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ABSTRACT 

A field experiment was conducted at The Research and Production Station, National Research Centre, 
Nubaria, Egypt to study the effect of irrigating canola plants at the third true leaf with different concentrations of 
cobalt sulphate on plant growth parameters and yield. The experiment contained 9 plots; each had 15 m2 (5 X 3 
m) containing 3 rows planted with 10 plants/row in a completely randomized design. All agricultural practices 
were carried out as recommended. Cobalt concentration at 2.5, 5.0, 7.5, 10.0, 12.5, 15.0, 17.5, and 20.0 ppm 
enhanced plant height, number of branches and leaves per plant, and root length as well as fresh and dry weights 
of shoots and roots. Cobalt enhanced qualitative and quantitative canola yield in terms of pod number per plant, 
seed number per pod, seed yield per plant, seed yield (kg/fed), oil content in canola seeds, and oil yield 
(kg/fed).Generally, root-knot nematodes, Meloidogyne spp., decreased as cobalt increased and disappeared in 
the rhizosphere of canola plants at the highest cobalt concentrations. Growing canola in crop rotations to control 
phytonematodes were discussed. 
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Introduction 

Canola (Brassica napus L.) is considered one of the most important oil crops worldwide. It ranks the 
third among the oil crops, following palm oil and soy oil and the fifth among economically important crops, 
following rice, wheat, maize and cotton (El-Awady et al., 2008). Canola oil is generally regarded as one of the 
healthiest edible oils available to consumers, used for cooking and other uses of edible oils in many parts of the 
world. The composition of canola oil is similar to that of peanut and olive oil, with large amounts of oleic acid, 
which is desirable in frying oils. Another distinct advantage of canola oil is low saturated fatty acid content 
(6%), and it is low also in cholesterol. Canola oil contains about half the level of saturated fatty acids in corn oil 
and soybean oil and about one quarter the level percent in cotton seed oil (Gillis, 1988). Abdel-salam(2002) 
pointed that vegetable oils remain one of the most difficult problems of agriculture of Egypt with regard to the 
possibility of achieving a reasonable degree of self-sufficiency. McDonald and Bruce (1994) found that the fatty 
acid composition of canola oil is consistent with nutrition recommendations aiming to reduce the amount of 
saturated fat in the diet. Canola oil is characterized by low level of saturated fatty acids (7% total and < 
4%palmitic acid). It contains a relatively high level of oleic acid (6%) and an intermediate of linoleic acid which 
makes up approximately one-third. Yet, it should be considered that the current shift to vegetable oils has not 
only resulted in a modest reduction in the intake of saturated fat but it also has resulted in an associated increase 
in the intake of trans fatty acids. Trans fatty acids are produced during the hydrogenation of vegetable oils, a 
process used to convert liquid vegetable oils into solid fats such as margarine. Like saturated fatty acids, trans 
fatty acids increase plasma cholesterol level, especially low-density lipoprotein (LDL) cholesterol 
(http://www.canolacouncil.org/media/515159/canola_oil_nutritional_properties.pdf). On the other hand, 
ingestion of canola oil also resulted in an increase in the long-chain Omega-3 fatty acid levels of plasma and 
platelet phospholipids (Nadia Gad, 2010).  

With its beneficial traits in mind, canola has been introduced to Egypt as a promising new vegetable oil 
crop especially in the newly reclaimed lands (Nadia Gad, 2010). Cobalt is an essential element for the synthesis 
of vitamin B12, which is required for human and animal nutrition (Young, 1983). Unlike other heavy metals, 
cobalt is a server for human consumption and up to 8 ppm can be consumed on a daily basis without health 
hazard (Young, 1983). Nadia Gad (2010) pointed that cobalt is a promising element for plant productionin the 
newly reclaimed soils. Cobalt had a significant effect on enhancing olive trees growth yield, fruit quality, 
minerals content, endogenous hormones and oil percentage especially with organic fertilization under drip 
irrigation system (Nadia Gad, 2010). Organic matter decreases soil pH and increases the availability of cobalt 
and cobalt in turn increases the tree efficiency to tolerate drought and salinity. Biabak (1995) found that winter 
wheat plants grown on a sandy loam soil supplied with nitrogen can uptake more cobalt. Helmy and Nadia Gad 
(2002) showed that cobalt at 25 mg/kg soil had a positive effect on parsley plant growth, yield as well as 
chlorophyll content, total soluble solids, and L-Ascorbic acid. Cobalt addition significantly increased essential 
oil yield of parsley leaves. Cobalt is required in low levels for maintaining high yields of tomato (Runner et al, 

