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Introduction
Kohlrabi (Brassica oleracea var. gongylodes), a member of 

the cole crops, which belongs to the family Cruciferae is of north-
European origin.1 It is also known as Knolkhol German turnip, 
cabbage turnip, Navalkol, GunthGobhi, and Ganthgobhi2 and Ol-
kapi.1The bulb like swollen edible portion is stem known as knob, 
which arises from thickening of stem tissues above the cotyledon.2 
This knob is harvested for human consumption as raw or cooked 
vegetable. One hundred gram of edible portion of kohlrabi contains 
92.7 g moisture, 1.1 g protein, 0.2g fat, 0.7g minerals, 1.5g fiber, 3.8g 
carbohydrates, 25 cal. Energy, 20mg calcium, 18mg magnesium, 
10mg oxalic acid, 35mg phosphorus, 0.4mg iron, 0.12mg sodium, 
37mg potassium, 0.09mg copper, 143mg sulphur, 36 I.U. vitamin A, 
0.12mg riboflavin, 0.5mg nicotinic acid, 0.05mg Thiamin, and 85mg 
Vitamin c.2 Production of Kohlrabi depends on many factors such as 
quality of seed, variety, plant spacing, types of manure and fertilizer 
and management practices.1 Kohlrabi is a winter crop whose growth 
is optimum at around 15-25 degree Celsius. Temperature drop below 
15 degree Celsius for a longer period of time may cause bolting. Use 
of chemical fertilizer is increasing rapidly.3 Organic manures because 
of their bulkier nature are used less and are perceived as inferior to 
chemical fertilizers. Chemical supplement of nutrient is one way of 
nutrient replacement in soil but it has many demerits from soil health 
to water pollution, environmental and human health hazards.3 Subsidy 
in chemical fertilizers has increases uneconomical use of fertilizer 
and inefficient substitution for organic manures.4 The strategy of 

combating low yield with high external inputs of fertilizer and 
pesticides is in return increasing cost of production in small farms.5 
Though organic manure supplies less amount of specific nutrient than 
chemical manure, it supplies all the necessary minerals and improves 
physical, biological and chemical properties of the soil.6 Researches 
on organic manures are mostly focused on the amount of manure 
applied rather than the amount that the manure supplies. When the 
amount of nitrogen supplied is made same, with different rates of 
Phosphorus and potassium there is insignificance in yield and other 
yield parameters.7 Slow nutrient releasing capacity of organic manures 
33%8 and massive loss of nutrients from chemical sources because 
of high release rates i.e. 93-100%9 are factors to be considered for 
the long run. Seedling age has great potential on addressing different 
issues of crop growth cycle. The yield potential of seedling age has 
been commercially exploited only in rice till date10 and more diversity 
and replication of research are needed on vegetables to understand 
the physiology of seedling age in improving crop yield.10‒17 This 
research was carried out to compare the yield potential of different 
nutrient sources when the amount of specific nutrient supplied is 
made constant. Seedling age being neglected topic in vegetables, 
this research attempts to explore the potential of seedling age on 
addressing issues of crop growth cycle. 

Material and methods
The research was carried out in the fields of HASERA Agriculture 

Research and Training Center, Nepal during the winter of 2017/18. 
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Abstract

