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	Abstract
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The background of the problem in this study is the low ability of the sickle kick in the Melayi Sakti school of Pekalongan City. This study aims to Analyze the effect of aquatic plyometric training (aquatic plyometric knee tuck jump and aquatic plyometric double leg bound). Analyze the impact of high and low body reaction time on the ability of the sickle kick. Analyze the interaction between aquatic plyometric training and body reaction time on the ability of the sickle kick. This study uses an experimental method with a 2x2 factorial design. The data analysis technique used is Analysis of Variance (ANOVA), with a significance level of 0.005. The population in this study amounted to 28 silat athletes, with a purposive sample technique and specific criteria to be used as samples. The results of the study showed (1). There is a difference in the APT knee tuck jump method and high body reaction speed with a sig value of 0.01 <0.05. (2). There is a difference in the APT knee tuck jump method and low body reaction speed with a sig value of 0.02 <0.05. (3). There is a difference between the APT double leg bound method and high body reaction speed with a sig value of 0.00 < 0.05. (4). There is a difference between the APT double leg bound method and high body reaction speed with a sig value of 0.00 < 0.05. (5). There is an interaction between the aquatic plyometric training method and body reaction speed with a sig value of 0.035 < 0.05. The conclusion is that aquatic plyometric double-leg bound training is more effective for athletes with high body reaction speed to increase the speed of the sickle kick. In contrast, aquatic plyometric double-leg bound training is more suitable for low body reaction speed. Coaches are advised to adjust the training model to the athlete's abilities and provide additional training to increase the speed of the sickle kick.
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INTRODUCTION
[bookmark: _Hlk173112180]Pencak Silat is a sport that is part of the cultural heritage of Indonesia's ancestors. (Ilham et al., 2023). The movements in pencak silat are designed with a purpose and are directed, controlled, and coordinated. (Ariyadi et al., 2024; Nggana et al., 2022). Attack techniques often used in pencak silat include kicks, punches, falls, and sweeps (Nubatonis et al., 2024; Prasetya & Irawan, 2022). Among these techniques, kicks are more often used in matches because they are more valuable than punches. Punch attacks are given a point with a value of 1, while kicks get a value of 2. If a silat athlete avoids an opponent's attack while launching a kick that hits a legitimate target, the athlete will get a value of 1+2.(Bakhtiar & Irawan, 2023; Indu et al., 2022). The results of research conducted by Saphie et al., (2019) showed that pencak silat athletes with a more significant number of kicks showed aggressiveness in competing but also superiority in strategy and mastery of technique. With sound and accurate kicking skills, the opportunity to score points is more significant, thus dominating the course of the match. (Ihsan & Suwirman, 2018; Siswahadi, 2022).
[bookmark: _Hlk189090659]In the sport of pencak silat, reaction speed plays a role when kicking, which is influenced by the physiological condition of a silat athlete, including flexibility, muscle strength, and body weight. (Iswana et al., 2023; Subekti et al., 2020). One method to increase kicking speed is to use a combined speed and strength training approach (Chu & Myer, 2013; Wicaksana et al., 2024). Plyometric is a type of training that aims to combine strength and speed to produce explosive movements (Bakar et al., 2019; Hansen & Kennelly, 2017). Plyometric exercises often involve jumping, bounding, and landing movements, which require the muscles to work harder and faster than conventional exercises (Rizhardi et al., 2024; Wertheimer et al., 2018). The use of plyometric training methods often results in injuries during training. (Chen et al., 2023; Mullenax et al., 2021). 
