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	Kencur (Kaempferia galanga L.) widely cultivated in shaded dry land because it is one of the plants with a good level of tolerance to shade.  The low sunlight intensity will have an impact on the low nutrient uptake because transpiration will be reduced, so the kencur plant needs more nutrients in the soil, particularly potassium.  The study aim to investigate the influence of shade and potassium fertilizer in Kaempferia galanga plant. The experimental farm of Agro Techno Park, Faculty of Agriculture, University of Brawijaya, Jatikerto Village served as the site of this study from October 2021 to May 2022. Three replications of a split-split plot were used in this study. The two shade levels that make up the main plot are (N25) for 25% shade and (N50) for 50% shade. The subplots is potassium fertilizer doses with four levels, namely (K0) fertilizer 0 kg ha-1 K2O; (K120) Fertilizer 120 kg ha-1 K2O; (K180) Fertilizer 180 kg ha-1 K2O; and (K240) Fertilizer 240 kg ha-1 K2O. The sub-plots consist of 2 accessions (A1) Lumajang and (A2) Nganjuk. The parameters that are divided up include chemical content analysis, yield parameters, and shade observation. According to the findings, kencur plants produced their highest yields in 50% shade. Based on the highest EPMC value content, the treatment of 50% shade and application of potassium fertilizer at a dose of 240 kg ha-1 also demonstrated the best quality of kencur. The results also indicate that the Lumajang accession has lower yields than the Nganjuk accession.  
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Introduction 
                Kencur (Kaempferia galanga L.) is a medicine that lives in tropical and subtropical areas. In addition to being used as medicine, kencur can also be used to make foods and beverages packed with health benefits in both industry and households.1 The rhizome is typically where kencur plants obtain their benefits.2 The kencur plant's rhizome can also be used as a raw material for manufacturing traditional medicines, cooking spices, food additives, vinegar fragrances, hair products, and other hydrating beverages.3  When the plant is in the vegetative phase, kencur plants grow with the intensity of full sun or shade with a percentage of 25–30%, whereas, for the generative phase, kencur plants do not require whole light or shade up to 50–65%.4  The light intensity factor is one of the conditions for plant growth that must be considered to get optimal results and growth.5
When K moves, potassium participates in the opening and closing of the stomata. Tomata will open and gas exchange takes place as a result of the surrounding protective cells swelling. contained, but has a sizable impact on K-element nutrient absorption. 
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Based on Research from Prajapati et al.6 explains that if the K content is inadequate then the process of opening and closing the stomata will be sluggish and a lot of water vapor is lost so that plants become susceptible to drought, and can also result in stunted plant growth.
Low sunlight intensity will have an impact on low nutrient uptake because transpiration and mass flow of nutrients will both decrease. As a result, soil nutrients, particularly potassium nutrients, must be more readily available. For ginger plants to thrive in shaded environments, K fertilization at high levels is necessary.7 This is because potassium plays an important role in the transportation of water and plant nutrients. When potassium levels are low, other nutrients like N, P, Ca, Mg, and amino acids won't be absorbed as well, leaving plants nutritionally deficient.8 In East Java, there are numerous kencur plant accessions. The Nganjuk and Lumajang accessions are two of the 12 accessions that have been studied and exhibit higher rhizome yields and better rhizome quality in comparison to other plants.4
The amount of light received and the proper amount of fertilizer to support the growth of the kencur plant are two factors that must be taken into account in order to increase the production and quality of kencur. In addition to determining the ideal K dose and shade level for the yield and high quality of kencur in Lumajang and Nganjuk accessions, this research sought to determine the acceptable level of shading on the growth of the two accessions.
 
