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Abstract: Castor bean (Ricinus communis L.) as a bioenergy crop, received more and more attention in recent years. 

However, the yield of castor bean seeds is affected by adverse environmental conditions. The objective of this study was to 

assess the effects of exogenous application of Paclobutrazol (PBZ) on castor bean growth, yield and physiology as well as on 

its response to environmental stress during grain filling. In the present field study, three PBZ concentrations [0 g·ha-1 (control), 

75 g·ha-1 and 150 g·ha-1] were applied twice, once at grain filling of main panicle and once at grain filling of branched 

panicle. The growth and physiological responses of castor bean were measured four times throughout flowering and seed 

formation stages [1-early initiation stage of main inflorescence (E), 2- anthesis of main inflorescence (A), 3-maturity of main 

panicle (M) and 4-maturity of branched panicle (B)]. Plant growth was not affected by the application of PBZ, but leaves 

remained later on the plant when 75 g·ha-1 of PBZ was applied. With the application of PBZ, the concentration of starch was 

higher in panicles than in leaves and stems. Also, PBZ application increased the number of seeds per plant without affecting 

seed size and weight. These results suggest that exogenous application of PBZ can enhance sink strength of panicles and 

improve seed yield and that application of PBZ at flower initiation can alter photosynthetic partitioning in favor to seed 

production. On the other hand, PBZ had no effect on antioxidant enzyme activity in the seeds in response to stress. 
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1. Introduction 

Castor bean (Ricinus communis L.) is a fast growing shrub 

that could reach a height up to 12m. It is an important oilseed 

crop which produces oil containing over 80% of ricinoleic 

acid [1] which has a high value and versatile applications in 

the chemical industry [2]. Currently, about 1Mt of castor 

bean is harvested annually for oil production, with India, 

China and Brazil being the major producers [2]. In addition 

to its primarily use as laxative to counter constipation [3], 

castor bean oil can be used as base oil in the formulations for 

lubricants, feedstock for fuels and oleo-chemicals, as well as 

reactive component for paints, coatings and inks, polymers 

and foams [4-5]. 

Bioenergy production combined with phytoremediation 

has been suggested as avenues to privilege to gradually 

reduce the use of fossil fuels and soil contamination 

worldwide [6]. In recent years, castor bean has become 

increasingly attractive as a potential bioenergy crop for 

biofuel production, because of its high seed-oil production 

[7-8]. This species has also shown a good potential in 

phytoremediation by hyper accumulation of soil 

contaminants such as metal and DDT [9-10]. As such castor 

bean could be considered as a good dual-bioenergy crop for 

bioenergy/bioproducts production and phytoremediation [11].  

The current production of castor bean is however not 
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sufficient to meet the worldwide demand and both yield and 

cropping area have to be increased. 

In China, castor bean plantations on coastal saline 

marginal land have emerged to satisfy the need for castor 

bean oil while at the same time avoiding competition for food 

production [2-3]. The yield of castor bean seeds is however 

negatively affected by the adverse saline and environmental 

conditions found in coastal areas. Castor bean is a fast 

growing shrub which growth is characterized by excessive 

vegetative growth. Since the vegetative growth is made at the 

expense of seed yield, a possible solution to reduce the 

negative impact of saline conditions on seed yield would be 

to promote reproductive development in place of excess 

vegetative growth [12]. 

In that perspective, the external application of plant growth 

regulators has been suggested to control the indeterminate 

growth of castor bean and improve panicle formation and 

grain filling [13]. Plant growth regulators can increase 

agricultural production through multiple effects on plant 

function such as induction of flowering, maturation and 

aging [14].  

Pacobutrazol (PBZ) is a plant growth regulator acting as 

an inhibitor of gibberellin biosynthesis [15]. Which has been 

shown to arrest vegetative growth and increase seed yield in 

jatropha [16], and canola [17], and to favour tuber yield in 

potato [18]. PBZ has also been reported to increase abiotic 

stress tolerance in maize, likely through an increase in 

antioxidant enzymes concentration or activity in treated 

plants [19-21]. 