Aquatic plyometrics is a form of exercise that has become increasingly popular in the last decade, combining the unique benefits of water activity with explosive techniques typically performed on land (Dell’Antonio et al., 2023; Fabricius, 2011). Using water pool media in training provides resistance to the athlete's body when moving down and resists movement when moving up. The body only supports about 54% of body weight at waist-high water. When the body sinks deeper, the weight supported decreases, for example, about 35% in the middle of the chest and only 8% in the neck (Miller et al., 2001; Ploeg et al., 2010). 
Plyometric exercises performed using water pool media provide buoyancy for the body. This can reduce pressure on the joints, and the resistance of the water provides additional challenges that strengthen the muscles with movements such as vertical and lateral jumps performed in the water; the muscles are forced to work harder against the resistance of the water. (Hafid & Junaidi, 2016; Heywood et al., 2022). 
In particular, water buoyancy provides a mechanism that reduces the peak vertical ground reaction force at landing, allowing a shorter amortization phase, with water drag creating resistance during the propulsion motion (Alberton et al., 2013; Donoghue et al., 2011). Research conducted by Fonseca et al., (2017) showed that a water-based plyometric training program significantly improved various indicators of athlete physical performance. These improvements include muscle strength, vertical jump performance, and isokinetic torque. This is also supported by research conducted by Nurmala et al., (2024) Plyometric training using media effectively reduces muscle pain complaints after exercise. Water media as a training medium provides resistance and buoyancy properties, supporting optimal neuromuscular adaptation and minimizing the risk of injury that usually occurs in plyometric training done on land. Thus, plyometrics in water can be a safe and efficient training approach to improve performance while reducing the risk of injury.
In performing a crescent kick, a silat athlete must have strong leg muscles, body flexibility, good movement coordination, and speed and accuracy in launching the kick (Hayati & Endriani, 2021; Kusuma et al., 2024). The crescent kick is one of the attack techniques in pencak silat that requires explosive ability, especially in the thigh, calf, and hip muscles, so that the kicking movement can be done quickly, strongly, and accurately (Yusradinafi et al., 2022).
The body's reaction speed is one of the fundamental elements in sports that plays an important role in the effectiveness of an athlete's defense and attack (Ervilha et al., 2020; Islam et al., 2024). The body's reaction speed is an important factor in supporting the success of the crescent kick. Reaction speed allows the silat athlete to respond to visual stimuli or the opponent's movements quickly and precisely to perform the kick at the right time and with optimal coordination (Mardius et al., 2023).
The results of the researcher's initial observations showed that the speed of the sickle kick of the Melati Sakti school athletes in Pekalongan City was still not optimal. In addition, the training methods used by the trainer to increase kick speed were limited. Athletes only practiced using peching/boxes without any other training variations, so there was no increase in kick speed. The lack of sickle kick ability in pencak silat sports was influenced by the lack of training that focused on leg muscle explosive power. 
Based on the previously described problems, this study aims to determine "The Effect of Aquatic Plyometric Training Methods and Body Reaction Speed ​​on the Speed ​​of the Sickle Kick of the Melati Sakti School of Silat in Pekalongan City."

