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Abstract 

Use of Gibberellic acid (GA3) application in rice cultivation for increasing the grain yield is well documented. 
However, improper and untimely use of GA3 could result in poor response to GA3 application. This study was 
aimed at to investigate the timing of application during different growth stages and mode of application of GA3 
on the growth and yield of MR219, a popular Indica rice variety, released by Malaysian Agricultural Research 
and Development Institute (MARDI). Two commercial GA3 formulations, namely ProGibb SG containing 40% 
GA3 and ProGibb silica Granule containing 0.1% GA3 were used for foliar and soil application, respectively. 
GA3 was applied at late tillering stage and at 10-30% panicle heading stage. Interestingly, GA3 application as 
foliar spray during the early reproductive stage, ie at 10-30% panicle heading stage enhanced the grain yield 
significantly, recording over 27% grain yield increase over the untreated control. Moreover, two applications of 
GA3 at 7 days’ interval has consistently given higher grain yield than single application. However, there is no 
significant difference in flag leaf characteristics, one thousand grain weight and milling qualities among different 
treatments. Our study has clearly illustrated that foliar application of GA3 at weekly interval at 10-30% panicle 
heading stage, can increase rice grain yield significantly. 
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1. Introduction 

Rice (Oryza sativa L.) is one of the most important staple food, providing a major source of calories and 
nutrients for more than half of the world’s population. It is a direct source of calories for more people than any 
other crop, and it serves as the main staple for some 560 million chronically hungry people (FAO, 2017). It is 
one of the most important cereal crop of the world, grown under wide range of climatic conditions. It is grown in 
more than 110 countries across the world with an area of over 162 million hectares and production of 755 
million tonnes with the average productivity of 4.66 metric ton per ha (FAO, 2021). More than 90 per cent of the 
world’s rice is grown and consumed in Asia. With ever increasing population and at the current rate of 
population growth, the demand for rice is projected to increase by 32 percent, sufficient to meet the projected 
global rice demand by 2030. However, the production is faced with stiff challenges of decreasing availability of 
arable land, water, labour, chemical inputs and issues caused by climate change. Therefore, enhancing 
productivity of rice through different novel approaches and interventions including exogenous application of 
yield enhancers continue to play key role to meet the growing need.  

Southeast Asia is one of the important rice producing region in the world, with over 48 million ha or almost 30% 
of the world rice production. It produced about 220 million tons of rice in 2018. Malaysia’s total paddy cropping 
area is about 0.70 million hectares, which is the lowest in Southeast Asia. Moreover, the average yield per 
hectare is also one of the lowest in the region, with productivity varies widely among different granary areas due 
to location-specific factors such as agronomic practices, environmental conditions, cultivation areas, and soil 
fertility factors (Khazanah Research Institute, 2019). The Malaysian growth strategy plan, known as Vision 2020 
was developed by the government aiming at developing and improving the country in all socio-economic aspects 
including agriculture (Alam et al., 2016; Lee & Baharuddin, 2018). In its growth plan to attain the vision, 
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agriculture remains one of the important sectors of the country’s economy, contributing over 12% to the national 
Gross Domestic Product (GDP) , providing employment for 16% of the national population, besides uplifting the 
standard of life among rural communities who are directly or indirectly involved in agriculture (Mannan et al., 
2017). Malaysia is still a net importer of rice with the self-sufficiency level hovering between 60-70% 
(Khazanah Research Institute, 2019). The low level of productivity and self-sufficiency necessitated an urgent 
need to boost paddy production and productivity on national level. The expectation is to provide at least 75% of 
the countries rice needs from domestic production and to reduce the dependency on imports. While the cultivable 
paddy area is expected to remain same or shrink, to meet the target, the additional grain yield should come from 
higher grain yield and productivity. For achieving the target of increased production and productivity of local 
rice to 75% within the next three or four years, use of modern agronomic technologies, soil profiling and using 
better varieties with higher fertilizer use efficiency are going to play a critical role. 

There are several potential approaches for enhancing the yield and productivity of rice, of which the major 
intervention tools are plant nutrition management, developing high yielding hybrid rice varieties through plant 
breeding, adopting modern agronomic practices and also judicious use of beneficial biostimulants based on 
microbial and non-microbial sources such as seaweed extracts, amino acids, protein hydrolysates, phosphites, 
humic acids, chitosan, peptides, etc, besides the use of plant hormones and growth regulators (Rouphael & Colla, 
2020; Shahrajabian et al., 2021). All these tools form important components in practicing sustainable agriculture. 
The introduction of plant growth regulators (PGR) has added a new dimension to the possibility of improving the 
growth and yield of rice. Foliar applications of plant growth regulators, both natural and synthetic, have known 
to positively influence and improve crop growth and achieving higher yield under varied growing conditions. 
They are not phytotoxic under normal use rate and are typically applied at low dosages. In most cases, 
exogenous application of PGRs can influence the plant's hormonal status. PGRs also can significantly improve 
the performance of crop plants and their effects by increasing the crop yield and quality. It has been well 
documented that plant growth regulators including gibberellins (GA3), cytokinin, auxins etc are extensively 
studied plant growth promoting hormones, shown to be involved in variety of plant growth and physiological 
functions (Frankenberger & Arshad, 1995; Rademacher, 2016). GA3 is applied to cereal crops, ornamentals and 
orchards, where it plays a role in seed germination (Finch-Savage & Leubner-Metzger 2006; Chen et al., 2008; 
Urbanova & Leubner-Metzger, 2016), fruit growth enhancement (Li et al., 2011), and stem elongation (Dayan et 
al., 2012; Wang et al., 2017b; Shan et al., 2021), flowering (Sharma & Singh, 2009; Muñoz-Fambuena et al., 
2012), response to abiotic stress (Colebrook et al., 2014), malting of barley (Briggs, 1963), and other 
physiological effects that occur in its interaction with other phytohormones (Steffens et al., 2006; Hedden & 
Sponsel, 2015). GA3 is also reported to improve effective portioning and translocation of photosynthates from 
source to sink in the field crops (Senthil et al., 2003). Studying on hybrid rice seed production, Gavino et al. 
(2008) reported that application of GA3 resulted in elongation of plant height, promoting panicle and spikelet 
exsertion, enhancing stigma exertion and longevity thereby increasing seed set rate and grain yield in rice, which 
is paramount in rice cultivation.  

