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ABSTRACT  10 
Aims: It was aimed to evaluate the physical, physiological quality and the chemical composition of 
castor seeds of different cultivars originating from different orders of racemes. 
Study design:  The experimental design used was the completely randomized design with four 
repetitions. 
Place and Duration of Study: The present research was developed in the Laboratory of Seed 
Analysis and Seedlings in the Center for Food Science and Technology of the Federal University of 
Campina Grande (UFCG), Campus Pombal, PB, Brazil, between the period of March to November of 
2011. 
Methodology: The study was conducted using seven cultivars of castor seeds, BRS Nordestina, BRS 
Energia, BRS Paraguaçu, AL Guarany 2002, IAC Guarani, IAC 80 and IAC 202, from different 
racemes. The seeds were submitted to the tests of humidity, the weight of thousand seeds, 
germination, first germination count, biometry, chemical composition, emergence and emergence 
speed index.  
Results: It was not observed significant differences for the variables of ash content, seed length, 
emergence and emergence speed index. For the other variables, significant differences were 
observed by the Tukey test at 5% probability. 
Conclusion: The seeds originated from primary racemes presented greater weight of thousand 
seeds and physiological quality. The protein content of seeds originated from primary, secondary and 
tertiary racemes was variable according to cultivar. The seeds originated from primary and secondary 
racemes presented a greater oil content.  The seeds width was influenced by the racemes order only 
in the cultivars of BRS Nordestina and BRS Paraguaçu, where that seed originated from secondary 
and primary racemes presented greater width, respectively. The seeds originated from primary and 
tertiary racemes presented greater thickness, however, it was variable according to cultivar. The order 
of raceme interferes in the physical and physiological quality, as well as in the chemical composition 
of the castor seeds. 
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1. INTRODUCTION  14 
 15 
Among the promising oleaginous for biodiesel production, the castor (Ricinus communis L.) stands 16 
out as an interesting option of semi-arid regions, because of its ability to produce reasonably well 17 
under conditions of low rainfall [1], becoming an important alternative of work and income for farmers 18 
in these regions. Moreover, its oil content is more dense and viscous than that from other plants such 19 
as palm, sunflower and cotton, being the only one in the nature soluble in alcohol, it is versatile in 20 
terms of application, and can be used in the plastic, resins, enamels, fibers, cosmetics and 21 
pharmaceuticals industry [2].  22 
 23 
The plants of castor are polymorphic, with the habit of sympodial growth, undetermined, with 24 
continuous flowering and production.  In general, these species are cultivated as an annual culture, 25 
with the emission of several inflorescences throughout its cycle [3]. The harvest process according to 26 



 