METHODS
Research This research is quantitative research with experimental methods. According to (Ramadhan & Juniarti, 2020) experimental research methods can be interpreted as research methods used to find the effect of certain treatments on others under the same conditions. The research design used in this research is a two factor design. The two-factor design is commonly called 2x2. 
The sample in this study consisted of twenty-eight martial artists. A 20-meter running reaction speed test was used to measure the body's reaction time. The samples will be given a command to run 10 meters in 2 sessions (Kridasuwarso, 2018). The speed time results will be used to group participants into high and low body reaction time categories before being given treatment in the initial test. The design plans in this research are as follows. 
Table 1. Research Design
	Aquatic plyometric training (APT)

	Body reaction time
B
	Aquatic knee tuck jump (A1)
	Aquatic double leg bound (A2)

	High (B1)
	A1B1
	A2B1

	Low (B2)
	A1B2
	A2B2



The training started at 15.30 to 18.00 WIB at the Gajah Mada swimming pool. The water height in the swimming pool used in training sessions ranges from 0.7 to 0.8 meters (Miller et al., 2001). In this study, the variables used were manipulative independent variables, namely: A1B1: Aquatic plyometric knee tuck jump exercise with a high body reaction time category, A1B2: Aquatic plyometric knee tuck jump exercise with a low body reaction time category, A2B1: Aquatic double leg bound exercise with a high body reaction time category, A2B2: Aquatic double leg bound exercise with a low reaction time category. The initial test (pre-test) was used to measure the speed of the sickle kick by having the athlete kick toward the punching bag for 10 seconds for the left leg and 10 seconds for the right leg. The data on the speed of this sickle kick was assessed using the sickle kick assessment test rubric (Lubis & Wardoyo, 2014).
Aquatic knee tuck jump is a plyometric method that uses a water pool to train strength, flexibility, and body stability. This exercise is done by pushing the body upwards with a strong push from the legs, and then the knees are pulled up as quickly as possible before landing softly back on the bottom of the pool. The aquatic knee tuck jump exercise method has the advantage of water resistance, which provides high propagation for the body. Water creates more excellent resistance than land exercises, so each movement requires extra effort. This helps increase overall muscle strength while training smaller balancing muscles, which may not be maximally trained in land conditions (Miller et al., 2001). Aquatic double leg bound is one of the plyometric exercise methods using a swimming pool. This exercise involves jumping with both legs simultaneously, utilizing water resistance to increase muscle strength, explosive power, and body stability (Dell’antonio et al., 2022). 
Aquatic plyometric double-leg bound exercise is done by simultaneously jumping forward using both legs as a push and support, ensuring that each jump is done with maximum energy (Kamalakkannan et al., 2011). As an effective form of plyometric training, aquatic double leg bound plays an important role in developing explosive strength, endurance, and body balance (Miller et al., 2001). Plyometric aquatic double-leg bound training has several advantages in improving physical performance, especially for athletes. This exercise is designed to increase leg muscles' strength and explosive power, such as the quadriceps, hamstrings, gluteus, and calves (Biswas & Ghosh, 2022).
The training ended with a final test (post-test) to measure the speed ability of the sickle kick and to know the effect of the training program and body reaction time on the speed ability of the sickle kick. Data analysis in this study used a two-way ANOVA test, homogeneity test, normality test, and hypothesis test.

RESULTS AND DISCUSSION
Well-prepared tables and or  figures must be  of  significant  feature of this section, because they convey the major observations to readers. Any information provided in tables and figures should no longer  be repeated in the text,  but the text should focus  on  the importance of the principal findings of the study. In general, journal papers will contain three-seven figures and tables. Same data can not be presented in the form of tables and figures. 

Tabel 2. Research result statistics
	Groub
	Min
	Max
	Mean
	Std. Deviation

	Pre-tes
	
	
	
	

	A1B1
	15
	18
	16,4
	1,13

	A1B2
	15
	17
	16,1
	0,90

	A2B1
	15
	17
	15,7
	0,76

	A2B2
	15
	18
	16,7
	0,98

	Post-tes
	
	
	
	

	A1B1
	18
	21
	18,7
	1,60

	A1B2
	19
	22
	19,4
	1,62

	A2B1
	18
	21
	18,9
	1,35

	A2B2
	19
	22
	20,7
	1,11



The results of the descriptive analysis of Table 1 at the pre-test stage show that group A1B1 has an average score of sickle kick speed of 16.4 with a score range between 15 and 18 and a standard deviation of 1.13. Group A1B2 showed an average score of 16.1, with a minimum value of 15, a maximum of 17, and a standard deviation of 0.90. Meanwhile, group A2B1 recorded the lowest average of 15.7, with the slightest deviation of 0.76, indicating a more homogeneous level of data distribution. Group A2B2 had the highest average score in the pre-test, 16.7, with a standard deviation of 0.98. At the post-test stage, all groups showed an increase in average scores. Group A1B1 increased to 18.7, with a minimum value of 18, a maximum of 21, and a standard deviation of 1.60. Group A1B2 also experienced an increase, with an average score of 19.4 and a standard deviation of 1.62. Group A2B1 experienced a fairly consistent increase, with an average score of 18.9 and a standard deviation 1.35. Meanwhile, the highest increase was seen in group A2B2, which recorded an average score of 20.7, with a minimum score of 19 and a maximum of 22, and the minor standard deviation among the other groups, which was 1.11.
Tabel 2. Normality Test
	Kelompok
	N
	Statistic
	Df
	Sig

	
	
	
	
	

	Pre-tes
	
	
	
	

	A1B1
	7
	0.887
	7
	0.262

	A1B2
	7
	0.818
	7
	0.062

	A2B1
	7
	0.833
	7
	0.086

	A2B2
	7
	0.937
	7
	0.609

	Post-Tes
	
	
	
	

	A1B1
	7
	0.880
	7
	0.224

	A1B2
	7
	0.949
	7
	0.725

	A2B1
	7
	0.967
	7
	0.873

	A2B2
	7
	0.922
	7
	0.482


It can be seen from the results in each group, all the results are significant, because it is greater than 0.05 then the data is declared normally distributed.

