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Response of Onion Plants to Aditional Dose of Potassium Application
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Abstract: Two field experiments were carried out of the Experimental Station of National Research Center at
Shalakan (KalubiaGovernorate), Egyptduring the twosuccessive winter seasons of 2003/2004 and 2004/2005
to study the response of onion plants cv. Giza-20 to the additional dose of potassium application i. e. 0, 50, 75,
100 kg potassium sulphate (48% K2O) as soil dressing or 1, 2, 3 L./fed of potassium oxide (36.5% K2O) as
foliar spraying in addition to the recommended dose of NPK fertilizers application. Results indicated that the
vegetative growth of onion plants and minerals uptake were increased by adding potassium fertilizer through
sprayingor soil dressing upto 2 L./fed of potassium oxide or 75 kg potassium sulphate/fed., respectively. Total
bulb yield as well as bulb quality were gradually increased with increasing of potassium application up to 2
L./fed of potassium oxide as foliar application or 75 kg potassium sulphate/fed. as soil dressing in addition of
the recommended dose of potassium fertilizers application.
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INTRODUCTION

Onion (Allium cepa L.) is one of the most important
vegetable crops grown in Egypt not only for local
consumption but also fore exportation. Potassium is one
of the most important elements in the plant nutrition.
Potassium plays an important role on promotion of
enzymes activity and enhancing the translocation of
assimilates and protein synthesis[1].

Vegetative growth of onion plants was improved by
potassium application. Whereas, Vachhani and Patel[2]

reported that K-application increased only the number of
leaves of onion plants. Baloch et al.,[3] and Islam[4] found
that plant height and number of leaves were increased by
increasing of potassium application. Moreover, many
investigators reported that onion plant growth i.e. plant
height and number of leaves as well as fresh and dry
weight of plants were increased with increasing of
potassium application as reported byMohanty and Das[5],
Sing and Verma[6], Sharma et al.,[7] and Bybordi and
Makakouti[8]. Minerals uptake (P & K) were increased
with potassium application Nagaich et al.,[9]. In addition,
Sing and Verma[6] and Vidigal et al.,[10] found that
potassium application resulted an increased in nitrogen
and potassium uptake by onion plants. In addition,
Mahmoud[11] found that the vegetative growth of onion
plants as well as N, P and K % were gradually and

significantly increased with increasing the level of
potassium application from 0, 100, 200 up to 300 kg
potassium sulphate per feddan.

Total bulb yield was increased with increasing the
level of potassium application[6-8,12-14]. Moreover,
Mahmoud[11] foundthat thetotal and exportablebulb yield
were increased with increasing the level of potassium
application up to 300 kg potassium sulphate per feddan.
Added to that, AL-Moshileh[15] reported that potassium
applicationat 150 kg/fed. reduced theunmarketable bulbs
yield as compared with the control. On the other hand,
Sharma[16] reported that the application of moderat level
of potassium (40 kg K/fed.) significantly increased bulb
yield but adding the high level (80 kg K/fed.) had
no further effect.

With respect to onion bulb quality, Niwuzhang
and Linx[12] reported that potassium application was
more effective on quality of onion bulb. In addition,
many investigators reported that onion bulb diameter and
weightwereincreasedwithpotassiumapplication[5,8,9,13,14,].
Moreover, Mahmoud[11] reported that bulb height,
diameter and weight were increased with increasing the
level of potassium application up to 300 kg potassium
sulphate per feddan.

Thus, this research aimed to study the effect of
additional dose of potassium fertilizer on onion plant
growth, bulb yield and quality of onion bulb.
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MATERIALS AND METHODS

The present satudy was carried out during the two
successivegrowing seasons of 2003/2004 and 2004/2005
at the experimental station of the National Research
Center in shalakan (Kalubia Governorate), Egypt. This
work aimed to study the response of onion plants to
additionaldose of potassium.Treatments wereas follows:

 Soil dressing of the recommended dose i.e. 200
kg/fed. of potassium sulphate (control).