Use of GA3 for hybrid seed production is well researched and well documented. Peng (2014), and Ma and Yuan 
(2015) report that hybrid rice seed production technology has increased rice yield by 15-20% and has helped 
ensure China’s food security over the past 30 years. Foliar application of GA3 during panicle emergence stage 
has been widely adopted as an essential technology for improving panicle exsertion of male sterile lines in 
hybrid rice seed production. Moreover, many investigations reported that application of GA3 at low 
concentrations after anthesis can impact stigma properties, including vigor of stigma (Zhou et al., 2017) which 
ultimately influence the yield potential of seeds. Earlier studies have shown enhanced seed yield during hybrid 
rice seed production due to GA3 application (Parihar et al., 2012; Thu et al., 2008). Yet, some studies also have 
indicated that application of GA3 after anthesis has adversely affected 1000-grain weight and seed setting rate, 
which resulted in reduction in grain yield (Dong et al., 2009, 2012). However, studies by Wang et al. (2019) 
reported that when GA3 was applied after anthesis significantly enhanced the stigma vigour index and 
correspondingly increased one thousand grain weight, thus improving seed vigor and increasing seed yield in 
hybrid seed production. 

GA3 is among the most widely used PGRs in agriculture. It is typically applied to commercial crops by foliar 
spraying, but in some instances soil application of hormone also was reported although plant response to soil 
applied GA3 depend upon both the rate of GA3 biodegradation in the soil and the extend of GA3 adsorption onto 
soil solids (Anderson et al., 1988; Arteca et al., 1985; Struik et al., 1989; Sukifto et al., 2020). Interestingly, with 
these very few exceptions, in most of the studies, GA3 was used as foliar application and some as seed treatment. 
There are also very few studies on the use of GA3 as soil application on agricultural crops, especially paddy. 
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Dunand (1993) reported that paddy seed treatment with GA3 can dramatically increase emergence, stand, and 
seedling vigor of deep-seeded semi-dwarf rice planted into a well-prepared drill seeded seedbed which enable 
uniformity in the germination, increases the effectiveness of fertilizer and pesticide applications and other 
management practices based on growth stage of the crop. Paddy seed treatment with GA3 also reported to 
enhance seed germination with better seedling vigour under low growing temperature (Chen et al., 2005) and 
flooded condition (Watanabe et al., 2018). This field experiment was initiated to understand the influence of 
gibberellic acid on rice with the following three major objectives; 

• To understand the best time of application based on the biological age of crop-late tillering/early 
booting stage or panicle exertion stage, 

• To evaluate the best mode of application-foliar application or soil application, and 

• To understand the effect on the frequency/number of applications-single or two applications. 

2. Materials and Methods 

This study was conducted during the period March to June 2021, in paddy variety MR 219, which is the first 
commercial indica rice variety in Malaysia developed by MARDI (Malaysia Agriculture Research and 
Development Institute) in 2001 (MARDI, 2013). It is a high yield variety, capable of producing over 10 metric 
tons per hectare. The experiment field was located at Parit 15, Simpang Lima, Sungai Besar, Selangor, Malaysia, 
situated in the Barat Laut Paddy Project, which is considered as one of the most important rice production areas 
in Malaysia. The geographic coordinates are 3°42′59.0976″N and 101°1′8.382″E latitude. The area was selected 
as it is plain, flat, and coastal and come under Integrated Agricultural Development Authority (IADA) and 
considered as rice granary of the state of Kuala Selangor. The weather during the study season was moderately 
warm during the study period. Total rainfall received during the experimental period was 621.43 mm, distributed 
over 111 rainy days. The relative humidity ranged from 74 to 77 per cent with a mean of 76 percent. The soil is 
considered as coastal plain soil having sandy topsoil and clayey subsoil, with mean soil pH of 5.5, while the 
mean concentration of organic carbon is in excess of 2%. The mean concentration of total nitrogen is about 
0.26%, available P > 50 mg kg-1 and exchangeable K > 0.1 cmol kg-1. Twenty-eight days old paddy seedlings 
were planted at 2 seedling per hill with a spacing of 25 × 16.5 cm to accommodate 24 hills per metre square. 
Good field cultural management and practices were followed during the experiment. 

The experiment had 7 treatments and each treatment had 6 replications with the plot size of 40 sq. meter (5 × 8 
meter). Buffer rows were maintained between the plots on all the four sides in order to prevent cross movement 
of nutrients or water or any other overlapping of treatment effect. In this study, we used ProGibb containing 40% 
GA3 and ProGibb Granule containing 0.1% active ingredient, supplied by Valent Biosciences LLC, USA. 
Treatment description is given in Table 1. ProGibb 40SG was used for foliar treatment and ProGibb 0.1G (silica 
based) was used for soil application. Foliar application of GA3 was given once or twice at two different growth 
stages, as per the treatment description-either at early booting stage or 30 days after transplanting (30 DAT) or at 
early panicle initiation stage (57 DAT), as outlined in Table 1. Soil application of GA3 was given either once or 
twice at booting stage, which is 30 days after transplanting. Fertilizer application schedule and other plant 
protection measures were carried out uniformly for all the treatments. For the sake of accuracy, the timing of 
application is also described in terms of BBCH scale, as described in BBCH Monograph (2001).  

 

Table 1.Treatment description of the experiment 

Tr. Description  Method No. of application Application time 

1 Untreated Control    

2 ProGibb 40SG-at 2.4 g ai/ha Foliar 1 BBCH 43 (30 DAT) 

3 ProGibb 0.1G-at 2.4 g ai/ha Soil 1 BBCH 43 (30 DAT) 

4 ProGibb 40SG-at 2.4 g ai/ha Foliar 1 BBCH 52 (57 DAT) 

5 ProGibb 40SG-at 2.4 + 2.4 g ai/ha Foliar 2 BBCH 43 & 45 (30 & 37 DAT) 

6 ProGibb 0.1G-at 2.4 + 2.4 g ai/ha Soil 2 BBCH 43 & 45 (30 & 37 DAT) 

7 ProGibb 40SG-at 2.4 + 2.4 g ai/ha Foliar 2 BBCH 52 & 53 (57 & 65 DAT) 

 

In recent years, the BBCH scale has been widely used to describe the phenology of many crops, including 
cereals (Meier et al., 2009). The fertilizer application of nitrogen, phosphorous and potassium was 275, 66 and 
215 kg per ha, respectively. Fifty percent of total amount fertilizer was applied as basal fertilizer during the land 
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preparation; the remaining amount of 50% fertilizer was applied in four split applications, at 10, 20, 65 and 90 
DAT. Insect pests, diseases and weeds were closely monitored and controlled timely using appropriate and 
approved chemicals. 

Flag leaf width (cm) and flag leaf length (cm) were measured on the main stem of fifteen uniform plants in each 
replication. Flag leaf area (cm2) was measured one week before harvest and calculated following the formula 
adapted by Yoshida et al. (1976) as follows: 

Flag leaf area (cm2) = Leaf length (cm) × Maximum width (cm)             (1) 

The experimental plots were harvested leaving the border rows in order to avoid border effect. The matured crop 
was harvested from the net plot area and the grain was hand threshed, winnowed and sun dried to bring the 
moisture content to 14 per cent and the yield was recorded net plot wise and computed to kg ha-1. In addition, 
number of panicles per plant, sink capacity (total spikelets number per panicle and 1000-grain weight) and 
source-sink relationship (total spikelets number to flag leaf area ratio and filled grains number per panicle) were 
also estimated. Assessment on grain weight and milling as per Rice Knowledge Bank (IRRI, 2010) were carried 
at the Laboratory of Food and Security, Universiti Putra Malaysia, Kuala Lumpur. Analysis of variance were 
calculated to determine the effect of treatments on the response to variables and treatment means were compared 
by Tukey test, using Minitab Version 18 test. 