[4], is carried out in a fractional way in function of the formation of different orders of racemes and 27 
depends on the sum of the caloric units (degree-day).  28 
Castor seeds are rich in oil, with contents ranging from 45 to 50%, being the main component of oil, 29 
ricinoleic acid (Table 01). A large amount of hydroxides contained in such a component imparts 30 
unique characteristics desirable for use in industrialized products, such as stability, high viscosity, 31 
oxidative stability, alcohol solubility and low-temperature solidification [5]. 32 
 33 
These species are considered rustic, however, regarding of seed germination, the selected varieties 34 
for cultivation present, in general, unevenness and low percentage [6]. The viability of castor seeds 35 
can be affected by dormancy which according to [7], can be caused by fruit position in the plant, the 36 
fruit in the infructescence or even the seed in the fruit, as a consequence of dormancy, it will entail to 37 
germination failures, slow emergence and uneven growth of plants.  Besides that, according to [1], the 38 
physiological quality of castor seeds is influenced by the position of raceme in the plant. 39 
 40 
Characteristic morphological factors of the seed itself as color, size, firmness and the chemical 41 
composition, also can influence its vigor [8]. The temperature, which alters the water absorption by the 42 
seed and biochemical reactions which regulate the metabolism involved in this process, also can 43 
influence the percentage and the speed of germination in castor seeds [9]. 44 
 45 
To obtain a suitable plant stand and high productivities in a crop of castor, it is essential to use seeds 46 
of high physical, physiological and sanitary quality [10].  In this context, it was aimed to evaluate the 47 
physical, physiological quality and the chemical composition of seeds of castor seeds of different 48 
cultivars positioned in primary, secondary and tertiary racemes, aiming to highlight its viability and 49 
vigor. 50 
 51 
2. MATERIAL AND METHODS  52 
 53 
The present research was developed in the Laboratório de Análise de Sementes e Mudas in the 54 
Centro de Ciências e Tecnologia Agroalimentar of the Universidade Federal de Campina Grande 55 
(UFCG), campus Pombal, PB, using castor seeds of these cultivars, BRS Nordestina, BRS Energia, 56 
BRS Paraguaçu, AL Guarany 2002, IAC guarani, IAC 80 and IAC 2028. 57 
 58 
The seeds were produced in the Comunidade Monte Alegre, located in the city of Pombal, Paraíba, 59 
placed to 06º46’ “S” and 37º48’ “W”, with an altitude of 184 meters [11] in the period of March to 60 
November of 2011. The climate, according to Köppen’s classification is Aw, which means, hot and wet 61 
with summer/fall rains, annual rainfalls around 800 mm and thermal amplitude less than 5º C [12]. In 62 
the experimental period, the rainfall was 563 mm, with irregular distribution, concentrating on the 63 
months of March of July and October to November. 64 
 65 
The soil in the area was classified as Neossolo Flúvico. Prior to sowing the crops was performed a 66 
soil analysis with depth of 0-30 cm for soil and growing area physical-chemical characterization [13]. 67 
Samplings were carried out to obtain a composed sample which results were: pH (CaCl2) = 6.17; P = 68 
11 mg dm-3; K+ = 0.23 cmolc dm-3; Al3+ = 0.0 cmolc dm-3; Ca2+ = 4.10 cmolc dm-3; Mg2+ = 2.20 cmolc 69 
dm-3; Na+ = 0.05 cmolc dm-3; H + Al = 2.15 cmolc dm3; organic matter = 26 g kg-1; sand, silt and clay 70 
corresponded to 755; 87 e 158 g kg-1, respectively. 71 
 72 
The fertilizing was carried out in pits, it was applicated 60 kg ha-1 of nitrogen, 40 kg ha-1 of phosphorus 73 
and 40 kg ha-1 of potassium, respectively, using as sources, urea, simple superphosphate and 74 
potassium chloride, following values from [14]. The foundation fertilizing was carried out in the sowing 75 
moment applying all phosphorus and potassium and 1/3 of nitrogen recommended. The remaining N 76 
was split in two times and applied in cover at 40 and 60 days after sowing (D.A.S).  77 
 78 
The seeds were harvest when reached the physiological maturity point (150 days after the anthesis), 79 
with water content around 13% and, posteriorly, processed and stored in zipped plastic bags at the 80 
temperature of 4º C during all analysis’ period. It was considered as treatments the different orders for 81 
racemes, which means, primary, secondary and tertiary racemes, which was used completely 82 
randomized experimental design with four repetitions.   83 
 84 



 

To evaluate seeds physical, physiological quality and chemical composition, were carried out the 85 
following evaluations: 86 
 87 
- Weight of thousand seeds: It was used eight samples write 100 seed for each treatment, where the 88 
weight was obtained by a precision analytical balance, according to a recommendation from Rules for 89 
Seed Analysis [15]. 90 
 91 
- Germination test: The seeds were disinfested in 2% sodium hypochlorite solution of one minute. 92 
Next, were sowed in germitest paper previously moistened with distilled water, in an equivalent water 93 
volume of 2.5 times the weight of the dry substrate. It was used four subsamples of 25 seeds, on 94 
germitest paper, after making the rolls, they were packed in transparent plastic bags, and placed in a 95 
germination chamber type B.O.D in a temperature of 25 ºC [15].  The percentage of germinations was 96 
evaluated at 14 days after sowing and the results expressed in percentage of normal seedlings.  97 
 98 
- First germination count: It was jointly determined with the germination test, being the counts made at 99 
seven days after sowing and the results expressed in percentage. 100 
 101 
- Germination speed index: It was jointly determined with the germination test with diary counting until 102 
the 14 days after the installation of the experiment. The formula proposed by [16] was used. 103 
 104 
- Biometry: It was evaluated the seeds dimensions (length, width, thickness) with the aid of digital 105 
caliper, with 4 repetitions of 50 seeds for each treatment.  106 
 107 
- Oil content: initially the castor’ seeds were macerated with the aid of pistil and mortar. From this 108 
material was collected 3g in an extraction cartridge, then transferred to the extractor of Soxhlet type, 109 
previously filled with Hexane reagent. The equipment was coupled to the other components of the 110 
extraction set (flat bottom flask and heating plate), to obtain the greater possible fraction of extract. 111 
About 20 (twenty) refluxes of reagent were adopted, between the bottom flask and the Soxhlet, 112 
corresponding to 5 hours. The bottom flask was taken to a kiln (105 ºC) for a period of 2 hours and 113 
then transferred to desiccator with silica gel until its cool to room temperature and, finally, weighed in 114 
analytical balance. The weight of oil was determined by subtracting the bottom flask weight from the 115 
value obtained (bottom flask + oil). The percentage of castor oil was calculated multiplying the oil 116 
mass by 100 and the result divided by the seed’ mass [17]. Two repetitions were conducted for each 117 
treatment. The results were expressed in percentage. 118 
 119 
- Protein content: 0.2 g of the macerated sample was weighed and added 0.05 M sulfuric acid and 120 
catalytic mixing in kjeldahl tubes, the tubes were placed in a digester for about 20 minutes and set to 121 
cool at room temperature, after cooling it was added 40 ml of water and 3 drops of phenolphthalein 122 
under stirring, it was transferred for a distillation equipment and added 20 ml of 63% sodium 123 
hydroxide solution, after collecting 40 ml of the distillate and titrated in a 0.1 M of HCl solution [17]. 124 
The results were expressed in percentage.  125 
 126 
- Ash content: It was used a 5g of macerated sample, then it was placed in porcelain crucibles 127 
previously dried in muffle at 500 ºC and weighed in analytical balance. After a period of 48 hours of 128 
muffle the crucibles were removed and weighed in analytical balance [17]. The results were 129 
expressed in percentage.  130 
 131 
- Seedlings emergence: 150 seeds were used, divided into three replicates of 50 seeds, sown 0,05m 132 
depth in ridges (9.5 x 0.65 x 0.2 m, respectively LxWxT) at field. The evaluations were carried out 133 
from the 14 to 21 days after sowing, then it was determined the total percentage of emerged 134 
seedlings.   135 
 136 
- Emergence speeds index: It was jointly determined with normal seedlings emergence. Diary counts 137 
of the number of emerged seedlings was carried out, considering those with two completely open 138 
leaflets, until the stabilization of the booth. It was calculated the IVE [16]. 139 
 140 



