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Abstract   

Paclobutrazol enhances the productivity of lowland rice when applied during the second ratoon cropping. This study 

sought to determine the response of second ratoon lowland rice to paclobutrazol at different levels of application. 

Determine the specific level of paclobutrazol application that can produce maximum productivity, and evaluate the 

profitability of growing second ratoon lowland rice applied to paclobutrazol at different levels of application. The 

study was set out in a Randomized Complete Block Design (RCBD) with levels of paclobutrazol application as 

treatment and replicated three times. The paclobutrazol application treatments were; T0 – no paclobutrazol application 

(control), T1 – paclobutrazol at 50ppm, T2 – paclobutrazol at 100ppm, T3 – paclobutrazol at 200ppm, T4 – 

paclobutrazol at 300ppm, T5 – paclobutrazol at 400ppm, T6 – paclobutrazol at 500ppm, and T7 – paclobutrazol at 

600ppm. Statistical analysis revealed that second ratoon lowland rice applied with 300ppm paclobutrazol (T4) 

significantly produced a taller plant height, an abundant number of tillers hill-1, greater LAI, higher percent of tall 

tillers with elongated panicles, higher fresh straw yield, longer root length, more number of nodal roots plant-1, longer 

panicle length, abundant spikelets per panicle, and produced remarkably the highest grain yield when compared to 

unsprayed control. This treatment achieved the highest gross margin (USD764.11) than those other treatments 

adopted. This study enlightens the ratoon growers regarding the physiological biochemical responses of ratoon crops 

to the application of paclobutrazol as a growth regulator in enhancing rice productivity. 
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1. Introduction 

Rice (Oryza sativa Linn.) is the staple food for 

more than half of the world’s population (GRISP, 

2013; Fukugawa & Ziska, 2019; Grossa, 2014; 

Seck et al., 2012). It is a very appealing crop 

because it is planted in distinct environmental 

conditions, and the demand for this crop is great 

compared to other crops (Frageria, 2014). 

Beyond 90 percent of the world’s rice is produced 

in various ecosystems and consumed in the Asian 

region (Papademetriou, 2000). The increasing 

demand for rice all over the world and in the 

country, in particular, compels the need for rice 

farmers to increase productivity. This can be 

achieved through the adoption of improved 

farming techniques, especially on the utilization 

of growth regulators in enhancing crop yield. 

The adoption of appropriate crop production 

practices like the foliar application of nutrients 

directly into the foliage is feasible and 

economical especially nowadays when inorganic 

granular fertilizers are too expensive. Several 

studies have already been conducted on the use of 

foliar fertilizers to increase the productivity and 

production of various field crops (Amanullah et 

al., 2015; Ecochem, 2021; Jacoby et al., 2017; 

Marschner, 2012; Tang et al., 2015). With the 

continued use of these fertilizers by rice farmers, 

there was still a continuing reduction in rice 

productivity and production. However, one of the 
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adaptation strategies for enhancing rice 

productivity amid climate change is the 

application of plant growth regulators, which are 

less expensive. Plant growth regulators are 

synthetic substances used in applying to the crops 

to alter the crop's structural processes. With the 

said effect, the alterations can modify the plant's 

hormonal balance and growth, leading to 

increasing yield, enhancing crop tolerance 

against abiotic stress, and improving the 

physiological traits of the crops (Tesfahun, 2018). 

Paclobutrazol is a plant growth inhibitor 

categorized under the group triazole. Triazoles 

have regulatory effects on plant growth wherein 

this increases the tolerance of various plant 

species to biotic and abiotic stresses, including 

fungal pathogens, drought, air pollutants, and low 

and high-temperature stress, by reducing 

oxidative damage by increasing antioxidants (Lin 

et al., 2006). Paclobutrazol application 

remarkably improved the rice quality and the rice 

amylose content (Pan et al., 2013). This can help 

improve the accumulation of phosphorus and 

potassium in rice stems, leaves, and grains while 

enhancing lodging resistance and increasing root 

biomass and root activity. The in-depth study 

about its effect on second ratoon lowland rice is 

nil.  Hence, this study aims to assess the response 

of second ratoon lowland rice to different levels 

of paclobutrazol application. Determine the 

appropriate level of paclobutrazol application that 

can produce maximum productivity of second 

ratoon lowland rice, and evaluate the profitability 

of second ratoon lowland rice production by 

applying paclobutrazol at different levels of 

application.  

2. Materials and methods 

The study was conducted at the experimental 

field of the Department of Agronomy (DA), 

Visayas State University (VSU), Baybay City, 

Leyte, the Philippines using the first ratoon to 

grow as a second ratooned crop. This was started 

on June 17, 2021, until September 10, 2021. 

