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ABSTRACT  

The effect of cobalt (Co) on growth and yield of rice infected with rice nematode Hirschmanniella 
oryzae was studied in irrigated rice. Four concentrations of cobalt 5, 10, 15 and 20 ppm were tested as foliar 
application on rice plants at its early stage (third leaf). A significant increase in panicle length, number of seeds/ 
panicle and air- dry grain weight was obtained at only 15ppm concentration. The content of N, P, K, Mn, Zn and 
Cu, as well as total protein, starch, Carbohydrates and vitamin "C" in rice grain were also increased at 15ppm. 
On the other hand, the rice – root nematode population increased at the tillering and harvest stages of rice by 
15ppm cobalt concentration. 

 
Key words: Key words: Cobalt, Hirschmaniniella oryzae, irrigated rice 

 
Introduction 

Rice (Oryza sativa L.) is the most important food crop in the world being the principle food for more 
than half of the world's population, predominantly in Asia. Fertilizers either macro- or micronutrients play an 
important role in increasing yield of rice crop. From the micronutrients, zinc come second order of importance 
after nitrogenous fertilization in increasing rice yield (Hamissa et al., 1986 and  Korayem 1993). Although 
cobalt (Co) is considered as a beneficial element for higher plants, it has not documented yet in the list of the 
essential nutrient elements. The role of cobalt in increasing yield of plants was reported by many investigators. 
Yield of many plants significantly increased as results of adding cobalt (Boureto and Kagawa 2001; Lisnik and 
Toma 2003; Nadia Gad and Kandil 2008, 2009 and 2010; Nadia Gad et al. 2014). Also, cobalt, has a promotive 
effect on wheat and rice grown under salinity condictions (Nadia Gad and Kandil 2011, Attia et al., 2014).  

Cobalt also is an essential element for the synthesis of vitamin B12 (Smith 1991). In addition to that, 
cobalt does not accumulate in human body as other heavy metals (Young 1983).  

Many plant parasitic nematodes attack rice plants and cause considerable damage during crop 
development (Bridge et al.,1990). Among nematodes which attack rice, the rice  root nematode Hirschmanniella 
oryzae is the most commonly distributed in most growing area of rice in Egypt (Eissa et al., 1992; Korayem et 
al. 1992 and  Korayem 1993).  

Most previous studies were oriented to know the effect of cobalt on plant growth and yield, while the 
effect of cobalt on plants in relation to plant – parasitic nematodes was neglected. So, the present study was 
designed under field conditions to study effect of cobalt on both the rice production and the rice-root nematode 
Hirschmanniella oryzae development in irrigated rice.   
 
Materials and Methods 
 

The experiment was conducted in a field naturally infected with the rice – root nematode, 
Hirschmanniella oryzae at Kafr- El sheik governorate, Egypt for studying the effect of different concentrations 
of cobalt on both rice growing and nematode development. Seeds of rice, Oryza sativa L., cv. Sakha 101 were 
soaked in water for 48h, then they tacked out and incubated in cloth for another 24h to accelerate germination. 
Then seeds were cultivated in 5 plots each 3x3m2 in the first April -2014. One week later in 8-4-2014 seedlings 
of 2-3 leaves were sprayed with five cobalt concentrations, 0, 5, 10, 15 and 20 ppm. Cobalt sulphate was used as 
a source of cobalt. Each concentration was applied (sprayed) in a plot of 3x3m2. One month after cultivation, at 
1-5-2014, rice seedlings from each plot (concentration) were transplanted to five plots of 2 x 2 m2. 

  
Rice growth and yield estimation 
  

All rice growth criteria and parameters were estimated as the rice plants reached maturity stage. Also, 
the entire grain yield of each plot was estimated.  

 
Nematode extraction and assessment 
  

Five soil and rice roots of each plot were sampled for nematode analysis during the vegetative 
(tillering), flowering and maturity stages of rice growing. From each uniform sample 200g soil were processed 
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for nematode extraction by means of sieves according to Christie and Perry (1951). Nematodes were extracted 
from 10g roots according to Young (1954). 

 
Measurement of minerals composition in rice grains 
  

Macronutrients N, P and K as well as microelements, Fe, Mn, Zn and Cu along with cobalt (Co) were 
determined according to Cottenie et al. (1982). 