The objective of this study was to assess the effect of PBZ 

application on castor bean growth and seed yield. The 

hypothesis was that PBZ application could decrease castor 

bean vegetative growth, while increasing panicle formation 

and seed yield. To reach this goal, three PBZ concentrations 

were applied at two different times during castor bean 

development, in an effort to increase the knowledge on 

optimal PBZ management with this species. In addition, to 

better understand the role of PBZ application on castor bean 

response to environmental stress, the concentration of 

antioxidant enzymes involved in plant stress tolerance [22-24] 

were measured in seeds during grain filling. 

2. Materials and Methods 

A field study was conducted in 2016 and 2017 at the 

Experimental Farm of Yangzhou University (32°30’N, 

119°25’E), Jiangsu Province, China. Weather conditions at 

field site are described in Table 1.  

Uniform-sized castor bean seeds of Zibi 9, kindly provided 

by Zibo Academy of Agricultural Science (Shandong 

Province, China), were selected and immersed in warm water 

(75°C) for 30 min to maximize germination potential. Plots 

were seeded by direct seeding. The study consisted in 6 plots 

(3 PBZ concentration × 2 application times) repeated 3 times 

for a total of 18 plots. Each plot was 3.5 m wide by 8 m long 

for a total area of 28m
2
. The row spacing was of 1m and the 

distance between plants of 0.67 m for a total of 48 plants per 

plot. Urea (300 kg·ha
-1

) was used as N fertilizer, calcium 

superphosphate (180 kg·ha
-1

) as phosphate fertilizer, and 

potash (270 kg·ha
-1

) as phosphate fertilizer. Fertilizers were 

applied twice, half at flowering and half at seed formation. 

The study was a randomized complete block design with 

two factors. The first factor was the application time of PBZ, 

either at early grain filling stage of main panicle or at early 

grain filling stage of branched panicle. The second factor was 

the concentration of PBZ applied with three levels [0 g·ha
-1

 

(control), 75 g·ha
-1

 and 150 g·ha
-1

]. 

Table 1. Field and weather conditions (total rain, percentage of salinity in 

the field; Max temp, the highest temperature during the growth period for 

2016 and 2017). (Rainfall data are from the annual environmental quality 

bulletin of the Yangzhou Environmental Protection Bureau [25-26]. Field 

salinity was measured with a conductivity meter before sowing. The max 

temperature are from the weather website of major Chinese cities including 

Yangzhou [27-28].). 

 
2016 2017 

Total rain(mm) 1755 848.8 

Field salinity 0,30% 0,30% 

Max temp  39°C 40°C 

2.1. Plant Measurements 

2.1.1. Morphological and Physiological Parameters 

At four growth stages during the experiments [1-early 

initiation stage of main inflorescence (E), 2- anthesis of main 

inflorescence (A), 3-maturity of main panicle (M), 4-maturity 

of branched panicle (B)], 10 plants for each replicate of each 

treatment were randomly chosen for the measurement of 

plant height, branch number, capsule number, and the width 

and length of panicles. Each data for plant height (cm) and 

branch number was the mean of 10 plants. Length and width 

of panicle (cm) was the mean of all panicles on one plant 

(chosen randomly in the experimental unit). 

Also on these four dates, two plants for each replicate of 

each treatment were randomly harvested. Each plant was 

divided into panicle, stem and leaf. The leaf area was 

determined using a leaf area meter (Model Li-3000A, LI-

COR, Inc., Lincoln, NE). Then all the plant samples were 

oven-dried at 105°C for 15 minutes and then dried at 80°C 

until constant weight was reached for the determination of 

biomass yield, and soluble sugar and starch concentration.  

2.1.2. Grain Filling 

Ten capsules for each replicate of each treatment were 

randomly chosen for the measurement of capsule weight at 3, 

6, 9, 15, 21, 27, 33, 39 and 45 days after flowering. Capsules 

were stored in a low-temperature freezer (-80°C) until the 

determination of POD and CAT. 