3. Results and Discussion 

3.1. Effect on Flag Leaf 

The uppermost leaf below the panicle is the flag leaf that provides the most important source of photosynthetic 
energy during reproduction. Flag leaf is metabolically active and has proved that the flag leaf, stem and head are 
the closest source food to the grain Effect of GA3 application on the flag leaf characteristics is given in Table 2.  

 

Table 2. Effect of different GA3 treatments on flag leaf characteristics in paddy 

Treatment Description Timing of application 
Flag Leaf Length 

(cm) 

Flag Leaf Width  

(cm) 

Flag Leaf Area 

(cm2) 

1 Untreated Control 27.04a 1.43ab 38.72ab 

Single application 

2 ProGibb 40SG-Foliar at 2.4 g ai/ha BBCH 43 (30 DAT) 25.09a 1.41ab 35.61b 

3 ProGibb 0.1G-Soil at 2.4 g ai/ha BBCH 43 (30 DAT) 25.35a 1.46ab 37.04ab 

4 ProGibb 40SG-Foliar at 2.4 g ai/ha BBCH 52 (57 DAT) 26.10a 1.37ab 35.92ab 

Two applications 

5 ProGibb 40SG-Foliar at 2.4+2.4 g ai/ha BBCH 43 & 45 (30 & 37 DAT) 24.85a 1.41b 35.23b 

6 ProGibb 0.1G-Soil at 2.4+2.4 g ai/ha BBCH 43 & 45 (30 & 37 DAT) 27.81a 1.50a 41.92a 

7 ProGibb 40SG-Foliar at 2.4+2.4 g ai/ha BBCH 52 & 53 (57 & 65 DAT) 26.13a 1.41ab 37.01ab 

P Value p = 0.057 p = 0.006  p = 0.023 

Significance test ns * * 

Note. Means in column followed by different letter(s) are significantly different at p < 0.05. 

 

No significant difference could be observed between the treatments and length of the flag leaf, however, 
significant increase in leaf width could be seen in the plants treated with GA3 as soil application, either once or 
twice, over other treatments. Correspondingly, the total flag leaf area also was impacted due to GA3 application. 
Largest flag leaf area was recorded in plants treated with two rounds of GA3 as soil application at 30 DAT and 
37 DAT, which is significantly higher than flag leaf area in other treatments and followed by GA3 soil 
application at 30 DAT. Flag leaf area in other GA3 treatments did not differ significantly from that of flag leaves 
in the untreated control. In rice, the flag leaf is the main organ for photosynthesis, and it provides the main 
source of photosynthates assimilation required for plant growth and panicle development (Tian et al., 2015). 
Larger, wider, and longer flag leaves are generally considered ideal for high yield due to the interception of more 
radiation (Saitoh et al., 2002). Agronomic traits such as the weight of a thousand grains, the weight of the grains 
per panicle, and other characteristics related to yield are generally positively related to the size of flag leaf (Wang 
et al., 2020). Therefore, improving the traits of flag leaves is considered desirable for increasing grain yield in 
rice (Rahman et al., 2014). In another similar study, Tsai and Arteca (1985) reported that soil application of GA3 
on certain dicot and monocot plants resulted in an increase in leaf blade area and/or length of sheath in plants 
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like oat, barley, mung bean, squash, pepper, corn, sorghum and other millets. However, it is not always true as in 
some studies there is no such correlation established. Suratla and Robles (2004) while working on the hybrid rice 
seed male lines report that length of flag leaf and panicle was not significantly influenced by rate of GA3 
application and there is no correlation to the yield. In another latest study, Makinoa et al. (2021) also reported 
that there is no correlation between the flag leaf size and grain yield. In their study, the shortest flag leaf showed 
a higher yield and negatively correlated to the grain yield and other agronomic traits. In the present study also we 
could not establish any direct correlation between GA3 application and flag leaf size and other agronomic 
parameters like number of spikelets, one thousand grain weight, grain yield, milling recovery etc. (Figure 1).  

 

 
Figure 1. Correlation between size of flag leaf, length of panicle and grain yield in metric ton/hectare (MT/ha) 

 

3.2 Effect on Panicles and Spikelets 

Effect of GA3 on the number of panicles, spikelet and spikelet fertility is presented in Table 3. Although GA3 
application has increased the panicle production significantly both in foliar and soil applied plots, treatments 
received GA3 application during late tillering/booting stage (30 DAT and 30 & 37 DAT) numerically had more 
tillers than the plots received GA3 at panicle heading stage. On the contrary, the number of spikelets was the 
highest in treatment received GA3 as foliar application, twice, during the panicle heading stage (57 & 65 DAT), 
which is 29% higher than untreated control. All the plots received GA3 application have recorded significant 
increase in spikelet count, except treatment received single application of GA3 as soil application during the 
vegetative growth stage (30 DAT). The highest number of spikelets in a panicle was recorded in treatment 
received two applications of GA3 as foliar at panicle heading stage which stands at 136.6 spikelets as compared 
to 117.1 spikelets recorded in the control plot, which is about 16% higher. Pattern of grain filling, however, has 
shown a different trend; foliar application of GA3 consistently recorded more filled grains per hill as compared 
to soil application of GA3 with two applications of GA3 outweighed the single application. Plots received GA3 
twice as foliar at 30 and 37 DAT recorded the highest grain filling percentage of 83.8%, followed by 82.1% in 
treatment received single application of GA3 as foliar at 30 DAT. The results clearly reveal that even though the 
total number of spikelets are more in treatment received foliar application of GA3 during the panicle heading 
stage (one or two applications), the grain filling percentage was highest when GA3 was applied during late 
tillering/booting stage.  
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Table 3. Effect of different GA3 treatment on number of panicles and number of grains 

Treatment Description Timing of application 
Total No. of 

Panicles/hill

Total  

Grain/hill

Filled  

Grain/hill 

% Filled  

grain 
Spikelet/panicle

1 Untreated Control Nil 15.25a 2864.83c 2049.66c 71.55c 117.13b 

Single application  

2 ProGibb 40SG-Foliar at 2.4 g ai/ha BBCH 43 (30 DAT) 18.21b 3221.33b 2645.00b 82.11a 127.07ab 

3 ProGibb 0.1G-Soil at 2.4 g ai/ha BBCH 43 (30 DAT) 17.92b 2448.83c 1771.50c 72.34c 121.87ab 

4 ProGibb 40SG-Foliar at 2.4 g ai/ha BBCH 52 (57 DAT) 18.58b 3269.17b 2437.00b 74.54b 130.07ab 

Two applications 

5 ProGibb 40SG-Foliar at 2.4+2.4 g ai/ha BBCH 43 & 45 (30 & 37 DAT) 18.42b 3342.17b 2801.50b 83.82a 127.07ab 

6 ProGibb 0.1G-Soil at 2.4+2.4 g ai/ha BBCH 43 & 45 (30 & 37 DAT) 18.42b 3428.67b 2636.83b 76.91b 129.33ab 

7 ProGibb 40SG-Foliar at 2.4+2.4 g ai/ha BBCH 52 & 53 (57 & 65 DAT) 18.25b 3701.67a 2974.17a 80.35a 136.53a 

 P Value p = 0.00 p = 0.00 p = 0.00 p = 0.00 p = 0.016 

 Significance test * * * * * 

Note. Means in column followed by different letter(s) are significantly different at p < 0.05. 