  
Measurement of rice grain quality 
 

Protein, starch, carbohydrates, total soluble solids, total soluble sugar and vitamin "C" as L- ascorbic 
acid were determined according to A.O.A.C. (1995). 

 
Statistical analysis 
 

 Data were statistically analyzed by variance procedure outlined by (SAS, 1996) computer program. 
Significance of differences was done by LSD method according to Snedecor   and Cochran (1980). 

  
Results 
 
Rice growth and yield 
  

Data in Table (1) indicated that the tested cobalt concentrations had a promotive effect on rice growth 
parameters. All of these criteria except of plant length significantly increased at 15ppm cobalt concentration, 
other concentrations had no significant (p= 0.05) effect, compared with the control treatment. At 15ppm 
concentration, panicle length, number of seed per panicle, grain yield per panicle and weight of straw per plant 
increased by 2.7%, 2.2%, 5.9% and 10.5%respectively. The greater gram yield (3.2kg per plot) was obtained at 
15ppm and increased by 7.4%. 

 
 Table 1. Effect of cobalt on rice growth and yield parameters. 

Cobalt 
concentration 

ppm 

Plant 
length 
(cm) 

Panicle 
length 
(cm) 

Increase 
% 

No. of 
seeds 
per 

panicle 

Increase 
% 

Wt. of 
Air – 
dry 

straw 
per 

plant 
(g) 

Increase 
% 

Air – 
dry 

grain 
wt. per 
panicle 

(g) 

Increase 
% 

Total 
yield/ 
plot 
(kg) 

Increase 
% 

Control 85.8a 13.10a - 90a - 3.20a - 1.9a - 2.98 - 

5 85.9a 13.15a 0.4 89a - 3.10a - 1.5a - 2.98 - 
10 86.0a 13.20a 0.8 90a - 3.20a - 1.92a 1.1 3.1 4.0 
15 86.1a 13.45b 2.7 92b 2.2 3.39b 5.9 2.1b 10.5 3.2 7.4 
20 86.1a 13.25a 1.1 91a 1.1 3.3a 3.1 1.93 1.6 3.1 4.0 

Data are means of 3 replicates each of 50 plant.  
Within a column, means followed by the same litter are not significantly different according to LSD (0.05).   
 
Nutrient status in rice grain: 
 

 Data presented in Table (2), indicated that N, P, K, Mn, Zn and Cu significantly increased at also 
15ppm cobalt treatment, while other treatment had no effect, compared with the control treatment. As to Fe and 
Co in rice grain, it was observed that Fe content decreased with increasing cobalt concentration, while Co 
content increased with increasing cobalt concentration. 

 
Chemical constituents of rice grain: 
  

Date presented in Table (3) indicated that both total protein (%) and starch (%) were signficiantly 
increased at 15ppm concentration, while total carbohydrates and vitamin "C" significantly increased at both 15 
and 20ppm cobalt concentration, compared with control.  Both total soluble solids (%) and total soluble sugars 
(%) were not significantly influenced by cobalt treatment, compared with control. 
 
Rice- root  nematode population: 
  

Effect of cobalt on rice- root nematode development is presented in Table (4). It was evident that the 
nematode total population was positively correlated with cobalt addition at both vegetative (tillering) and 
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harvest stages of rice. At the tillering stage, the nematode total population significantly increased only at 15ppm 
concentration, while it significantly increased at both 10 and 15 ppm, at harvest stage, compared with the 
control. At flowering stage, no significant differences were found between treatments and control.  
 
Table 2. Effect of cobalt on nutritional status of rice grain.  

Cobalt 
concentration 

(ppm) 

Macronutrients 
(%) 

Micronutrients 
(ppm) Cobalt ppm 

N P K Mn Zn Cu Fe 
5 0.99a 0.62a 1.13a 2.2a 1.49a 2.5a 6.34a 2.86a 

10 1.0a 0.62a 1.14a 2.2a 1.5a 2.53a 6.31b 4.61b 
15 1.1b 0.69b 1.18b 2.26b 1.58b 2.71b 6.24b 6.8c 
20 0.99a 0.62a 1.14a 2.2a 1.49a 2.6a 6.21b 9.11d 

Control 0.98a 0.61a 1.11a 2.18a 1.43a 2.53a 6.38a 1.98f 
* From 10g grain.  
Within a column, means followed by the same litter are not significantly different according to LSD (5%).   