2.1.3. Seed Characterization 

Seed size (cm) was determined by measuring their length 

and width. Length (cm) and width of seeds (cm) were the 

average of the seeds of ten plants at stage B. Average seed 

weight was obtained from a random batch of 100 seeds. 

Number of seeds per plant and hundred-seeds weight (g) was 

the average for ten plants.  
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2.1.4. Content of Soluble Sugar and Starch: 

The content of soluble sugar was measured according to 

Laurentin, et al. [29]. Briefly, 100 mg of sample were 

homogenised with 10 ml of 80% ethanol solution using a 

mortar and a pestle. After heating the homogenate in a water 

bath at 80°C for 30 min, insoluble residues were removed by 

centrifugation at 2000 r for 15 min. The precipitate was re-

extracted twice with 10 ml of 80% ethanol at 80°C followed 

by a centrifugation. The combined supernatant was used for 

soluble sugar determinations and pellets were used for starch 

determinations by adding 0.2% anthrone into supernatant and 

potassium perchlorate to pellets. Glucose concentration in 

samples was measured using a spectrophotometer (Model 

721, Shanghai Mapada Instruments Co. Ltd, Shanghai), set at 

620nm. The content of soluble sugars and starch was 

calculated based on a glucose standard curve. 

2.2. Enzyme Analyses 

2.2.1. POD Activity Assay 

The activity of peroxidase (POD) was assayed according 

to the method of Wang and Luh [30] with minor modification. 

Castor bean seeds POD was extracted by homogenising the 

seeds (0.5 g) from 10 capsules with 5ml of 0.05 M phosphate 

buffer (pH 7.0). The homogenate was centrifuged for 15min 

at 15000 r at 4°C and then the supernatant containing the 

crude enzyme extract was collected and added to the reaction 

mixture (4 ml), containing 0.1 ml enzyme extract, 1 ml 0.05 

M phosphate buffer (PH 7.0), 1.95 ml of 3% H2O2 and 0.95 

ml of 0.2% guaiacol. The increase in absorbance at 470 nm 

due to guaiacol oxidation was recorded during 2 min. One 

unit of enzyme activity was defined as the amount of enzyme 

which causing a change of 0.1 in absorbance per minute. 

2.2.2. CAT Activity Assay 

The activity of catalase (CAT) was assayed according to the 

method of Cohen, et al. [31] with minor modifications. The 

same extract of castor bean seeds was used for POD and CAT 

activity determination. The supernatant containing the crude 

enzyme extract was added to the reaction mixture (3 ml), 

containing 0.1 ml enzyme extract, 1 ml of 3% H2O2 and 1.9 ml 

H2O. The decrease in absorbance at 240 nm due to hydrogen 

peroxide disappearance was recorded for 2 min. One unit of 

enzyme activity was defined as the amount of enzyme which 

causing a change of 0.1 in absorbance per minute. 

2.2.3. Statistical Analyses 

The experiment was performed twice, in 2016 and 2017 in 

the same field. For field and seed data, a three-way analysis 

of variance with complete randomized block design was used 

to study the effects of PBZ concentration and time of 

application. Models were implemented using MIXED 

procedure of the SAS software. Residual analysis was 

performed to verify data normality and homogeneity. When 

homogeneity assumption was violated, the REPEATED 

statement was used to model the heterogeneity in the data. 

For enzyme activities and starch, a four way analysis of 

variance was used to study the effects of PBZ concentration 

and time of application. There were no repetitions for this 

experiment; the fourth order interaction was used as the error 

to obtain p-values. Models were implemented using MIXED 

procedure of the SAS software. Multiple comparisons were 

made using Tukey adjustment. Residual analysis was 

performed to verify the normality and homogeneity 

assumptions. «POD variable» was transformed with the 

logarithm to satisfy the normality assumption. 

A four way analysis of variance with year as random factor 

was used to study the effects of PBZ concentration and time 

of application on sugar concentration. Models were 

implemented using MIXED procedure of the SAS software. 

Multiple comparisons were made using Tukey adjustment. 

