt

Fig.5. Economics of applied K to onion crop (cost of MOP Rs. 11.80 kg™').

Acknowledgement

The study was funded by the International Potash Institute and
the financial help is gratefully acknowledged. The MPKV, Rahuri
is also thanked for all facilities provided.

References

A.0.A.C. 1990. Official Methods of Analysis of the Association of
Analytical Chemists, 12" Edition. AOAC, Washington D.C.

Arnon, D.I. 1949. Copper Enzymes in Isolated Chloroplasts
Polyphenol-oxidase in Beta vulgaris. Plant Physiology
24(1):1-15.

Edmond, J.B., T.L. Senn, F.S. Znderw, and R.G. Halfacre. 1981.
Fundamentals of Horticulture. Tata McGrow-Hill Publishing
Company Limited, New Delhi, India.

Jackson, M.L. 1973. Soil Chemical Analysis. Prentice Hall, New
Delhi, India.

Kadam, B.S. and K.R. Sonar. 2006. Targeting Yield Approach for
Assessing the Fertiliser Requitrements of Onion in Vertisols.
Journal of the Indian Society of Soil Science 54(4):513-515.

Kanwar, J.S. and G.S. Sekhon. 1998. Nutrient Management for
Sustainable Intensive Agriculture. Fert. News. 43:33-40.

Knudsen, D., G.A. Peterson, and P.F. Pratt. 1982. Lithium,
Sodium and Potassium. /n: Weaver, R.W., J.S. Angle, and P.S.
Bottomley (eds.) Methods of Soil Analysis Part 2: Chemical
and Microbiological Properties. Am. Soc. Agron., Madison,
Wisconsin. p. 225-238.

Kumar, A., R. Singh, and R.K. Chhillar. 2001. Influence of
Nitrogen and Potassium Application on Growth, Yield and
Nutrient Uptake in Onion (4/lium cepa). Indian J. Agron.
46(4):742-746.



Marschner, P. 2012. Marschner’s Mineral Nutrition of Higher
Plants. Third Edition. Academic Press, Elsevier.

Masalkar S.D., K.W. Lawande, R.S. Patil, and V.K. Garande.
2000. Effect of Potash Levels and Season on Physiochemical
Composition of White Onion Phule Safed. Acta Hort. 688. p.
17-18.

Mohanty, B.K. and J.N. Das. 2001. Response of Rabi Onion cv.
Nashik Red to Nitrogen and Potassium Fertilization. Veg. Sci.
28(1):40-42.

Nandi, R.K., M. Deb, T.K. Maity, and G. Sounda. 2002. Response
of Onion to Different Levels of Irrigation and Fertiliser. Crop
Research 23(2):317-320.

Nelson, D.W. and L.E. Sommer. 1982. Total Carbon and Organic
Matter. In: Weaver, RW., J.S. Angle, and P.S. Bottomley
(eds.) Methods of Soil Analysis Part 2: Chemical and
Microbiological Properties. American Society of Agronomy,
Madison, Wisconsin. p. 539-579.

Olsen, S.R., CV. Coles, F.S. Watanabe, and L.N. Dean. 1954.
Estimation of Available Phosphorus in Soils by Extraction
with Sodium Bicarbonate. USDA Circular 939.

Raut, D.B. 2007. Effect of Mulches and Potash Levels on Growth,
Yield and Quality of Rabi Onion (Allium cepa L.). M.Sc.
(Agri) Thesis, MPKYV, Rahuri.

Shaheen, A.M., F.A. Rizk, A.M.M. El-Tanahy, and E.H. Abd El-
Samad. 2011. Vegetative Growth and Chemical Parameters of
Onion as Influenced by Potassium as Major and Stimufol as
Minor Fertilizers. Australian Journal of Basic and Applied
Sciences 5(11):518-525.

Singh, R.B. and S.B. Singh. 2000. Significance of Nitrogen,
Phosphorus and Potassium on Onion (A/lium cepa L.) Raised
from Onion Sets (Bulblets).Veg. Sci. 27(1):88-89.

Subba Rao, A. A.0.A.C. 1990. Official Methods of Analysis of
the Association of Analytical Chemists, 12 edition. AOAC,
Washington, D.C.

e-ifc

Subbiah, B.V. and G.L Asija. 1956. A Rapid Procedure for the
Estimation of Available Nitrogen in Soils. Current Science
25(8):259-260.

Susheel Kumar, Sushant, Tiwari, C.P., and Singh, Vinay. 2006.
Bulb Yield and Quality of Onion (Allium cepa L.) as Affected
by Application Rates of Nitrogen and Potassium Fertilisers.
Agric. Sci. Digest 26(1):11-14.

Tandon, H.L.S. and K.N. Tiwari. 2008. Nutrient Management in
Horticultural Crops. FDCO Publishers, New Delhi.

Vacchani, M.V. and Z.G. Patel. 1993. Effect of Nitrogen,
Phosphorus and Potash on Bulb Yield and Quality of Onion
(Allium cepa). Indian J. Agron. 38(2):333-334.

Varpe, A.S. 2005. Effect of Graded Levels of Sulphur and Zinc
on Growth, Yield and Quality of Onion in Inceptisols. MSc.
(Agri.) Thesis, MPKV, Rahuri.

Watson, D.J. 1963. In the Growth of Potato. Ivins, J. D. and F.L.
Mithorpe (eds.). Butterworths, London. p. 233-247.

Yadav, R.L. N.L. Sen, and B.L. Yadav. 2003. Response of Onion
to Nitrogen and Potassium Fertilisation under Semi-Arid
Condition of Rajasthan. Indian J. Hort. 60(2):176-178.

Yadav, R.L., N.L. Sen, M.S. Frageria, and R.S. Dhaka. 2002.
Effect of Nitrogen and Potassium Fertilisation on Quality
Bulb Production of Onion. Haryana J. Hort. Sci. 31(3+4):297-
298.

The paper “Potassium Nutrition for Improving Yield and Qual-
ity of Onion” also appears on the IPl website at:

Regional activities/India

23/28


http://www.currentscience.ac.in/php/show_article.php?volume=025&issue=08&titleid=id_025_08_0259_0260_0&page=0259
http://www.currentscience.ac.in/php/show_article.php?volume=025&issue=08&titleid=id_025_08_0259_0260_0&page=0259
http://www.ipipotash.org/en/regional.php?r=1&ap=6