 

Panicle number in rice is dynamic and adjustable and plant hormones play an important role in regulating the 
production (Kariali & Mohapatra, 2007). More productive panicles per plant are believed to be closely 
associated with high seed yield per plant resulting high productivity. Li et al. (2003), and Mai et al. (2021) opine 
that the tillering ability comprises one of the most important traits of rice plants, which plays a significant role in 
the determination of rice grain yields, as it is positively related to panicle numbers per unit area. In the present 
study, we did record higher number of panicles due to GA3 application over the untreated control, especially 
plots received two applications of GA3 recorded highest number of panicles. Rice inflorescence (panicle) 
typically consists of a rachis (main axis), ten or more primary rachis branches and spikelets. In all GA3 
treatments, the number of secondary branches are more than the primary branches. Number of primary and 
secondary branches in panicles appear to have clearly influenced by application of GA3, especially with two 
applications. 

 

Table 4. Effect of different GA3 treatments on the panicle characteristics in paddy 

Treatment Description Timing of application 
Length of  
panicle (cm)

No. of primary  
branch/panicle 

No. of secondary 
branch/panicle 

1 Untreated Control 22.36b 9.46bc 14.0d 

Single application 

2 ProGibb 40SG-Foliar at 2.4 g ai/ha BBCH 43 (30 DAT) 23.50ab 10.63d 14.06d 

3 ProGibb 0.1G-Soil at 2.4 g ai/ha BBCH 43 (30 DAT) 24.06a 10.26c 16.66c 

4 ProGibb 40SG-Foliar at 2.4 g ai/ha BBCH 52 (57 DAT) 23.38ab 11.86ab 14.33d 

Two applications 

5 ProGibb 40SG-Foliar at 2.4+2.4 g ai/ha BBCH 43 & 45 (30 & 37 DAT) 24.01a 10.73abc 18.06b 

6 ProGibb 0.1G-Soil at 2.4+2.4 g ai/ha BBCH 43 & 45 (30 & 37 DAT) 24.18a 11.81abc 17.53bc 

7 ProGibb 40SG-Foliar at 2.4+2.4 g ai/ha BBCH 52 & 53 (57 & 65 DAT) 23.46ab 12.26a 17.80b 

P Value p = 0.02 p = 0.000 p = 0.000 

Significance test * * * 

Note. Means in column followed by different letter(s) are significantly different at p < 0.05. 

 

GA3 application does influence length of panicle as seen in Table 4, however, there is no major difference 
between treatments received GA3 applications at different time of plant growth and different mode. Interestingly, 
the highest panicle length was recorded in plots received soil application of GA3, as compared to foliar 
application. Number of primary and secondary rachis in GA3 treated plants have shown significant increase 
when compared to the untreated control. Treatments received two applications of GA3 either as foliar or soil, 
have recorded more number of primary and secondary rachis which is significantly higher than that of untreated 
control. Generally, larger panicle is associated with high number of grains per panicle resulting into higher 
productivity; therefore, significant increase in panicle length is desirable for obtaining higher yield (Tiwari et al., 
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2011). To increase rice grain production, yield-related components such as panicle number per plant, spikelet 
number per panicle, spikelet fertility, and grain weight are important considerations. The higher grain yield in 
GA3 treated plots was primarily attributed to the higher number of spikelets per panicle. In this experiment the 
total number of spikelets ranged from 117 in untreated plot to 136 spikelets in treatment received foliar 
application of GA3 twice, during panicle heading stage. In general, for a higher yield and productivity, it will be 
crucial to maintain the balance of agronomic traits; for instance, excessive tillering often gives rise to a decrease 
in grain production, because tillers can contend with the main culm for resources and negatively affect seed 
filling rate (Liu et al., 2013). Experimenting on the effect of GA3 on different rice varieties, Yamagishi et al. 
(1994) found an increase in number of spikelets per panicle in some varieties and they conclude that exogenous 
GA3 application could determine the number of spikelets in those varieties which are responsive to GA3 
application. Mu and Yamagishi (2001) reported that the application of GA3 at the panicle initiation stage did not 
affect the spikelets per panicle of Nipponbare variety, while Akenohoshi variety increased its spikelets per 
panicle. 

3.3 Effect of GA3 on Grain Yield 

There was perceptible increase in rice grain yield observed due to GA3 application (Table 5 and Figure 2).  

 

Table 5: Effect of different GA3 treatments on grain yield and percentage yield increase 

Treatment Timing of application 1000 grain weight (gm) Grain Yield (MT/ha) Yield increase (%)

Untreated Control 25.42 a 8.40 b - 

Single application 

ProGibb 40SG-Foliar  BBCH 43 (30 DAT) 26.64 a 9.20 ab 9.50 

ProGibb 0.1G-Soil  BBCH 43 (30 DAT) 26.08 a 8.50b 1.20 

ProGibb 40SG-Foliar  BBCH 52 (57 DAT) 26.48 a 9.00 ab 7.10 

Two applications 

ProGibb 40SG-Foliar  BBCH 43 & 45 (30 & 37 DAT) 26.60 a 9.60 ab 14.30 

ProGibb 0.1G-Soil  BBCH 43 & 45 (30 & 37 DAT) 25.68 a 10.10 ab 20.20 

ProGibb 40SG-Foliar  BBCH 52 & 53 (57 & 65 DAT) 25.79 a 10.70 a 27.40 

 P Value p = 0.201 p = 0.011 

 Significance test ns * 

Note. Means in column followed by different letter(s) are significantly different at p < 0.05. 

 

Among all the treatments, two applications of GA3 either as foliar or soil recorded higher grain yield when 
compared to single application of GA3. Highest grain yield increase of 27.4% was recorded in treatment 
received GA3 as foliar, twice, during panicle heading stage and followed by 20.2% yield increase in treatment 
received two applications of GA3 as soil application. The lowest grain yield increase of 1.2% was recorded in 
treatment received soil application of GA3 at 30 DAT. The results clearly reveal that two applications of GA3, as 
foliar application, during 10-30% panicle heading stage is the most ideal stage for getting maximum grain yield 
increase due to GA3 application and soil application of GA3 is less beneficial. Nevertheless, there is no apparent 
difference in one thousand grain weight due to GA3 application. 

