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EARLY DEVELOPMENT OF CASTOR BEANS GROWN UNDER SALINITY
CONDITIONS (VARIETIES BRS ENERGIA, MPA 34 AND MPB 01)"

RAFAEL ANTONIO PRESOTTO?, GHILHERME ZOLLI ALVES?, ELISAMARA CALDEIRA DO NASCIMENTO?,
GLAUCIO DA CRUZ GENUNCIO?*, EVERALDO ZONTA?

ABSTRACT - Studies have shown that some plant species exhibit satisfactory production levels when grown
under high salinity levels, whereas others exhibit decreased production due to sodium sensitivity even at low
sodium concentrations. The castor bean is moderately sensitive to salinity. The aim of the present study was to
evaluate the early growth of three castor bean varieties (BRS Energia, MPA 34 and MPB 01) grown in nutrient
solution with increasing sodium concentrations (control, 25, 50, 75 and 100 mmol L™). A completely
randomized split-plot experimental design was used, with a 5x3 factorial scheme and three replicates per
treatment. Salinity resulted in decreased dry weight of all castor bean varieties grown for 31 days under
hydroponic conditions. The dry weight accumulation was less affected at the root than at the shoot level.
Nevertheless, the shoot dry weight decreased with the increasing salinity. MPA 34 exhibited higher early
growth than the remaining tested varieties. Salinity affected the early development of the tested castor bean
varieties, and this effect was more pronounced at the shoot than at the root. Variety MPA 34 is promising for
cultivation under moderate salinity levels.

Keywords: Ricinus communis. Sodium sensitivity. Osmotic adjustment.

DESENVOLVIMENTO INICIAL DA MAMONEIRA EM CONDICOES SALINAS
(VARIEDADES BRS ENERGIA, MPA 34 ¢e MPB 01)

RESUMO - Pesquisas demonstram produgdes satisfatorias de espécies quando cultivadas em altos niveis de
salinidade, enquanto outras reduzem a sua produgao por apresentarem sensibilidade ao s6dio, mesmo em baixas
concentragdes. A mamoneira ¢ moderadamente sensivel a salinidade e, neste sentido, este trabalho teve por
objetivo avaliar o crescimento inicial de trés cultivares de mamoneira (BRS Energia, MPA34 ¢ MPB 01),
cultivadas em solugdo nutritiva, com concentragdes crescentes de sodio (controle; 25; 50; 75 e 100 mmol L-1).
O delineamento experimental foi inteiramente casualizado, em fatorial 5x3 e parcela subdividida, com trés
repeti¢des. A salinidade reduziu a matéria seca de todas as variedades de mamoneira cultivadas por 31 dias em
sistema hidroponico. Entretanto, observou-se que o sistema radicular foi menos afetado quanto ao acimulo de
matéria seca, quando comparado ao acimulo da parte aérea. Ainda assim, a matéria seca da parte aérea reduziu
gradativamente a partir do aumento da salinidade. A variedade MPA 34 apresentou maior crescimento inicial,
quando comparada as demais variedades. A salinidade afetou o desenvolvimento inicial das variedades de
mamoneira, sendo a parte aérea mais afetada que o sistema radicular. O cultivo da variedade MPA 34
demonstrou-se promissor sob condi¢des de moderados niveis de salinidade.

Palavras-chave: Ricinus communis. Sensibilidade ao so6dio. Ajustamento osmotico.
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INTRODUCTION

Drought and the occurrence of saline and
sodic soils have been forcing farmers to use water
with increasingly higher salt concentrations for
irrigation (SAVVAS et al., 2007). The use of
brackish water and mineral fertilizers can also
increase salinization, eventually causing arable soils
to become unviable. Excess sodium is an important
factor of salinity because it affects the physical and
chemical properties of the soil by increasing the
thickness of the diffuse double layer and
consequently causing clay expansion and reduced
soil porosity and permeability (KORNDORFER,
2006).

Different crop species display different levels
of salinity tolerance that vary from sensitive to
tolerant, with their growth and development affected
to different extents (MAAS; HOFFMMAN, 1977).
Waters are classified as brackish when they present
salinity between 0.05 and 3.0% and as saline when
the salinity is higher than 3.0% (CONAMA, 1986).
Plants can have different tolerance or avoidance
mechanisms or a combination of both. Constitutive
resistance mechanisms are expressed independent of
the plant’s stress state and constitute evolutionary
adaptations that improve the adaptation of
populations to environmental factors. In turn,
resistance mechanisms leading to the adaptation of
individual organisms to variations in environmental
factors are called acclimatization (BRAY;
BAILEY-SERRES; WERETILNYK, 2000).

