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Introduction
Castor bean (Ricinus communis) is an important oilseed crop producing an uncommon oil 

with 90% ricin oleic acid (12-hydroxyoleic acid, 18:1OH). The hydroxy group imparts unique 
chemical and physical properties that make castor oil a vital raw material for manufacturing 
numerous industrial products, such as high lubricity lubricants and greases, a variety of 
polymers traditionally made by petroleum-based products for various coatings, elastomers 
and plastics, and an array of castor oil derivatives utilized in cosmetic industry [1-4]. Seed 
oil content and weight are important factors to castor oil production. Sprague et al. [5] 
demonstrated that the oil content can be increased through recurrent selection. The nuclear 
magnetic resonance (NMR) spectroscopy allowing to determine oil content nondestructively 
in living seeds [6-8] enables quick identification of desirable seeds for further improvement. 
Single seed recurrent selection has been demonstrated to be an effective method to increase 
seed oil content in a number of species such as maize [9], soybean [10], and oat [11]. Hereafter, 
we review studies [12,13] of rapid development of a new castor cultivar with increased seed 
oil content and weight using NMR and recurrent selection. 

NMR-Based Recurrent Selection for Individual Castor Seeds with High Oil 
Content 

An NMR analyzer can be used to measure the percentage of oil in a living castor seed [12]. 
Each single castor seed is weighed and placed in an NMR tube and then measured against a 
calibration curve to determine oil content. 

Recurrent selection is performed by the following basic procedures:

1. Individual seeds with high oil content are selected from a base population by screening 
the base population using NMR

2. Selected seeds are planted, and a new generation of seeds is produced through open 
pollination

3. The new generation of seeds forms a new population for the next cycle of screening and 
selection. A schematic procedure for a success recurrent selection [12] is presented in 
(Figure 1). 
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Abstract
Seed oil of castor bean (Ricinus communis) contains 90% ricin oleic acid which has numerous industrial 
uses. Increasing seed oil content and seed weight contribute to oil yield and make castor crop production 
more cost competitive. This review describes an effective procedure that allows to develop a new castor 
cultivar with increased seed oil content and weight through recurrent selection of high oil content seeds 
using nuclear magnetic resonance technology.

http://dx.doi.org/10.31031/NRS.2019.2.000540
https://crimsonpublishers.com/nrs/


2

Nov Res Sci       Copyright © Spodoptera littoralis 

NRS.000539. 2(3).2019

Figure 1: Schematic recurrent selection procedure for obtaining high oil content castor seeds.

Table 1: Cycle means, standard deviation (SD), minimum 
(min), maximum (max)

Population Number of 
Seeds

Oil Content (%)

mean ± SD min–max (%)

Cycle 0 233 50.33 ± 2.98 40.13–57.49

Cycle 1 770 53.87 ± 1.93 44.34–58.65

Cycle 2 1859 54.47 ± 1.62 45.26–59.16

Two Cycles of Selection Increase the Average Oil Con-
tent of a Castor Cultivar

As shown in Table 1, the oil content of individual seeds of a base 
population (Cycle 0) ranged from 40.13% to 57.49% with an average 
of 50.33%. The top 30 seeds with an oil content of 53% or higher 
were planted in a greenhouse and 770 mature seeds (or Cycle 1) 
were collected and analyzed for oil content. The oil content in Cycle 
1 ranged from 44.34% to 58.65% with an average of 53.87%. The 
shift in the mean oil content of Cycle 1 showed a 3.54% increase, 
with a 95% lower confidence limit of 3.28%. To further improve 
seed oil content, the top 30 seeds of Cycle 1 with an oil content of 
56% or greater were planted in the greenhouse and 1,859 second 
cycle seeds (Cycle 2) were collected. The oil content in Cycle 2 
ranged from 45.26% to 59.16% with an average of 54.47%. Cycle 2 
exhibited an increase in mean oil content of 4.14% compared with 
that of Cycle 0. From Cycle 1 to Cycle 2, a 0.6% increase in mean oil 
content was observed. 

Two Cycles of Selection Reduce Variation in Seed Oil 
Content of a Population 

In addition to the increase of mean oil content, we also observed 
a reduction of natural variability in oil content after the selection. 
The base population had a standard deviation of 2.98%, which 
was reduced to 1.93% in Cycle 1 and 1.62% in Cycle 2. Besides, 

the range of seed oil content (minimum to maximum) was also 
reduced from 17.36% in Cycle 0 to 14.31% in Cycle 1 and 13.9% 
in Cycle 2. Therefore, the average seed oil content was increased 
because the frequency of seeds with low oil content was reduced 
and the frequency of seeds with high oil content was increased after 
selection (Figure 2). 