 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 6; 2022 

62 

 
Figure 2. Effect of GA3 application on the grain yield (Mt/ha) and percentage yield increase 

 

GA3 application is a key to success of hybrid rice seed production in several countries, especially in China, and 
there are several studies with GA3 on the timing of application and the application rate to obtain the best seed 
production (Prasad et al., 1988; Gavino et al., 2008; Li & Yuan, 2000). In these studies, GA3 was used during 
different growth stages such as tillering stage (Ramesh et al., 2019), booting stage and early panicle initiation 
stage (Yamagishi et al., 1994; Cheng et al., 2011; Pan et al., 2013; Prakash et al., 2015), late heading stage (Pin et 
al., 2019), post anthesis stage (Wang et a., 2019; Zheng et al., 2018), etc. and different hybrids and cultivars 
responded differently. Tiwari et al. (2011) reported significant grain yield increase, besides increase in other 
agronomic traits, when GA3 was sprayed twice at heading and 50% panicle emergence stage. Similarly, working 
on hybrid rice seed production, Pin et al. (2019) observed that applying GA3 at 30% panicle heading stage 
increased seed yield significantly, which is much higher than applying at 0% heading and also 50% heading 
stage. Results of the present study confirm to the earlier finding of Cheng et al. (2011), and Prakash et al. (2015) 
that application of GA3 after anthesis/early grain filling stage resulted in highest grain yield. All these above 
studies clearly revel that the performance of GA3 on rice yield and other agronomic trails differ based on the 
varieties, stage of application and other agronomic conditions.  

Results of the present study indicate that foliar application of GA3 produced higher grain yield when compared 
to soil application of GA3, which confirms to the earlier observation made by Runkle (2006), who opines that 
roots can also absorb GA3, but require a higher rate of application to get a comparable response. Since we used 
the same rate of GA3 both for soil and foliar application in the present experiment, perhaps the yield response to 
soil application is not as much as foliar application. Not much information is available on studies focusing on the 
number of GA3 application in paddy cultivation. In the present study, it is clearly demonstrated that two 
applications consistently performed better than one application, which is very similar to the observation reported 
by Suralta (2004), who demonstrated that two applications are much superior to single application in terms of 
grain yield and other agronomic traits. 

Effect of GA3 on one thousand grain weight greatly vary in different studies. Pan et al. (2013) reported that GA3 
on 1000-grain-weight and percentage of head rice of the earlier-flowered spikelets was greater than that of the 
later-flowered spikelets. Cheng et al. (2011) found that application of GA3 at the initial heading stage could 
increase the 1000-grain weight and seed setting rate of rice. However, Wang et al. (2017) reported that the one 
thousand grain weight was shown to be unaffected by the application of GA3. Yet some other studies have 
reported that application of GA3 after anthesis has an adverse effect on the 1000-grain weight and seed setting 
rate, resulting in yield reduction (Dong et al., 2009). This could be due to application timing and concentrations 
of GA3, which may not be ideal to get a positive response. In the present study, however, there is no significant 
influence on one thousand grain weight due to GA3 application, although there is numerical increase in all the 
GA3 treatments. 
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3.4 Effect of GA3 on Milling Characteristics 

There was no apparent difference in milling recovery due to GA3 application in any of the treatments. However, 
there was a significant increase in head rice percentage in treatment received GA3 twice, either as soil 
application or foliar application (Table 6). Although all GA3 treatments had shown increase in percentage of 
head rice when compared to the control, highest value of 86.83% was recorded in treatment received two 
applications as foliar at 57 and 65 DAT, which is more than 15% increase in head rice as compared to the 
untreated check. 

 

Table 6. Effect of different GA3 treatments on milling parameters 

Treatment Timing of application 
Milling recovery 
(%) 

Head rice  
(%) 

% Increase in  
head rice 

Additional head rice 
(Kg/ha) 

Untreated Control 67.83 a 75.33 a - 0 

Single application   

ProGibb 40SG-Foliar BBCH 43 (30 DAT) 68.00 a 79.33 ab 5.33 670.6 

ProGibb 0.1G-Soil BBCH 43 (30 DAT) 67.58 a 80.00 ab 6.19 305.1 

ProGibb 40SG-Foliar BBCH 52 (57 DAT) 68.00 a 79.33 ab 5.33 562.8 

Two applications   

ProGibb 40SG-Foliar BBCH 43 & 45 (30 & 37 DAT) 68.08 a 78.33 ab 4.21 827.1 

ProGibb 0.1G-Soil BBCH 43 & 45 (30 & 37 DAT) 69.75 a 83.00 ab 10.20 1556.8 

ProGibb 40SG-Foliar BBCH 52 & 53 (57 & 65 DAT) 66.42 a 86.83 b 15.31 1878.4 

 P Value p = 0.324 p = 0.044   

 Significance test ns *   

Note. Means in column followed by different letter(s) are significantly different at p < 0.05. 

 

Grain quality in terms of head rice is one of the most important traits in evaluating benefits of PGRs on rice. 
There were significant effects on grain qualities by spraying exogenous plant growth regulator have been 
reported. Du et al. (2010) studied that the inferior grains plumpness in rice was enhanced by 5.5% when 
exogenous GA3 was applied at 5 days before flowering. Higher milling percentage and head rice recovery due to 
GA3 application has been reported in earlier studies (Prakash et al., 2015; Okasha et al., 2019). In the present 
study, both foliar and soil application of GA3 enhanced the head rice percentage, but did not have any significant 
impact on milling. Paddy variety used in this study, MR219, is known for higher milling and head rice 
percentage, when grown under ideal growing conditions, with the head rice percentage of 74-76% (Sahari et al., 
2018). Head rice percentage of 75% obtained in the untreated control in present study confirms the above 
observation, but at the same time opens up opportunity to enhance the quantity of head rice to over 80% with 
GA3 application. Interestingly, improvement in head rice due to GA3 treatment could produce an additional 
quantity of 305 to 1879 kg of head rice per ha as compared to the untreated control (Table 6).  

4. Conclusion 

Driven by both population and economic growth in several Asian and African countries, global rice consumption 
in the coming years will remain strong (Ricepedia, 2020). With further cultivation area expansion is likely to be 
in a slogger pace, global rice yield and productivity must increase faster, if the world’s grain supply needs are to 
be stabilized at affordable levels for the billions of consumers. Globally, the rice production has to be at least 8–
10 million tons more each year, which means an increase of 1.2-1.5% per annum over the coming decade, 
equivalent to an average yield increase of 0.6 t/ha during the present decade. Intervention with sustainable 
productivity enhancement tools with natural biostimulants can be one of the key tools in this direction. Plant 
growth regulators such as GA3 significantly influence agronomical traits in rice and can potentially result in 
significant increase in grain yield and head rice. The present study demonstrates that foliar application of GA3 is 
superior to soil application, when applied during the panicle exertion stage for enhancing grain yield. 