Use of chemical fertilizer is increasing with the perception of it being superior to 
organic manure. Many researches compared effect of different nutrient sources in 
different crops but still many gaps exist. Seedling age which highly effects on crop 
growth is a neglected research topic in horticulture with none in Kohlrabi. Research to 
find the significance of different nutrient sources and seedling age was carried out as 
a pot culture experiment on horticulture field of HASERA Agriculture Research and 
Training Center, Nepal during winter season of 2017/18. Research consisted of two 
factorial treatments. Five sources of nitrogen viz. i) Control, ii) Farm Yard Manure, 
iii)Poultry manure, iv)Goat manure and v) Chemical and two different seedling age 
viz. i)14days and ii)28days were replicated four time. The amount of each sources 
of nitrogen was adjusted to supply 2g of nitrogen per plant. No significant effect 
of sources of nitrogen was found in growth (Height, Leaves, Swelling initiation and 
Cracking) and yield (Knob weight and Circumference) of Kohlrabi. Considering 
ecological consequences and nutrient release rates (33% vs 93%) organic sources are 
found better than chemical sources. Knob weight and circumference was significantly 
higher in 28days seedling (79g, 17.68cm) than 14days seedling (60g, 15.4cm). 
Cracking in knob was significantly higher in 28days seedling (20%) than in 14days 
seedling (0%). 14days seedling was found better in places where winter cracking is 
problem. No significant interaction effect was found between sources of nutrient and 
seedling age at transplant. 
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The GPS location of the farm is 27° 35’ 24.2592’’ N latitude and 85° 
35’ 30.0192’’ E longitude, 1452masl, 40KM from Kathmandu and 
11Km from Dhulikhel on BP highway. Research was carried out as a 
pot culture experiment on horticulture field of HASERA Agriculture 
Research and Training Center, Nepal during winter season of 2017/18. 
Research consisted of two factorial treatments. Five sources of nitrogen 
viz. i)Control, ii)Farm Yard Manure, iii)Poultry manure, iv)Goat 
manure and v)Chemical and two different seedling age viz. i)14days 
and ii)28days which were laid out in Completely Randomized Design 
and replicated four time. The amount of each sources of nitrogen was 
adjusted to supply 2g of nitrogen per plant. Soil for pot filling was 
dug from the subsoil region of one of the terrace of the research site. 
The dug soil was mixed properly to make homogenous distribution 
of residual nutrient from previous cropping season. Incorporation of 
different source of nitrogen was done 1 month prior to transplantation 
as the release rate of bulky manures is slow. Urea was applied on the 
day of transplantation. Seedlings were kept in two different lots at 
14days interval. The 1st seedling was kept on September 16th and the 
2nd one was kept on September 30th. Transplantation of seedling was 
done on 14th October when the seedling from 16th September 28days 
old and another lot from 30th September 14days old. Data collection 
and observation was done for number of leaves, plant height, days to 
swelling initiation, knob fresh weight, knob circumference and knob 
cracking. Manually collected data were tabulated in excel sheet. The 
statistical difference between sample types were analyzed by Two-
Way ANOVA using R Studio; *=p<0.05: **=p<0.01 and Chi squared 
independence test using SPSS; *=p<0.05: **=p<0.01. (Table 1)

Table 1 Amount of manure per pot

S.N Treatment Amount of 
manure Nitrogen % Nitrogen 

supplied

1. Control - -

2. FYM 400 g 0.5% 2 g

3.
Goat 
manure 67g 3% 2.01 g

4. Poultry 
Manure

67g 3.03% 2.03 g

5. Chemical
100g FYM + 20g
Poultry + 2g 
Urea

0.5% + 3% + 46% 2.02 g

The requirement of nitrogen for Kohlrabi is 100kg per hectare 
in addition with 20ton FYM (Singh, 2015). This 100ton FYM gives 
100kg Nitrogen @0.5% (TNAU, N/A). With the planting geometry of 
40cm* (Singh, 2015), the amount of nitrogen is 2g per plant. Amount 
of different organic manure were so chosen so as to make the amount 
of nitrogen supplied same. The content of nitrogen was measured at 
FYM 0.5%, goat manure 3% and Poultry manure 3.03% (TNAU, 
N/A)

Results and discussion
Results

The results of the research are presented below

Effect on number of leaves and plant height (Table 2)

There was no significant effect of the source of nitrogen and 
seedling age at transplant on number of leaves and plant height at 