Residual analysis was performed to verify the normality and 

homogeneity assumptions. All variables were transformed 

with the logarithm to satisfy the normality assumption [32]. 

3. Results 

3.1. Morphological Parameters 

A significant effect of sampling time on plant height with 

higher height at the last sampling stage (B) than at the three 

previous stages (Table 2). PBZ did not have a significant 

effect on plant height but there was a tendency for the plants 

to be shorter with PBZ application (75 and 150 g·ha
-1

) at E, 

A and M as compared to control plant (0 g·ha
-1

) (Figure 1).  

 

Figure 1. Plant height under three PBZ application rates (0, 75, and 150 

g·ha-1) measured at different successive sampling time corresponding to the 

following development stages (E= Early initiation stage of main 

inflorescence, A= Anthesis of main inflorescence, M= Maturity of main 

panicle, and B= Maturity of branched panicle). Different letters indicate 

significant differences at P˂0.05 between sampling dates. 
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Table 2. P value of the analysis of variance for plant height, leaf area, length of panicle, width of panicle, branch number and capsule number of castor bean 

grown under different PBZ concentration (0, 75 and 150 g·ha-1), applied either at early grain filling of main panicle or early grain filling of branched panicle. 

Sampling time corresponding to the following growth stage: E= Early initiation stage of main inflorescence, A= Anthesis of main inflorescence, M= Maturity 

of main panicle, and B= Maturity of branched panicle. NS= not significant. 

 

Plant height 

(cm per plant) 

Leaf area  

(cm2 per plant) 

Length of panicle 

(cm per plant) 

Width of panicle  

(cm per plant) 

Branch number 

(per plant) 

Capsule number  

(per plant) 

PBZ (P) NS NS NS NS NS NS 

Application time (A) NS NS NS NS NS NS 

Sampling time (S) 0.0007 NS 0.018 0.0068 <.0001 <.0001 

P×A NS NS 0,0415 NS NS NS 

P×S NS 0.0341 NS NS NS NS 

A×S NS NS NS NS NS NS 

P×A×S NS NS NS NS NS NS 

 

Branch number, length and width of panicle increased 

during plant development and reached a maximum at stage 

M and then decreased between M and B (Table 3). When 

sampled at the mature of main panicle (M), the number of 

branch reached 1.94 per plant and was 185%, 83% and 102% 

higher than at the other three sampling times (E, A and B), 

respectively. The average of length and width of panicle were 

significantly larger at maturity of main panicle (M) as 

compared to early initiation stage of main inflorescence (E) 

(Table 3). 

Table 3. Capsule number, branch number, length of panicle and width of panicle at successive sampling times.  

Sampling time  Capsule number (per plant) Branch number (per plant) Length of panicle (cm) Width of panicle (cm) 

E none 0.68 B 21.05 B 7.64 B 

A 60.57 BC 1.06 B 24.22 AB 8.91 AB 

M 75.43 AB 1.94 A 26.33 A 10.84 A 

B 91.99 A 0.96 B 24.10 AB 9.35 AB 

E= Early initiation stage of main inflorescence, A= Anthesis of main inflorescence, M= Maturity of main panicle, and B= Maturity of branched panicle. 

Within column, means followed by the same letter are not significantly different at P=0.05 

There was a significant interaction between PBZ 

application rates and sampling time (Table 2). This was 

shown by an increase in leaf area between stage A and M and 

then a sharp decrease between stage M and B in response to 

control (0 g·ha
-1

) and 150 g·ha
-1

 of PBZ. For the 75 g·ha
-1

 

application rate, leaf area decreased between stage E and A, 

and then remained stable until the end of the experiment 

(stage B) (Figure 2). 

 

Figure 2. Leaf area of Castor bean in response to three PBZ application 

rates (0, 75, and 150 g·ha-1) measured at four different successive sampling 

time corresponding to the following development stages: E= Early initiation 

stage of main inflorescence, A= Anthesis of main inflorescence, M= 

Maturity of main panicle, and B= Maturity of branched panicle. Within a 

development stage, different letters indicate significant differences between 

PBZ applications at P≤0.05. 