Tabel 3. Homogeneity Test Levene's Test of Equality of Error Variancesa
	F
	DF 1
	DF 2
	Sig

	1.459
	3
	24
	0.251



From the table above, the results of the significant data are more than 0.05, then the data is declared homogeneity.

Tabel 4. Hypotesis Testing Paired T-Tes
	Paired Diffrence

	Group
	Lower
	Upper
	T
	df
	Sig

	A1B1
Pre-Post
	-3.165
	-1.406
	-6.358
	6
	0.001

	A1B2
Pre-Post
	-4.769
	-1.803
	-5.421
	6
	0.002

	A2B1
Pre-Post
	-3.846
	-1.868
	-7.071
	6
	0.000

	A2B2
Pre-Post
	-5.975
	-4.311
	-15.123
	6
	0.000


From the table above, the data results for each group are significant, less than 0.05, so the data is stated to have an influence.

Tabel 5. Hypothesis Testing Two-Factor ANOVA Table
	Source
	DF
	Mean Square
	F
	Sig

	Aquatic Plyometric
	1
	28.000
	15.373
	0.001

	Body Reaction time
	1
	9.143
	5.020
	0.035

	Aquatic plyometric * Body reaction time
	1
	11.571
	6.353
	0.019



Based on the data in the table above, the study's results indicate a significant difference between the aquatic plyometric knee tuck jump training method and the aquatic plyometric double leg bound training method on the speed of the sickle kick. In addition, there is also a significant difference between the high and low body reaction speed groups on the speed of the sickle kick. This finding is reinforced by the interaction between the aquatic plyometric training method and body reaction speed, which increases the speed of the athlete's sickle kick.
1. There is an influence of the plyometric knee tuck jump aquatic training method and high body reaction speed on the speed of the sickle kick
The results of the paired t-test statistical test showed that the aquatic plyometric knee tuck jump training method combined with the high body reaction speed group significantly increased the sickle kick's speed. Plyometric training using water media provides a unique neuromuscular stimulus because the high water resistance creates additional loads naturally without putting excessive pressure on the joints. (Martel et al., 2005). 
This aligns with research by Heywood et al., (2022) which shows that aquatic plyometric training with vertical jumping movements can increase muscle power. In addition, this exercise has also been shown to be effective in improving movement coordination and neuromuscular efficiency, which overall contributes to improving explosive movement performance.
According to Rismayanthi et al., (2024) the mechanism of the knee tuck jump movement focuses on achieving maximum height by pushing the legs up and forward quickly. This movement trains explicitly the thigh and hip flexors and extensors, involving muscles such as the iliac, sartorius, gracilis, biceps femoris, semitendinosus, semimembranosus, and gluteus maximus and gluteus minimus. Through repeated jumping movements, the leg muscles will contract intensively, increasing the size and number of muscle fibers. This adaptation also indirectly has an impact on increasing body flexibility.
The training method using water media provides constant resistance that increases the workload of the muscles during the push-off, jump, and landing phases. In addition to strengthening the explosive power of the muscles, this exercise also demands better balance and coordination because the water environment creates instability that must be compensated for by the body's neuromuscular system (Jurado-Lavanant et al., 2018). 
In addition, high body reaction speed is also an important factor that affects technical performance. A silat athlete with a fast reaction can respond to visual and tactical stimuli efficiently, initiate movements earlier, and regulate muscle activation patterns in a more coordinated manner (Bhakti et al., 2022). The speed of the crescent kick is influenced by several factors, one of which is the training method. In this case, training that focuses on increasing leg muscle strength, flexibility, and quick reactions will be beneficial in increasing the effectiveness of the kick (Afreza & Nelson, 2025). 
Combining these muscle movements makes the aquatic knee tuck jump an effective aquatic plyometric exercise in developing explosive strength, coordination, and overall lower body strength. It can be concluded that the aquatic plyometric knee tuck jump exercise plays a role in strengthening the lower extremity muscles, improving neuromotor control, and improving dynamic movement coordination needed to increase the speed of the athlete's sickle kick
2. There is an influence of the plyometric knee tuck jump aquatic training method and low body reaction speed on the speed of the sickle kick.
The paired t-test statistical test results showed a significant difference in the speed of the crescent kick before and after being given the aquatic knee tuck jump training model with the low body reaction speed group. This shows that plyometric training using water media provides a unique neuromuscular stimulus because the high resistance of water creates additional loads naturally without putting excessive pressure on the joints. This condition makes training in water a safe and effective alternative, especially in developing muscle strength and explosive power. The constant water resistance during the movement allows the muscles to work harder in the concentric and eccentric phases, thus strengthening neuromuscular coordination and increasing movement efficiency (Ploeg et al., 2010).