HASERA Agriculture Research and Training Center, Nepal in 2018. 
There was no significant effect of the source of nitrogen and seedling 
age at transplant on number of leaves and plant height. plant height. 
Also the interaction of source of nitrogen with seedling age was 
found insignificant. Insignificance of different manure sources in 
plant height in kohlrabi was mentioned by Uddain.18 Ahmed7 reported 
insignificance of different phosphorus and potassium combinations 
in leaves number when amount of nitrogen was made constant. 
Khandaker19 mentioned different types of manure (NPK, Poultry and 
goat) didn’t have significant effect on plant height of okra. Effect on 
swelling initiation, Knob circumference and Knob Yield Table 3: 
Effect of different source of nitrogen and seedling age at transplant 
on swelling initiation, fresh weight and circumference of the knob at 
harvest in Kohlrabi at HASERA Agriculture Research and Training 
Center, Nepal in 2018. Source of nitrogen had no significant effect 
on days to swelling initiation, fresh weight and knob diameter. All 
treatments performed significantly higher than control in terms of fresh 
weight and knob circumference. Seedling age has significant effect 
on days to swelling initiation, fresh weight and knob circumference. 
28days old seedling started to swell early (12.8days) had higher 
knob circumference (17.68cm) and fresh weight (79g) compared to 
14days old seedling which took 19.52days to swelling initiation and 
gave smaller fruits of only 60g and 17.68cm circumference. Uddain18 
reported insignificance of different sources of manure in yield and 
diameter and Ahmed7also reported insignificance of different P and K 
combination in yield and diameter when Nitrogen is made constant. 

Table 2 Effect of different source of nitrogen and seedling age at transplant 
on number of leaves and plant height at HASERA Agriculture Research and 
Training Center, Nepal in 2018

Source of nitrogen (SoN) Number of leaves Plant height 

 Control 8.25 15.25

 FYM 9.375 16.87

 Goat 8.625 16.25

 Poultry 9 17.5

 Chemical 9.625 19.43

Seedling Age

 14days 9.05 17.625

 28days 8.9 16.5

P Value

SoN 0.0904 0.167

days 0.6555 0.298

SoN*Days 0.3987 0.884

Effect on knob cracking

(Table 4) The parameters are analyzed using chi square 
independence test and p<0.05 denotes statistical significance between 
observation Cracking in kohlrabi is caused due to different conditions 
of soil moisture, soil temperature and/or soil nutrient content. There 
is no significant relationship between source of nitrogen and cracking 
in kohlrabi, χ2 (4, 80)= 6.389, p=0.172, while highly significant 
relationship between seedling age and cracking in kohlrabi, χ2(1, 
80)= 8.889, p=0.003 was found. 28days old seedlings are more likely 
to crack than 14days old seedling (20% to 0%).
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Table 3 Effect of different source of nitrogen and seedling age at transplant on swelling initiation, fresh weight and circumference of the knob at harvest in 
Kohlrabi at HASERA Agriculture Research and Training Center, Nepal in 2018 
Values within same column with a common letter as superscript do not differ as a statistical significance of *= p<0.05; **=p<0.01. In Duncan’s test

Source of Days to swelling Diameter(cm) Fresh weight (g/knob)

Nitrogen (SoN)

Control 15.6875 14.03125b 43.7500b

FYM 15.1875 17.09375a 72.8125a 

Goat 16.375 17.45625a 82.5000 a 

Poultry 16.4375 17.68750a 75.0000a 

Chemical 17.125 16.93750a 74.6875a 

Seedling age

14days 19.525a 15.6000b 60.5b 

28days 12.8b 17.6825a 79.0a 

Level of significance

SoN 0.614 0.00260** 0.000423**

Days 0.000** 0.00122** 0.001001**

SoN*Days 0.214 0.59428 0.297084

The parameters are analyzed using chi square independence test and p<0.05 denotes statistical significance between observation

Table 4 Effect of different source of nitrogen and seedling age at transplant on cracking of Kohlrabi knob at HASERA Agriculture Research and Training 
Center, Nepal in 2018 
The parameters are analyzed using chi square independence test and p<0.05 denotes statistical significance between observation.

Cracking/ Source of nitrogen Yes No Pearson chi square coefficient Level of significance (p)

Control 4 12 6.389 0.172

FYM 0 16

Goat 2 14

Poultry 1 15

Chemical 1 15

Cracking/Seedling Yes No    

Age

14days 0 40 8.889 0.003**

28days 8 32

The parameters are analyzed using chi square independence test and p<0.05 denotes statistical significance between observation.