 

The averages were submitted to analysis of variance and when significant by the F test at p≤0.01 e 141 
p≤0.05, and when significant, the averages were compared by Tukey’s test at 5% of probability. To 142 
carry out the statistical analysis was used the R statistic software.  143 
 144 
3. RESULTS AND DISCUSSION 145 
 146 
3.1 Summary of variance analysis  147 

From the analysis of variance, it was possible to observe that in ash content, in length of seeds, in 148 
emergence and emergence speed index do not had difference by Tukey’s test at 5% of probability, 149 
independent of the cultivar and the raceme order (Table 1), the other variables presented significance 150 
response to the raceme order.  151 
 152 
Table 1. Table of analysis of variance of the following variables: weight of thousand seeds 153 

(WTS), germination (GER), first germination count (FGC), germination speed index (GSI), 154 

length (LEN), width (WID) and thickness (THI) of seed, protein content (PRO), oil content (OIL), 155 

ash content (ASH), seedlings emergence (EME) and emergence speed index (ESI) of castor 156 

seeds from different cultivars and raceme order. Pombal, PB-Brazil. 2018. 157 

 S. Var. DF 
WTS 

(g) 

GER 

(%) 

FGC 

(%) 
GSI 

LEN 

(mm) 

WID 

(mm) 

THI 

(mm)

PRO

(%) 

OIL 

(%) 

ASH 

(%) 

EME 

(%) 

ESI 

(%) 

Raceme 2 ** ** ** ** ns * ** * ** ns ns ns 

Residue 6    -  - -   - -   - -  -  -  -  -  

Total 8   -   -  - -   -  -  -  - -  -  -  

C.V. (%) -   2.3 7.9 11.7 7.9 1.0 3.0 1.3 7.1 2.8 10.3 20.2 22.6

O. Aver. -   366.5 86 78 2.98 13.58 9.44 6.41 16.8 47.4 3.2 75 4.05

* significant to 5% (p≤0.05); ** significant to 1% (p≤0.01), ns not significant; S. Var.: Source of 158 

Variation; DF: degrees of freedom; C.V. (%)=coefficient of variation. O. Aver.: Overall Average.  159 

3.2 Weight of a thousand seeds 160 
 161 
Regarding to the weight of thousand seeds (Figure 1), it was observed that the cultivars BRS Energia, 162 
IAC – 80, IAC – Guarani, AL – Guarany and IAC – 2028 presented seeds with lower weigh as the 163 
racemes were harvested, the seeds from the primary raceme presented a greater weight of thousand 164 
seeds than the seeds from the secondary and tertiary raceme, the last ones also differing statistically 165 
from itself, the seeds from the secondary raceme presented a weight greater than the seeds from the 166 
tertiary raceme. 167 
 168 
The seeds from the cultivar BRS Nordestina harvested from the primary and secondary raceme do 169 
not presented significant weight difference, however, the seeds from the tertiary raceme had a lower 170 
weigh in comparison with seeds from the other racemes (Figure 1). The seeds from the cultivar BRS 171 
Paraguaçu harvested from the secondary and tertiary raceme did not differ among themselves in 172 
terms of weight of thousand seeds, however, the seeds from the primary raceme presented a greater 173 
weight than the other racemes.  174 
 175 
The differences of weight founded in seeds from different racemes (Figure 1), mainly in those who 176 
were produced in terminal racemes of the cycle, which presented a lower weight of thousand seed, 177 
can be related to the decrease of the photosynthetic apparatus, which reduces the production and 178 