The experiment was set out in an RCBD 

consisting of seven treatments and replicated 

three times. The treatments were adopting the 

different levels of paclobutrazol application 

(Table 1). 

Table 1. The treatments adopted following the different levels of paclobutrazol application 

Treatment Levels of paclobutrazol application (ppm) 

T0 No paclobutrazol application (control) 

T1 Application of paclobutrazol at 50ppm 

T2 Application of paclobutrazol at 100ppm 

T3 Application of paclobutrazol at 200ppm 

T4 Application of paclobutrazol at 300ppm 

T5 Application of paclobutrazol at 400ppm 

T6 Application of paclobutrazol at 500ppm 

T7 Application of paclobutrazol at 600ppm 

 

The lowland rice variety NSIC Rc222 was 

procured from the DA, VSU, Baybay City, Leyte, 

Philippines, and was utilized for planting during 

the main crop. Cultural management was 

properly adopted for both the main and first 

ratoon crops. The original layout from both the 

main and first ratoon crops was adopted wherein 

the control plots assigned for the main and first 

ratoon crops were also used during the second 

ratoon experiment. All second ratoon rice plants 

adopted a fertilization rate of 120 kg ha-1 N, 

wherein urea inorganic fertilizer was used. In 

applying urea fertilizer, basal application (60 kg 

ha-1) was done two weeks after harvesting of the 

first ratoon crop while the remaining dosage (60 

kg ha-1) was done two weeks thereafter which was 

done after rotary weeding and hand weeding 

operations. The second ratoon plants were 

monitored for any pest invasion, and the 

appropriate measure was undertaken to adopt an 
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Integrated Pest Management (IPM). Watering of 

plants was done regularly by maintaining 1-3 cm 

of water above the soil surface. 

Paclobutrazol was applied at the different rates of 

specific treatments mentioned above during the 

ten percent flowering of the second ratoon crop. 

The solution was diluted in one liter of water and 

sprayed in each treatment. To produce 1,000 ml 

paclobutrazol solution this formula was used 

(Balano, 2021): 

P1 = (S2) (P2) 

            S1 

 where:- 

S1 = 250,000 ppm (original paclobutrazol  

        concentration) 

S2 = desired concentration of the different treatments  

       (50ppm to 600ppm) 

P1 = amount of paclobutrazol mixed with water 

P2 = target volume (1,000 ml) 

     Harvesting was manipulated when the grains 

were ripened as indicated by a firm and ambered 

color while the leaves also turned yellow or 

golden brown. The harvested panicles were 

threshed, and the grains were sun-dried until the 

moisture content reaches 14 percent. Dried grains 

per treatment were cleaned before data collection 

(Bañoc and Asio, 2019). 

The data gathered for agronomic characteristics 

were plant height (cm), the number of tillers per 

hill, leaf area index (LAI), percent tall tillers with 

elongated panicles, and the fresh straw yield (t ha-

1). Root parameters were also gathered such as the 

root length, the number of nodal roots (NRs) per 

plant, and the number of nonfunctional nodal 

roots (NNRs) that are still attached in the primary 

and first ratoon crops. In the case of the 

nonfunctional NRs per plant, it was indicated by 

dark brown, dried, and not stout in its physical 

appearance. For the yield and yield component 

parameters, the gathered data were the panicle 

length (cm), the number of spikelets per panicle, 

and the grain yield (t ha-1). The profitability of 

growing second ratoon lowland rice var. NSIC 

Rc222 applied with paclobutrazol at different 

rates of application was determined. Total 

variable cost per treatment was determined by 

recording all the total variable expenses incurred 

starting from the harvesting of the first ratoon 

crop until the drying of rice harvested from the 

second ratoon crop. These include the cost of 

fertilizer, pesticide, and other materials as well as 

labor. 

After data gathering, the means were computed 

and an analysis of variance (ANOVA) was done 

using Statistical Tools for Agriculture Research 

(STAR). A comparison of means for significant 

variance analysis was tested using the Honestly 

Significant Difference Test or Tukey’s Test. 

3. Results and discussion 

The data on the weekly minimum and maximum 

temperatures (0C) from June 17 until September 

22, 2021, in Leyte province was collected from 

PAGASA, 2021a (Figure 1), and the monthly 

rainfall that represents the long-term averages 

over 30 years in Tacloban City, Philippines was 

taken from the PAGASA, 2021b (Figure 2). The 

average weekly minimum temperature ranged 

from 24.43 – 26.86 0C and the maximum 

temperature ranged from 31.0 – 34.0 0C. The 

temperature values recorded confirmed the 

temperature requirement for the normal 

vegetative and reproductive development of the 

rice crop, which ranges from 20 to 30 0C from 

planting to harvesting (Luh, 1980). However, 

according to Yin et al. (1996), the optimum 

temperature for rice production ranges from 27 0C  

to 32 0C, thereby temperature values in both 

minimum and maximum recorded were 

appropriate temperatures for the normal growth 

and development of second ratoon lowland rice. 