Materials and Methods
Research design
The study was conducted at the Experimental Garden of the Agro Techno Park, Faculty of Agriculture, Universitas Brawijaya, Jatikerto village, DMS latitude longitude coordinates of 8° 07' 33.8" Northsouth and latitude 112° 31' 48.4 from October 2021 to May 2022. Three replications of the split-plot design were employed in this study. The two shade levels that make up the main plot are (N25) for 25% shade and (N50) for 50% shade. The subplots is potassium fertilizer doses with four levels, namely (K0) fertilizer 0 kg ha-1 K2O; (K120) Fertilizer 120 kg ha-1 K2O; (K180) Fertilizer 180 kg ha-1 K2O; and (K240) Fertilizer 240 kg ha-1 K2O. The sub-plots consist of 2 accessions (A1) Lumajang and (A2) Nganjuk. A total of 48 treatment combination units were created from 16 treatment combination units that were repeated 3 times. This research was conducted once a season. There were 80 plants total in each of the two accessions present in each treatment plot, making a total of 7680 plants. The used spacing measures 10 cm by 15 cm. Selection criteria included having two buds and a seed weight per hole of 5-8 g for kencur. With a 5 cm depth, the plant was planted with the upward direction of the buds. 
 
Observation of Rhizome Fresh Weight and Yield
At 180 days after harvest, the fresh weight of the kencur was observed destructively by weighing the rhizome (Figure 1), which was performed after harvest. Eight plants per treatment served as the sample, which was weighed five times: at harvest, at 7, 14, and at 28 DAH (Days After Harvest). We measured the weight of rhizomes using a Denver Instrument AA-250 scale. The following formula is utilized to calculate productivity conversion from the best average rhizome weight of ten (10%) plant populations in one plot:
 
 
 
Analyses of Growth (Leaf Area Index and Crop Growth Rate) 
A variable called the Leaf Area Index (LAI) depicts the correlation between the amount of leaf cover and the size of the covered area. The quality of metabolism during plant growth determines how quickly the LAI value changes. As one of the factors to determine the intensity of radiation intercepted by the leaves so that the value of biomass can be assumed, LAI is frequently utilized as an indicator of plant growth. The equation of LAI calculation is as follow:9 
 
LAI = LA/GA
where, LAI is the leaf area index, LA is the leaf 
Area and GA refer to the ground area, which is a region that is covered in a canopy of leaves. Based on the observational findings and measurements of the leaf area taken at the same interval, the LAI is calculated.
Crop Growth Rate (CGR): A plant's capacity to produce dry weight over time is referred to as its crop growth rate (CGR). The CGR can be calculated using the equation below:9
 
CGR = 
where, W2 are planted dry weights on the second observation, and W2 are planted dry weights on the first observation. T2 and T1 are time periods of observation as indicated on W2 and W1 taken periods. GA is the ground area, which refers to the area that is shaded by the leaf canopy. 
 
Analyses of yield
The yield parameter was measured with weighing fresh weight of kencur rhizome and weight loss after harvest in every plot. The weight of kencur rhizome then converted to ton/hectare to get the yield productivity of kencur.5 
 
Analyses of Chemical Composition in the Oil
The Chemical Engineering Laboratory at Malang State Polytechnic employed the Gas Chromatography-Mass Spectrophotometer (GC-MS) method to conduct the EPMC test. Gas chromatography (GC) and mass spectroscopy (MS) were used to analyze the oil and identify its constituent compounds. The QP2010 ULTRA type of Gas Chromatography-Mass Spectrophotometer (GC-MS) is employed.
 
Statistical analyses 
Analysis of variance (F test) was employed to examine the findings of the study's observations at the levels of 5% and 1%. The LSD test at the 5% level will be applied if the results are noticeably different.10 If the results of the follow-up test reveal a significant difference, additional analysis will be performed with the correlation test, which measures the degree of association between two variables, as opposed to the regression test, which uses mathematical models.
 
