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Abstract 

Uniconazole has been used to improve starch production in plants through the regulation of endogenous hormone 

levels. Here, we reported the effect of this compound on the starch accumulation in a duckweed plant (Lemna 

aequinoctialis). L. aequinoctialis was grown in Hoagland medium supplemented with different uniconazole 

concentrations: 400, 800, and 1600 mg/L. The results showed that treatment with 800 mg/L uniconazole 

significantly increased plant growth rate, doubling time and its chlorophyll content. Consequently, the starch 

content also increased by 1.5 fold upon treatment with 800 mg/L uniconazole. We, therefore, concluded that 

uniconazole treatment offers an effective means to enhance the production of starch in L. aequinoctialis. 
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1. Introduction 

Fossil fuel became the main source of energy in the world and its consumption increases along with increasing of 

the human population. However, this energy source has been predicted to deplete in the future [1,2]. Therefore, it 

is necessary to explore alternative renewable energy source such as bioethanol, which offers more sustainable and 

environmentally friendly.  

Bioethanol is produced from sugar, starch and cellulosic fermentation [3,4]. On the other hand, the raw materials 

for bioethanol production are mostly from food or feed crops such as cassava, sweet potato, sugarcane, buckwheat, 

sago, palm sugar and nipa palm [5]. In Indonesia as other countries, this has stimulated a competition between 

food staples and development of bioethanol industry [6]. Therefore, the development of a non-staple source of 

bioenergy in Indonesia is required to answer this problem.  

Lemna aequinoctialis, one of the duckweed plants, has recently drawn many attentions due to its potential for 

bioethanol production. In Indonesia, this tiny light green free-floating plant grows on freshwaters such as rice 

fields and lakes and generally used as feed for feedstock. Duckweed plants doubles its mass within 16-24 h with 

potential growth up to 4 ton dry weight/ha/day or about 80 ton dry weight /ha/year. Interestingly, this duckweed 

could accumulate starch from 3-75% of its dry weight depends on the growing conditions such as pH, the 

concentration of phosphate and nutrition availability [7]. These features should be further improved to optimize 

the production of bioethanol from a non-staple source. 

As reported on other duckweeds, the starch accumulation in L. aequinoctialis can be improved through alteration of 

several processes such as starch formation, starch storage, and starch degradation.  There are some factors that 

could increase the starch accumulation on duckweed, such as nutrition conditions, pH, and growth regulator 

addition [2]. The phosphorus deficiency can trigger starch accumulation on duckweed [8]. Abscisic acid was also 

also reported to increase starch accumulation in other duckweeds through inhibition of the plant growth [9].  

Uniconazole is a plant growth retardant that has been used to increase plant biomass dry weight increased 

carotenoid and chlorophyll contents, increased drought tolerance and regulates endogenous hormones [10].  In 

addition, treatment with uniconazole has been reported to increase sucrose content in winter rape [11] and starch 

accumulation on Landoltia punctata [12]. Taken together, it will be interesting to evaluate the effect of uniconazole 

treatment on starch accumulation in L. aequinoctialis. 

2. Material and Methods  

2.1 Plant Material 
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Two grams of L. aequinoctialis were grown in 18 cm x 18 cm plastic container filled with 750 mL of 1/6 strength 

Hoagland medium. Plants were incubated at 30 °C in a 16/8 h light/dark period under 7000 lux of the light 

intensity (TL Philips® Cool White 36 W lamp). Subsequently, starch accumulation was measured 10 days later. 

2.2 Uniconazole Treatments 

Uniconazole was purchased from Embellish Leaf, China. This compound was dissolved in 10% methanol to have 

final concentration as follows: 400 mg/L, 800 mg/L, and 1600 mg/L. To evaluate the effect of uniconazole, each 5 mL 

of uniconazole from different concentration was sprayed evenly on the plant surface. Control plants were sprayed 

with 5 mL of water containing 10% methanol. 