Acknowledgements 

The authors wish to thank Valent Biosciences LLC, USA for providing experimental samples of ProGibb 40SG 
and ProGibb silica Granule for the study. Thanks are also due to the technicians at Laboratory of Food and 
Security, Universiti Putra Malaysia for assistance in milling assessment. 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 6; 2022 

64 

References 

Alam, M., Siwar, C., Wahid, A. N. M., & Talib, B. A. (2016). Food security and low-income households in the 
Malaysian east coast economic region: An empirical analysis. Review of Urban & Regional Development 
Studies, 28(1), 2-15. https://doi.org/10.1111/rurd.12042 

Anderson, S. J., Franco-Vizcaino, E., & Jarrell, W. M. (1988). Dwarf pea response to gibberellic acid applied to 
soil through a drip irrigation system and gibberellic acid biodegradation in soil. Plant and Soil, 112, 
289-292. https://doi.org/10.1007/BF02140008 

Arteca, R. N., Holcomb, E. J., Schlagnhau-fer, C. D., & Tsai, D. S. (1985). Effects of root applications of 
gibberellic acid on photosynthesis, transpiration, and growth of geranium plants. HortScience, 20, 925-927. 
https://doi.org/10.1007/BF00032789 

BBCH Monograph. (2001). Growth stages of mono-and dicotyledonous plants (p. 158). Federal Biological 
Research Centre for Agriculture and Forestry.  

Briggs, D. E. (1963). Biochemistry of barley germination. Action of gibberellic acid on barley endosperm. J. Jmt. 
Brew., 69, 13-19. https://doi.org/10.1002/j.2050-0416.1963.tb06345.x 

Chen, D., Gunawardena, T. A., Naidu, B. P., Fukai, S., & Basnayake, J. (2005). Seed treatment with gibberellic 
acid and glycinebetaine improves seedling emergence and seedling vigour of rice under low temperature. 
Seed Science and Technology, 33, 471-479. https://doi.org/10.15258/sst.2005.33.2.19 

Chen, S. Y., Kuo S. R., & Chien, C. T. (2008). Roles of gibberellins and abscisic acid in dormancy and 
germination of red bayberry (Myrica rubra) seeds. Tree Physiology, 28, 1431-1439. https://doi.org/10.1093/ 
treephys/28.9.1431 

Cheng, J. P., Zhao, F., You, A. B., You, A. Q., & Wu, J. P. (2011). Effects of spraying exogenous gibberellin 
(GA3) at heading stage on heading uniformity and yield of rice (Oryza sativa L.). J. Huazhong Agric. Univ., 
30, 657-662. 

Colebrook, E. H., Thomas, S. G., Phillips, A. L., & Hedden, P. (2014). The role of gibberellin signalling in plant 
responses to a biotic stress. J. Experimental Biol., 217(1), 67-75. https://doi.org/10.1242/jeb.089938 

Dayan, J., Voronin, N., Gong, F., Sun, T., Hedden, P., Fromm, H., … Aloni, R. (2012). Leaf-induced gibberellin 
signalling is essential for internode elongation, cambial activity, and fiber differentiation in tobacco stems. 
Plant Cell, 24, 66-79. https://doi.org/10.1105/tpc.111.093096 

Dong, C. F., Gu, H. R., Ding, C. L., Xu, N. X., Liu, N. Q., Qu, H., & Shen, Y. X. (2012). Effects of gibberellic 
acid application after anthesis on the feeding value of double-purpose rice (Oryza sativa L.) straw at harvest. 
Field Crop. Res., 131, 75-80. https://doi.org/10.1016/j.fcr.2012.02.018 

Dong, M. H., Liu, X. B., Lu, C. Q., Zhao, B. H., & Yang, J. C. (2009). Effects of exogenous ABA and GA on the 
main quality characteristics of grains at different positions of panicle in rice. Acta Agron. Sin., 35, 899-906. 
https://doi.org/10.3724/SP.J.1006.2009.00899 

Du, Y. X., Lu, Q. L., Zhang, J., Li, J. Z., & Zhao, Q. Z. (2010). Effects of exogenous hormones on grain 
plumpness and quality of rice. J Henan Agric Sci., 12, 22-25. 

Dunand, R. T. (1993). Gibberellic acid seed treatment in rice. LSU Agricultural Experiment Station Reports (p. 
510). 

FAO, IFAD, UNICEF, WFP, & WHO. (2017). The State of Food Security and Nutrition in the World 2017: 
Building Resilience for Peace and Food Security. 

FAO. (2021). OECD-FAO Agricultural Outlook 2021-2030 (pp. 1-337). 

Finch-Savage, W. E., & Leubner-Metzger, G. (2006). Seed dormancy and the control of germination. New 
Phytologist, 171, 501-523. https://doi.org/10.1111/j.1469-8137.2006.01787.x 

Frankenberger, W. T., Arshad, M. (1995). Phytohormones in soils—Microbial production and function. Marcel 
Dekker, New York. 

Gavino, B. R., Pi, Y., & Abon, C. C. (2008). Application of gibberellic acid (GA3) in dosage for three hybrid rice 
seed production in the Philippines. J. Agric Technol., 4(1), 183-192. 

Hedden, P., & Sponsel, V. (2015). A Century of Gibberellin Research. Journal of Plant Growth Regulation, 34, 
740-760. https://doi.org/10.1007/s00344-015-9546-1 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 6; 2022 

65 

IRRI. (2010). Rice Knowledge Bank. Retrieved from https://www.knowledgebank.irri.org 

Kariali, E., & Mohapatra, P. K. (2007). Hormonal regulation of tiller dynamics in differentially- tillering rice 
cultivars. Plant Growth Regul., 53, 215-223. https://doi.org/10.1007/s10725-007-9221-z 

Khazanah Research Institute. (2019). The Status of the Paddy and Rice Industry in Malaysia. Khazanah 
Research Institute: Kuala Lumpur, Malaysia. 