 
Table 3. Effect of cobalt on chemical constituents of rice grains* 

Cobalt 
concentrations 

(ppm) 

Total protein 
% 

Starch % 
Total carbohydrates 

% 
Total soluble 

solids % 
Total soluble 

sugars % 

Vitamic "C"(L. 
Ascorbic acid) 

mg/100g 
5ppm 6.15a 12.71a 25.75a 34.7a 1.29a 5.9a 

10ppm 6 a 12.91a 25.9a 34.8a 1.33a 5.9a 
15ppm 7.12b 13.5b 26.9b 34.7a 1.45a 7.11b 
20ppm 6.90a 13.0a 26.7b 34.1a 1.40a 6.33b 
Control 6.13a 12.6a 25.6a 34.6a 1.24a 5.31a 

* From 10g grains.  
Within a column, means followed by the same litter are not significantly different according to LSD (P= 0.05). 

 
Table 4. Effect of different cobalt concentrations on the rice – root nematode Hirschmanniella oryzae development. 

Cobalt 
concentrations 

Number of nematodes in 200g and 10g roots 
Average 
of total 

Tillering stage Flowering stage Harvest stage 
in soil in root total in soil in root total in soil in root total 

5 67 831 898a 8 140 148a 95 417 512a 519 
10 32 723 755a 5 226 231a 146 1420 1566b 851 
15 13 698 711a 21 186 207a 219 1197 1416b 778 
20 17 1093 1110b 9 169 178a 134 686 820a 703 

Control 51 753 704a 9 251 260a 40 486 526a 497 
Within a columu, means flowed by the same litter are not significantly different according to LSD (p= 0.05).   

 

Discussion 
 

Results obtained in the present work reported that rice yield was increased by adding 15 ppm cobalt to 
rice in its early stages at. The positive effect of cobalt was also reported by Boureto and Kagawa (2001), Nadia 
Gad and Ismail (2011) on sugar beet, by Linsik and Toma (2003) on tomato and Cucumber, and by Nadia Gad 
(2005) on tomato. This promotive effect of cobalt was attributed to the inducing effect in hormonal plant as 
auxins and gibberlins (Nadia Gad, 2005 b). Also, results revealed that macro- and microelements in rice grain 
were influenced by cobalt treatment, as content of N, P, K, Mn, Zn and Cu increased in rice grain when plants 
were treated by cobalt. These results are agreement with those obtained by Basu et al. (2006), Nadia Gad (2012) 
in groundnut seeds and by Boureto et al. (2001) in sugarbeet.  

Also, data revealed that Fe content in rice grain decreased with increasing cobalt concentration. This 
results are in harmony with those obtained by Blaylock et al. (1995)  and by James (2005), who found certain 
antagonistic relationship between Fe and Co elements.  

Also, our results suggested that chemical constituents as protein, starch, carbohydrates and vitamin "C" 
increased in rice grain when rice plants were fertilized by cobalt. Concentration of 15ppm gave the highest 
values. Theses results are in harmony with those obtained by Nadia Gad and  Kandil on sweet potatoes (2008). 

On the other hand, results indicated that adding cobalt to rice plants increased H. oryzae population. 
These results suggest that cobalt may play a role in the nematode development and reproduction. Probably,  Co 
influences nematode development through its effect on rice metabolism, and improving nutritional status of rice 
rather than directly as an element in the nutrition of nematodes. The positive correlation between nematode 
development and fertilization of rice by major and minor elements was reported by other investigators. All N, P 
and K fertilizers improved rice plant growth and increased the total population of H. oryzae (Mathur and Prasad 
1974, Youssef, 1990). Also, Korayem (1993) found that Zn fertilizer increased both rice yield and H.oryzae 
population. Moreover, Korayem and Ameen (1989) reported that Mo fertilizer increased gall formation of the 
root knot nematode Meloidogyne javanica infecting broad bean plants.  
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In brief, our results suggest that rice nutrition by cobalt increase both rice yield and rice- root nematode 
population. These results need more studies about effect of cobalt on rice growth under different water regimes, 
and different methods of cobalt application. Moreover, more studies about loss in the rice yield exactly caused 
by nematodes are also needed, i.e., determining the nematode population density at which an economic loss in 
rice yield is happen: the nematode economic damage threshold.  
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