 

displacement of photoassimilates to the drains in development. This distribution of photoassimilates 179 
between organs can be altered during the filling of grains and the limitations of the biomass gain can 180 
occur in a moment of the development of the plant [18]. 181 
 182 

 183 

Figure 1. Weight of thousand castor seeds from different cultivars from different orders of 184 

racemes. Pombal, PB-Brazil. 2018. *Averages followed by the same minute letter in each 185 

cultivar, did not differ by the Tukey test at 5% (p≤0.05) probability. 186 

3.3 Germination 187 

 188 
For germination was possible to observe that the seeds from the cultivar BRS Paraguaçu presented a 189 
germination statistically similar, regardless of the order of racemes (Table 2). For the cultivars IAC – 190 
80 and AL – Guarany 2002, the seeds from the primary (96 and 87%, respectively) and secondary 191 
(98 and 94%, respectively) racemes presented a greater percentage of germination, in comparison 192 
with those from the tertiary raceme (66 and 62%, respectively) (Table 2).  For the cultivars IAC – 193 
Guarani and IAC-2028, the seeds from the primary raceme presented statistically the greatest 194 
percentage of germination (95 and 98%, respectively), while the seeds from the secondary raceme 195 
presented an intermediate percentage of germination (86 and 82%, respectively), and the seeds from 196 
the tertiary raceme presented statistically the lowest percentages of germination (Table 2).  197 
 198 
Based on these results, it was possible observe that for most of the cultivars the seeds from the 199 
tertiary raceme presented the percentage of germination lower than the minimum standards for 200 
commercialization which is 80% [19], that is, the racemes order (in this case the tertiary) influenced in 201 
a negative way the seeds germination, which did not obtain minimum germination rate to be 202 
commercialized.   203 
 204 
For the cultivar BRS Nordestina, it was observed a different behavior from other cultivars observed, 205 
the seeds from the secondary raceme presented a greater percentage of germination (97%), 206 
however, they were statistically similar to those which were produced in the primary raceme (89%), 207 
while the seeds from the tertiary raceme presented the lowest percentage of germination (81%), but, 208 
statically similar to those from the primary raceme (Table 2). 209 
 210 
It is important to emphasize that the seeds from the primary and secondary racemes for all cultivars 211 
presented percentage of germination greater than 80%, while those from the tertiary raceme, for the 212 
cultivars IAC – 80, IAC – Guarani, AL – Guarany 2002 and IAC -2029, presented a percentage of 213 
germination of 66%, 67%, 62% and 70%, respectively (Table 2). 214 
 215 



 

Table 2. Percentage of germination of castor seeds from different cultivar and orders of 216 

racemes. Pombal, PB-Brazil. 2018. 217 

Germination (%)

Cultivar 
Racemes 

Primary Secondary Tertiary 

BRS Nordestina 89 ab* 97 a 81 b 

BRS Energia 95 a 82 b 89 ab 

IAC – 80 96 a 98 a 66 b 

BRS Paraguaçu 99 a 96 a 94 a 

IAC - Guarani 95 a 86 b 67 c 

AL - Guarany 2002 87 a 94 a 62 b 

IAC - 2028  91 a 82 b  70 c 

Average  93 a 91 a  76 b  

C.V. (%) 4.28  4.39  5.27  

*Averages followed by the same lowercase in the line do not differ statistically among themselves by 218 

the Tukey’s test at 5% of probability (p≤0.05). C.V. (%)=coefficient of variation.  219 

These low percentages of germination values for these cultivars may have occurred because of the 220 
seeds dormancy caused by the hardness of the integument ([20]; [21]). Seeds which present this kind 221 
of dormancy show an irregular germination, it may affect negatively the plants stand [22].  Although, 222 
according to [20], the castor seeds dormancy are overcome through storage, being practically null 223 
after nine months. 224 
 225 
The results obtained in this study disagree with those describe by [7] and by [1], who observed that 226 
the castor seeds percentage of germination is not influenced by the order of raceme. The racemes is 227 
formed into different soil and climatic conditions, before and during its formation the seeds are 228 
exposed to different environmental conditions, and the quality may be affected [7]. 229 
 230 
This can explain the results observed in this research, where the seeds formed in different racemes 231 
presented different values of germination (Table 2).  In this context, it is important to emphasize the 232 
importance of harvesting the castor seeds in a staggered way, with the objective of reducing the 233 
damage to the quality of seeds [23]. 234 
 235 
For the cultivar BRS energia, the seeds from the primary raceme presented a greater percentage of 236 
germination (95%), although, were statistically similar to those which were from the tertiary raceme 237 
(89%), while the seeds from the secondary raceme presented the lower percentage of germination 238 
(82%), however, the seeds from the tertiary racemes were statistically similar (Tables 2). 239 
 240 
3.4 First Germination Count 241 
 242 
For the first count of germination, it was observed that the seeds from the cultivar BRS Nordestina 243 
from the primary and secondary racemes presented a greater vigor (89 and 95%, respectively), while 244 
the seeds from the tertiary raceme presented lower vigor (81%) (Table 3). Similar results were 245 
observed for the cultivar of IAC-2028, in this case the seeds from de primary and secondary raceme 246 



