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Abstract 

The research was carried out in the UPT of the experimental garden of the Faculty of Agriculture, Andalas 

University, in the form of using bucket media at an altitude of 350 MDPL from February to September 2017. 

The aim was to find out the best interaction when the flooding of conventional rice stumps and the System of 

Rice Intensification (SRI) was conducted. get good cultivation for the ratoon system and know the best flooding 

time for the growth of rice plants. To get good cultivation results for the ratoon system and find out the best 

flooding time for improving the ratoon system rice production. This study uses two-factor completely 

randomized design (CRD) of 3 replications. The first factor is the stump of cultivation (the origin of 

conventional cultivation stumps and the System of Rice Intensification (SRI)) and the second factor is the time 

to start flooding stump  of  3 DAH (Day After Harvest), 6 DAH, 9 DAH, and 12 DAH. The data obtained were 

analyzed by variance with the F test and if the calculated F was large from the F table, it was continued with a 

5% Honest Real Difference test. The results of observations that have been made, there is no interaction of 

conventional cutivation stumps and SRI method with various time flooding of the ratoon system rice growth.  
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1. Introduction 

Rice (Oryza sativa L.) is one of the major food crops in Indonesia because the majority of the population 

Indonesia consumes rice as the main ingredient of staple foods. Demand for rice continues to increase along 

with the increase in the population in Indonesia and the world and the changes in the basic diet in certain areas, 

from tubers to rice. Fulfilling food needs, it is necessary to increase production of rice crops more efficiently, 

the Ratoon system is one the methods that can be used. 

Ratoon system rice cultivation is one of the businesses that can be developed by farmers as a crop after the first 

rice is harvested because ratoon rice is more resource efficient and shorter. Ratoon rice is a rice plant which is a 

bud that grows from a stump that has been harvested and produces new tillers that can be harvested. Generally, 

the growth and maturity rate of ratoon rice is not even, and the yield obtained is lower compared to the main 

crop. The ratoon rice production obtained from ranged from 2.1-5.6 tons ha-1. [3]. As a comparison, the 

production of the ratoon system from conventional in China yields 4.05–5.83 tons / ha-1, and the yield for one 

year is 12.4-14.7 tons ha-1 [4]. 

Farmers in Indonesia generally do the rice planting using the Tabela (Direct Seed Spreading) system and 

conventionally, very few of them use the SRI planting method, but the implementation of planting activities 

with the use of planting systems is different in terms of growth and yield. In terms of growth factors, rice plants 

using the SRI method obtained high values compared to the conventional and conventional methods [5]. Apart 

from the flooding planting system, which is very important in the development of rice plants, this system can 

also help the movement of nutrients in the soil, so that it can be easily absorbed by the roots. Ratoon which lacks 

water causes dry stumps and is unable to produce ratoon shoots. According to [6] flooding of water does not 

significantly influence the growth of rice plants. The purpose of this study was to obtain information on the 

exact time of flooding in spurring the growth of the ratoon system using conventional cultivation stumps and 

SRI method stumps. 

2. Research methods 

This research was conducted from February to September 2017 in the Faculty of Agriculture and Laboratory 

Experimental Gardens Agronomy Faculty of Agriculture Andalas University. Stage I planting season, namely 

Conventional planting - SRI method was carried out from February to June 2017 and the second planting season 

(ratoon) was carried out from June to September 2017. The varieties used in the study were Batang Piaman. The 

design used in the form of a Completely Randomized Design (CRD) of two factors. The first factor is 

Conventional planting and System of Rice Intensification (SRI) and the second factor is the time of floodingof 

rice plants after harvest which consists of 4 floodingtimes namely 3 Days after Harvest (DAH), 6 DAH, 9 DAH 

and 12 DAH. Each treatment was repeated 3 times so that there were 24 unit tests and each treatment unit 

consisted of 10 plants. 