http://www.canolacouncil.org/media/515159/canola_oil_nutritional_properties.pdf). On the
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2003), squash (Atta El-Aly, 1998), groundnut (Basu et al, 2006) sweet potato (Nadia Gad and Kandil, 2008) and 
potato (El-Bordiny and Nadia Gad, 2008; as in Nadia Gad, 2010). Egypt, being a developing country, suffers 
from a gap between production and consumption of some important crops. For example, the gap in wheat was 
about 5.9; corn 4.5; barley 0.017 and sugar 0.306 million ton while in oil reached 1.251 million tons (Nadia 
Gad, 2010). Canola has a bright future to fill in such a gap for oil production in Egypt (El-Howeity and Asfour, 
2012). On the other hand, there is a growing deficiency in the irrigation water in Egypt. Hence, Abouziena et al. 
(2013) tested the possibility of using wastewater for canola irrigation. They found that it is possible to harvest 
canola oil safe for human consumption by the application of certain remediative amendments followed by 
phytoremediation. Such soil remediation through integrated novel techniques is instantly needed to eliminate 
risks to health as well as to environment generated as a result of the existence of high levels of potentially toxic 
elements in the sewaged soil ecosystem. 

The aim of the present experiment was to study the effect of cobalt on canola growth parameters, as 
well as qualitative and quantitative canola yield. The effect of cobalt on the naturally occurring phytonematodes 
was also tested. 

 
Material and Methods 

In a sandy loam soil (sand = 68.7%, silt = 24.5%, clay = 6.8%, pH = 7.8, organic matter = 0.46%), 
seeds of canola (Brassica napus L.) cv. Serw 6 were sown (50 kg seeds/feddan or fed) at The Research and 
Production Station, National Research Centre, Nubaria district, El-Behera Governorate, Egypt on 20 November, 
2013.Theexperiment contained 9 plots; each plot(5 X 3 m) contained 3 rows planted with 10plants/row in a 
completely randomized design. Farmyard manure at a rate of 20 m3/fed and superphosphate (15.5% P2O5) at 200 
kg/fed were added during soil preparation. Six to eight seeds were planted under each dripper; drippers spaced 
50 cm apart and after germination were thinned to 3-4 plants/dripper. Ammonium nitrate (150 kg/fed,33.3% N) 
and potassium sulphate (50 kg/fed, 50%K2O) were added after plants were thinned. The seedlings (at the third 
true leaf) were irrigated with cobalt sulphate once with nine concentrations: 0.0, 2.5, 5.0, 7.5, 10.0, 12.5, 15.0, 
17.5, and 20.0parts per million (ppm) cobalt. Such treatments aimed to evaluate the effect of varied 
concentrations of cobalt on canola productivity, % oil and seed yield as well as the level of plant-parasitic 
nematodes naturally occurring in the field. All agricultural practices were carried out as recommended 
(http://www.ahramdigital.org.eg/Community.aspx?Serial=790229; Nadia Gad, 2010). On 10 February, 
2014(end of the vegetative stage),growth parameters; i.e. plant height, number of branches and leaves/plant, root 
length and fresh and dry weights of shoots and roots were recorded according to Gabal et al. (1984). On 4 May, 
2014, plants were harvested and pod no./plant, seed no. per pod, 1000 seed weight, seed yield/plant, and seed 
yield/fed were assessed. Also, oil yield (kg/fed)was determined according to A.O.A.C. (1984). 

For nematode sampling, three composite soil and root samples, each sample from three plants, were 
randomly collected from the rhizosphere ofplants at each treatment on the 1st of May. Each sample was kept in 
polyethylenebags and sent directly to the laboratory for nematode extraction. Nematodes in soil were extracted 
in an aliquot of 250g soil by sieving and decanting method (Byrd et al.,1996). The extracted phytonematodes 
were counted using Hawksly slide and identified to generic level according to Golden (1971) under light 
microscope. 

Data were subjected to analysis of variance and averages of plant growth and yield parameters were 
compared using Least Significant Difference (LSD) at 5% statistical probability level. 

 
Results  

Data presented in Table (1) showed the response of growth parameters of canola plants to different 
cobalt levels (from 2.5 to 20.0 ppm). It is clear that cobalt promoted almost all the growth parameters of canola 
plants relative to the untreated check. Generally, the highest significant increase in growth parameters of canola 
plants was obtained with 12.5 ppm cobalt. This level induced the highest plant height, number of branches and 
leaves per plant, and root length as well as fresh and dry weights of both shoots and roots. It is evident from 
Table (1) that cobalt rate at 12.5 ppm increased fresh weight of shoots and roots by19.6 and 16.1%, anddry 
weights by 31.2 and 14.4%, respectively. As cobalt concentrations were ranged above 12.5 ppm, all growth 
parameters tended to decrease again but still had general values higher than those of the control. Also, data in 
Table (2) revealed that cobalt addition enhanced qualitative and quantitative canola yield in terms of pod 
number per plant, seed number per pod, seed yield per plant, seed yield (kg/fed), oil content in canola seeds, and 
total oil yield (kg/fed). Again, it is evident that cobalt rate at 12.5 ppm gave superior yield relative to the other 
cobalt concentrations used. For example, cobalt rate at 12.5 ppm increased pod no./plant, seed no./pod, seed 
yield (kg/fed) and % oil content by21% , 21.6%, 57.7 % and 8.7%, respectively. Likewise, higher cobalt 
concentrations above 12.5 ppm tended to reduce canola yield parameters listed in Table (2) but still had general 
values better than those of the control. Naturally occurring Meloidogyne spp. populations in the rhizosphere of 
canola plants tended to decrease as cobalt concentration increased but such a trend was not consistent along all 
treatments (Table 2). 