Results and Discussion
Interaction of Shade, Accession and Potassium Fertilizer on Fresh Weight from Harvest until 28 Days After Harvest
Based on Table 1, there was an interaction between the three treatments and a significant response to the rhizome's weight loss from 7 DAP to 28 DAP. The weight loss of the rhizome was 4.68% to 35.56%; however, there was a higher significant weight loss in the treatment that did not receive potassium fertilizer, which is equal to 35.56% in the shade of 25%, compared to the application of fertilizer doses of 120 kg ha-1, which resulted in a lower weight loss in the shade of 25%. While the lowest weight loss was found in accession nganjuk shade of 50% with a dose of 240 kg kg ha-1 of 21.23%. 
Plants in the shade will have a large rhizome weight and a high proportion of nutrients. When potassium fertilizer is applied, the amount of photosynthesis products that are transported to the rhizomes also rises because element K serves as a transport ion for nutrients, water, and the products of photosynthesis. Potassium affects the process of tuber enlargement in plants by aiding in the translocation of photosynthetic products, such as water and carbohydrates, to the tubers.11 If K nutrients are provided, kencur plants can grow as efficiently as possible. Kencur fertilization plants typically use a dose of 200–300 kg ha-1 potassium fertilizer.12 The amount of nutrient fulfillment has an impact on the weight of the rhizomes that plants produce. 
The decrease in rhizome weight gave a significant response from 7 DAP to 28 DAP, and there was an interaction between the three treatments, according to the interaction test of shade, accession, and potassium fertilizer. The size of the product is an internal factor that influences how quickly the respiration process moves along, with a small product having a higher respiration rate than a large product.13 The number of food reserves in the rhizome are decreasing the more the weight of the rhizome is lost. The growth and yield of shallots are not always benefited by fertilization at High doses; in fact, there is a propensity for the weight loss of the tubers to increase.14
 
Leaf Area Index (LAI)
The results contained in Table 2 illustrate that there was an interaction between the 3 treatments where the results demonstrated the doses of fertilizers K120, K180 and K240 displayed the same effect in the two accessions where the Nganjuk accession planted in 50% shade had the highest Leaf Area Index compared to the Lumajang accession with the shade treatment of N25% and N50%. Young leaves, which can absorb the most light intensity and thus have a high rate of CO2 assimilation, are what give plants with high leaf index values their high leaf index value. With increasing plant age in the two accessions, the value of the leaf area index revealed a significant difference. The impact of the two accessions' various responses, as measured by the leaf area index, has its adaptability to environmental biophysical conditions. When potassium fertilizer was applied, the leaf area index increased up to a dose of 100 kg ha-1; however, subsequent applications up to a dose of 200 kg ha-1 tended to demonstrate a decline. With a treatment of 0 kg ha-1 potassium, the increase was 2.6; with a treatment of 100 kg ha-1 potassium, it was 3.9. The value of standard potassium is very close to potassium 100 kg ha-1.
 
Crop Growth Rate (CGR)
Based on the results in Table 3 Crop Growth Rate (CGR) or due to shade gave a significant effect at observations from 0-60 DAT where N50 was higher than N25. However, the effect of accession became apparent between observations 120 and 180 DAP, where Nganjuk accession had a value that was higher than Lumajang accession at 0.010 g cm-2 day-1. When potassium fertilizer was dosed, it was found that K0 and K240 had no discernible impact between 0 and 60 DAP. However, K120 had a higher plant growth rate than K0 and K240, and between 120 and 180 DAP, the dose of K120 fertilizer had a higher CGR value than the dose of fertilizer. 0; 180; and 240.  Shade and accession selection has an impact on the rate of plant growth. Better than those without shade are plants that receive shade. This is due to the fact that kencur grows better in shaded areas, and choosing accessions based on the suitability of the planting site is obviously necessary to get the best results.15 Accessions are widely dispersed throughout Indonesia, but for optimal growth and high rhizome yields, an area with the right agroecology is required. Under coconut tree stands, kencur rhizome plants can tolerate 40 to 50 percent shade.16 Red ginger's growth and yield were impacted by the use of paranet shade at shade intensities of 25 and higher, whereas Ernprit ginger thrived at 50% shade intensity.5 Generally speaking, the season will have an impact on the light intensity for each specific area. From dawn until noon, the amount of light gradually increases, and in the late afternoon, it gradually decreases.
 