According to Resmana et al., (2024) , the knee tuck jump movement is a form of explosive plyometric training that relies on the strength of the lower body and core muscles to produce a high vertical jump. In its implementation, this movement begins with a standing position, then followed by an explosive jump upwards while pulling both knees towards the chest. This movement trains muscle explosive power, coordination, stability, and body control.
The training method that utilizes water media provides constant resistance, thereby increasing the workload of the muscles, especially during the push-off, jump, and landing phases. In addition to playing a role in increasing the explosive power of the muscles, this exercise also requires better balance and coordination skills. This is due to the unstable conditions of the water environment, so the body's neuromuscular system must work more actively to maintain stability during the movement (Abou Salama et al., 2024).
The body's reaction speed is critical in the crescent kick technique. An athlete with a low body reaction speed will have difficulty responding to stimuli quickly, which can affect the effectiveness and timing of the kick  (Subekti et al., 2020). In this case, the aquatic plyometric knee tuck jump training method can provide significant benefits, especially for athletes with low body reaction speeds. This exercise, which is done in the water, allows athletes to train leg muscle strength, explosive power, and body balance (Heywood et al., 2022).
Combining these muscle movements makes the aquatic knee tuck jump an effective aquatic plyometric exercise in developing explosive strength, coordination, and overall lower body strength. It can be concluded that the aquatic plyometric knee tuck jump exercise plays a role in strengthening the lower extremity muscles, improving neuromotor control, and improving dynamic movement coordination needed to increase the speed of the athlete's sickle kick.
3. There is an influence of the double leg bound plyometric aquatic training method and high body reaction speed on the speed of the sickle kick.
The paired t-test results showed that aquatic double leg bound training significantly increased the speed of the martial artist's crescent kick. Plyometric training is done in the water, which provides greater resistance than training on land. This requires the leg muscles, especially the quadriceps, hamstrings, gluteus, and calves, to work harder to overcome the resistance force of the water (Nurmala et al., 2024). 
According to Pradana et al., (2024) , in performing the double-leg bound movement, several major muscle groups of the lower body and core work synergistically to produce explosive power and stability. This movement demands activation of the quadriceps femoris, hamstrings, gluteus maximus, and gastrocnemius muscles, which play an important role in the push-off and landing phases. The quadriceps are responsible for knee extension, while the hamstrings and gluteus maximus significantly contribute to hip extension to produce a horizontal forward push. On the other hand, the gastrocnemius and soleus muscles help in plantar flexion at the ankle when push-off occurs. When the body is in the floating phase and transitions between jumps, core muscles such as the rectus abdominis, obliques, and erector spinae play an important role in maintaining postural balance and controlling body rotation. The training method using water media provides constant resistance, increasing the muscles' workload during the push-off, jump, and landing phases. In addition to strengthening the explosive power of the muscles, this exercise also demands better balance and coordination because the water environment creates instability that must be compensated for by the body's neuromuscular system (Jurado-Lavanant et al., 2018).
In addition, high body reaction speed is also an important factor that affects technical performance. A silat athlete with a fast reaction can respond to visual and tactical stimuli efficiently, initiate movements earlier, andregulate muscle activation patterns in a more coordinated manner (Bhakti et al., 2022). The speed of the crescent kick is influenced by several factors, one of which is the training method. In this case, training that focuses on increasing leg muscle strength, flexibility, and quick reactions will be beneficial in increasing the effectiveness of the kick (Afreza & Nelson, 2025).
It can be concluded that the water resistance in aquatic plyometric double-leg bound training creates a condition of resistance for the neuromuscular system, which ultimately improves movement control and coordination when performing a crescent kick on land. With better muscle explosiveness, athletes can perform kicks with higher speed and more optimal power so that the effectiveness of the kick increases.