For the monthly rainfall (30-year period) in the 

study site, it is generally indicated that there was 

enough precipitation throughout the growing 

period of the second ratoon crop from June until 

September with an amount of rainfall ranging 

from 160.9 to 184.6mm. According to Tuong and 

Bouman (2003), the water input for a typical 

puddled transplanted rice per season was 

estimated to range from 660 to 5,280 mm 
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depending on the growing season, climatic 

conditions, soil type, and hydrological 

conditions, with 1,000 - 2,000 mm being the most 

common value. It showed that the total amount of 

rainfall (705mm) during the conduct of the study 

from June to September was enough for the water 

requirement of second ratoon lowland rice. The 

rice plants were not affected by their water 

requirement since the aforementioned crop 

component was grown under the irrigated 

lowland conditions, wherein there was a 

sufficient supply of irrigation water. 

     At the reproductive phase of the crop, a 

minimal infestation of Maya (Lonchura malacca 

Linn.) and Gorion (Passer montanus Linn.) was 

observed. It was controlled by guarding the entire 

area daily starting from early morning until late 

in the afternoon using driving techniques like 

producing unwanted sounds, scarecrows, and 

blinking used tapes to drive away said pests. 

Other techniques like baiting Gorion with rice 

grains soaked initially with insecticide were 

adopted in controlling said pest. As observed that 

the specific infestation period of Maya and 

Gorion might cause severe damage if not 

controlled, Maya will mainly infest the crop at the 

start of heading until the dough stage while 

Gorion infests severely the crop starting at dough 

until the maturity of the crop. After the dough 

stage, the normal Maya species will not attack the 

crop anymore aside from those rare “deaf” 

species mostly called in the local dialect “bungol 

type” that will continuously infest the crop. For 

the cropping period of the second ratoon crop that 

will be scheduled from June until September, 

predictable severe infestations of both Maya and 

Gorion are rampant since the majority of the rice-

growing area was under the turnaround period. 

 
Figure 1. The average daily temperature (minimum and maximum) throughout the study (June 17 to September 22, 2021) was 

obtained from the Philippine Atmospheric, Geophysical, and Astronomical Services Administration (PAGASA, 2021a). The 

Weather and Climate Authority. 2021. pagasa.dost.gov.ph/climate. 
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Figure 2. Total monthly rainfall (mm) was obtained from the long-term averages over 30 year period taken from PAGASA, 2021b. 

AccuWeather, Tacloban City, Leyte. 

 

3.1. Soil Chemical Properties 

Table 2 shows the soil analysis before the start of 

the second ratoon cropping taken from the 

experimental area. The result showed the soil's 

chemical properties such as 5.85 pH, 3.47% 

organic matter, 0.25% total N, 4.19mg kg-1 

obtainable P, and 0.70me 100g-1 of convertible 

potassium. The result implies that the soil is 

moderately acidic in pH, low in organic matter 

and obtainable phosphorus, has a medium amount 

of total nitrogen and has a high amount of 

convertible potassium (Landon, J. R. 1991). 

 

Table 2. Chemical properties of the soil after harvesting of first ratoon lowland rice (Oryza sativa L.) var. NSIC Rc222 as 

influenced by paclobutrazol at different levels of application 

Soil analysis Soil pH (1:2:5) Organic matter (%) Total N (%) Obtainable P (mg kg-1) Convertible K (me100 g-1soil) 

        After      

harvesting  

of 1st ratoon 

5.85 3.47 0.25 4.19 0.70 

 

3.2. Study site 

The study was conducted at the experimental 

field of the Visayas State University (VSU), 

Baybay City, Leyte, the Philippines (Table 3). 

The geographical coordinates of the study site 

consist of latitude of ten ⁰ 41' North and a 

longitude of 124 ⁰ 48' East (Maplandia.com. 

2021). The area is categorized as vertisols in its 

geomorphology (Asio, V. 1996) while the soil 

type is entisols (Carating et al., 2014). However, 

the environmental area is characterized as a type 

four climate wherein this experienced 

precipitation is more or less evenly distributed 

throughout the year.  