Figure 2: Comparison of frequency distributions 
of oil content in Cycle 0, Cycle 1 and Cycle 2 of 
individual castor seeds.

Species Dependent Genetic Ceiling of Seed Oil Content 

Based on the survey of 1,033 castor bean accessions from the 
United States Department of Agriculture (USDA), seed oil content 
ranged from 37.2% to 60.6% with an average of 48.2% (Wang et al. 
2010). The variation range and sample distribution formed a normal 
distribution with 70% accessions having oil content between 45% 
and 51% [14]. The base population Cycle 0 had a mean oil content 
of 50.33% which is comparable to that of most castor accessions. 
However, after one recurrent selection, Cycle 1 increased oil 
content to an average of 53.87% which falls into the top 2% of the 
entire USDA collection. Additional recurrent selection increased the 
mean oil content to 54.47% which put Cycle 2 at the top 1% of the 
USDA collection. In our two selection cycles, we observed a quick 
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drop of selection efficiency for oil content. The first cycle increased 
mean oil content from 50.33% to 53.87%, which is about 7% mean 
improvement. Whereas the second cycle increased from 53.87% to 
54.47%, representing only 1% improvement. 

A wide range of selection responses of oil content to number of 
cycles or generations were reported among species with different 
genetic background and initial genetic variability. In maize, 54 to 70 
genes were estimated to affect oil content [15]. It took 110 cycles 
of recurrent selection to develop Illinois High Oil strain from mean 
oil 5% to 20% [9]. Although the number of genes controlling castor 
oil content is unknown, one possible reason for the lower rate of 
increase in the second cycle could be a low initial genetic variability 
in the base population, which may have limited the genetic potential 
for further enhancement in oil content. A similar phenomenon was 
reported in soybean [10]. Another possibility could be the existence 
of a biological upper limit of oil content in castor bean seeds. Among 
1,103 USDA castor germplasms, there are only two accessions 
found to have extremely high oil content (57.1% and 60.6%) [14]. 
Given that the oil content of Cycle 2 population is among the top 1% 
castor accessions recorded in the USDA castor bean germplasms, 
it is likely that our selection process has approached the genetic 
ceiling of improvement within the species.

Average Seed Weight Increases After Recurrent Selec-
tion

Figure 3: Comparison of frequency distributions 
of seed weight in Cycle 0, Cycle 1and Cycle 2 of 
individual castor seeds.

Because seed weight is an important yield component, it is of 
interest to know if the selection of seeds with higher oil content 
is associated with a change in seed weight in the populations 
generated by recurrent selection. As shown in Table 2, single seed 
weight from base population (Cycle 0) ranged from 0.30–0.56g with 
an average of 0.44g (± 0.06g, SD) and the correlation between oil 
content and seed weight was moderate (r = 0.43, p < 0.0001). After 
selection, the seed weight range increased, showing 0.34–0.65g in 
Cycle 1 and 0.34–0.71g in Cycle 2 (Table 2, Figure 3) [12,13]. The 
average seed weight and its correlation with oil content were also 
increased, showing 0.50 g (± 0.06g, SD) with r = 0.63 (p < 0.0001) in 
Cycle 1, and 0.54g (± 0.06g, SD) with r = 0.77 (p < 0.0001) in Cycle 
2 (Table 2, Figure 3). 

Table 2: Cycle means, standard deviation (SD), minimum 
(min), maximum (max), and correlation (r) between oil 
content and weight.

Population Number of 
Seeds

Seed Weight (G)
r 

(p<0.0001)mean ± SD min–max (g)

Cycle 0 233 0.44 ± 0.06 0.30–0.56 0.43

Cycle 1 770 0.50 ± 0.06 0.34–0.65 0.63

Cycle 2 1859 0.54 ± 0.06 0.34–0.71 0.77

The strong correlation after 2 cycles of selection indicated 
that seeds with higher oil content are frequently associated with 
heavier seeds. Our results are similar to previous reports of castor 
bean cultivar BRS Energeia, in which heavier seeds (0.45g / seed) 
showed higher oil content (54.7%) compared with lighter seeds 
(0.25g/seed, 48.2% oil content) [16]. Our findings suggest that it 
might be possible to further increase castor bean seed oil content 
by screening larger or heavier seeds. Alternatively, when resource 
is limited, i.e., without an NMR instrument, a population with 
increased oil content might be developed by screening larger and 
heavier seeds.