Discussion
Many literatures suggest significant yield difference in different 

source of manure in which the amount of manure applied is considered 
rather than the amount of nutrient supplied. Premsekhar20 mentioned 
FYM being significantly superior in okra cultivation. Maurya (2008) in 
broccoli, Moyin_Jesu21 in cabbage, Michael (2017) in carrot, Bacha22 
in mustard, found poultry manure to have significantly superior 
yield. Increasing oil content with increasing FYM was reported in 
mustard by Gupta (2012). Kiran23 mentioned chemical sources to 
have significant higher yield in carrot and poultry manure to have 
superiority over other organic sources. Chemical sources release as 
much as 93% to 100% of urea in the same growing season,9 While 
in organic sources, as much as two third of nitrogen and one half of 
phosphorus may not be available to the plants in the same season 
because of slow decomposition.8 Whit this difference in nutrient 
release rates, if organic sources yield statistically at par with chemical 
fertilizers, we can suggest organic sources to have high benefit over 

chemical sources. Also considering the ecological consequences of 
chemical fertilizers,24 organic sources have environmental advantage 
over chemical sources of nitrogen. Temperature drop below 15 
degree Celsius (Singh 2015) and below 12 degree celcius25 for a 
longer period of time may cause bolting in Kohlrabi which might 
be the reason for cracking. Cracking in Kohlrabi is due to physical 
properties of epidermal cells and turgor pressure of parenchymatous 
cells which is induced by climatic factors (Lippet, 1999). Climatic 
factors such as exposing in low temperature for prolonged time can 
cause cracking during post-harvest handling of fruits and vegetable 
which is due to volume expansion and pressure buildup (Barbosa-
Cánovas. 2005). Cracks can also be induced by uneven or slow 
growth and development which can be result of many physical, 
chemical, climatic or biological factors (Fontenot 2005). Freezing 
injury causes cracks in carrot, trees with thin bark such as peach and 
maple and also in fruits and fruit trees.26 Fluctuation in the available 
soil moisture may lead to growth cracks.27 In Kohlrabi cracking is 
also caused by rain.28 Limited research has been carried out regarding 
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seedling age in kohlrabi. Significantly difference performance among 
different cultivars regarding seedling age has been reported by Arun 
et al.29 In his research consisting two seedling age (4week and 6week) 
and three cultivars, 6week old seedling of Cultivar E. forcer showed 
higher tuber weight (215.7gm), tuber diameter (76.4cm) and yield 
(5.44g) compared to 4week old seedling. Whereas in cultivars Neckar 
and Lahn, no significant difference was seen different seedling age. 
Among 4week and 6week old seedling, 4week old seedling performed 
significantly better in terms of weight. Diameter and yield.29

In review by Vivriana10 Insignificance of seedling age in different 
growth parameter is mentioned by Nesmith14 in summer squash, 
Nesmith15 in muskmelon, Vavriana30 in watermelon, Leskovar11 and 
Jankauskiene31 in tomato, Weston (1998) in pepper and Lamount 
(1992) in broccoli. 20-24days old seedling was found to give 
maximum return compared to 16days and 28days seedling. 40days 
old seedling, which was youngest of all treatment, was recommended 
in cucumber by Jellani.32 Jones12 suggested older seedling of 5weeks 
to have higher yield in cauliflower but Lamount (1992) mentioned 
no significant difference between seedlings from two to six weeks 
old. Limited researches are found relating seedling age in horticultural 
crops.10,33 More research and replication are necessary to exploit the 
potential of younger seedling in different crops.13

Conclusion
Considering all the circumstances, organic sources of nitrogen 

were found better compared to chemical sources. Any form of organic 
manure can give superior yield if the amount of nutrient supplied is 
considered. 28days old seedling is found to give higher yields but 
14days old seedling is found better in those areas where cracking is 
seen as a major problem.
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