4. There is an influence of the double leg bound plyometric aquatic training method and low body reaction speed on the speed of the sickle kick.
The paired t-test results showed that aquatic double-leg bound training and low body reaction speed significantly increased the speed of the martial artist's crescent kick. This is in line with research conducted by Wertheimer et al., (2018), which showed that the plyometric training method using water media can significantly increase lower body muscle strength. Water-based training provides consistent natural resistance during explosive movements, such as push-offs and landings, to stimulate muscle activation more intensively without putting excessive pressure on the joints.
According to Zen et al., (2021), in the implementation of the double leg bound movement, some major muscle groups in the lower body and core muscles work in a coordinated manner to produce maximum explosive power while maintaining dynamic body stability. This movement is not just jumping but involves complex and targeted muscle activation, especially in the quadriceps femoris, hamstrings, gluteus maximus, and gastrocnemius.
When these movements are performed in water, the complexity and effectiveness of the exercise increase significantly. The constant resistance of the water increases the muscles' workload in all movement phases, pushing off, jumping, and landing, thus not only strengthening the explosive power of the muscles but also demanding higher levels of balance and neuromuscular coordination. The natural instability of the water forces the body to constantly adjust its position and muscle tension, making the exercise safer for joint stress and highly effective in developing overall athletic performance (Sankar Ghosh & Biswas, 2023).
In addition, low body reaction speed is also a crucial factor affecting techniques' performance in pencak silat. A silat athlete with low body reaction tends to experience delays responding to visual, tactical, and motoric stimuli during the match. This can result in delays in making decisions and initiating movements (Sulfa et al., 2024). Less than optimal muscle activation patterns are needed to perform techniques quickly and accurately, such as in a crescent kick. 
By applying the aquatic double leg bound training method to groups with low body reaction speed, an effective training stimulus is obtained to improve technical performance. The natural resistance of the water during the push-off and landing phases provides a constant additional load, which is likely to strengthen the activation of the lower leg muscles simultaneously. This activation is significant in supporting explosive strength development, especially in dynamic movements such as the execution of a sickle kick. Thus, although the body's reaction speed is not optimal, water-based training still significantly contributes to increasing the speed of the silat athlete's sickle kick.
5. There is an interaction between the aquatic plyometric training method and the body's reaction speed to the speed of the sickle kick.
[bookmark: _Hlk195225801]The study's results showed a difference in the influence between the aquatic plyometric knee tuck jump and aquatic plyometric double leg bound training methods. This is also supported by a study conducted by Sporri et al., (2018), which showed that the type of jump used during aquatic plyometric training affects the results obtained. Each variation of the jump provides a different stimulus to the muscles, nervous system, and biomechanical mechanisms of the body, which ultimately affects the increase in strength, explosive power, balance, and coordination of the athlete. Aquatic plyometric double leg bound training shows more effective results than aquatic plyometric knee tuck jump, especially in increasing the speed of the sickle kick. This is because the double-leg bound method emphasizes forward thrust and simultaneous activation of leg muscles, which is very relevant to the mechanism of the sickle kick, which requires optimal speed, strength, and body balance (Kusuma & Sudarsono, 2022).
Meanwhile, in aquatic knee tuck jump training, the pressure experienced by the leg muscles is not too great because the movement performed is only a jump in place. Regarding biomechanics, this exercise emphasizes achieving maximum jump height, while execution speed is a secondary factor (Mulyana, 2019). In addition, in this exercise, horizontal distance is not considered when jumping, so the primary focus remains on strengthening the leg muscles through explosive jumps (Utamayasa et al., 2020).