At the first sampling stage (E) dry weight of panicle was 

significantly lower than leaf and stem dry weight. At A and 

M, the dry weight of the three plant tissues were similar 

while at the last sampling time (B), dry weight of panicles 

and stems were similar and much larger than leaf dry weight 

(Figure 3). 

 

Figure 3. Dry weight of Castor bean leaves, stems and panicles measured at 

four different successive sampling time corresponding to the following 

development stages: E= Early initiation stage of main inflorescence, A= 

Anthesis of main inflorescence, M= Maturity of main panicle, and B= 

Maturity of branched panicle. Within a development stage, different letters 

indicate significant differences between the three tissues at P≤0.05. 

PBZ application had a significant effect on the number of 

seeds per plant: the number of seeds per plant was 

significantly higher under the concentration of 150 g·ha
-1

 

than in control plants (0 g·ha
-1

). With increasing 

concentrations of PBZ, the length and width of seeds and 100 

seeds weight was slightly higher but the effect was not 

significant (Table 4).  
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Table 4. Average seed length and width, number of seeds per plant and weight of 100 seeds in response to three PBZ application rate: 0, 75 and 150 g·ha-1. 

The values were averaged for the two application times (M and B, n=4). 

PBZ concentration seed length (mm) seed width (mm) seeds per plant 100 seeds weight (g) 

0 g·ha-1 13.04 ns 8.18 ns 306 b* 27.72 ns 

75 g·ha-1 13.44 ns 8.55 ns 432 ab 29.64 ns 

150 g·ha-1 13.90 ns 8.68 ns  551 a 30.29 ns 

*within a column, different letters indicate significant differences at p<0.05. ns =no significant differences 

3.2. Physiological Parameters 

At the beginning of the experiment (E), the concentration 

of soluble sugar was significantly lower in panicle than in 

leaves and stems. Between E and A, there was a sharp 

decrease of soluble sugar in leaves and stems concomitant 

with an increase in panicle, resulting in a significant higher 

soluble sugar concentration in panicle than in the other two 

tissues. At the two later stages, soluble sugar concentrations 

were similar for all tissues (Figure 4).  

 

Figure 4. Concentration of soluble sugars in three different tissues (leaf, 

stem and panicle) of Castor bean measured at four different successive 

sampling time corresponding to the following development stages: E= Early 

initiation stage of main inflorescence, A= Anthesis of main inflorescence, 

M= Maturity of main panicle, and B= Maturity of branched panicle. Within 

a development stage, different letters indicate significant differences 

between the three tissues at P˂0.05. 

At stage E, Application of PBZ had a significant effect on 

starch accumulation in different tissues of Castor bean 

(P=0.02). There was a higher starch concentration in panicle 

than in leaves and stems, and a significantly higher 

concentration under 150 g·ha
-1

 of PBZ in panicle. For the 

other tissues, a similar tendency was observed (Figure 5).  

 

Figure 5. Starch concentration of different tissues of Castor bean (L=Leaf, 

S=Stem and P=Panicle) at early initiation stage of main inflorescence 

(stage E) in response to three PBZ application rates (0, 75, and 150 g·ha-1). 

Different letters indicate significant differences between the three tissues at 

P≤0.05. 

3.3. Grain Filling 

During grain filling stage, the capsule weight increased 

from day 3 to day 15 when it reached its highest weight, and 

then decreased between day 15 and day 27. After day 27, 

capsule weight remained stable until the completion of grain 

filling. On day 15, the capsule weight was higher than on day 

3 (Figure 6). 

 

Figure 6. Capsule weight corresponding to successive grain filling days. 

Different letters indicate significant differences between the sampling days 

at P≤0.05. 

Since there was no significant effect of PBZ on enzyme 

activity, the average activity in response to the three PBZ 

treatments is presented. 

 

Figure 7. Activities of Peroxidase (POD) and Catalase (CAT) in seeds of 

castor bean measured at successive days during grain filling. For each 

enzyme, different letters indicate significant differences between the 

sampling days at P≤0.05. 