Observed data are Relative Growth Rate (RGR), Number of shoots connecting the top stump, Number of shoots 

connecting the bottom stump, Number of ratoon shoots 2 Weeks after Harvest (WAH), and Total number of 
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tillers per clump (Stem). RGR was observed with a weekly period from the age of 4 WAH, this weekly-basis 

obeservation further illustrates the increase in the average dry weight of plants in several weekly periods 

calculated using formula [7] : 

𝑅𝑅𝑅𝑅𝑅𝑅 =  ln𝑊𝑊2 −  ln𝑊𝑊1
𝑇𝑇2−𝑇𝑇1

   …………….. (1) 

Data on growth rate relative to rice plants Ratoon is observed every week on the 4th week until the 7th week of 

WAH. Samples (leaves, stems, and roots) of each clump of plants were taken, the number of samples taken by 1 

plant per plot. Samples were taken from destructive experimental plots, weighed dry weight every week. Data 

from periodic observations (weekly) of graphs are displayed in graphical form and data from the last 

observation and analyzed by Variance if F count is greater than 5% F table followed by BNJ test at 5% level.   

3. Results and discussion 

Relative Growth Rate (RGR) is an increase in the dry weight of plants in a time interval, closely related to the 

initial weight of the plant. The assumption used for the quantitative equation of the relative growth rate is that 

the increase in plant biomass per unit of time is not constant but depends on the initial weight of the plant. That 

all plants expressed in total plant biomass are considered as a unit to produce new plant material [8].  Based on 

Table 1. there is no interaction between conventional planting methods with various flooding times for RGR 

displayed at ages 6-7 WAH. The flooding of 12 DAH get 0.43 g/week. Differences in relative growth rates can 

occur between species due to differences in photosynthesis rate and biomass efficiency. Variations in growth 

rates for each treatment occur at various age levels. In addition, flooding modifies the relationship of water and 

plant carbon fixation, stomatal closure with or without leaf dehydration, reduced transpiration, and 

photosynthetic inhibition, these symptom is a responses seen as  that can occur at that time or a few days after 

the flooding, depending on the tolerance of flooding of each plant species [9]. 

Table 1: Effect of flooding on waiting from conventional cultivation. (Transformation √x + 0.5) 

Observation Variable 
Time of Flooding  

3 DAH 6 DAH 9 DAH 12 DAH 

RGR (g /week) 

Number of Shoots connecting the top (Shoots) 

Number of LowerShoots (Shoots) 

0.26 

2.11 

33.44 

0.25 

2.00 

27.33 

0.13 

0.78 

13.33 

0.43 

1.56 

16.00 

Description: The numbers on the rows and lanes are not significantly different according to the F test at the 5% 

real level. 

Based on Table 2 there is no interaction between the SRI planting method and the various flooding times on the 

number of ratoon shoots that continue the upper stem. Not all of the remaining harvested rice stems can produce 
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ratoon shoots. This difference may be closely related to the level of aging and the vigor of the remaining 

harvested rice stems (stumps) which are influenced by genetic characteristics (varieties), nutrients and 

phytohormones of plants whose existence is related to rice varieties, the main crop harvest time, cutting, 

pruning, irrigation and fertilization. Not all remaining harvested rice stalks can produce ratoon shoots. This 

difference may be closely related to the level of aging and the vigor of the remaining harvested rice stalks 

(stumps) which are influenced by genetic characteristics (varieties), nutrients and phytohormones of plants 

whose presence is related to rice varieties, the main crop harvest time, cutting, pruning, irrigation and fertilizing. 

The dry plant is a representation of the translocation of photosynthesis to all parts of the plant so that it can be 

said that the relative growth rate of plants is determined by the area of the leaves of plants that are able to 

intercept the sun's maximum and the subsequent photosynthetic rate of plants.  Production of larger plant dry 

weight came from an enhanced leaf area, so that it was positively correlated with photosynthesis levels and 

higher transpiration efficiency [10].  

The shoots connecting to the top is a bud that grows at the top coming out of the stump of rice stems while the 

number of shoots connecting the bottom is a bud that grows at the base of the stump. The number of shoots 

connecting the top part in conventional cultivation ranged from 0.78-2.11 shoots. Whereas for the lower 

connecting shoots ranged from 16.00-33.44 shoots.  In the SRI method number shoot the top at ranged 0.44-1.56 

Shoot, and Number of lower connected shoot ranged 23.00-33.89 shoot. [11] found the same results that the 

ratoon shoots that emerged from the base of the stem grew well compared to the upper part of the stem. Beside 

the cutting height, the variety is very also influential on the number of shoots formed in the ratoon system. The 

The cutting height varieties will also greatly affect the development of shoots and tillers from the ratoon system. 