Studies have shown that some groups of crops
exhibit satisfactory production levels under high
salinity conditions, whereas other crops are more
sensitive to the same salinity conditions (CARUSO;
VILLARI, 2004; AL-KARAKI; AL-AJMI;
OTHMAN, 2009; RUBIO et al., 2009). Plant
tolerance to saline stress may depend on the
regulation of sodium uptake and allocation
(CHEESEMAN, 1988).

The castor bean is considered moderately
sensitive to salinity due to its resistance to drought
and high seed germination. However, salinity can
affect the early growth of castor bean seedlings and
consequently compromise their establishment.
Salinity affects plants by decreasing the plant’s water
potential, resulting in decreased gas exchange and
shoot dry weight accumulation. However, because
the castor bean is considered adaptable to salinity, it
is widely grown in most soils in northeast Brazil
(AYERS; WESTCOT, 1999; PINHEIRO et al.,
2008; SILVA et al., 2008a; SANTOS et. al., 2013).

The aim of the present study was to compare
the carly growth of three castor bean commercial
varieties grown in nutrient solutions containing
increasing sodium concentrations (25, 50, 75 and
100 mmol L™).

MATERIAL AND METHODS

The experiment was performed in a
greenhouse at the Soil Department of the Federal
Rural University of Rio de Janeiro (Universidade
Federal Rural do Rio de Janeiro), located in
Seropédica, state of Rio de Janeiro (RJ) (22°45' S,
43°41" W). Castor bean seeds were sown in a sandy
substrate. The seedlings were transferred 16 days
after sowing (DAS) to 36 L plastic boxes containing
half-strength Hoagland and Arnon (1950) nutrient
solution under constant aeration. The plants were left
to acclimatize to the hydroponic conditions for four
days. Then, the nutrient solution was replaced with
nutrient  solutions containing  different NaCl
concentrations. The plants remained under these
conditions for 10 days and were analyzed 31 DAS.

A split-plot  completely  randomized
experimental design was used, with a 5x3 factorial
scheme and three replicates per treatment. The levels
of the first factor were the five sodium
concentrations in the nutrient solution (control, 25,
50, 75 and 100 mmol L™). The levels of the second
factor were the three different castor bean varieties
(BRS Energia, MPA 34 and MPB 01). Each subplot
contained three plants of each variety for a total of
nine plants in each main plot.

The pH, electrical conductivity (EC), nutrient
solution temperature, relative air humidity (RH%),
and greenhouse temperature were monitored daily at
9:00 AM. and 3:00 P.M. during the 14 days of
hydroponic cultivation. The pH of the nutrient
solution was adjusted to 6 with 0.1 N KOH and 0.1
N H,SO,. During the experiment, the mean air
temperature was 27+2°C, the mean RH% was
75+5%, and the mean temperature of the nutrient
solution was 25+1°C. The different treatments
exhibited different mean nutrient solution ECs for
the 10 days of treatment, with 1.2, 4.6, 6.7, 9.3, and
11.4 dS m™" observed for the control and the 25, 50,
75 and 100 mmol L' Na concentrations,
respectively.

All plants were harvested 10 days after the
treatment application (31 DAS). The stem diameter
and plant height were measured. The plants were
immediately separated into roots and shoots,
weighed and dried in a forced-air oven at 65°C to a
constant weight. The percentage root dry weight (%
RDW; %RDW=RFW/RDW*100) and percentage
shoot dry weight (%SDW; %SDW=SFW/SDW*100)
were calculated using the ratio between the dry
(DW) and fresh weights (FW). This estimate allowed
us to infer the plant tissue succulence, which is
usually affected by saline stress (KLUGE; ETING,
1978).

The data were tested for normality (Lilliefors
test) and homogeneity of variance (Bartlett and
Cochran tests). When the data did not meet the
normality and homogeneity of variance assumptions,
they were In (x+1) transformed. When the factors
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were found to have significant effects according to
the t test at p<0.05, the quantitative factor (salinity)
was analyzed separately using linear regression, and
the regression coefficients were tested using the t test
at p<0.05. All statistical analyses were performed
using SAS 9.0 (SAS INSTITUTE INC, 2002).