Biomotor abilities are related to the motor skills possessed by individuals. However, they are influenced by various body organ systems such as the digestive, respiratory, skeleton, joints, circulatory systems, and nervous systems (Mulla & Keir, 2023). In various sports, good motor quality will support and facilitate the movement process (Aydin, 2023). One important component of the motor is reaction speed. Reaction speed refers to the time it takes a person to respond to a stimulus after receiving it in the fastest possible period. This ability involves the individual's sensorimotor functions, including stimulus processing, decision-making, and programming appropriate responses (Savaş Aydın & Zekiye Özkan, 2022). 
The study results showed a significant difference between the high-body reaction speed group and the low-body reaction speed group in the speed of the sickle kick. One of the main benefits of plyometric training in increasing kick speed is increased strength of the core and leg muscles, which are key elements in the kick (Lengo et al., 2023). The sickle kick requires coordination between the strength of the thigh, calf, and hip muscles. By using plyometric exercises that target these muscle groups, martial artists can improve their ability to launch crescent kicks faster and more explosively (Sudiana et al., 2023). When the leg muscles are trained to contract quickly through jumping movements, the same muscles will be more responsive when used to launch crescent kicks. Kick speed depends on muscle strength and inter-muscle coordination (Ariansyaha & Rezki, 2024).
The crescent kick requires good coordination between the main moving muscles, stabilizing muscles (stabilizers), and opposing muscles. As the quadriceps muscle works to straighten the knee, the hamstring muscle must relax to allow efficient movement. Good coordination will reduce resistance and increase the speed of movement. (Rosmawati & Darni, 2019; Zaelani et al., 2025).
The study's results showed an interactive relationship between the aquatic plyometric training method and the body's reaction speed to the speed of the sickle kick. Aquatic plyometric training is one of the explosive training methods carried out in the water, intending to increase muscle strength, explosive power, and neuromuscular response while reducing the load on the joints (Konukman et al., 2025). Hasil penelitian Heywood et al., (2022) menunjukan resistensi air untuk meningkatkan efisiensi kontraksi otot, sehingga mampu mempercepat adaptasi neuromuskular dan meningkatkan performa gerakan eksplosif.
Based on biomechanical principles, a fast crescent kick is influenced by a combination of explosive leg muscle strength and efficient movement reaction speed (Bakhtiar & Irawan, 2023). This is supported by the results of research conducted by Hasaloei et al., (2013), which shows that aquatic plyometric training increases more effective muscle contractions, while the body's reaction speed helps accelerate motor responses when kicking.
The research analysis results show an interaction between the aquatic plyometric training method and the body's reaction speed to the sickle kick. Physiological adaptations, such as increased activation of fast-twitch muscle fibers, increased proprioception, and better efficiency of nerve impulse transmission, cause this (Kurniawan & Fadhli, 2021).
Aquatic plyometric training provides unique stimulation that increases muscle strength and explosive power and improves neuromuscular response by reducing the load on the joints (Manjrekar et al., 2024). Aquatic plyometric training utilizes water resistance to increase muscle contractions more optimally, directly contributing to increasing the speed and accuracy of kicking movements (Hasaloei et al., 2013). The main advantage of this exercise is its ability to reduce the load on the joints while stimulating the muscles' explosive power (Martel et al., 2005).
In addition, the body's reaction speed plays a crucial role in the effectiveness of aquatic plyometric training. Athletes with high reaction speeds can respond to stimuli more quickly and adjust their kicking movement patterns more efficiently. Conversely, athletes with lower reaction speeds require a longer adaptation time but still benefit from this training, especially in improving coordination and movement control (Chomani et al., 2021).
This study also found that water depth significantly affects the effectiveness of each type of jump in aquatic plyometric training. Jumps performed in chest-deep water produce greater peak mechanical power compared to jumps in waist-deep water. This is due to the higher water resistance, which slows movement but increases muscle workload. Thus, the combination of aquatic plyometric training and body reaction speed can significantly increase the speed and effectiveness of the sickle kick in the martial art of pencak silat.
CONCLUSION 
It can be concluded that by increasing the speed of the sickle kick, aquatic plyometric double leg bound training is more effective for athletes with high body reaction speed. In contrast, aquatic plyometric double-leg bound training is more suitable for low body reaction speed. Coaches are advised to adjust the training model to the athlete's ability and provide additional training to increase the speed of the sickle kick.
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