 Soil dressing of 50 kg/fed. as potassium sulphate
more than the recommended dose.

 Soil dressing of 75 kg/fed. as potassium sulphate
more than the recommended dose.

 Soil dressing of 100 kg/fed. as potassium sulphate
more than the recommended dose.

 Foliar application of 1 L./fed. of potassium oxide
(36.5% K2O).

 Foliar application of 2 L./fed. of potassium oxide
(36.5% K2O).

 Foliar application of 3 L./fed. of potassium oxide
(36.5% K2O).

All the experimental plots were recived N, P and K
fertilizers at the recommended dose, i. e. 500 kg
ammoniumsulphate, 500 kg calcium superphosphate and
200 kg potassium sulphate per fed. The amounts of
fertilizers were divided into equal portions, first portion
was applied during soil preparation and the second at 45
days after transplanting. However, the foliar spraying of
potassium treatments started 60 days old for three times
with 15 days interval.

Onionseedlings cv. Giza-20 were transplanted at the
thirdweek of the December in the two seasons. Seedlings
were planted on ridges of 80 cm width and 4 m in length
and 10cm apart. Each plot included 5-ridges and plot area
was 16 m2. This experiment was arranged in complite
blockdesign in four replicates. Experimental soilwas clay
loamein texture with pH 8.2 and the Table (A) showNPK
content of the experimental soil.

Data recorded: Vegetative growth: Random sample of
6 plants from each plot were taken at 100 days after
transplantingand the plant length (cm), number of leaves,
neckand bulb diameter as well as fresh and dry weight of
whole plant (g/plant) were recorded.

Mineral content of plant foliage: Nitrogen,
phosphorus and potassium content were determine
according to the methods mentioned by Black[17], Trug

Table A: The experimental soil content of N, P and K.
Available NPK (ppm)
--------------------------------------------------

Season N P K
2003/2004 92 32 81
2004/2005 88 27 74
The traditional system of onion plant growing was followed according
to the experimental location.

and Mayers[18] and Brown and Lilleland[19], respectively.
And then NPK uptake were calculated as mg/plant.

Bulb yield and its components: Exportable yield
(bulbs with 3.5 to 5.5 cm in diameter), small size bulb
(bulbs less than 3.5 cm in diameter) and large size bulb
(bulbs more than 5.5 cm in diameter) as well as total bulb
yield were recorded as ton/fed. Bulb quality: Random
sample of 20 bulbs from each plot was taken and bulb
height (cm), diameter (cm) and weight (g) were recorded.
Total soluble solids (TSS%) were determined by using
Carl Zies Refractometer.

The obtained data were statistically analyzed
according to the method described by Gomez and
Gomez[20].

RESULTS AND DISCUSSIONS

Vegetativegrowth: Results in Table 1 showthe effect of
additional dose of potassium fertilizer on vegetative
growth parameters of onion plants i. e. plant length,
number of leaves, neck and bulb diameter as well as fresh
and dry weight of onion plant. The obtained data clear
that the vegetative growth was significantly affected by
additionaldose of potassium application. These were true
for all growth characters in both two seasons except
length of onion plant in 1st one. The obtained data revels
that, all potassium treatments cawed an enhancement in
plantgrowth parameters over than that treatment which no
more potassium addition. Moreover, that plants which
received K as foliar spraying resulted in the vigor growth
if compared with that of soil dressing application. These
findings were true for plant length, average number of
plant leaves, diameter of neck and bulb in both
experimental season and dry weight as g/plant in 2nd

season only. However, the fresh weight in two
experiments and dry weight in 1st season recorded the
heavier values with the application of potassium as soil
dressing. Generally. The highest values of plant height,
number of leaves neck and bulb diameter were recorded
with potassium spraying at 2 L./fed. followed by
potassiumapplication at 75kg potassiumsulphate per fed.
with no significant difference between each other. But
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Table 1: Vegetative growth of onion plants as affected by additional dose of potassium fertilizers.
Plant heigh Number Neck dia- Bulb dia- Fresh weight Dry weight