Field Trials Confirm the Success of Recurrent Selection 
of High Oil Content Seeds

Field trials were conducted for two years [13], the Control 
seeds were the same batch of seeds as Cycle 0 base population, 
and the Test seeds were the Cycle 2 population that had showed 
increased oil content in greenhouse settings. There is no significant 
difference in the data obtained between Controls A and B, between 
Tests A and B, or between Years 1 and 2 (Table 3, Figures 4 & 5) [13]. 
Therefore, data from Control seeds or Test seeds are pooled for a 
succinct description here. The oil content of Control seeds ranges 
from a minimum of 30.13% dry weight to a maximum of 57.59% 
dry weight, with an average of 50.5% dry weight, similar to Cycle 
0 seeds of 50.3% dry weight [12,17]. Test seeds have oil contents 
from 30.13 to 59.41% dry weight, with an average of 54.01% dry 
weight, which is also comparable to the mean oil content of 54.47% 
dry weight in Cycle 2 seeds. Single seed weight from Control 
populations ranges from 0.31 to 0.58g, with an average of 0.44g. 
Test seeds have single-seed weights ranging from 0.31 to 0.64g, 
with an average of 0.54g. 

Thus, the average single-seed weight of Control and Test 
seeds remains the same as those of Cycle 0 (0.44g) and Cycle 2 
(0.54g), respectively [12,17]. There are no significant differences in 
correlations between oil content and seed weight between Control 
seeds (r = 0.43 or 0.44, p < 0.0001) (Table 3) and Cycle 0 (r = 0.43, 
p < 0.0001) [12,17], or between Test seeds (r = 0.71 or 0.72, p < 
0.0001) (Table 3) and Cycle 2 (r = 0.77, p < 0.0001) [12,17]. In 
addition, the frequency distribution of Control seeds and Test seeds 
for oil content (Figure 4) and seed weight (Figure 5) resembled the 
corresponding Cycle 0 and Cycle 2 populations [12,17], respectively. 
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The results of the field test support our previous greenhouse study 
that recurrent selection through screening of single seeds is an 
effective method to improve seed oil content and thus seed weight 
in castor bean. Our studies also support the notion that seed oil 
concentration is a heritable trait in castor bean, as demonstrated 

in other crops [8-11]. As oil is the primary product with economic 
value in castor bean, development of a cultivar with enhanced oil 
content will provide a new genetic resource for increasing the oil 
yield of this important crop.

Table 3: Average seed oil content, weight, standard deviation (SD), minimum (min), maximum (max), and correlation 
(r) between oil content and weight.

 Population N
Oil Content (% Dry Weight) Seed Weight (G)

r (p<0.0001)
mean ± SD min–max mean ± SD min–max

Year 1

Control A 3027 50.57 ± 1.84 32.62–57.59 0.43 ± 0.05 0.33–0.58 0.43

Control B 3104 50.36 ± 1.74 30.38–56.94 0.45 ± 0.05 0.31–0.57 0.44

Test A 3115 53.95 ± 1.94 33.45–58.36 0.53 ± 0.06 0.34–0.62 0.71

Test B 3231 54.07 ± 2.04 35.26–59.06 0.54 ± 0.04 0.31–0.64 0.72

Year 2

Control A 3054 50.77 ± 1.84 30.13–57.41 0.45 ± 0.04 0.33–0.55 0.44

Control B 3206 50.45 ± 2.01 31.45–57.11 0.44 ± 0.05 0.32–0.56 0.43

Test A 3124 53.88 ± 2.06 30.13–59.41 0.53 ± 0.05 0.34–0.61 0.71

Test B 3087 54.12 ± 1.85 30.13–58.87 0.54 ± 0.06 0.33–0.63 0.71

Figure 4: Comparison of frequency distribution of 
seed oil content. All data are average of duplicates 
± SD.

Figure 5: Comparison of frequency distribution 
of single seed weight. All data are average of 
duplicates ± SD

Conclusion
Recurrent selection through screening single seed is an 

effective method to improve oil content in castor bean. Two cycles 
of recurrent selection increased the mean oil content of a castor 
cultivar from 50.33% to 54.47%, reaching levels comparable to 
those at the top 1% of 1,103 castor bean lines collected by USDA. 
As a consequent result, we found that seed weight was also 
increased after recurrent selection and the strong correlation 
uncovered between seed oil content and weight will allow further 
improvement of oil content by screening heavier or larger seeds 
in a population. Given that single seed recurrent selection was 
successful under field conditions, this method should be applicable 
to commercial castor bean crops.
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