Lee, W. C., & Baharuddin, A. H. (2018). Impacts of climate change on agriculture in Malaysia (pp. 179-195). 
Berlin: Springer. https://doi.org/10.1007/978-981-10-7748-7_10 

Li, J., & Yuan, L. (2000). Hybrid Rice: Genetics, breeding, and seed production. Plant Breeding Reviews, 17, 
15-158. https://doi.org/10.1002/9780470650134.ch2 

Li, X. Y., Qian, Q., Fu, Z. M., Wang, Y. H., Xiong, G. S., Zheng, D. L., … Li, J. Y. (2003). Control of tillering in 
rice. Nature, 422, 618-621. https://doi.org/10.1038/nature01518 

Li, Y. H., Wu, Y. J., Wu, B., Zou, M. H., Zhang, Z., & Sun, G. M. (2011). Exogenous gibberellic acid increases 
the fruit weight of ‘Comte de Paris’ pineapple by enlarging flesh cells without negative effects on fruit 
quality. Acta Physiologiae Plantarum, 33, 1715-1722. https://doi.org/10.1007/s11738-010-0708-2 

Liu, W., Zhang, D. C., Tang, M. F., Li, D. Y., Zhu, Y. X., Zhu, L. H., & Chen, C. Y. (2013). THIS1 is a putative 
lipase that regulates tillering, plant height, and spikelet fertility in rice. J. Exp. Bot., 64, 4389-4402. 
https://doi.org/10.1093/jxb/ert256 

Ma, G. H., & Yuan, L. P. (2015). Hybrid rice achievements, development and prospect in China. J. Integr. Agric., 
14, 197-205. https://doi.org/10.1016/S2095-3119(14)60922-9 

Mai, W., Abliz, B., & Xue, X. (2021). Increased Number of Spikelets per Panicle Is the Main Factor in Higher 
Yield of Transplanted vs. Direct-Seeded Rice. Agronomy, 11, 2479. https://doi.org/10.3390/agronomy 
11122479 

Makinoa, Y., Hirooka, Y., Homma, K., Kondo, R., Liu, T. S, Tang, L., … Shiraiwa, T. (2021). Effect of flag leaf 
length of erect panicle rice on the canopy structure and biomass production after heading. Plant Production 
Science, 25(1), 1-10. https://doi.org/10.1080/1343943X.2021.1908152 

Mannan, S., Nordin, S. M., & Rafik-Galea, S. (2017). Innovation diffusion attributes as predictors to adoption of 
green fertilizer technology among paddy farmers in Perak State. Global Business & Management Research, 
9. 

MARDI. (2013). High Yielding Rice Varieties. MARDI-Document Library.  

Meier, U., Bleiholder, H., Buhr, L., Feller, C., Hacks, H., Hess, M., … Boom, T. V. D. (2009). The BBCH system 
to coding the phenological growth stages of plants-history and publications. J. Cultiv. Plant., 2, 41-52. 

Mu, C., & Yamagishi, J. (2001). Effects of gibberellic acid application on panicle characteristics and size of 
shoot apex in the first bract differentiation stage in rice. Plant Prod Sci., 4(3), 227-9. https://doi.org/ 
10.1626/pps.4.227 

Muñoz-Fambuena, N., Mesejo, C., González-Mas, M. C., Iglesias, D. J., Primo-Millo, E., & Agustí, M. (2012). 
Gibberellic acid reduces flowering intensity in sweet orange (Citrus sinensis L.) Osbeck by repressing CiFT 
gene expression. Journal of Plant Growth Regulation, 31(4), 529-536. https://doi.org/10.1007/s00344-012- 
9263-y 

Okasha, A. M., Abbelhameed, M. M., & Elshayb, O. M. (2019). Improving Rice Grain Quality and Yield of Giza 
179 Rice Cultivar Using some Chemical Foliar Spray at Late Growth Stages under Salt Stress. J. of Plant 
Production, Mansoura Univ., 10(9), 769-775. https://doi.org/10.21608/jpp.2019.60672 

Pan, S., Rasul, F., Li, W., Tian, H., Mo, Z., Duan, M., & Tang, X. (2013). Roles of plant growth regulators on 
yield, grain qualities and antioxidant enzyme activities in super hybrid rice (Oryza sativa L.). Rice, 6(9), 
1-10. https://doi.org/10.1186/1939-8433-6-9 

Parihar, A., Mahesuria, A. A., Chaurasia, P., & Pathak, A. R. (2012). Effect of GA3 and other chemicals for 
increased seed yield of cms lines in rice. Elec. J. Plant Breed., 3, 952-955.  

Peng, S. B. (2014). Reflection on China’s rice production strategies during the transition period. Sci. Sin., 44, 
845-850. https://doi.org/10.1360/052014-98 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 6; 2022 

66 

Pin, S., Sreewongchai, T., & Onwimol, D. (2019). Effect of Gibberelic Acid Applied at different flowering stages 
on agronomic traits and yields of hybrid rice parental lines. Science and Technology Asia, 24, 126-134. 
https://doi.org/10.14456/scitechasia.2019.32 

Prakash, S., Mahajan, G., Sharma, N., & Sardana, V. (2015). Enhancing Grain Yield and Nitrogen-Use 
Efficiency in Rice through Foliarly Applied Gibberellic Acid in Dry-Direct-Seeded Rice. Journal of Crop 
Improvement, 29, 65-81. https://doi.org/10.1080/15427528.2014.976693 

Prasad, M. N., Virmani, S. S., & Gamutan, A. D. (1988). Substituting urea and boric acid for gibberellic acid in 
hybrid rice seed production. Int Rice Res Note, 13(6), 9-10. 

Rademacher, W. (2016). Chemical regulators of Gibberellin status and their application in plant production. 
Annual Plant Reviews, 49, 359-403. https://doi.org/10.1002/9781119312994.apr0541 

Rahman, Md., Haque, M., Sikdarm B., Islam, Md., & Matin, M. (2014). Correlation analysis of flag leaf with 
yield in several rice cultivars. J Life Earth Sci., 8, 49-548. https://doi.org/10.3329/jles.v8i0.20139 

Ramesh, S., Sudhakar, P., Elankavi, S., Suseendran, K., & Jawahar, S. (2019). Effect of Gibberellic Acid (GA3) 
on growth and yield of rice (Oryza sativa L.). Plant Archives, 1369-1372.  

Rouphael, Y., & Colla, G. (2020). Biostimulants in agriculture-Editorial. Frontiers in Plant Science, 11(40), 1-7. 
https://doi.org/10.3389/fpls.2020.00040 

Runkle, E. (2006). Recovering from a PGR overdose. GPN Magazine, September Issue, 78.  

Sahari, Y., Abdul Wahid, R., Mhd Adnan, A. S., Sairi, M., Hosni, H., Engku Abdullah, E. H., … Aris, Z. (2018). 
Study on the drying performance and milling quality of dried paddy using inclined bed dryers in two 
different paddy mills located in MADA and IADA KETARA. International Food Research Journal, 25(6), 
2572-2578.  

Saitoh, K., Yonetani, K., Murota, T., & Kuroda, T. (2002). Effects of flag leaves and panicles on light 
interception and canopy photosynthesis in high-yielding rice cultivars. Plant Production Science, 5(4), 
275-280. https://doi.org/10.1626/pps.5.275 

Senthil, A., Djanaguiraman, M., & Chandrababu, R. (2003). Effect of root dipping of seedlings with plant growth 
regulators and chemicals of rice (Oryza sativa L.) transplanted by broadcast method. Madras Agric. J., 90, 
383-384.  