 

presented greater vigor (74 and 72%, respectively), while the seeds from the tertiary racemes 247 
presented lower vigor (50%) (Table 3). 248 
 249 
Similarly, for the cultivar IAC-80, the seeds from the primary and secondary racemes presented a 250 
greater vigor (92 and 98%, respectively), so those seeds from the tertiary racemes presented lower 251 
vigor (58%) (Table 3). For the cultivar BRS Energia, the seeds from the primary and tertiary racemes 252 
presented greater vigor (92 and 85%, respectively), while the seeds from the secondary racemes 253 
presented lower vigor (70%). For the cultivar BRS Paraguaçu, the seeds from the primary and tertiary 254 
racemes presented greater vigor (98 and 92%, respectively), however, the seeds from the secondary 255 
racemes presented lower vigor (86%) (Table 3). 256 
 257 
For the cultivar of IAC-Guarani, it was observed that the seeds from the primary racemes presented 258 
greater vigor (88%), while the seeds from the secondary racemes presented an intermediate vigor 259 
(79%) and the seeds from the tertiary racemes presented lower vigor (53%) (Table 3). Regarding of 260 
the cultivar AL-Guarany 2002, it was observed that the seeds from the secondary racemes presented 261 
a greater vigor (87%), those seeds from the primary racemes presented an intermediate vigor (65%) 262 
and those seeds from the tertiary racemes presented lower vigor (42%) (Table 3). 263 
 264 
These results, in general, corroborate with those describes by [24], which observed that the seeds 265 
from the primary racemes present greater vigor in this variable. Although, in research carried out by 266 
[25], it was observed that in the first count of germination the seeds from the secondary and tertiary 267 
racemes presented greater vigor. Similar results from these were described by [26], which observed 268 
that the castor seeds from the primary racemes presented lower vigor in the first count of germination. 269 
According to these authors, these results were caused by the excess of rain during the harvest of the 270 
primary racemes, showing that are an intense relation between the environmental conditions and the 271 
physiological quality of castor seeds formed in different racemes. 272 
 273 
Table 3. First germination count of castor seeds from different cultivar and orders of racemes. 274 

Pombal, PB-Brazil. 2018. 275 

First Germination Count (%)

Cultivar 
Racemes 

Primary Secondary Tertiary 

BRS Nordestina 89 a* 95 a 81 b 

BRS Energia 92 a 70 b 85 a 

IAC – 80 92 a 98 b 58 b 

BRS Paraguaçu 98 a 86 b 92 a 

IAC - Guarani 88 a 79 b 53 c 

AL - Guarany 2002 65 b 87 a 42 c 

IAC - 2028 74 a 72 a 50 b 

Average 85 a 84 a 66 b 

C.V. (%) 6.57 6.70 8.53 

*Averages followed by the same lowercase in the line do not differ statistically among themselves by 276 

the Tukey’s test at 5% of probability (p≤0.05). C.V. (%)=coefficient of variation.  277 

3.5 Germination Speed Index 278 



 

 279 
 Regarding to the germination speed index, it was possible to observe that the seeds from the 280 
cultivar of BRS Paraguaçu do not differ statistically (Table 4). For the cultivar of BRS Nordestina the 281 
seeds from the secondary racemes presented statistically greater values, however, those were 282 
statistically similar to values observed for seeds from the primary racemes, while seeds from the 283 
tertiary racemes presented lower values, however, those were statistically similar to those values 284 
observed for seeds from the primary racemes (Table 4). 285 
 286 
For the cultivar of IAC-80, IAC-Guarani and IAC-Guarany 2002, it was observed that the seed from 287 
the primary and secondary racemes presented greater values of this index, while the seeds from the 288 
tertiary racemes presented lower values (Table 4). The seeds from the cultivar BRS Energia from the 289 
primary racemes presented greater values, however, were statistically similar to those observed in 290 
seeds from the tertiary racemes, while seeds from the secondary racemes presented lower index, 291 
although, were statistically similar to those observed in seeds from the tertiary racemes (Table 4). 292 
 293 
For the cultivar of IAC-2028, it was observed that the seeds from the primary racemes presented 294 
greater values, however, were statistically similar to those observed in seeds from the secondary 295 
racemes, while seeds from the tertiary racemes presented lower values, but they were statistically 296 
similar to those observed in seeds from the secondary racemes (Table 4). 297 
 298 
In general, the results of germination speed index were very similar to those observed in the 299 
germination test, showing coherence in the obtained results, the seeds originated from primary and 300 
secondary racemes presented greater percentage of germination and greater germination speed 301 
index, independently of the cultivar (Table 4). 302 
 303 
Table 4. Germination speed index of castor seeds from different cultivar and orders of 304 