2.3 Plant Growth Observation 

Plant growth was observed by measuring leaf surface area for every 12 h. The leaf surface data was then plotted 

into growth curve. Plant growth rate calculated with the following equation: 

 
 µ = (lnxt-ln x0)/t                 (1) 

μ = growth rate (day-1) 

xt = leaf area on t (cm2) 

t  = time (day) 

x0  = initial leaf area (cm2) 

 

2.4 Chlorophyll Content 

Chlorophyll content was measured according to Winterman and de Mots (1965) method [13]. One gram of plant 

was extracted with 96% ethanol and filtered through Whatman filter paper. The filtrate was transferred into 100 

mL volumetric flask and diluted with 96% ethanol until 100 mL volume. Chlorophyll content was determined by 

measuring the absorbance of plant extracts with a spectrophotometer at 649 nm and 665 nm. Chlorophyll 

calculated using these equations: 

Chlorophyll a = 13.7 A665  – 5.76 A649                    (2) 

Chlorophyll b = 25.8 A649 – 7.60 A665                 (3) 

Total Chlorophyll = 20.0 A649 + 6.10 A665             (4) 

 

Where, 

A665 = Absorbance on 665nm 

A649 = Absorbance on 649nm 

 

2.5 Plant Extraction and Starch Analysis 

Fresh plants were grounded and extracted with 96% ethanol, after which the extracts were dried using a rotary 

evaporator. Starch was then extracted by adding two times 50 mL hot water to obtain a total volume of 100 mL. 

Lugol reagent was added to the chilled extract with ratio 1:9 followed by absorbance measurement with a 

spectrophotometer at 580 nm. Plant starch content was calculated by plotting the absorbance data with the starch 

standard curve. Subsequently, starch content was defined as the amount of starch that contained in every dry 

weight of the plant. Starch content calculated using the equation: 

Starch content = mstarch/DW           (5) 
mstarch = mass of starch (g) 

DW    = plant dry weight (g) 

 

2.6 Nitrate Measurement 

Nitrate medium was measured according to Indonesia National Standard procedure (SNI 01-3554-2006). A 5 mL of 

medium was diluted 10 times and then added with 1 mL of 1N HCl. The absorbance of each sample was measured 
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by using spectrophotometer at 220 nm and 275 nm. The difference between two absorbances was then plotted on 

the nitrate standard curve. 

2.7 Statistical Analysis 

Data were analyzed using one-way ANOVA with 95% confidence using SPSS version 19 followed by Duncan 

Multiple Range Test at P < 0.05. 

3. Results  

3.1 L. aequinoctialis Growth 

Plant growth was monitored based on the leaf surface area measurements. Our experiment showed that the 

cultivation of young L. aequinoctialis resulted in exponential growth (Figure 1). It is clearly shown that there were 

no significant differences on the growth curve of L. aequinoctialis treated with different uniconazole concentrations.  

 

Figure 1  Sigmoid curve of L. aequinoctalis based on leaf surface area. 

 

Additionally, we also measured plant fresh weight to monitor plant growth. Figure 2 shows that 400 mg/L and 800 

mg/L uniconazole significantly increased L. aequinoctalis fresh weight. As depicted in Table 1, treatment with 800 

mg/L of uniconazole induced significant increment in growth rate and doubling time of L. aequinoctalis by 0,257 ± 

0,006 g/day and 2,710 ± 0,074 days, respectively. To correlate the plant growth with nutrient absorption, we 

measured initial and final nitrat concentration in the medium (Table 2)  

 

Figure 2 Fresh weight of L. aequinoctalis. Different letters above each column indicate significant differences 

between the mean values at P < 0.05 
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Table 1. Growth rate and doubling time. 

Uniconazole Concentration 

(mg/L) 

Specific growth rate of biomass 

(g/day) 

Doubling time  

(day) 

0 0.225 ± 0.001b 3.086 ± 0.012b 

400 0.248 ± 0.006ab 2.792 ± 0.085ab 

800 0.257 ± 0.006a 2.710 ± 0.074a 

1600 0.243 ± 0.010ab 2.854 ± 0.147ab 

Different letters indicate significant differences between mean values at P<0,05 within each group. 