Kencur Yield
Based on Table 4 the productivity of kencur planted in different shade, the yield of 50% shade illustrated the highest productivity of 25.49 t ha-1 or 15.88% greater than the 25% shade with a yield of 21.44 tons ha-1. When compared to Lumajang accessions, which had yields of 21.57 tons ha-1, Nganjuk accessions' productivity was 25.37 tons ha-1, or 14.97% more. Figure 2 illustrates the relationship between the fresh weight of the kencur rhizome at harvest and the fresh weight at 28 DAP, which is denoted by the regression value of R2 of 0.975. with the polynomial equation y = -0.0052x2 + 1.0614x - 4.4602. it can conclude that the final weight of rhizome at 28 DAP is greatly affected by the rhizome harvest weight.
The assessment of each accession of kencur's high and low productivity is aided by environmental changes that take place around cultivated plants. The interaction between genetic and environmental traits determines how a variety adapts.17 When potassium levels are low, the process of opening and closing stomata will be sluggish and respiration will be high, making plants more vulnerable to drought. Potassium also regulates the turgidity of plant cells. In the absence of K, photosynthesis and ATP production slow down, and all ATP-dependent chemical reactions become slower. Respiration in plants increases, which can also lead to stunted plant growth.6 When K requirements are met, ATP production can be optimized, respiration is low, and the photosynthesis process is optimal, shade can create the ideal environmental conditions for ginger plants. While ginger is required to move photosynthate from the ectoderm to the rhizome, potassium also aids in the movement of starch and carbohydrates.
Rhizome-producing plants like ginger need a lot of nutrients, especially N, P, and K, to produce optimal growth.18 In contrast to N and P, nutrient K is more widely absorbed by ginger plants, with an uptake ratio of 2.5: 1.0: 3.8. When given 400 kg ha-1 of K2O fertilizer, ginger plants can absorb up to 235 kg ha-1 of K at their highest rhizome production rate of 45.65 t ha-1.19 In addition to absorbing more K nutrients than N and P, temulawak plants also do so, particularly absorbing 221.34 kg ha-1 of K, 193.44 kg ha-1 of N, and 21.05 kg ha-1 of P.20 
 
Relationship of Potassium Fertilizer Dosage with Etil p-metoksisinamat (EPMC) Content 
In this study, the chemical content of kencur rhizome was analyzed, which is the content of ethyl p-methoxycinnamate (EPMC).                
Figure 3 illustrates the relationship between the dose of potassium fertilizer and the EPMC content of kencur rhizome of Nganjuk accession at 25% shade, R2 0.99 and at 25% shade, R2 0.98.  
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Figure 1: Kencur yields affect by shade, accession and potassium fertilizer
 
Table 1: Interaction of shade, accession, and potassium fertilizer on fresh weight of kencur rhizome at various ages of observation
 
	Treatment
	Rhizome Fresh Weight (g plant.-1)

	Storage Time (Days After Harvest)

	Harvest
	7
	14
	21
	28

	N25LMJK0
	15.17 (100%) 
	13.49 a (88.93%) 
	11.80 a (77.79%)
	10.85 a (71.40%)
	9.79 a (64.54%) 

	N25LMJK120
	22.74 (100%)
	21.03 d (92.88%) 
	19.89 def (87.47%)
	18.42 ef (82.01%)
	17.34 ef (77.62%)

	N25LMJK180
	17.66 (100%)
	16.00 ab (90.60%)
	15.20 bc (86.07%)
	14.66 bc (83.01%)
	13.40 bc (77.29%)

	N25LMJK240
	17.14 (100%)
	16.24 b (90.35%)
	14.84 b (86.58%)
	13.79 ab (80.46%)
	12.91 b (75.32%)

	N25NGJK0
	21.84 (100%)
	19.29 cd (88.32%)
	17.84 cde (81.68%)
	15.84 bcde (72.58%)
	15.57 cd (71.29%)