Treatments (cm) of leaves meter (cm) meter(cm) (gm/plant) (gm/plant)
First season (2003/2004)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 73.75 9.25 2.43 4.2 152.41 15.67
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Foliar 1 L. 74.5 10 2.53 5.23 172 17.02

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 L. 77 10.5 2.8 5.33 208.19 21.44
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 L. 79.5 9.5 2.68 4.9 196.03 19.46

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 77 10 2.67 5.15 192.07 19.3
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Soil 50 Kg/fed. 72.25 9.25 2.53 4.65 185.82 19

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
75 Kg/fed. 79.5 10.25 2.65 5.08 221.83 21.99
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
100 Kg/fed. 74.5 8.75 2.63 5.2 191.28 19.85

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 75.42 9.42 2.6 4.98 199.64 20.28
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L. S. D. N.S. 0.99 0.18 0.71 38.68 3.26
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Second season (2004/2005)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 81.06 10.85 2.79 4.99 172.52 18.8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Foliar 1 L. 84.68 11.93 3.03 6.25 197.8 21.17

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 L. 87.55 12.85 3.25 6.47 236.92 26.72
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 L. 90.18 11.2 3.03 5.96 224.18 23.85

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 87.47 11.99 3.1 6.22 219.64 23.91
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Soil 50 Kg/fed. 82.59 11.23 2.8 5.51 213.19 22.3

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
75 Kg/fed. 87.93 11.98 3.02 6.14 247.35 25.89
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
100 Kg/fed. 84.93 10.55 2.99 6.19 221.72 24.07

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 85.15 11.25 2.94 5.95 227.42 24.09
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L. S. D. 5.51 1.39 0.26 0.84 43.17 4.57

the lowest values were recorded with the control. This
result was true in both seasons.Respecting the fresh and
dry weight of onion plant, result mentioned that the
highestvalues of fresh and dry weight were recorded with
plants received 75 kg potassium sulphate per fed.
followed by those sprayed with potassium at 2 L./fed.
Data also clear that increasing the level of potassium
application up to 100 kg/fed. or 3 L./fed had no further
effect. The lowest values of all growth characters were
recorded with the control (plant received the

recommended dose of NPK fertilizers without additional
dose of potassium). This result was true in both season. It
couldbe summarized that, the addition of more potassium
over the recommended dose resulted the vigor plant
growth, it may be due to the role of potassium on
promotion of enzymes activity and enhancing the
translocationof assimilates andprotein synthesis.Also the
obtained data showed that, the foliar spraying of
potassium resulted more vegetative growth than soil
dressing. These may attributed to the more K-application



J. Appl. Sci. Res., 2(9): 592-597, 2006

595

Table 2: Minerals uptake by onion plants as affected by additional dose of potassium fertilizers.
Minerals uptake (mg/plant) Minerals uptake (mg/plant)
------------------------------------------------- -----------------------------------------------------------

Treatments N P K N P K
First season (2003/2004) Second season (2004/2005)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 657.33 154.78 547.97 776.62 174.2 683.76
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Foliar application 1 L. 739.95 178.58 608.22 853.6 197.76 767.36

--------------------------------------------------------------------------------------------------------------------------------------------------------------
2 L. 903.13 209.39 746.66 1058.96 243.69 973.03
--------------------------------------------------------------------------------------------------------------------------------------------------------------
3 L. 836.28 200.94 696.76 974.61 220.15 870.51

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 826.45 196.3 683.88 962.39 220.53 870.3
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Soil dressing 50 Kg/fed. 821.9 201.3 676.45 920.45 207.12 811.18

--------------------------------------------------------------------------------------------------------------------------------------------------------------
75 Kg/fed. 911.77 226.8 776.25 1039.35 237.1 937.5
--------------------------------------------------------------------------------------------------------------------------------------------------------------
100 Kg/fed. 833.11 208.97 708.21 998.91 222.26 875.96