racemes. Pombal, PB-Brazil. 2018.  305 

Germination speed index

Cultivar 
Racemes 

Primary Secondary Tertiary 

BRS Nordestina  3.17 ab* 3.37 a 2.88 b 

BRS Energia 3.41 a 2.81 b 3.13 ab 

IAC - 80 3.37 a 3.49 a 2.29 b 

BRS Paraguaçu 3.52 a 3.26 a 3.34 a 

IAC - Guarani 3.29 a 3.01 a 2.21 b 

AL - Guarany 2002 2.93 a 3.28 a 1.91 b 

IAC - 2028   2.95 ab 2.82 a  2.22 b 

Average  3.23 a 3.15 a  2.57 b  

C.V. (%) 4.64  4.76  5.83  

*Averages followed by the same lowercase in the line do not differ statistically among themselves by 306 

the Tukey’s test at 5% of probability (p≤0.05). C.V. (%)=coefficient of variation.  307 

According to [26], batches of seed with percentage of germination similar can present differences in 308 
terms of vigor, in this context, the germination speed index is an efficient test to detect these 309 



 

differences, being that the greater the values of this index the greater will be the vigor of the seeds 310 
batch. Based on this information, it is possible to say that seeds from the primary and secondary 311 
racemes present greater vigor in comparison with those from the tertiary racemes. 312 
 313 
3.6 Protein Content  314 
 315 
The protein content was statistically similar for seeds from primary, secondary and tertiary racemes in 316 
cultivars BRS Energia, IAC-Guarani and IAC-2028, they did not differ statistically regarding of protein 317 
content (Table 5). For the cultivar of BRS Nordestina, it was observed that the seeds from the primary 318 
and secondary racemes presented, statistically, the greatest protein contents, comparatively to seeds 319 
from the tertiary racemes, which presented the lowest protein contents (Table 5). 320 
 321 
The seeds originated from the tertiary racemes in the cultivar of IAC-80 presented the greatest protein 322 
contents, however, these results were statistically similar to those observed in seeds from the primary 323 
racemes, while, the seeds from the secondary racemes presented the lowest protein contents, but, 324 
were statistically similar to the seeds from the primary racemes (Table 5). 325 
 326 
Table 5. Protein content of castor seeds from different cultivars and orders of racemes. 327 

Pombal, PB-Brazil. 2018. 328 

Protein (%)

Cultivar 
Racemes 

Primary Secondary Tertiary 

BRS Nordestina 18.60 a* 17.76 a 15.26 b 

BRS Energia 16.43 a 16.13 a 17.16 a 

IAC – 80 18.06 ab 16.30 b 20.23 a 

BRS Paraguaçu 13.66 b 17.66 a 17.30 a 

IAC - Guarani 17.16 a 17.16 a 17.03 a 

AL - Guarany 2002 19.20 a 12.63 c 15.43 b 

IAC - 2028 16.73 a 17.03 a 17.76 a 

Average 17.12 a 16.29 a 17.17 a 

C.V. (%) 5.19 5.46 5.18 

*Averages followed by the same lowercase in the line do not differ statistically among themselves by 329 

the Tukey’s test at 5% of probability (p≤0.05). C.V. (%)=coefficient of variation. 330 

The seeds of BRS Paraguaçu originated in the secondary and tertiary racemes presented greater 331 
protein content, while those from the primary racemes presented lower protein content (Table 5).  For 332 
the cultivar of AL-Guarany 2002, the seeds from the primary racemes presented greater protein 333 
content, those from the tertiary racemes presented an intermediary protein content and the seeds 334 
from the secondary racemes presented lower protein contents.   335 
 336 
Seeds with more vigor present greater protein contents in comparison with seeds with less vigor [28]. 337 
Besides vigor, other factors may influence the protein content as the irrigation, temperature, nutrient 338 
availability, environmental conditions, mainly in the seed filling, as well as the cultivars’ genetic 339 
characteristics [29, 30, 31]. This explains the fact that in this research the seeds protein contents 340 