Shahrajabian, M. H., Chaski, C., Polyzos, N., & Petropoulos, S. A. (2021). Biostimulants application: A low 
input cropping management tool for sustainable farming of vegetables. Biomolecules, 11(5), 698. 
https://doi.org/10.3390/biom11050698 

Shan, F., Zhang, R., Zhang, J., Wang, C., Lyu, X., Xin, T., … Gong, Z. (2021). Study on the Regulatory Effects 
of GA3 on Soybean Internode Elongation. Plants, 10, 1737-1746. https://doi.org/10.3390/plants10081737 

Sharma, R. R., & Singh, R. (2009). Gibberellic acid influences the production of malformed and button berries, 
and fruit yield and quality in strawberry (Fragaria ananassa Duch.). Scientia Horticulture, 119, 430-433. 
https://doi.org/10.1016/j.scienta.2008.11.002 

Steffens, B., Wang, J., & Sauter, M. (2006). Interactions between ethylene, gibberellin and abscisic acid regulate 
emergence and growth rate of adventitious roots in deep water rice. Planta, 223, 604-612. 
https://doi/10.1007/s00425-005-0111-1 

Struik, P. C., Kramer, G., & Smit, N. P. (1989). Effects of soil applications of gibberellic acid on the yield and 
quality of tubers of Solanum tuberosum L. cv. Bintje. Potato Research, 32, 203-209. https://doi.org/ 
10.1007/BF02358233 

Sukifto, R., Nulit, R., Kong, Y. C., Sidek, N., Mahadi, S. N., Mustafa, N., & Razak, R. A. (2020). Enhancing 
germination and early seedling growth of Malaysian indica rice (Oryza sativa L.) using hormonal priming 
with gibberellic acid (GA3). AIMS Agriculture & Food, 5(4), 649-665. https://doi/10.3934/ 
agrfood.2020.4.649 

Suralta, R. R., & Robles, R. P. (2004). Gibberellic acid (GA3) effects on heading characteristics of ten 
cytoplasmic male sterile (cms) lines and on hybrid rice seed production using IR58025A CMS line. The 
Philippine Agricultural Scientist, 87(3), 285-297. 

Thu, B. V., Chakrabarty, S. K., Sharma, S. P., & Dadlani, M. (2008). Studies on environmental conditions and 
pollination management in hybrid rice seed production. Indian J. Genet. Plant Breed., 68, 426-434. 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 6; 2022 

67 

Tian, D. C. (1991). Out Crossing Cultivation of Rice. Sichuan Science and Technology Press: Chengdu, China. 

Tian, Y., Zhang, H., Xu, P., Chen, X., Liao, Y., & Han, B. (2015). Genetic mapping of a QTL controlling leaf 
width and grain number in rice. Euphytica, 202(1), 1-11. https://doi.org/10.1007/s10681-014-1263-5 

Tiwari, D. K., Pandey, P., Giri, S. P., & Dwivedi, J. L. (2011). Effect of GA3 and Other Plant Growth Regulators 
on Hybrid Rice Seed Production. Asian Journal of Plant Sciences, 10, 133-139. https://doi.org/10.3923/ 
ajps.2011.133.139 

Tsai, D., & Arteca, R. N. (1985). Effects of root applications of gibberellic acid on photosynthesis and growth in 
C3 and C4 plants. Photosynthesis Research, 6, 147-157. https://doi.org/10.1007/BF00032789 

Urbanova, T., & Leubner-Metzger, G. (2016). Gibberellins and seed germination. Annual Plant Review, 49, 
253-284. https://doi.org/10.1002/9781119210436.ch9 

Wang, X., Zheng, H., Tang, Q, Mo, W., & Ma, J. (2017a). Effects of Gibberellic Acid Application after Anthesis 
on Seed Vigor of Indica Hybrid Rice (Oryza sativa L.). Agronomy, 9, 861. https://doi.org/ 
10.3390/agronomy9120861 

Wang, X., Zheng, H., Tang, Q., & Ma, J. (2019). Effects of Gibberellic Acid Application after Anthesis on Seed 
Vigor of Indica Hybrid Rice (Oryza sativa L.). Agronomy, 9, 861. https://doi.org/10.3390/agronomy 
9120861 

Wang, Y., Pang, Y., Chenc, K., Zhaia, L., Shenc, C., Wang, S., & Xus, J. (2020). Genetic bases of source-, sink-, 
and yield-related traits revealed by genome-wide association study in Xian rice. Crop J., 81, 19-131. 
https://doi.org/10.1016/j.cj.2019.05.001 

Wang, Y., Ren, T., Lu, J., Cong, R., Hou, W., Liu, T., … Li, X. (2017b). Exogenously applied gibberellic acid 
improves the growth and yield performance of inferior rice tillers grown under different nitrogen levels. 
Acta Physiol Plant, 39(5), 1-14. https://doi.org/10.1007/s11738-016-2307-3 

Wang, Y., Zhao, J., Lu, W., & Deng, D. (2017). Gibberellin in plant height control: Old player, new story. Plant 
Cell Reports, 36, 391-398. https://doi.org/10.1007/s00299-017-2104-5 

Watanabe, H., Honma, K., Adachi, Y., & Fukuda, A. (2018). Effects of combinational treatment with ethephon 
and gibberellic acid on rice seedling growth and carbohydrate mobilization in seeds under flooded 
conditions. Plant Production Science, 21(4), 380-386. https://doi.org/10.1080/1343943X.2018.1520048 

Yamagishi, J., Etoh, K., Yajima, T., & Inanaga, S. (1994). Varietal Difference in the Effects of Applied 
Gibberellic Acid (GA3) on the Number of Spikelets per Panicle in Rice Plants. Japan Journal of Crop 
Science, 63(4), 594-600. https://doi.org/10.1626/jcs.63.594 

Yoshida, S., Forno, D. A., Cock, J. H., & Gomez, K. A. (1976). Laboratory manual for physiological studies of 
rice (p. 83). International Rice Research Institute, Los Banos, Laguna. 

Zheng, H. B., Wang, X. M., Li, Y. X., Huang, G. F., Tang, Q. Y., & Tang, J. W. (2018). Contributions of 
photosynthetic organs to the seed yield of hybrid rice: The effects of gibberellin application examined by 
carbon isotope technology. Seed Sci. Technol., 46, 533-546. https://doi.org/10.15258/sst.2018.46.3.10 

Zhou, H., Li, P. B., Xie, W. B., Hussain, S., Li, Y. B., Xia, D., … Ye, H. (2017). Genome-wide association 
analyses reveal the genetic basis of stigma exsertion in rice. Mol. Plant., 10, 634-644. https://doi.org/ 
10.1016/j.molp.2017.01.001 

 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