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 855.59 212.36 720.3 986.24 222.16 874.88
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L. S. D. 147.21 29.58 113.89 162.57 38.77 163.64

in soil may be changing into fixing form which no
available for plan absorption. This result was agree with
those reported by Baloch et al.,[3], Vachhani and Patel[2],
Mohanty and Das[5], Sing and Verma[6], Sharma et al.,[7]

and Bybordi and Makakouti[8]. Moreover, Mahmoud[11]

found that the vegetative growth of onion plants were
increased with increasing the level of potassium
application up to 300 kg potassium sulphate per fed.

Minerals uptake: Data in Table 2 show the effect of
additionaldose of potassium fertilizer on minerals uptake
of onion plant. In both experimental seasons the obtained
results clear that NPK-uptake were significantlyaffected
by potassium application. Whereas, the presented data in
Table 1 showed clearly that, the additional more
potassiumover therecommended dose causedon increase
in the uptake of N, P and K if compared with that plants
which applied only recommended K only. Moreover,
when the potassium added as soil dressing resulted the
higher minerals uptake than if plants received K as foliar
spraying. Generally, it could be concluded that, the
highest N, P and K uptake values were fluctuated within
the two experiments, where in 1st one it recorded with K-
addition as soil dressing at 75 kg of potassium sulphate
per feddan, but in 2nd season, the foliar spraying of K at 2
L./fed. gained the highest N, P and K uptake. The
statistical analysis of the obtained data showed no

significant differences within the above mentioned two
treatments. But the lowest values were recorded with the
control. Data also clear that the increasing of potassium
application up to 100 kg potassium sulphat per fed. or
spraying with 3 L./fed. resulted an decrease in minerals
uptake as compared with the medium level of potassium
application (75 kg potassium sulphatper fed. or spraying
with2 L./fed.) withno significantdifference betweeneach
other. This result was true in both growing seasons. The
result which reported by many other investigators are in
good accordance with those reported here[6,9,10,11].

Yield and bulb quality: Results in Table 3 mentioned
that, the total bulb yield and its component (exportable
bulb, small size bulb and large size bulb) as well as bulb
quality (bulb height, diameter and weight) were
significantly affected by additional dose of potassium
application. Whereas, the methods of potassium
application caused no great effect on the total bulbs yield
and its components, i. e. exportable yield and the weight
of large bulbs as ton/fed. Generally, the obtained data
reveals that, the soil dressing of potassium gained an
increase in weights of total yield and its contents if
compared to the foliar spraying, but no clear response
concern to the weight of small size of bulbs. These
findings were true in both experiments. Within the
different treatments of
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Table 3: Bulb yield and its quality as affected by additional dose of potassium fertilizers.
Bulb yield (ton/fed.) Bulb quality
------------------------------------------------------- ---------------------------------------------------
Small Large Height Diameter Weight TSS

Treatments Size size Export able Total (cm) (cm) (gm) (%)
First season (2003/2004)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 1.03 5.97 4.64 11.65 5.1 6.08 191.8 11.18
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Foliar application 1 L. 1 6.81 5.13 12.95 5.21 6.29 199.95 10.63

------------------------------------------------------------------------------------------------------------------------------------------------------------
2 L. 0.99 7.72 4.37 13.08 5.23 6.45 208.13 10.72
------------------------------------------------------------------------------------------------------------------------------------------------------------
3 L. 0.87 8.66 4.29 13.82 5.47 6.64 216.67 11.07

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 0.95 7.73 4.6 13.28 5.3 6.46 208.25 10.81
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Soil dressing 50 Kg/fed. 1.12 7.6 4.8 13.52 5.13 6.16 193.68 10.63

------------------------------------------------------------------------------------------------------------------------------------------------------------
75 Kg/fed. 1.14 8.49 4.59 14.22 5.16 6.31 197.98 11.02
------------------------------------------------------------------------------------------------------------------------------------------------------------
100 Kg/fed. 1.05 8.45 4.27 13.76 5.27 6.59 210.8 11.05

