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Introduction 
Oil extracted from castor bean (Ricinus communis L.) seeds is used as raw material for 
pharmaceutics, lubricants and biofuel products. The consequence of the B deficiency is the low 
yield, which, depending on the nutritional status, the plants may grow fully in deficiency 
conditions with effect occurring only at reproductive phase.   The use of fertilizer labeled with10B 
can be a useful tool to study the distribution of this element in the plant.  

The hypothesis is that the B distribution in castor bean, as a tropical plant, is restricted and 
it could be one of the explanations for low yield when the crop is submitted to B deficiency 
during the reproductive phase. In the first experiment it was described the B deficiency symptoms 
and the consequence to the yield.  The absorption and mobility of the B in castor bean plant were 
evaluated in the second.  
 
Material and methods 

Two experiments were carried in greenhouse conditions, growing castor bean plants in 
pots (10 L per plant) with nutrient solution, completely randomized design. Seeds of ‘Savana´ cv 
of castor bean were germinated in sand, wetted with diluted 1/5 nutrient solution (Johnson et al., 
1957) with the following composition (mg L-1): N= 224; = 62; K= 235; Ca= 160; Mg= 24; S= 32; 
Cl= 1.77; Cu= 0.03; Fe= 1.12; Mn= 0.11; Mo= 0.05; Zn= 0.131. The seedlings were transplanted 
to plastic pots (10 L with one plant).  

In the first experiment there were 7 treatments (3 replicates), with the following B 
contents (mg L-1): control, 0.025, 0.05, 0.10, 0.27, 2.70 and 5.40, added as boric acid in nutrient 
solution (Johnson et al., 1957). Water transpired by plants from pots was replenished with water 
containing 50 µg L-1 of B. Nutrient solutions was renewed when reached 60% of initial value of 
electrical conductivity.  Castor bean plants where harvested when the first raceme was 
completely developed. The deficiency and toxicity of B symptoms were described. 

In the second experiment, there were 3 treatments (3 replicates) Two weeks after the 
emergence, castor bean seedlings were transplanted to pots with nutrient solution (Johnson et al., 
1957). After this period of acclimatization, the nutrient solution was renewed with the application 
of B according to the treatments, as follow:  

Control: nutrient solution with 0.27 mg L-1 of B (boric acid) during all experimental 
phases (February 9-2008 to harvest in March 15-2008).  

Treatment 1: Three foliar sprays of a solution containing 0.27 g L-1 (84.5 % atom of 10B, 
as boric acid), applying 8.1 g/plant, during the experimental phase. The sprayings were done on: 
2008-February 9, 16 and 23. The inflorescence organs were protected during the spraying, 
avoiding its contamination with 10B. 

Treatment 3: 1 mL/pot of a stock solution prepared  with labeled boric acid (84,5% atom 
10B) was added to a complete nutrient solution, obtaining 0.10 mg L-1 of B. Nutrient solution was 
renewed on: 2008-February 9, 16 and 23. 

The pH of the nutrient solutions was controlled, maintaining close to 6.  Water transpired 
by plants from pots was replenished with water containing 50 µg L-1 of B. 

The plants where harvested when the first raceme was completely developed, and split in 
parts for evaluating the yield, B absorbed by leaves or roots and translocated within the plants.   

 After the harvest, the leaves sprayed with 10B solution were washed with dionized water 
for removing the unabsorbed B residues. Plant material was dried (65 oC) and ground (10 mesh 
sieve) and portions of 200 mg were ashed (550 oC) and dissolved in HCl (10 mL) and analysis for 
the total B and 10B were done in ICP-MS.  The percentage of B derived from fertilizer applied in 



nutrient solution ((%Bpdn) or by foliar sprays (%Bpdf) and the content of 10B derived from 
fertilizer applied in nutrient solution (mg kg-1 Bpdn) or sprayed on leaves (Bpdf) were calculated 
(Silva et al, 2008). 
 