	N25NGJK120
	23.10 (100%)
	21.55 d (93.29%)
	20.85 f (90.26%)
	19.25 fg (83.33%)
	18.11 f (78.40%)

	N25NGJK180
	22.70 (100%)
	20.78 cd (91.54%)
	19.74 def (86.96%)
	17.86 def (80.79%)
	16.37 def (75.35%)

	N25NGJK240
	21.09 (100%)
	19.89 cd (94.31%)
	18.12 cdef (85.92%)
	16.87 cdef (79.99%)
	15.35 cd (72.78%)

	N50LMJK0
	20.19 (100%)
	18.20 bc (90.14%)
	17.23 bcd (85.34%)
	14.84 bcd (73.50%)
	13.70 bc (67.86%)

	N50LMJK120
	23.44 (100%)
	21.23 d (90.57%)
	20.67 ef (88.19%)
	19.43 fg (82.90%)
	17.85 ef (76.15%)

	N50LMJK180
	21.05 (100%)
	19.47 cd (92.49%)
	18.06 cdef (85.80%)
	17.45 def (82.90%)
	16.23 def (77.10%)

	N50LMJK240
	21.56 (100%)
	20.55 cd (95.32%)
	19.21 def (89.10%)
	17.53 def (81.31%)
	16.13 de (74.81%)

	N50NGJK0
	28.90 (100%)
	27.30 e (94.46%)
	24.92 g (86.23%)
	21.35 g (73.88%)
	20.76 g (71.83%)

	N50NGJK120
	36.23 (100%)
	34.46 f (94.46%)
	31.98 h (88.27%)
	29.84 i (82.36%)
	27.22 i (77.89%)

	N50NGJK180
	30.03 (100%)
	28.25 e (94.07%)
	26.67 g (88.81%)
	24.51 h (81.69%)
	22.69 gh (75.56%)

	N50NGJK240
	29.81 (100%)
	27.92 e (93.59%) 
	26.00 g (87.22%)
	25.68 h (82.79%)
	23.48 h (78.77%)

	LSD (5%)
	2.09
	2.65
	2.92
	2.77
	1.97


Description: Means followed by the same letter at the same row showed no significant difference based on LSD test at level 5%.
 
Table 2: Leaf area index (LAI) of kencur plants affect by shade, accession and potassium fertilizer treatment
 
	Shade
	Leaf Area Index at 6 Month After Planting

	K0
	K120
	K180
	K240

	 
	Lumajang Accession

	N25
	1.98 a
	2.69 cde
	2.36 b
	2.02 a

	N50
	2.71 cde
	3.40 h
	3.27 gh
	2.97 efg

	 
	Nganjuk Accession

	N25
	2.61 bcd
	2.92 def
	2.59 bc
	2.50 bc

	N50
	3.18 fgh
	3.47 h
	3.19 fgh
	3.27 gh

	LSD (5%)
	0.33


Description: Means followed by the same letter at the same row and column showed no significant difference based on LSD test at level 5%.
 
Table 3: Crop growth rate (CGR) affect by shade, accession and potassium fertilizer treatment
 
	Shade
	Crop Growth Rate  (g cm-2 day-1) at age- day

	0-60
	60-120
	120-180

	N25
	0.032 a
	0.023 ns
	0.010 ns

	N50
	0.036 b
	0.019 ns
	0.009 ns

	LSD (5%)
	0.0039
	ns
	ns

	Accesion
	0-60
	60-120
	120-180

	Lumajang
	0.0345 ns
	0.0222 ns
	0.008 a

	Nganjuk
	0.0337 ns
	0.0211 ns
	0.010 b

	LSD (5%)
	ns
	ns
	0.0008

	Potassium
	0-60
	60-120
	120-180

	K0
	0.0320 a
	0.0241 ns
	0.0078 a

	K120
	0.0359 b
	0.0209 ns
	0.0124 b

	K180
	0.0349 b
	0.0204 ns
	0.0091 a

	K240
	0.0336 a
	0.0211 ns
	0.0092 a

	LSD (5%)
	0.0026
	ns
	0.0019


Description: Means followed by the same letter at the same row showed no significant difference based on LSD test at level 5%.; ns: not signifiant difference based on LSD test at level 5%.
 