Table 3. Site characteristics of the experimental area grown with second ratoon lowland rice (Oryza sativa L.) var. NSIC Rc222 

as influenced by paclobutrazol at different levels of application  

Site    Coordinates        Geomorphology Soil type Climate type 

VSU, Baybay City, 

Leyte, Philippines 

10⁰ 41’ N & 124 ⁰48’ E       Vertisols       Entisols        Type 4 
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3.3. Agronomic characteristics 

Statistical analysis revealed that second ratoon 

lowland rice applied with 300ppm paclobutrazol 

(T4) significantly produced a taller plant height 

(116.10cm) when compared to unsprayed control 

which achieved the shortest plant height of 

101.03cm (Table 4). However, T4 plants were 

comparable with those second ratoon plants 

applied with paclobutrazol at 200ppm (T3), 

100ppm (T2), 400ppm (T5), 500ppm (T6), 50ppm 

(T1) and 600ppm (T7) with plant heights of 

115.23cm, 114.62cm, 114.45cm, 113.63cm, 

111.47cm and 108.57cm, respectively. The result 

was not similar to the findings of Wahyuni et al. 

(2002) that foliar spraying of paclobutrazol 

during the panicle initiation stage caused retarded 

internode that eventually elongated shorter plant 

height. This was supported by the findings of 

Tesfahun and Menzir (2018) that the reduction in 

plant height is strongly associated with reduced 

elongation of the internodes and found uppermost 

internodes to be shortened under the 

paclobutrazol application. Results justified that 

the application of paclobutrazol in rice, a plant 

growth retardant has a significant negative impact 

on plant height because it hampered the 

gibberellic properties that are responsible for 

stem elongation. Sometimes application of this 

growth retardant caused positive effects such that 

paclobutrazol is used in ornamental plants to limit 

height to improve aesthetic value (Duck et al., 

2004).  Balano (2021) reported that lowland rice 

applied with paclobutrazol at the rate of 500ppm 

in both vegetative and heading stages has the 

shortest plant height (51.94 cm) when compared 

to rice plants not applied with paclobutrazol that 

producing substantially a taller plant height of 

85.97 cm. In the study of Mactal and Canare 

(2015), the application of 500ppm paclobutrazol 

has no significant reduction in plant height. In 

contrast, Magtalas et al. (2020) confirmed our 

findings that the application of paclobutrazol also 

increases the plant height of NSIC Rc216. 

However, our study has an in-depth evaluation of 

the effectiveness and efficiency of paclobutrazol 

to second ratoon lowland rice since it was tested 

at several levels of paclobutrazol application 

during the ten percent flowering stage of the 

ratoon crop. At this crop growth stage, however, 

the concentration of photoassimilates, the product 

of photosynthesis was on the production and 

development of glucose that was eventually 

produced into grains. 

The second ratoon lowland rice sprayed with 

300ppm (T4) produced remarkably an abundant 

number of tillers hill-1 (18.13 tillers) than those of 

non-applied control with only 13.30 tillers hill-1 

but comparable in all other paclobutrazol applied 

treatments. Generally, second ratoon lowland rice 

plants sprayed with paclobutrazol regardless of 

the rates produced an abundant number of tillers 

hill-1 which ranges from 15.67 to 17.30 tillers 

when compared to unsprayed control plants with 

only 13.30 tillers hill-1. Similarly, Magtalas et al. 

(2020) reported that paclobutrazol application 

improved the tillering ability of rice plants to 

produce sufficient panicles resulting in an 

abundant number of panicles at harvest. For leaf 

area index (LAI), second ratoon lowland rice 

applied with 300ppm paclobutrazol (T4) 

significantly emanated greater LAI (7.60) than 

that unsprayed control plants with an LAI of 3.38. 

Other paclobutrazol applied plants produced 

comparative LAI ranges from 4.97 to 6.39 when 

compared to T4 plants. Balano (2021) mentioned 

that the application of paclobutrazol at 500ppm 

during the vegetative stage gave a tremendous 

reduction in LAI (1.79) than those rice plants 

applied at heading (2.27) and also in non-applied 

control plants with an LAI value of 2.72. Since 

the leaves are responsible for the absorption and 

interception of solar radiation for plant growth 

and development, this directly means broader leaf 

area and greater leaf area index can contribute to 

higher productivity. The optimal leaf area index 

(LAI) is an important factor in increasing grain 

yield. Thus, Smith et al. (1991) stipulated that a 

plant's photosynthetic capacity is frequently 

quantified in terms of leaf area. The paclobutrazol 

application increases the photosynthetic pigment 
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level of lowland rice under salt stress (Khunpon 

et al., 2019); and herbaceous peony (Xia et al., 

2018), therefore it might increase its 

photosynthetic activity. Due to the above-

mentioned findings, the higher LAI in 

paclobutrazol applied plants in our study, 

especially at the rate of 300ppm might be 

attributed to the higher photosynthetic activity of 

the functional leaves during the flowering stage 

as also confirmed by the findings of Xia et al. 

(2018).  