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 1.11 8.18 4.55 13.83 5.19 6.35 200.82 10.9
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L. S. D. 0.14 1.02 0.37 1.11 0.19 0.25 14.56 N.S.
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Second season (2004/2005)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 1.27 4.87 5.01 11.15 5.46 6.3 209.18 11.28
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Foliar application 1 L. 1.34 6.06 5.31 12.71 6.02 7.06 215.83 10.91

------------------------------------------------------------------------------------------------------------------------------------------------------------
2 L. 1.19 7.77 4.59 13.55 6.09 7.31 222.35 11.02
------------------------------------------------------------------------------------------------------------------------------------------------------------
3 L. 0.98 9.39 4.23 14.6 6.34 7.43 235.33 11.24

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 1.17 7.74 4.71 13.62 6.15 7.27 224.5 11.06
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Soil dressing 50 Kg/fed. 1.2 7.35 5.2 13.75 5.9 6.86 207.58 10.76

------------------------------------------------------------------------------------------------------------------------------------------------------------
75 Kg/fed. 1.02 8.15 4.34 13.51 6.1 7.49 212.31 11.42
------------------------------------------------------------------------------------------------------------------------------------------------------------
100 Kg/fed. 0.81 8.65 4.32 13.78 6.14 7.57 228.03 10.95

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 1.01 8.05 4.62 13.68 6.04 7.31 215.97 11.04
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L. S. D. 0.15 1.67 0.55 1.95 0.48 0.48 15.89 N.S.
Exportable: bulbs with 3.5 to 5.5 cm in diameter. Small size : bulbs less than 3.5 cm in diameter. Large size : bulbs more than 5.5 cm in diameter.

potassium application, the results presented in Table 3
showed that, the heaviest tonnage of the exportable
bulbs yield was detected with that onion plants which
applied 1 L./fed. of potassium oxide and/or 50 kg
potassium sulphate as soil dressing, but the weight of
large bulbs recorded its heaviest value with 3 L./fed. of
potassium oxide as foliar application and/or 75 kg

potassium sulphate as soil dressing. Whereas, the
statistical analysis of the obtained data showed that, there
no great enough difference within each two above
mentionedtreatments. These results are similar in the two
experimental seasons.

With respect to bulb quality, results clear that bulb
height, diameter and weight were increased by spraying
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plants with 3 L./fed. followed by addition of 100 kg
potassium sulphate per feddan or spraying with 2 L./fed.
This result may be due to the role of potassium on
promotion vegetative growth of onion plants and
increasingmineral uptake by onion plants as discussed in
Table 1 and 2 which in turn on improving bulb yield ant
its quality. This result are in harmony with those reported
by Baloch et al.,[3], Niwuzhang and Linx[12], Jiang et
al.,[13], Mahmoud[11], Sing and Verma[6], Sharma et al.,[7]

and Bybordi and Makakouti [8]. They reported that bulb
yieldwere increasing byincreasing the level of potassium
application. Moreover, Jiang et al.,[13], Mahmoud[11],
Nagaich et al.,[9], Mohanty and Das[5] and Bybordi and
Makakouti[8] they mentioned that bulb quality (height,
diameter and weight) were improved by increasing the
level of potassium application.

REFERENCES

1. Devlin, R.M. and F.H. Witham, 1986. Plant
Physiology. 4th Ed.CBS publishers and distributors
485, Jain Bhawan, Shadhara, Delhi, 110032 (India).

2. Vachhani, M.U. and Z.G. Patel, 1996. Growth and
yield of onion (Allium cepa L.) as influenced by
levels of nitrogen, phosphorus and potash under
south Gujarat Conditions. Progressive Horticulture,
25: 166-167.