 
 
Figure 2: Relationship between kencur rhizome fresh weight at harvest time and rhizome fresh weight at 28 day after harvest
 
In Figure 3, the relationship between the dose of potassium fertilizer and the EPMC content of kencur rhizome of Lumajang accession at 25% shade, R2 is 0.99 and at 25% shade, R2 is 0.93. The quality of the chemical composition of the kencur rhizome can be impacted by the nutrients absorbed by kencur. The kencur plant contains essential oils in almost every part. The rhizome, which contains 2.4%–3.9% essential oil as well as cinnamal, aldehyde, p-cumaric motile acid, ethyl ester, and pentadecane, contains chemical compounds that have been extensively studied. According to other academic works, the rhizome of kencur contains the following compounds: cineol, paraeumarin, anisic acid, gum, starch (4.14%), and minerals (13.73%).21 In this study, the chemical composition of the kencur rhizome—specifically, the amount of ethyl p-methoxycinnamate (EPMC)—was examined. One of the key bioactives in kencur rhizome is EPMC. The bioactive content of the 12 East Javan kencur accessions' rhizomes was evaluated by Adianingsih et al.22; EPMC was found to be the most prevalent component. Subaryanti et al.23, also supported these findings. The highest bioactive plant content in kencur rhizome is EPMC. Due to their advantages as a fundamental component of sunscreen—which shields the skin from the sun's rays—EPMC compounds are frequently used as research materials. has antifungal, antibacterial, and asthmatic effects.24
Kencur plant has the potential to be a medicinal plant because it contains secondary metabolites that are produced when plants adapt to their surroundings or when they are under stress.23 According to a study by Karimi et al.25, variations in the secondary metabolite profile of plants are related to changes in geographical, climatic, and edaphic factors. Because plants depend on sunlight for photosynthesis, sunlight has an impact on the synthesis of secondary metabolites. This study demonstrates that the intensity of light radiation varies between 60.9 and 75.5%. Maheswarappa et al.'s study26 revealed that kencur plants shaded by coconut trees had an impact on the growth of kencur rhizomes. The shaded kencur plant contains a significant amount of nutrients.27 Carbohydrates produced as a result of photosynthesis are then processed to produce bioactive compounds.28 In addition to other environmental factors like soil chemical content, especially potassium and phosphorus content, kencur rhizome bioactive content will be greatly influenced by increasing humidity, which will stimulate the formation of secondary metabolites as a physiological defense mechanism.
 
 
 
Figure 3: Relationship of Potassium Fertilizer Dosage with etil p-metoksisinamat (EPMC) content in Lumajang Accession (1) and Nganjuk Accession (2) Kencur Rhizome at 25 and 50% Shade
 
Conclusion
The findings indicated that both accessions produced the best yields, reaching 25.49 t ha-1 when 50% shade (or 50% light intensity) was used. With a value of 25.37 t ha-1, the Nganjuk accession had higher yields than the Lumajang accession's 21.57 t ha-1. Both accessions displayed the highest EPMC content in the 50% shade treatment and the addition of potassium fertilizer at a dose of 240 kg ha-1, indicating that the amount of shade and the use of potassium fertilizer have an impact on the quality of the rhizomes.
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Table 4: Kencur yields affect by shade, accession and potassium fertilizer
 
	Shade
	Yield (t ha-1)

	N25
	21.44 a

	N50
	25.49 b

	LSD (5%)
	2.68

	Accession
	 

	Lumajang
	21.57 a

	Nganjuk
	25.37 b

	LSD (5%)
	0.92

	Potassium
	 

	K0
	21.10 a

	K120
	27.42 d

	K180
	23.79 c

	K240
	21.56 ab

	LSD (5%)
	1.19


Description: Means followed by the same letter at the same row and column showed no significant difference based on LSD test at level 5%.
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