Relative to percent tall tillers with elongated 

panicles on second ratoon rice plants sprayed 

with 300ppm paclobutrazol notably emanated a 

higher percent of tall tillers with elongated 

panicles (17.73%) when compared to all other 

treatments except those ratoon plants applied 

paclobutrazol at 200ppm (T3) with 17.06%. This 

result is similar to the findings of Magtalas et al. 

(2020) that the application of paclobutrazol 

increases the plant height which also produces 

longer panicles.  

 

Table 4. Agronomic characteristics of second ratoon lowland rice (Oryza sativa L.) as influenced by paclobutrazol at different 

levels of application 

    

For fresh straw yield (t ha-1), second ratoon 

lowland rice applied with 300ppm, 200ppm, and 

100ppm produced comparable fresh straw yields 

which ranged from 5.28 to 5.95 t ha-1 which were 

significantly different from all remaining 

treatments especially unsprayed control with a 

very low fresh straw yield of 2.67 t ha-1. The 

result construed with the findings of Balano 

(2021) that rice plants applied with paclobutrazol 

at the vegetative stage, both vegetative and 

heading stages, and at the heading stage 

significantly produced higher fresh straw yields 

compared to non-applied control plants. The 

increase in fresh straw yield in this study could be 

associated with the taller plant height, an increase 

in the number of tillers hill-1, a higher percentage 

of taller tillers with elongated panicles as 

reflected in Table 4. This result was similar to the 

studies of Magtalas et al. (2020), and Plaza-

Wuthrich et al. (2016) found that plants applied 

with paclobutrazol performed larger and heavier 

biomass, which was mainly attributed to the 

abundant production of tillers per plant.  

3.4. Root Parameters 

Second ratoon lowland rice applied with 

paclobutrazol at the highest rate of 600ppm 

application (T7) significantly performed the 

longest root length (24.0cm) and also produced 

an abundant number of nodal roots (NRs) of 

518.0 per plant when compared to unsprayed 

control with root length (15.33cm) and number of 

NRs per plant of 242.0 (Table 5). For both the 

root length and the number of NRs per plant, the 

higher the level of paclobutrazol application will 

correspond to the length of roots and an abundant 

number of NRs per plant. The result of this study 

Treatment Plant height 

(cm) 

No. of tillers 

per hill 

LAI 

 

 

Percent tall tillers with 

elongated panicles 

Fresh straw yield 

(t ha-1) 

T0 - control 101.03b 13.30 b 3.38 b 5.91 e 2.67 c 

T1 - 50 ppm 111.97 a 15.67 ab 5.63 ab 11.04 cd 3.95 b 

T2 -100 ppm 114.62 a 16.33 ab 6.39 ab 13.71 bc 5.28 a 

T3 - 200 ppm 116.58 a 17.33 ab 6.13 ab 17.06 ab 5.85 a 

T4 - 300 ppm 112.62 a 18.13 a 7.60 a 17.73 a 5.95 a 

T5 - 400 ppm 114.45 a 17.10 ab 5.47 ab 10.82cd 3.93 b 

T6 - 500 ppm 113.63 a 16.50 ab 5.66 ab 9.81 d 3.81 b 

T7 - 600 ppm  108.57 ab 17.03 ab 4.97 ab 5.13 e 3.76 b 

Mean  111.68 16.42 5.66 11.40 4.40 

F value 7.61 3.29 3.97 43.62 62.02 

P value 0.0007** 0.0277* 0.0136* 0.0000** 0.0000** 

CV % 2.75 8.48 18.5 10.64 5.82 
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aligns with the finding of Khunpon et al. (2019) 

that paclobutrazol application promotes root 

growth and development, thereby, increasing the 

root length of second ratoon lowland rice.  

The application of paclobutrazol in the second 

ratoon lowland rice at 500ppm produced an 

abundant number of nodal roots (522 NRs) per 

plant when compared to non-applied control 

plants (Table 5). The application of paclobutrazol 

at higher levels produced a considerable number 

of NRs per plant but hampered its nodal root 

production when applied at a lower level (50ppm) 

application. In these conditions, increased root 

growth caused by paclobutrazol application is 

also associated with an increase in endogenous 

cytokinin levels, which promote plant growth and 

development (Fletcher et al., 2010). Results are 

similar to the findings of Mabvongwe et al. 

(2016) that the application of paclobutrazol 

stimulated the root growth and carbohydrate 

content of tubers and this resulted in the enhanced 

partitioning of assimilates towards the root than 

the shoot. 