This is in accordance with the opinion [12], the effectiveness of cutting height is not only influenced by the 

distance from the soil, but also by the growth of plant morphology such as the length of the rice plant and the 

varieties used for the ratoon system. In general, the main reason for flooding in lowland rice cultivation is that 

most wetland rice varieties grow better and produce higher when grown in stagnant soils compared to non-

stagnant soils. Water affects the character of plants, nutrients and soil physical conditions [2]. 

Table 2: Effect of flooding on the waiting time of Cultivation of SRI Method (transformation √x + 0.5) 

Observation Variable 
Time of Flooding 

3 DAH 6 DAH 9 DAH 12 DAH 

RGR  (g / week) 

Number of Shoots connecting the top (Shoots) 

Number of Lower Connected Shoots ( Shoots) 

0.49 

0.67 

33.89 

0.64 

1.56 

33.89 

0.37 

1.11 

27.00 

0.35 

0.44 

23.00 

Description: The numbers on the rows and lanes are not significantly different according to the F test at a 

significant level of 5%. 

In Figure 1, it can be seen that the average rice RGR from conventional cultivation and SRI method from the 4-5 

week observation until the 6-7 week observation shows the same pattern, the second RGR from the cultivation 
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of the crop decreases from week 4-5 to weeks 5-6 and increases return from weeks 5-6 to weeks 6-7. This 

pattern can occur because of an increase in growth, especially the formation of seedlings that require assimilates 

or many new sinks are formed. Whereas at the age of 6–7 the formation of tillers has begun to decline and the 

leaves of the plant have grown so that photosynthesis is active and produces a lot of dry matter. 

 

Figure 1: Development Relative Growth Rate (RGR) in 4 – 7 WAH (Week After Harvest) of Rice Plants 

Ratoon System  from Stump Conventional and SRI method 

In Figure 2, it can be seen that, flooding carried out 3, 9 and 12 DAH showed almost the same RGR pattern, but 

the three flooding times were different from the flooding of 6 DAH. On the one hand,  flooding 3, 9 and 12 

DAH shows a decrease in RGR from weeks 4-5 to weeks 5-6 and increases again from weeks 5-6 to weeks 6-7. 

On the other hand, flooding of 6 DAH increases RGR from weeks 4-5 to weeks 5-6 and there is a decrease in 

weeks 5-6 to weeks 6-7. This increase and decrease in RGR are thought to be due to the availability of 

carbohydrates in the rice stump. One of the determinants of success of Ratoon is the stump vigor after 

harvesting the main crop, which is closely related to the photosynthetic reserves. Photosynthetic activity 

determines the amount of energy entering and stored in the plant system that can be utilized. Storage of 

photosynthesis results to the roots and stems of rice plants, so that the stems of rice plants that have been 

harvested (stumps) remain green. Thus, the resulting assimilate can be used for ratoon shoot growth, and 

carbohydrate status at harvest and ratoon ability are very close unity [14]. 

 

Figure 2: Development of Relative Growth Rate (RGR) at various flooding time. 
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Flooding in age 3 DAH, 9 DAH and 12 DAH shows the progression of RGR which decreases in the observation 

of  5-6 Week After Harvest (WAH) and increases in observation 6-7 Week After Harvest (WAH). Decrease in 

RGR in plants is due to the differences in the number of leaves and canopies that have been formed at this age. 

According to [15] canopy architecture is a factor that causes significant RGR differences between the genotypes 

of rice plants. Canopy structure affects the amount of light absorbed by the leaves, because the photosynthetic 

capacity at the canopy level does not only depend on the factors that influence photosynthesis rate at the leaf 

level but also the light distribution profile on the leaves [16]. the initial stage of growth will increase the source 

capacity which can meet sink capacity requirements, so that it will affect grain yield.  

 Flooding at age 6 DAH which shows an increase in RGR every week of observation. The developments that 

occur in flooding of are good growth charts. This development is due to the newly formed saplings that are 

flooded and will stop.  Development of tiller is better in non-inundated conditions [17]. When the conditions are 

inundated, oxygen in the soil decreases so that plants use photosynthetic carbohydrates in the tissues as the main 

ingredient to overcome the flooding. [18] State that carbohydrates are a source of energy used to maintain 

metabolism during flooding . 