RESULTS AND DISCUSSION

The analysis of variance of the data obtained
for the different castor bean varieties grown in

nutrient solutions with different salinity levels
revealed that salinity had a significant effect on most
of the quantified parameters (Table 1). Only the
percent shoot dry weight (%SDW) was not affected
by salinity. Significant differences in the stem
diameter (SD), plant height, root fresh weight
(RFW), shoot fresh weight (SFW) and shoot dry
weight (SDW) were observed between the different
varieties. No significant differences in root dry
weight (RDW), percent shoot dry weight (%SDW),
%RDW, and RFW/SFW were observed between the
different varieties grown with the different salinity
levels (Table 1).

Table 1. Mean square and coefficient of variation for the analysis of variance of the measured phenological parameters.

VF SD  Height RFW SFW  RFW/SFW RDW SDW RDW/SDW %RDW %SDW™
Salinity  18.5  88.7" 763" 1104” 0.49™ 021" 13.0” 0.03" 0.08" 0.48"
Variety 538" 248" 1777 1807 0.01™ 0.03™  3.03" 0.01"" 0.00™ 2.67™

S*V 0.64™ 959" 163™ 13.7™ 0.01™ 0.07™ 022  0.00™ 0.00™  0.38™
CV1(%) 130 104 178 16.4 9.6 181 122 12.1 2.7 12.6
CV2(%) 139 78 180 17.3 7.7 200 175 13.1 23 8.3

", ™ Significant according to the t test at p<0.05 and p<0.01, respectively; ™

S: non-significant. ™ Data were Ln (x+1)

transformed. CV1: coefficient of variation for the salinity factor. CV2: coefficient of variation for the variety factor.

Salinity was previously observed to result in a
lower number of leaves, stem diameter, plant height
and shoot fresh weight in castor bean plants; in
contrast, salinity did not affect the percent dry
weight or germination time (Cavalcanti et al., 2005).

A significant interaction between the salinity
level and castor bean variety was only observed for
plant height, indicating that the response to salinity
of at least one castor bean variety was significantly
different from the responses of the remaining tested
varieties. The effect of salinity on plant height was
less pronounced for MPB 01 than for the remaining
tested varieties (Figure 1). However, MPB 0l
exhibited a lower height than the remaining varieties.
The  highest sodium  concentration  tested

407 = BRS Energia ¥ =25.9-0.1053x"r* = 0.99
= MPA34 §=25.6-0.1014"1* =0.94
30+ “¥- MFBOI §=15.1-0.0307x 1> = 0.97
E
= 20 *
gy
10-
U T T T T
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(100 mmol L) resulted in a 41% decrease in plant
height for BRS Energia and a 42% decrease for
MPA 34 compared to plants grown in nutrient
solution without sodium (control), whereas the
decrease was only 20% for MPB 01.

The effects of salinity on the stem diameter
also differed between different varieties, with MPB
01 presenting the lowest stem diameter. Excess NaCl
in soils inhibits plant growth and production because
the excess salts decrease the osmotic potential of the
soil solution (SILVA et al., 2000). Silva et al. (2000)
observed decreased stem diameters and dry weights
in mastic trees due to the addition of NaCl to the
substrate.

w3
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Figure 1. Plant height and stem diameter of different castor bean varieties grown in nutrient solutions with different
salinity levels. *, *": Coefficient significant at p<0.05 or 0.01, respectively.
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Regarding the effect of salinity on the fresh
weight accumulation, the different sodium
concentrations tested had no significant effect on the
RFW for MPA 34 but resulted in significantly lower
RFWs in BRS Energia and MPB 01. The highest
sodium concentration tested resulted in a 33%
decrease in the RFW for variety BRS Energia and a
37% decrease for MPB 01 relative to the control
(Figure 2). The SFW was significantly decreased
with the increasing salinity in all tested varieties. The
angular coefficients of the regression equations
indicated that the SFW decreased at similar rates for
the three varieties. However, MPA 34 exhibited a
higher SFW than the remaining tested varieties
(Figure 2).

The ratio between the root and shoot fresh
weights allows the evaluation of the physiological
growth indices and the determination of which plant
part is most affected by salinity. No differences in
the RFW/SFW were observed between the different
varieties, but the RFW/SFW increased significantly
with increasing sodium concentrations in the nutrient

solution. This relative decrease in the SFW indicates
that the castor bean shoots were more affected by
salinity than the roots. Although the roots were also
affected by saline stress, they exhibited lower weight
decreases than the shoots (Figure 2). Cavalcanti et al.
(2005) also observed more pronounced effects of
salinity on castor bean shoots than on the roots.
However, significantly lower root and shoot growth
under saline stress was observed in rocket grown
under hydroponic conditions under laminar flow
(SILVA et al., 2008b) and in melons (ARAGAO et
al., 2009), tomatoes (COSME et al., 2011) and chili
peppers (NUNES et al, 2013) grown under
semi-hydroponic conditions (coconut fiber).