 

varied from function of the order for racemes, probably by the fact that exists differences in terms of 341 
vigor, and still in function of the cultivars due the genetic differences between them. 342 
 343 
Furthermore, the protein accumulation is intensified in the final stage of maturation, being crucial that 344 
the plant, in this phase, being with a high photosynthetic rate and with available nitrogen for 345 
production of amino acids and protein synthesis, mainly in the group called LEA (Late Embryogenesis 346 
Abundant). The proteins of this group are accumulated in the last stages of maturation in orthodox 347 
seeds and have a protective role in the cells in the dry state, contributing to the desiccation tolerance, 348 
although its mode of action is not clear [32], they are fundamental in the process of natural 349 
desiccation at field. 350 
 351 
3.7 Oil Content 352 
 353 
The seeds of BRS Nordestina and IAC-Guarani did not present statistical difference in oil content, 354 
independent of the order of racemes (Table 6). For cultivars of BRS Energia and AL-Guarany 2002, 355 
the seeds from the primary and secondary racemes presented greater values of oil content, while 356 
those seeds originated from the tertiary racemes presented lower values of oil content (Table 6). 357 
 358 
Table 6. Oil content of castor seeds from different cultivars and orders of racemes. Pombal, 359 

PB-Brazil. 2018.  360 

Oil content (%)

Cultivar 
Racemes 

Primary Secondary Tertiary 

BRS Nordestina 52.63 a* 51.93 a 50.06 a 

BRS Energia 50.30 a 48.80 a 45.60 b 

IAC - 80 48.23 a 46.50 ab 45.23 b 

BRS Paraguaçu 49.43 a 48.06 ab 46.70 b 

IAC - Guarani 50.03 a 49.33 a 49.08 a 

AL - Guarany 2002 48.23 a 46.20 a 41.53 b 

IAC - 2028 46.30 a 48.83 b 38.66 c 

Average 49.30 a 47.52 b 45.54 c 

C.V. (%) 2.04 2.11 2.21 

*Averages followed by the same lowercase in the line do not differ statistically among themselves by 361 

the Tukey’s test at 5% of probability (p≤0,05). C.V. (%)= coefficient of variation. 362 

The seeds from IAC-80 and BRS Paraguaçu originated from the primary racemes presented greater 363 
values of oil content, however, statistically, these values were similar to those observe for seeds from 364 
the secondary racemes, while seeds from the tertiary racemes presented lower values of oil content, 365 
but, statistically these values were similar to those observed for seeds originated from the secondary 366 
racemes (Table 6). 367 
 368 
The seeds from the cultivar of IAC-2028 originated from the primary racemes presented the greater 369 
values of oil content, while those from the secondary racemes presented intermediate value of oil 370 
content and the lower values were observed in those seeds from the tertiary racemes (Table 6). 371 
 372 



 

These data do not corroborate with those observed by [26], that observed that seeds originated from 373 
primary, secondary and tertiary racemes do not differ statistically among themselves regarding of oil 374 
content. According to [33], the seeds oil content has a strong relation of its vigor, besides that, this 375 
variable may be heavily influenced by the environmental conditions and by the mass of the seeds 376 
which varies according to the order of racemes [34]. 377 
 378 
3.8 Width 379 
 380 
Regarding to the variable width, it was observed that for cultivars BRS Energia, IAC-80, IAC-Guarani, 381 
AL-Guarany 2002 and IAC- 2028 did not have a statistical difference, independent of the order of 382 
racemes (Table 7). For the cultivar of BRS Nordestina, it was observed that seed from the secondary 383 
racemes presented greater values, while seeds from the primary and tertiary racemes presented 384 
lower values of seeds’ width (Table 7). 385 
 386 
The seeds of BRS Paraguaçu originated from the primary racemes presented the greater values of 387 
width, comparatively to those originated from the secondary and tertiary racemes presented lower 388 
values (Table 7). For the cultivars of BRS Nordestina, IAC-Guarani, AL-Guarany 2002 and IAC-2028 389 
the seeds did not have statistical difference regarding to thickness, independent of the order of 390 
racemes (Table 7). 391 
 392 
The results observed in this study for the cultivars of BRS-Energia, IAC-80, IAC-Guarani, AL-Guarany 393 
2002 and IAC-2028 corroborate with those describe by [6], who observed that did not have statistical 394 
differences  between values width of seeds from different racemes, although, the results observed by 395 
these authors do not corroborate with the results observed in this study for the cultivars of BRS-396 
Nordestina and BRS-Paraguaçu. In a study carried out by [3], it was observed that for the cultivar 397 
BRS-Nordestina the seeds originated form the primary racemes presented greater width than the 398 
seeds originated from the other racemes. 399 
 400 
 401 
Table 7. Average values of width of castor seeds in different cultivars and orders of racemes. 402 