3. Baloch, M.A., A.F. Baloch, A.H. Gohrma Baloch
Ansar and S.M.Q. Ayyam, 1991. Growth and yield
responseof onion to different nitrogenand potassium
fertilizer combination levels. Sarhad J. Agric. 7: 63-
66. (c.f. hort. Abst.Vol.63, no.1,258, 1993).

4. Islam, M.A., 1999. Growth and yield response of
onion to different sources of potassium and
application methods. II. Yield attributes and
potassium uptake. Thai-Journal of Agric. Sci.,
32: 443-452.

5. Mohanty, B.K. and J.N. Das, 2001. Response of rabi
onion cv. Nasik red to nitrogen and potassium
fertilization. Vegetable Sci., 28: 40-42.

6. Sing,S.P. and A.B.Verma, 2001. Response of onion
(Allium cepa L.) to potassium application. Indian J.
of Agron., 46: 182-185.

7. Sharma, R.P., N. Datt and P.K. Sharma, 2003.
Combined application of nitrogen, phosphorus,
potassium and farmyard manure in onion
(Allium cepa L.) under high hills, dry temperate
conditions of north-western Himalayas. Indian of
Agric. Sci., 73: 225-227.

8. Bybordi, A. and M.J. Malakouti, 2003. The effect of
various rates of potassium, zinc and copper on the
yieldand quality of onion under saline conditions in
twomajoronion growingregions of east Azarbayjan.
Agric. Sci. and Technol., 17: 43-52.

9. Nagaich, K.N., S.K. Trivedi, Rajesh-Lekhi and
R. Lekhi, 1999. Effect of sulphur and potassium
fertilization in onion (Allium cepa L.). Hortic. J.,
12: 25-31.

10. Vidigal, S. M.; P. R. G. Pereira and D. D. Pacheco,
2002. Mineral nutrition and fertilization of onion.
Informe. Agropecuario. 23: 218, 36-50.

11. Mahmoud, R. Asmaa, 1999. Effect of agricultural
treatments of productivity and quality of onion. Ph.
D. Thesis, Hort. Dept., Faculty of Agriculture, Ain
Shams Univ. Egypt.

12. Niwuzhang, Z.Y. and A. Linx, 1997. The effect of K
source on yield and quality of some vegetable crops.
Acta Agricultural Zhe Jiangensis, 9: 143-148.

13. Jiang, Q., H. Zhang, A.I. Guanghui, Q.S. Jiang, H.L.
Zhang and A.I. Gh, 1998. Application of potassium
fertilizer in onion production. China-vegetables.
No. 4.

14. Alt, D., H. Ladebusch, O. Melzer, I.G. Burns, G.D.
Bending and B. Mulholland, 1999. Long-term trial
with increasing amounts of phosphorus, potassium
and magnesium applied to vegetable crops. Acta
Horticulturae, No., 506: 29-36.

15. Al-Moshileh, A.M., 2001. Effect of nitrogen,
phosphorus and potassium fertilizers on onion
productivity in central region of Saudi Arabia. Assiut
J. Agric. Sci., 32: 291-305.

16. Sharma,r. P., 1992. Effect of planting materials,
nitrogen and potash on bulb yield of rainy season
onion (Allium cepa L ). Indian, J. Agron., 37:
268-284.

17. Black, C.A., 1983. Methods of plant analysis. Part I
and II. Amer. Sco. Agron. Ins. Publ., Madison,
Wisc, USA.

18. Troug, E. and A.M. Meyer, 1939. Improvement in
disness colorimetric method for phosphorus and
aesenic 2nd Eng. Chem. Annala. Ed. 1: 136-139.

19. Brown, J.D. and O. Lilleland, 1946. Rapid
determination of potassium and sodium in plant
material and soil extractsby flame photometry. Proc.
Amer. Soc. Hort. Sci., 48: 341-346.

20. Gomez, K.A. and A.A. Gomez, 1984. Statistical
procedures for Agriculture Research, Second Ed.
Wiely Interscience Publ. John Wiley & Sons. New
York.