JUNIOR et al. (2013) evaluated the effect of
salinity on the early growth of herbaceous cotton.
The authors subjected seeds of cotton variety
BRS-8H to five different sodium chloride
concentrations (0, 1.6, 3.2, 4.8 and 6.4 g L'l) and
observed significant decreases in the emergence
speed index, germination percentage, seedling
height, and shoot and root dry weights.

504
-©- BRS Energia  §=29.2-0.0944x" r’ =0.90
40 % MPA34 y=284
¥ MPBOI ¥=255-0.0774x" 1’ = 0.62
£ 30 *
= B & *
o]
=0 *
= 204 v
-
[
10
0 : . . T
- BRSEnergia ¥ =43.5-0.2745x" 70,99
607 ¥ MPBOI §=149.2-0.2880x " r’0,98
- . “ 3
. MPA 34 §=41.5-0.2670x" r*0,88
g 404
2 40 %
:..ij
= v
—
20
U T T T T T
1.5
1.49 B Overall mean for all varieties
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Figure 2. Root fresh weight (RFW), shoot fresh weight (SFW) and ratio between the RFW and SFW for different castor
bean varieties grown in nutrient solution with different salinity levels.”, **: Coefficient significant at p<0.05 or 0.01,

respectively.
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Regarding the effect of salinity on dry weight
accumulation, the RDW decreased with the
increasing sodium concentrations for all varieties
tested. However, no significant differences were
observed between the different varieties. Notably,
the 100 mmol L™ sodium concentration caused a
mean 24% decrease in the RDW compared to the
control (Figure 3). The SDW significantly decreased
with the increasing salinity for all varieties tested,
following the same trend observed for the SFW.
With 100 mmol L' sodium, the SDW decreased
53%, 60% and 49% relative to the control for BRS
Energia, MPB 01, and MPA 34, respectively
(Figure 3).

Significant differences in the RDW/SDW
were observed among the different varieties. BRS

Energia presented an increasing RDW/SDW with
increasing sodium concentrations in the nutrient
solution (Figure 3). Similar results were previously
observed for castor bean variety BRS 149 grown in
soil irrigated with water with different salinity levels
and Na: Ca ratios (Cavalcanti et al., 2005; Santos et
al., 2013). Therefore, the increase in the RDW/SDW
can be concluded to result from the moderate
tolerance degree of castor beans to saline soils. An
important physiological response to saline and sodic
environments in terms of plant growth is the energy
allocation towards root growth to increase the water
and nutrient uptake (MARSCHNER, 1997).
Therefore, the RDW/SDW ratio should be used as a
complementary parameter for the evaluation of
salinity tolerance.

2.0
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=
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Figure 3. Root dry weight (RDW), shoot dry weight (SDW) and the RDW/SDW ratio for different castor bean varieties
grown in nutrient solution with different salinity levels.”, **: Coefficient significant at p<0.05 or 0.01, respectively.
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No significant differences in the percent shoot
dry weight (%SDW) were observed among the
different varieties. The %SDW increased with the

increasing salinity level in the nutrient solution
(Figure 4).

Shoot
187 - Overall mean for all varieties
§=12.3+0.0319x" r* =0.75
16 | |
= 144
=
2 . -
=24
10+
8 T T T T T
0 25 50 75 100

Sodium (mmol L")

Figure 4. The percent shoot dry weight (%SDW) of castor beans grown in nutrient solution with different salinity levels.
Values are the overall means for all varieties. ~: Coefficient significant at p<0.01.

The %SDW was negatively correlated with
succulence, which is a term used in some drought
and salinity studies. The %RDW was not
significantly affected and remained at approximately
5%, probably because the plants were grown in
nutrient solution. However, the %SDW of the tested
castor bean varieties increased from 12.7% (control
treatment) to 16% with the highest sodium level,
representing a 26% increase.

CONCLUSION

Salinity affected the early development of the
tested castor bean varieties, with the shoot more
affected than the root. Variety MPA 34 is promising

for cultivation under moderate salinity level
conditions.
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