http://www.ahramdigital.org.eg/Community.aspx?Serial=790229
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Table 1. Effect of cobalt on the growth parameters of canola, Brassica napus, plants*. 
Cobalt 

treatment 
(ppm) 

Plant 
height 
(cm) 

Number/plant 
Root 

length 
(cm) 

Fresh weight 
(gm/plant) 

Dry weight 
(gm/plant) 

Branches Leaves Shoot Root Shoot Root 
2.5 92.4 12 43 18.9 294 45.3 53.3 14.4 
5.0 95 12 45 20.3 308 46.9 56.2 14.9 
7.5 97.5 13 46 21.8 325 47.7 58.1 15.3 

10.0 99.6 13 48 23.0 333 50.5 60.3 16.7 
12.5 105.5 14 49 24.9 348 51.9 69.0 15.9 
15.0 101.2 14 47 24.1 346 49.8 62.7 16.6 
17.5 98.4 13 45 23.8 338 47.5 56.9 15.9 
20.0 95.1 13 45 23.2 331 46.9 55.2 14.5 

Control 88.6 11 41 17.6 291 44.7 52.6 13.9 
LSD(5%) 1.33 0.28 0.62 1.25 1.41 1.25 0.21 1.22 

    *Each treatment had 30 replicates (plants).   

 
Table 2.Effect of cobalt on yield (seeds and oil) of canola plants and associated phytonematode population*. 

Cobalt 
treatment 

(ppm) 

Pod 
no./ 
plant 

Seed 
no./ 
pod 

1000 seeds 
weight 

Seeds (gm)/ 
plant 

Seed yield 
(kg/fed) 

% seed oil 
Oil yield 
(kg/fed) 

J2 in 250 g 
Soil& roots 

2.5 82 90.6 2.69 11.96 828.8 38.2 316.6 0 
5.0 85 94 2.72 14.24 879.5 38.9 342.1 0 
7.5 88 97.4 2.76 15.88 978.6 40.1 392.4 28 

10.0 94 102.2 2.81 17.41 1172.5 40.7 477.2 6 
12.5 98 105.9 2.83 19.65 1256.4 41.3 518.9 0 
15.0 96 103.3 2.82 18.11 1180.5 41.0 484.0 0 
17.5 93 101.4 2.79 17.87 987.4 40.6 442.9 0 
20.0 91 97.6 2.76 16.46 987.4 39.8 393.7 0 

Control 81 87.1 2.66 10.56 796.9 38.0 312.8 16 
LSD(5%) 2.2 1.67 0.004 0.75 4.36 0.15 3.02 - 

*Each treatment had 30 replicates (plants).   
J2 = second stage juveniles of Meloidogyne spp. 

 
Discussion 

The present results concerning the effects of cobalt on the tested growth parameters of canola plants 
and on their yield of seeds and oil fairly varied  from that of a previous report (Nadia Gad, 2010) possibly due to 
different canola cultivars used; pactol vs. Serw 6. Yet, such variations were in unison with the induction caused 
by cobalt concentrations on canola plants with regard to plant height, number of branches and leaves per plant, 
and root length as well as fresh and dry weights of both shoots and roots (Table 1).  Moreover, the tested 
concentrations agreed with Nadia Gad (2010) report concerning enhancing qualitative and quantitative canola 
yield in terms of pod number per plant, seed number per pod, seed yield per plant, seed yield, oil content in 
canola seeds, and oil yield (Table 2). On the other hand, Nadia Gad (2010) attributed the effect of cobalt at 12.5 
ppm to the possible induction of hormonal synthesis and metabolic activity within plants, while the higher 
cobalt concentrations increased the activity of some enzymes such as peroxidase and catalase and hence 
increasing the catabolism rather than the anabolism. Also, the results are in harmony with those obtained by 
Khatab and Helmy (2002) which showed that cobalt at 50 mg/kg soil increased coriander growth, and yield of 
leaves and seeds. Yet, increasing cobalt in plant media above 50 mg/kg soil resulted in proportional reduction in 
coriander seed yield. 