The activity of POD changed significantly during grain 

filling, POD activity increased from day 3 to day 9 when it 

reached a peak and then decreased. On day 9, POD activity 
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reached 1456 U·g
-1

·min
-1

 which is almost 20 times higher 

than the activity measured at the end of grain filling, on day 

45. A significant change in the activity of CAT during grain 

filling was observed. CAT activity increased sharply between 

day 3 and day 15 and then remained high until the end of the 

experiment. Interestingly, the sharp increase in POD activity 

between day 6 and day 9 preceded the increase in CAT 

activity starting on day 15. As already mentioned, PBZ 

application had no significant effect on the activity of those 

enzymes (Figure 7). 

4. Discussion 

The major goal of this study was to assess the effects of 

PBZ application on castor bean growth, yield, and physiology. 

PBZ is a synthetic plant growth retardant that inhibits 

gibberellin biosynthesis and has been used to control 

vegetative growth and to enhance flowering and fruiting 

patterns to obtain improved economic yields of several crops. 

PBZ is known to cause several physiological changes in plants 

including reduction of vegetative growth, flower induction, 

enhanced flowering, senescence retardation and increased seed 

yields [33]. However, as other plant growth regulator, its 

action depends on the rate and time of application as well as on 

the environmental conditions in the field [34].  

4.1. Yield and Physiology 

In the present field study, three PBZ concentrations were 

applied twice, once at grain filling of main panicle and once at 

grain filling of branched panicle. The growth and physiological 

responses of castor bean were measured four times throughout 

flowering and seed formation stages (E, A, M and B).  

Plant height increased during flowering and seed formation 

and there was a tendency for PBZ to reduce plant height at 

anthesis (A) and maturity (M). However this typical growth 

retardant effect was not significant and could not be detected at 

late maturity (B). Mabvongwe, et al. [35] observed that to 

reduce potato stem length, PBZ has to be applied early during 

plant development. In this study, late application of PBZ at the 

onset of grain filling could have reduced its retardant effect. 

The lack of effects of PBZ on the number of branches of castor 

bean during the experiment could also be explained by its late 

application. With Camelina, PBZ application was effective in 

reducing plant height while increasing the number and 

thickness of branches [36]. 

On the other hand, an application rate of 75 g·ha
-1

 of PBZ 

induced a significant effect on leaf area which remained stable 

from anthesis until late maturity, while it decreased during the 

later stages of maturity for the two other treatments. A PBZ-

induced delay in leaf senescence was observed for field-grown 

Camelina sativa [36] and was reported to be linked with a 

PBZ- enhanced endogenous level of cytokinins. In this 

experiment, the fact that leaves of 75 g·ha
-1

 PBZ-treated plants 

remained on plant longer likely kept the plants 

photosynthetically active for a longer time which might have 

contributed to a cascade of events leading to better seed 

productivity. Carbon (C) that is fixed in photosynthesis is 

partitioned, between sucrose synthesis for immediate use and 

export, and starch synthesis to support maintenance respiration 

while the remaining C is available for growth. In castor bean, 

biomass partitioning to either stem, leaves, or panicle depends 

on the plant development stage. In this study, two critical 

periods for panicle formation could be identified based on dry 

weight accumulation: a first step between E and A, and a 

second step between M and B. During the first step, the sink 

strength of panicle is clearly shown by a large accumulation of 

soluble sugars in this organ while it decreased in stems and 

leaves. Later on, the fact that leaves remained on the plant 

between M and B under 75 g·ha
-1

 PBZ could have further 

accelerated panicle formation through the availability of a 

larger pool of C during this critical period. The larger starch 

accumulation in leaves, stems and panicle observed in PBZ-

treated plants as compared to control plants could be another 

mechanism to increase the pool of carbohydrates available for 

panicle formation.  

As a major consequence of PBZ application, the number of 

seeds per plant increased significantly as compared to control 

plants. This could be linked with the length of panicle which 

was also enhanced by PBZ application at late flowering. 