Table 5. Root parameters of second ratoon lowland rice (Oryza sativa L.) to paclobutrazol at different levels of application     

Treatment Number of nodal roots 

plant-1 

Root Length (cm) per plant Number of non-functional 

nodal roots per plant  

T0 - control 242.00 c 15.33 b 180.00 a 

T1 - 50 ppm 341.67 bc 21.000 a 86.33 c 

T2 -100 ppm 423.67 ab 21.67 a 149.00 ab 

T3 - 200 ppm 414.67 ab 22.33 a 169.00 a 

T4 - 300 ppm 454.67 ab 22.83 a 152.33 ab 

T5 - 400 ppm 466.00 ab 23.00 a 108.67 bc 

T6 - 500 ppm 522.00 a 23.33 a 119.33 bc 

T7 - 600 ppm 518.00 a 24.00 a 113.00 bc 

Mean 422.83 21.69 134.71 

F value 9.99 9.55 11.66 

P value 0.0002** 0.0002** 0.0001** 

CV % 12.11 7.07 12.30 

 

As observed during root sampling that there were 

nodal roots attached from the nodes of the main 

plant and from the previously grown first ratoon 

crops which were not functional. Based on the 

gathered data, unsprayed control plants 

significantly achieved a higher number of 

nonfunctional NRs per plant (180.0 NNRs) than 

those second ratoon plants applied with 50ppm 

(T1), 400ppm (T5), 500ppm (T6), and 600ppm 

(T7) with the number of nonfunctional NNRs per 

plant of 86.33 NRs, 108.67 NRs, 119.33 NRs, and 

113.0 NRs, respectively. The number of 

nonfunctional NRs of unsprayed control plants 

was comparatively similar to those second ratoon 

rice plants applied with paclobutrazol at different 

levels of 100ppm (T2), 200ppm (T3), 300ppm (T4) 

with the number of nonfunctional nodal roots of 

149.0, 169.0, and 152.33 NNRs per plant, 

respectively. The result of the study might be due 

to the response of second ratoon lowland rice to 

the application of paclobutrazol at a lower level 

(50ppm) and at higher levels (400ppm until 

600ppm) that reduced the number of 

nonfunctional NRs per plant (Table 5). The result 

of this study was similar to the findings of Balano 

(2021) that lowland rice applied with 

paclobutrazol at the rate of 500ppm during both 

vegetative and heading stages remarkably 

achieved the shortest root length (35.79 cm) when 

compared to non-applied control plants which 

emanated significantly the longest root length of 

45.60 cm. 

3.5. Yield and yield component parameters 

Results showed that second ratoon lowland rice 

plants sprayed with 300ppm paclobutrazol 

developed remarkably longer panicle length 

(31.56cm) when compared to unsprayed control 

(26.42cm) plants, but comparable to all other 
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paclobutrazol sprayed treatments with panicle 

lengths ranging from 30.28cm to 31.27cm (Table 

6). Results showed that the longer panicle length 

(cm) would directly correspond to producing a 

more abundant number of spikelets per panicle, 

as this was positively affected by the application 

of paclobutrazol. As observed that ratooned 

plants having longer panicle length (31.56cm) 

also produced a greater number of 194.90 

spikelets panicle-1 when compared to non-applied 

control plants with a fewer number of spikelets 

panicle-1 of 94.20 spikelets. Balano (2021) stated 

that the application of paclobutrazol at the 

heading stage remarkably produced longer 

panicle lengths comparable to non-applied 

control plants. The result agrees with the finding 

of Plaza-Wuthrich et al. (2016) that paclobutrazol 

application enhanced the number of panicles of 

tillering crops under stressed conditions but not 

when exposed under normal conditions. 

Similarly, Magtalas et al. (2020) reported that 

paclobutrazol application improved the tillering 

ability of rice plants to produce sufficient panicles 

resulting in an abundant number of panicles at 

harvest. Magtalas et al. (2020) also reported that 

paclobutrazol application has no significant effect 

on the panicle length of rice variety NSIC Rc216. 

Moreover, it improves the panicle length of other 

varieties. The panicle is one of the yield 

components of rice that is generated by tillers; 

thus, when there are more tillers, there is a greater 

probability of creating more panicles. The result 

shows that the application of paclobutrazol at the 

vegetative stage produced longer panicles as 

construed to their findings but only if rice was 

planted in ideal soil (Balano, 2021).  