Table 3: Effect of flooding on waiting for conventional cultivation (transformation √x + 0.5) 

Observation Variable 
Time of Flooding 

3 DAH 6 DAH 9 DAH 12 DAH 

Number of rat shoots age 2 WAH (Shoots) 

Total number of tillers per clump (Stem) 

35.53 

77.00 

29.33 

69.77 

14.13 

58.97 

17.57 

61.77 

Description: The numbers on the rows and lanes are not significantly different according to the F test at a 

significant level of 5%. 

Increase in the number of tillers was also affected by the high and low carbohydrate reserves available in the 

remaining harvested rice stems. The number of ratoon tillers becomes higher at high carbohydrate 

concentrations at harvest [20];[19]. The condition of the plant after harvesting the main crop shows that the 

assimilateexcess which is arranged in the form of carbohydrates, lipids and proteins will be used by plants as 

food reserves and some will be translocated to the vegetative utilization area. Roots and stems on the stump are 

part of the utilization of photosynthesis during ratoon growth. The proportion of photosynthetic residues utilized 

by the roots and stems affects the growth of ratoon seedlings that will emerge from the stump [7]. The cutting 

back is done to stimulate shoot growth so that it can increase the number of tillers. The increase in the number 

of tillers will be followed by the number of productive tillers and vice versa, the small number of tillers will be 

followed by a small number of productive tillers. 

The total number of tillers ratoon  is affected by environmental factors, such as water availability, soil fertility, 

sunlight, temperature and circumstances of pests and diseases. From the physiological aspect, ratoon root 

activity is wider, morphological characteristics show stronger roots, with broad and strong rice roots so that the 

process of nutrient absorption is more efficient, this is very influential on rice seedlings when compared to 
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conventional cultivation rice [13]. Another factor that can affect the ability of ratoon plants is the length of 

cutting, fertilizing and water management. Cutting lengths can affect the number of tillers, the period of growth, 

ratoon vigor and seed yield [1]. The condition of the plant after harvesting the main crop shows that the 

assimilate excess which is suspended in the form of carbohydrates, lipids and proteins will be used by the plant 

as a food reserve and some will be translocated to vegetative use areas. Roots and stems on the stump are part of 

the utilization of photosynthesis during ratoon growth. The proportion of photosynthetic residues utilized by the 

roots and stems affects the growth of ratoon seedlings that will emerge from the stump [7]. 

Table 4: Effect of flooding on the waiting time of Cultivation of SRI Method (transformation √x + 0.5) 

Observation Variable 
Time of Flooding 

3 DAH 6 DAH 9 DAH 12 DAH 

Number of rat shoots age 2 WAH (Shoots) 

Total number of tillers clump (Trunk) 

34.57 

63.67 

35.43 

60.57 

28.07 

53.77 

23.43 

53.90 

Description: The numbers on the rows and lanes are not significantly different according to the F test at a 

significant level of 5%. 

4. Conclusion 

The study highlight that there is no interaction between flooding in the ratoon system both in conventional 

cultivation and SRI method stumps. In general, flooding with different time periods in the ratoon system shows 

almost the same results on RGR parameters, the number of shoots connects the upper part, the number of shoots 

connects the bottom, the number of shoots is 2 WAH and the total number of tillers from both in conventional 

cultivated and SRI method. It is also found that in both SRI method and conventional cultivation more bottom 

shoots are growing compared to the upper ones.   

References 

[1].  De Datta, S. K, Bernasor.. Agronomy Principles and Practice of Rice Rationing. In WH Smith, V. 

kumble, EP Cervantes. Rice Ratooning. IRRI, los Banos, Philippines. 1988. Pp 163-176 

[2]. De Datta, SK. Principles And Practices Of Rice production. 1981. Jhon Wiley And Sons. New York. 

Pp 297-299.   

[3]. Krishnamurthy, K. Rice Ratooning an Alternative to Double Cropping in Tropical Asia. In WH Smith, 

V. kumble, EP Cervantes. Rice Ratooning. IRRI, los Banos, Philippines. 1988. Pp 3-16. 

[4]. Dong, H., Chen, Q., Wang, W., Peng, S., Huang, J., Cui, K., & Nie, L. The Growth and Yield of a Wet-

Seeded Rice System in Central China. Field Crops Research, 208, Pp 55–59. January. 2017.  