Pombal, PB-Brazil. 2018.  403 

Width (mm)

Cultivar 
Racemes 

Primary Secondary Tertiary 

BRS Nordestina 11.02 b* 11.34 a 10.94 b 

BRS Energia 8.27 a 8.19 a 8.15 a 

IAC – 80 9.03 a 9.19 a 9.19 a 

BRS Paraguaçu 12.73 a 12.11 b 12.16 b 

IAC - Guarani 8.40 a 8.32 a 8.23 a 

AL - Guarany 2002 8.50 a 8.47 a 8.37 a 

IAC - 2028 8.60 a 8.57 a 8.49 a 

Average 9.51 a 9.45 a 9.36 b 

C.V. (%)  3.00 3.00  3.10  

*Averages followed by the same lowercase in the line do not differ statistically among themselves by 404 

the Tukey’s test at 5% of probability (p≤0.05). C.V. (%)=coefficient of variation. 405 

3.9 Thickness 406 
 407 



 

For the cultivar BRS Energia, it was observed that the seeds originated from the primary racemes 408 
presented greater values of thickness, although, these values were statistically similar to those 409 
observed for seeds from the secondary racemes, while seeds from the tertiary racemes presented 410 
lower values of thickness, however, these value were statistically similar to those observed to seeds 411 
from the secondary racemes (Table 8).  412 
 413 
For the cultivar IAC-80, the seeds from the tertiary racemes presented the greater values of thickness, 414 
while the seeds originated in the primary and secondary racemes presented the lower values for 415 
thickness and did not statistically differ among themselves (Table 8). Regarding the cultivar BRS 416 
Paraguaçu, it was observed that seeds from the primary and secondary racemes presented greater 417 
values of thickness, they did not differ statistically among themselves, while, seeds from the tertiary 418 
racemes presented lower values of thickness (Table 8). 419 
 420 
Regarding seeds values of thickness obtained in this study, it was possible to observe that for 421 
cultivars BRS Nordestina, IAC-Guarani, AL-Guarany 2002 and IAC-2028 did not occurred statistical 422 
difference, independent of the order of racemes (Table 8). 423 
 424 
These results corroborate with those describes by [35], who observed that seeds’ thickness were 425 
statistically similar, independent of the order of racemes, although, the results described by these 426 
authors do not corroborate with those observed in this study for the cultivars BRS Energia, IAC-80 427 
and BRS Paraguaçu, which present statistical difference regarding to seeds’ thickness depending on 428 
the order of racemes. Similar results were described by [36], who observed that thickness from seeds 429 
originated from different orders for racemes presented statistical difference. 430 
 431 
In the culture of castor, the chronological order for formation of racemes can have a significant effect 432 
on the seeds productivity, as well as in the seeds mass, length, width and thickness. However, this 433 
effect can be conditioning to environmental variations, depending on the seeding season and cultivar 434 
[36].  435 
 436 
Table 8. Average values of thickness of castor seeds in different cultivars and orders of 437 

racemes. Pombal, PB-Brazil. 2018.  438 

Thickness (mm)

Cultivar 
Racemes 

Primary Secondary Tertiary 

BRS Nordestina 6.80 a* 6.69 a 6.72 a 

BRS Energia 6.06 a 5.98 ab 5.87 b 

IAC - 80 6.43 b 6.46 b 6.73 a 

BRS Paraguaçu 7.32 a 7.12 b 6.31 a 

IAC - Guarani 6.15 a 6.09 a 6.10 a 

AL - Guarany 2002 6.15 a 6.13 a 6.06 a 

IAC - 2028 6.15 a 6.15 a 6.20 a 

Average 6.43 a 6.37 b 6.43 ab 

C.V. (%)  1.30 1.40 1.30  

*Averages followed by the same lowercase in the line do not differ statistically among themselves by 439 

the Tukey’s test at 5% of probability (p≤0.05). C.V. (%)=coefficient of variation. 440 



 

4. CONCLUSION  441 
 442 
The seeds originated from primary racemes present greater weight of thousand seeds and better 443 
physiological quality. 444 
 445 
The protein content from seeds originated from primary, secondary and tertiary racemes are variable 446 
according to cultivars. 447 
 448 
The seeds originated in the primary and secondary racemes present greater oil content. 449 
 450 
The seeds’ width was influenced by the order for racemes only in the cultivars BRS Nordestina and 451 
BRS Paraguaçu, where those seeds originated in the secondary and primary racemes presented 452 
greater width, respectively. 453 
 454 
The seeds originated in the primary and tertiary racemes presented greater thickness, however, it was 455 
variable according to cultivar. 456 
 457 
The order of racemes interferes in the physical and physiological quality, as well as in the chemical 458 
composition of castor seeds. 459 
 460 
 461 
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