For the number of spikelets per panicle, second 

ratoon rice plants sprayed with 200ppm 

paclobutrazol (T3) notably produced abundant 

spikelets per panicle (196.87 spikelets) when 

compared to unsprayed control plants with the 

number of 94.20 spikelets panicle-1 (Table 6).  It 

was closely followed by second ratoon plants 

sprayed with 300ppm paclobutrazol obtaining a 

comparable number of spikelets per panicle of 

194.90. All paclobutrazol treated second ratoon 

plants obtained a similar number of spikelets 

panicle-1 than that of T3 plants. Relative to its 

application, second ratoon lowland rice applied at 

a lower concentration of 50ppm paclobutrazol 

obtained a fewer number of 168.13 spikelets 

panicle-1 but comparable to all paclobutrazol 

applied plants. The trend is increasing up to 

200ppm and decreased slightly with a 

corresponding reduction from 300ppm (194.90 

spikelets panicle-1) until 600ppm with 183.83 

spikelets panicle-1. Results construed with the 

study of Magtalas et al. (2020) revealed that 

paclobutrazol application to NSIC Rc216 could 

increase percent filled grains and eventually 

increased the number of spikelets per hill. The 

findings suggest that the utilization of 

paclobutrazol enhances the most sensitive rice 

production components under drought stress 

specifically the percentage of filled grains or 

spikelet fertility.  Magtalas et al. (2020) stated 

that spikelet fertility was enhanced when 

paclobutrazol was administered during the 

vegetative growth phase of lowland rice varieties 

grown under irrigated lowland conditions. 

     In the case of grain yield (t ha-1), second ratoon 

lowland rice applied with 300ppm paclobutrazol 

(T4) produced remarkably the highest grain yield 

(2.69 t ha-1) compared to all other treatments 

especially unsprayed control plants (1.01 t ha-1) 

except those second ratoon plants applied with 

200ppm (T3) with comparable grain yield of 2.46 

t ha-1. This result was similar to the findings of 

Pan et al. (2013) stipulated that the application of 

paclobutrazol at the heading growth stage will 

promote heavy grains and higher grain yield. The 

increased grain yield in rice applied with 

paclobutrazol was mainly attributed to the 

increasing number of spikelets panicle-1 and the 

development of a high percentage of filled grains 

(Pan et al., 2013). Generally, the second ratoon 

lowland rice applied at the higher rates (400 – 

600ppm) in this study significantly reduced the 

grain yields which ranged from 1.25 to 1.46 t ha-

1 compared to those second ratoon rice plants 
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applied with paclobutrazol at the rates of 200ppm 

and 300ppm with higher grain yields of 2.46 t ha-

1 and 2.69 t ha-1, respectively. This result 

conforms with the report of Alvarez et al. (2012) 

that the reduction in grain yield was mainly 

attributed to the ill-effects of its plant growth and 

development processes since paclobutrazol is 

mainly considered the growth retardant (Duck et 

al., 2004). Relative to paclobutrazol application, 

the lower application of paclobutrazol to second 

ratoon lowland rice there is also a corresponding 

lower response of the plants regarding all 

agronomic characteristics and yield and yield 

component parameters evaluated. But when 

second ratoon plants were applied with higher 

levels of paclobutrazol application (400ppm – 

600ppm) there was only a slight reduction vis-à-

vis the agronomic and yield and yield component 

parameters gathered. However, application rates 

of paclobutrazol at 200ppm and 300ppm inflict 

taller plant height, produced more abundant tillers 

hill-1, emanated greater LAI, developed longer 

panicle length, remarkably produced an abundant 

number of spikelets panicle-1, developed longer 

panicle length with more production of spikelets 

panicle-1, and a remarkably higher grain yield. 

Therefore, these rates of paclobutrazol 

application are the best options for growing 

second ratoon lowland rice under the irrigated 

lowland ecosystems. 

Table 6. Panicle length (cm), number of spikelets panicle-1, and grain yield (t ha-1) of second ratoon lowland rice 

(Oryza sativa L.) to paclobutrazol at different levels of application 

Treatment Panicle length (cm) No. of spikelets per panicle Grain yield (t ha-1) 

T0 - control 26.42 b 94.20 b 1.01 e 

T1 - 50 ppm 30.65 a 168.13 a 1.79 c 

T2 -100 ppm 31.14 a 186.13 a 2.34 b 

T3 - 200 ppm 31.27 a 196.87 a  2.46 ab 

T4 - 300 ppm 31.56 a 194.90 a 2.69 a 

T5 - 400 ppm 31.12 a 186.67 a 1.46 d 

T6 - 500 ppm 30.90 a 184.87 a 1.38 d 

T7 - 600 ppm 

Mean 

 30.28 ab 

30.41 

183.83 a 

173.95 

 1.25 de 

1.80 

F value 4.19 30.61 93.15 

P value 0.0109* 0.0000** 0.0000** 

CV % 4.62 6.01 6.25 

 

Normally, rice plants that produce longer panicle 

lengths will produce an equitable abundant 

number of spikelets per panicle. However, the 

general rule of thumb is that the “longer panicle 

length emanated will also produce more abundant 

spikelets panicle-1 was almost followed when 

second ratoon lowland rice was applied with 

paclobutrazol. The application of paclobutrazol 

promoted all agronomic characteristics, root 

parameters, and yield and yield component 

parameters, particularly when applied at an 

optimum level (200 – 300ppm). Paclobutrazol 

was reported to enhance the yield of field-grown 

Camelina sativa by enhancing the number of 

siliqules per plant, photosynthetic gas exchange, 

higher chlorophyll content, and photosynthetic 

activity for a longer period and thereby facilitated 

higher photo assimilation (Kumar et al., 2012). 