Results and discussion 
Deficiency and toxicity of B. Table 1 shows the seed yield, seed oil content and leaf B content. 
Seed yield was drastically limited when B was less than 0.10 mg L-1 in the nutrient solution.  
Seed B content remained less than 10 mg kg-1, increasing twofold when B concentration in 
nutrient solution was higher than 0.27 mg L-1, which is considered sufficient for well growing of 
plants. Deficiency symptoms started in the top leaves at 40 days after transplanting in the control; 
first as black spots in the leaf margin and latter as necrosis in the leaf border.  Castor bean plant 
was little influenced by B deficiency in vegetative period, but B was an important nutrient in 
reproductive stage.  The toxicity symptom was verified in plant growing in the two treatments 
with higher B concentration in nutrient solution; clorosis appeared in the older leaves, but did not 
influence the seed production. Castor bean is a plant very tolerant to high (> 2.70 mg L-1) B 
content in nutrient solution. The third totally developed leaf from top of the castor bean was not a 
good indicative leaf for nutritional status. 
 Data obtained in 2nd experiment is presented in table 2 and 3.  The dry weight of plant 
parts from the control and 10B applied in nutrient solution treatments were very similar to the 
plants grown in nutrient solutions with same nutrient concentrations. Only 17% of foliar applied 
B was absorbed and detected in plant organs, while the absorption by root in percentage of 
applied in the nutrient solution was four times higher. It was translocated to the raceme 21% of 
absorbed 10B from the spraying, which was insufficient for well development of the 
inflorescence. In this treatment, the reproductive organs of castor bean plant were not well 
developed, showing that foliar spray was not a good method of B fertilization.   The quantity of 
10B absorbed by root and translocated to the raceme was twofold higher compared to that 
absorbed by leaves. 
 
Conclusion 
Boron sufficient availability is very important at reproductive phase of castor bean.  The foliar B 
spray is not a good method for feeding castor bean plant, due to a low translocation of foliar 
applied B to the inflorescence. 
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Table 1. Yield, seed and leaf B contents and seed oil content (means of 3 replicates). 1st 
experiment  
Boron 1 Seed Seed B content Seed Leaf 2 

mg L-1 g/plant mg kg-1 % of oil mg kg-1 
control 0 - - 13 c 
0.025 1.6 b 3 6 b 38 a 16 c 
0.05 6.7 ab 7 b 46 a 17 c 
0.10 34.9 ab 9 b 43 a 20 c 
0.27 35.8 ab 9 b 47 a 18 c 
2.70 40.0 ab 20 a 41 a 304 b 
5.40 51.5 a 22 a 49 a 506 a 
1 B in nutrient solution   2 Leaf for nutritional diagnosis: Third from top, totally developed              
3 Means values followed by the same letter in column do not differ significantly (P>5%). 
                                                
 
Table 2. Yield and B content in castor bean plant (3 replicates). 2nd experiment 
Plant 
organ 

control  B applied nutrient solution  B applied on leaves 
DM  DM Total B Bpdf Bpdf

  DM Total B  Bpdf Bpdf
 

g/plant g/plant µg/plant % µg/plant g/plant µg/plant % µg/plant 
leaf 84.9 78.7 4,659 29 1,351 66.5 3,211 30 954 
petiole 28.7 26.1 545 18 98 23.6 422 17 70 
stem 48.2 44.5 828 7 58 35.6 698 6 44 
seed 33.7 36.6 387 45 174 20.3 201 42 83 
capsule 26.9 26.5 1,142 43 491 13.0 468 40 187 
branch  4.5 4.3 116 26 30 3.2 96 18 18 
root 39.9 48.0 710 8 57 47.7 658 6 38 
total 266.8 264.7 8,388 2,260 209.9 5,755 1,393 
 
 
Table 3.  10B absorption and translocation (3 replicates) 
 
Treatments 

Applied 10B  10B in plant 10B absorption 10 B in plant parts 
  % of applied Vegetative Reprodutive1 

µg/plant µg/plant  µg/plant % µg/plant % 
Foliar spray 8,100 1,393 17 1,106 79 288 21 
Nutrient solution 3,000 2,260 75 1,564 69 696 31 
1 including all raceme parts 