 

 

Table 2. Initial and final nitrate concentration on the medium. 

Uniconazole concentration (mg/L) Nitrate Consumption (ppm) 

0 46.844 ± 1.103b 

400 51.894 ± 1.477a 

800 48.755 ± 1.283ab 

1600 37.877 ± 1.134c 

Different letters indicate significant differences between nitrate consumption (P<0,05) 

 

3.2 Chlorophyll Content in L. aequinoctalis 

Chlorophyll measurement showed that 800 mg/L uniconazole significantly increased chlorophyll a and total 

chlorophyll content among other treatments. However, different concentrations of uniconazole have no effect on 

chlorophyll b content  (Figure 3).  

 

Figure 3 Chlorophyll content of L. aequinoctalis upon treated with different concentrations of uniconazole. Different 

character indicates a significant difference (P< 0.05) within the same measurements. 

 

3.3 Starch Content in L. aequinoctalis 

Starch is one of the highest metabolites that yielded by L. aequinoctialis. The result shows that the highest starch 

content (9.1 ± 0.7%) was obtained on L. aequinoctialis treated with 800 mg/L uniconazole. This treatment increased 

the starch content up to 1.5 fold compare to controls (Figure 4).  

4. Discussion  

Previous study reported that the high concentrations of uniconazole reduce leaf area on Mirabilis jalapa but not in 

the low concentrations [14]. Similar study also reported that uniconazole treatment reduced leaf size in Vinca rocea 

[15]. Furthermore, a lower concentration of uniconazole treatment on Epipremnum aureum increased its leaf size 

[16]. Here, we assume that the same concentrations of uniconazole applied in the previous studies were not 

sufficient to induce the similar effect in L. aequinoctialis. Apparently, the effect of uniconazole is species specific as 

well as other plant regulators. More importantly, uniconazole plays a role in cell division process by regulating 

plant endogenous hormones [17]. 
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Figure 4 Starch content of L. aequinoctalis upon treated with different concentrations of uniconazole. Different 

character indicates significant difference (P< 0.05). 

 

Generally, the increased plant biomass is correlated with their nutrient absorption. Indeed, a significant difference 

on nitrate absorption was observed on L. aequinoctalis treated by 400 mg/L of uniconazole, yet no difference on 

those treated with 800 mg/L uniconazole. On the other hand, nitrate absorption was decreased upon treatment 

with 1600 mg/L uniconazole. The increased nitrate consumption leads to increased fresh weight on the 

concentration of 400 mg/L uniconazole. On the concentration of 800 mg/L uniconazole, the increased fresh weight 

may due to another factor interfering with photosynthesis process and regulation of plant endogenous hormones 

[12].  

The increased nitrogen absorption was also in accordance to the plant chlorophyll content as nitrogen required for 

biosynthesis of chlorophyll. Similar application of uniconazole increased the total chlorophyll content on another 

duckweed plant (L. punctata) due to up-regulation of key enzymes in chlorophyll biosynthesis [12]. The increased 

chlorophyll also could be affected by delayed chlorophyll degradation as reported in Brassica napus [11].  

The increased starch also corroborated with total chlorophyll content that affected photosynthesis process. The 

increasing chlorophyll content will increase the photosynthetic rate that would lead to starch accumulation [12]. 

Chlorophyll acts as light energy receptor in antenna system. Light energy that absorbed by chlorophyll is emitted 

as an electron in electron transfer chain on light reactions. The final process of photosynthesis produces 

glyceraldehyde-3-phospate, which are the sugar skeleton and can be accumulated further as starch. It was also 

reported that uniconazole treatment increased starch accumulation in L. punctata by up-regulating the expression 

of key enzymes of starch biosynthesis [8]. 

 

Conclusion 

Uniconazole treatment on the concentration 800 mg/L increases starch productivity by 1.5 fold, specific growth 

rate, doubling time and chlorophyll content on L. aequinoctalis. 
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