The paclobutrazol application enhances grain 

yield by enhancing photosynthetic gas exchange, 

higher chlorophyll content, and photosynthetic 

activity for a longer period that facilitates higher 

photo assimilation (Soumya et al., 2017). The 

application of paclobutrazol on Lycopersicon 

esculentum increased both early fruit yield and 

index of economic earliness (Berova and Zlatev, 

2000) and improved the tubers' capability of 

assimilating partitioning as observed in potato 

(Mabvongwe et al., 2016) and Gladiolus (Steinitz 

et al., 1991). Therefore, increases in yield were 

due to the maintenance of a proper balance 
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between the source and sink for enhancing crop 

yield (Gupta et al., 2007). 

3.6. Cost and return analysis 

The cost and return analysis of second ratoon 

lowland rice var. NSIC Rc222 showed that plants 

applied with 300ppm paclobutrazol obtain the 

highest gross income (USD 1,076.00) and gross 

margin (USD 764.11) comparing all other 

treatments due to higher grain yield (Table 7). It 

was followed by the application of paclobutrazol 

at 200ppm to second ratoon lowland rice which 

achieved gross income and gross margin of USD 

984.00 and USD 682.87, respectively. On the 

other hand, the non-applied control plants that 

achieved the lowest productivity (1.01 t ha-1) 

obtained the lowest gross income (USD 404.00) 

and gross margin of USD 171.17. Thereby, 

second ratooning of lowland rice is a feasible and 

economical alternative, since extending the 

growing period of the primary rice crops for 

another two cropping seasons (first and second 

ratoon) could provide greater benefit to rice 

growers in enhancing rice productivity. This is 

fully materialized by the adoption of less 

expensive technology through the use of growth 

hormone (paclobutrazol) at an appropriate level 

of application in increasing the grain yield of 

ratoon lowland rice 

Table 7. Cost and return analysis of second ratoon lowland rice (Oryza sativa L.) as influenced by paclobutrazol at 

different levels of application 

Price of palay = US Dollar 0.40 kg-1 at PHP 50.00 per 1 US Dollar 

 

4. Conclusions 

The paclobutrazol was applied in the second 

ratoon lowland rice var. NSIC Rc222 

significantly influenced the plant height, the 

number of tillers hill-1, leaf area index, percent tall 

tillers with elongated panicles, fresh straw yield 

(t ha-1), root length, the number of nodal roots 

(NRs) hill-1, the number of non-functional NRs 

hill-1, panicle length, number of spikelets panicle-

1, and grain yield (t ha-1). The application of 

paclobutrazol at 300ppm to second ratoon 

lowland rice significantly elongated a taller plant 

height, produced an abundant number of tillers 

hill-1, developed greater LAI, remarkably 

achieved a higher percentage of tall tillers with 

elongated panicles, notably produced higher fresh 

straw yield, developed longer root length, 

achieved an abundant number of nodal roots, 

developed longer panicle length, produced more 

number of spikelets hill-1, achieved notably 

abundant spikelets per panicle, and produced 

remarkably the highest grain yield (2.69 t ha-1) 

when compared to non-applied control plants. 

The second ratoon lowland rice var. NSIC Rc222 

applied with 300ppm paclobutrazol gains 

remarkably high gross income (USD1,076.00) 

and gross margin of USD764.11 than those of 

other treatments adopted. 

5. Recommendation 

The paclobutrazol application at the rate of 

300ppm is highly feasible and recommended to 

apply in second ratoon lowland rice for enhancing 

higher productivity. This strategy might be an 

Treatment Grain yield 

(t ha-1) 

Gross income 

(USD) 

Total variable cost 

(USD) 

Gross margin 

(USD) 

T0 - control 1.01 404.00 232.83 171.17 

T1 - 50 ppm 1.79 716.00 271.61 444.39 

T2 -100 ppm 2.34 936.00 294.91 641.09 

T3 - 200 ppm 2.46 984.00 301.13 682.87 

T4 - 300 ppm 2.69 1,076.00 311.89 764.11 

T5 - 400 ppm 1.46 584.00 262.49 321.51 

T6 - 500 ppm 1.38 552.00 260.47 291.53 

T7 - 600 ppm 1.25 500.00 256.40 243.60 
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excellent option for the attainment of rice self-

sufficiency in lowland ecosystems that 

experienced unpredictable environmental 

conditions due to climate change. 
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