Contrary to Egypt, many countries especially in Canada, European Union and USA consider canola as 
one of the main oil crops. Cultivation of canola in Egypt may provide an opportunity to overcome some of the 
local deficit of vegetable edible oil production, particularly it could be successfully grown during winter season 
in newly reclaimed land outside the old fertile soil of Nile valley to get-around the competition with other crops 
occupying the old cultivated area (Megawer and Mahfouz, 2010). A main reason which favors cultivation of 
canola under Egyptian conditions, compared with other oil crops, may be ascribed to its tolerance to harsh 
environmental conditions frequently prevailingin such newly reclaimed soil such as salinity and drought (Weiss, 
1983). On the other hand, canola, B.napus, has been receiving increasing attention as a rotation or green manure 
crop to provide plant-parasitic nematode (PPN) control in other countries (Mojtahedi et al., 1991; Halbrendt, 
1996; Potter et al., 1999), and isothiocyanates are also involved in the nematode toxicity (Chitwood, 
2002).Virtually all members of the Brassicaceae produce thioglucose conjugates called glucosinolates, which 
are hydrolyzed either in the soil or by mammals to form isothiocyanates, which react with the sulfhydryl groups 
of proteins (Brown and Morra, 1997; as in Chitwood, 2002). In soil, the isothiocyanates often have activity 
against a variety of crop pests including phytonematodes (Brown and Morra, 1997). Evidence for the 
involvement of glucosinolate-derived isothiocyanates in toxicity of brassicaceous soil amendments was 
provided by experiments demonstrating that canola leaf or seed extracts or specific glucosinolates were toxic to 
PPN Xiphinema americanum, Heterodera schachtii, or Globodera rostochiensis only when the extracts or 
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compounds were enzymatically hydrolyzed (Lazzeriet al., 1993; Jing and Halbrendt, 1994;Pinto et al., 1998). 
Additional evidence for the involvement of a specific glucosinolate as the determining factor for nematode 
resistance results from the observation that the ability of the lesion nematode Pratylenchus neglectus to 
reproduce on B. napus cultivars is correlated with their lower percentages of 2-phenylethyl glucosinolate (2-PE 
glucosinolate), but not total glucosinolates (Potter et al., 1999). Plants with roots containing more than a critical 
level of 2-PE glucosinolate (8 to 12 μmol/g tissue) consistently contained significantly fewer nematodes at the 
end of the 6-week growing period, suggesting a threshold level beyond which nematode numbers were reduced 
(Potter et al., 1999).In contrast, egg production of Meloidogyne javanica was not correlated with root 
glucosinolate concentrations or composition in most of the 11 Brassica cultivars examined, with one or two 
exceptions (McLeod and Steel, 1999). Therefore, the conclusion was that although glucosinolates are involved 
in nematode suppression, other chemical and biological factors may also be involved. The complex chemistry 
and compartmentalization of the glucosinolates and other sulfur-containing compounds in the Brassicaceae and 
the complexity of nematode feeding may make interspecies comparisons difficult (Chitwood, 2002).Similarly, 
although Meloidogyne spp. tended to decrease in numbers as cobalt concentration increased (Table 2), other 
factors such as the common clumped distribution of nematodes (e.g., McSorley et al., 1985; Abd-Elgawad, 
2014) may have contributed to the fairly unclear response of the nematode population to the cobalt treatment.In 
this respect, Potter et al. (1999) also found that many plants contained low numbers of Pratylenchus neglectus 
despite having negligible levels of 2-PE glucosinolate (<3 μmol/g root tissue). They speculated that some of 
these plants may have been misses, due to the random nature of the nematode infection. Thus, it seems likely 
that a sub-population of canola plants could be selected for increased root 2-PE glucosinolate levels, thus having 
lower susceptibility combined with greater nematicidal potency against the nematode and providing a more 
useful rotational crop in the cereal growing regions (Potter et al., 1999). 

Mojtahedi et al. (1991) reported that canola as a cover crop may play an important role in reducing the 
impact of root-knot nematode populations on potato and vegetable crops when adequate crop rotation is 
followed. Spring incorporated winter canola, as green manure following wheat, increased potato yields (Hang 
and Gilliland, 1990). For the rotational scheme of potatoes, wheat and sweet corn which are commonly grown 
before potatoes and harvested before August1 in Washington (USA), Mojtahedi et al. (1991) suggested that 
canola would be planted, as a cover crop, in early August and incorporated as green manure in the field. They 
assumed that growing canola as a green-manure cover crop is more acceptable to vegetable and potato growers 
than allowing it to produce seed and possibly become a noxious weed. 
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