[5]. Lita, TN, Soekartomo, S., & Guritno, B. Pengaruh perbedaan sistem tanam terhadap pertumbuhan dan 

hasil tanaman padi ( Oryza sativa L) di lahan sawah. Jurnal Produksi Tanaman, Vol 1 N0. 4, 361–368. 

September.  2013. 

[6]. Eagle, AJ, Bird, JA, Hill, JE, Horwath, WR, & van Kessel, C. Nitrogen Dynamics and Fertilizer Use 



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2018) Volume 42, No  2, pp 272-279 

279 
 

Efficiency in Rice following Straw Incorporation and Winter Flooding. Agronomy Journal, Vol. 93, 

1346. Nov-Des 2001. 

[7]. Gardner, FP, RB, Pearce, and RL Mitchell. Fisiologi Tanaman Budidaya (Translate Indonesian). 

Translation: Herawati Susilo, UI- Press, Jakarta. 1991.  

[8]. Sitompul, SM and B. Guritno. Analisis Pertumbuhan Tanaman. Yogyakarta. UGM Press. 1995. 

[9]. Mollard, FPO, Striker, GG, Ploschuk, EL, & Insausti, P. Subtle topographical differences along with a 

flood problem promote different plant strategies among Paspalum listed in species and populations. 

Austral Ecology, Vol. 35 No. 2, Pp189–196. April 2010.  

[10]. Qaisrani, M.M, M.S Mirza, A. Zaheer and K.A. Malik. Isolation and identi fi cation by 16S rRNA 

sequence analysis of Achromobacter, Azospirillum and Rhodococcus strains from the rhizosphere of 

maize and screening for the bene fi cial effect on plant growth. Pakistan Journal of Agricultural 

Sciences. 51, Issue 134. Pp 91–99. March 2014.  

[11]. Setiawan, A., Tyasmoro, SY, & Nugroho, A. Intermittent Irrigation and Height on Growth and Yield 

Ratoon Rice (Oryza sativa L.) AGRIVITA, Vol. 36 No. 1, Pp 72–80. February. 2014. 

[12]. Susilawati, Sapta Purwoko, B., Aswidinnoor, H., Edi Santosa. Tingkat Produksi Ratun berdasarkan 

Tinggi Pemotongan Batang Padi Sawah Saat Panen. Jurnal Agronomi Indonesia, Vol. 40 No.1, Pp 1–7. 

January. 2012.  

[13]. Susilawati. Agronomi Ratun Genotipe-Genotipe Padi Potensial Untuk Lahan Pasang Surut. Disertation 

Doktoral. Pascasarjana Institut Pertanian Bogor. Bogor, Indonesia. 2011.  

[14]. Vergara, BS, FSS Lopez and JS Chauhan, Morphology and Physiology of Ratoon Rice. In WH Smith, 

V. kumble, EP Cervantes. Rice Ratooning. IRRI, los Banos, Philippines. Pp: 13-14. 1988. 

[15]. Yoshida, S. Fundamental Of Rice Crop Science. IRRI. Los Banos, Laguna, Philippines.1981. Pp 84-90. 

[16]. Weiss, M., Baret, F., Smith, GJ, Jonckheere, I., & Coppin, P. Review of methods for in situ leaf area 

index (LAI) determination. Agricultural and Forest Meteorology, Volume 121 Issue 1-2. Pp 37–53. 

January. 2004.  

[17]. Hidayati, N., Triadiati, & Anas, I. Photosynthesis and Transparency of Rice Cultivation Under the 

System of Rice Intensification and the Effects on Growth and Yield. HAYATI Journal of Biosciences, 

Volume  23 Issue 2. Pp 67–72. 2016. 

[18]. Jackson, MB, & Colmer, TD. Response and Adaptation by Plants to Flood Stress. Annals of Botany, 

Volume 96 Issue 4, 501–505. September 2005.  

[19]. Jena KK, Hardy B, editors. 2012. Advances in temperate rice research. Los Baños (Philippines): 

International Rice Research Institute. 105 p. 

[20]. Kim JK, Vergara BS. Morpho-Anatomical Characteristics of Different Panicles in Low and High 

Tillering Rices. Korean Journal of Crop Science, Volume 36 Issue 6, Pp 568-575. December 1991.  