Other seed-related traits such as width of panicle, capsule 

number, seed length, seed width, and seed weight were not 

affected by PBZ application. Increased seed yield in response 

to PBZ application were reported in Brassica [37] and tomato 

[38]. However, over a certain range of concentration, PBZ 

could cause major seed losses as shown by Kumar, et al. [36] 

who tested five PBZ application rates on oil yield of 

Camelina sativa. In this experiment, it seems that PBZ was 

not applied at concentration causing detrimental effects. 

However, when applying growth regulators, environmental 

conditions have to be taken into account, in addition to time 

of application and dosage. Thus, further studies are needed to 

recommend optimal PBZ management for castor bean. Taken 

together, the results suggest that the effect of PBZ on seed 

yield improvement is likely due to larger CO2 assimilation 

due to a delay in leaf senescence and enhanced sink strength 

of panicles. Application of plant growth regulator at flower 

initiation can alter photosynthetic partitioning in favor to 

seed production. 

4.2. Antioxidant Enzymes in Seeds 

Grain filling is a critical period for oil yield of Castor bean. 

Once capsules are set, yield is proportional to seeds weight. 

Thus a better understanding of the environmental effects on 

seed size and yield is warranted [39].  

The maximum temperature, total rain and the percentage of 

salinity were measured at the field site (Table 1). The 

relatively high salinity level [40]as well as the high maximum 

temperature [41] that were recorded during the growth period 

may have cause abiotic stresses in Castor bean. Interestingly, 

in addition to its role as growth retardant, PBZ has been 

reported to increase abiotic stress tolerance through an increase 

in antioxidant activity in treated plants [42-43]. An increase in 
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the activity of antioxidative enzymes under salt and 

temperature stresses could be indicative of an increased 

production of ROS and a build-up of protective mechanisms to 

reduce oxidative damage triggered by abiotic stress [24]. POD 

and CAT are free radical scavenger in plants that can protect 

against stress by reducing free radical damages. 

The activity of POD and CAT were measured as indicators 

of Castor bean response to abiotic stress during the critical 

period of grain filling. A large increase in POD activity early 

during grain filling stage followed by a rapid decrease 

between day 9 and day 15 was observed. On day 15, a sharp 

increase in CAT activity was observed. It is noticeable that 

between day 9 and day 15, Castor bean showed a rapid 

accumulation of biomass in grains (Figure 6) concomitantly 

with a decrease in POD activity and an increase in CAT 

activity, the two enzymes showing opposite change trends 

(Figure 7). This could indicate that POD and CAT does not 

work simultaneously but rather in a successive fashion during 

grain filling of Castor bean. Except on day 9, the activity of 

CAT was always higher than POD which could be explained 

by the rapid, turnover rates of CAT: one molecule of CAT 

can convert 6 million molecules of H2O2 to H2O and O2 per 

minute. As such, CAT plays a major role in the removal of 

H2O2 generated in peroxisomes by oxidases involved in b-

oxidation of fatty acids, photorespiration and purine 

catabolism [44]. Contrary to the observation of Meloni et al. 

[24] with cotton under salt stress, a sustained increase in 

POD activity was not observed in castor bean. This may 

related to the fact that an obvious and continuously 

increasing external stress was not set in this experiment. In 

addition, PBZ showed no effect on CAT and POD activity in 

the seeds during grain filling. This could also be due to the 

level of stress that was not sustained throughout the 

experiment. However, this study did not take into account the 

isozyme profiles of the antioxidant enzymes and their 

potential relation to stress tolerance. 

5. Conclusions 

The application of PBZ did not affect the growth of castor 

bean, maybe due to an untimely application of this growth 

regulator. However, the number of seeds per plant increased 

with PBZ application which could be linked to a delayed leaf 

shedding and an increased accumulation of starch in panicles. 

The study suggests that it is possible to use PBZ at appropriate 

concentrations to enhance sink strength of panicles and 

improve seed yield of castor bean in coastal China.  
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