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Abstract—This study was conducted to evaluate the effect of the combination of plant spacing and mulch 

application on upland rice (Oryza Sativa L.) variety INPAGO 13. The experiment was carried out using a 

Split Plot Design (RPT), with the main plots (PU) consisting of M0l (no mulch), M1 (straw mulch), and M2 

(Black-Silver Mulch), while the subplots (AP) included T1 (plant spacing 20l cm x 20l cm), T2 (plant spacing 

30l cm x 30l cm), and T3 (plant spacing 40l cm x 20l cm x 12.5 cm). The observed parameters included plant 

height, number of tillers per clump, number of leaves per clump, leaf area per clump, leaf area index (LAI), 

dry weight per clump, dry weight of rice grains per clump, dry weight of rice grains per m², rice yield per 

hectare, dry weight of 10l0l0l grains, albedo, soil temperature, and solar energy conversion efficiency. The 

results showed that both mulch application and plant spacing had a significant effect on growth and yield 

parameters. The application of black-silver mulch with a plant spacing of 40l cm x 20l cm x 12.5 cm generally 

improved plant growth. This study indicates that the combination of plant spacing and mulch application 

can enhance the yield of upland rice (Oryza Sativa L.) variety INPAGO 13. 
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I. INTRODUCTION 

Rice is one of the most important staple crops in Indonesia. 

The increasing population in Indonesia also impacts the 

demand for food, particularly rice. Therefore, improving 

rice productivity has become a priority in supporting food 

security. According to BPS (20l21), the national average rice 

productivity in 20l20l was 5.1 tons of milled dry paddy 

(GKG) per hectare, while in 20l21, it increased to 5.3 tons 

(GKG) per hectare. However, it is important to note that the 

annual increase in rice productivity is only 1.9% per year, 

while the national population continues to grow. This means 

that if this trend continues, the government will face a 

deficit in food production compared to population growth, 

as population growth far exceeds the productivity of staple 

crops, particularly rice. Climate change also significantly 

affects rice productivity. Climate change, through altered 

rainfall patterns, increased CO2 concentration in the 

atmosphere, and rising temperatures, affects rice 

productivity (Wang, Liu, and Shi, 20l23). According to Li 

(20l23), rice production is influenced by several 

meteorological factors such as temperature, rainfall, wind 

speed, and solar radiation. 

The development of upland rice cultivation on dry land is 

one strategic alternative to meet national food needs, 

considering the large potential of unused dry land in 

Indonesia. According to BPS (20l19), the total area of dry 

land in Indonesia is 63.4 million hectares, accounting for 

33.7% of the country's total land area. Of this, 8.8 million 

hectares are used for dryland farming, while 26.3 million 

hectares are used for mixed shrubs, and 18 million hectares 

are used for plantations, leaving 10l.3 million hectares that 

have yet to be fully utilized. Given this, the development of 

dryland rice farming through the application of technology 

seems more promising than the productivity of irrigated rice 
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fields, which have long relied on subsidies or other forms of 

assistance. According to Marwanti (20l22), the development 

of dryland rice based on technology is much more 

promising compared to the long-standing reliance on aid in 

various forms since the 1970ls. Upland rice (padi gogo) is 

one variety of rice cultivated on dry land. The 

underutilization of dryland is due to limited water 

availability and organic matter in the soil. 

Upland rice is an important genetic resource for rice 

diversity in Indonesia. There are several upland rice 

varieties available in Indonesia, such as Situbagendit, 

Inpago 9, Inpago 10l, Inpago 11, Inpago 12, and the most 

recent, Inpago 13. The production potential of Inpago 

varieties ranges from 6 to 10l tons per hectare, depending on 

the variety; however, in practice, the average production is 

only around 3 to 4 tons per hectare (Malik, 20l17). It is 

essential to understand that there are various constraints in 

upland rice cultivation on dry land that significantly impact 

productivity, such as the limited water availability and the 

dominance of weeds, which compete for nutrients and 

reduce plant growth, ultimately decreasing yield. 

Additionally, competition for nutrients due to the 

broadcasting planting system affects soil quality, making 

proper plant spacing crucial. Improper plant spacing not 

only increases nutrient competition but also reduces 

photosynthesis efficiency due to leaf coverage in rice plants. 

Mulch is a soil cover material used in crop cultivation. 

There are two types of mulch: inorganic and organic. 

Common organic mulches used by farmers include straw, 

palm oil empty fruit bunches, plant litter, leaves, and plastic 

mulches, such as black-silver plastic mulch (MPHP). The 

use of mulch aims to reduce irrigation needs by minimizing 

water evaporation from the soil, stabilize soil temperature, 

suppress weed growth (thus reducing weeding costs), 

prevent water and wind erosion, provide nutrients, protect 

the soil surface from raindrop impact, reduce surface runoff, 

and maintain soil moisture (Zhao et al., 20l23). In addition, 

plastic mulches, especially black-silver plastic mulch 

(MPHP), can reflect light, which is utilized by the plant in 

the photosynthesis process of the lower leaves. The use of 

mulch in upland rice farming is unconventional but can 

have positive effects on photosynthesis due to the light 

reflection produced by the black-silver plastic mulch. 

Furthermore, in upland rice cultivation, plant spacing must 

also be considered as it affects the plant's ability to capture 

solar energy. Research by Rhauf, Suryanto, and Nurlaili 

(20l22) showed that using three rice seedlings per hole with 

a 25x25 cm square planting layout resulted in the highest 

yield of 8.26 tons per hectare compared to other planting 

distance. 

This study is expected to provide useful information for 

upland rice farmers (Oryza Sativa L.) in improving rice 

production by managing the combination of plant spacing 

and mulch application. 

 

II. MATERIALS AND METHODS 

2.1 Time and place 

This research was conducted from July to December 2023. 

The experiment was carried out at the Experimental Farm 

of the Faculty of Agriculture, located in Jatimulyo, Malang, 

East Java. The elevation of the site is 507 meters above sea 

level, measured using Google Earth, with an air temperature 

ranging from 23°C to 25°C, and the soil type is Regosol. 

The annual rainfall is approximately 1,500 mm. 

2.2 Tools and materials 

The tools used in this study included an altimeter, a 

cultivator for land preparation, a LI-3100 Leaf Area Meter, 

bamboo, netting, writing materials, a digital scale (SF-400), 

a Memmert Oven (model 21037 FNR), and a smartphone 

camera. The materials used in the study included Inpago 13 

rice seeds, Urea (46% N), KCl, and Fertipos. Solar radiation 

intensity data were obtained from the nearest climatology 

station (±10 km), the Meteorology, Climatology, and 

Geophysics Agency (BMKG) Karangploso, Malang. 

2.3 Research methods 

The experiment was conducted using a Split Plot Design 

(RPT), with three replications. The main plots (PU) 

consisted of M0 (no mulch), M1 (straw mulch), and M2 

(Black-Silver Mulch), while the subplots (AP) included T1 

(plant spacing 20 cm x 20 cm), T2 (plant spacing 30 cm x 

30 cm), and T3 (plant spacing 40 cm x 20 cm x 12.5 cm). 

The combination of these treatments resulted in nine 

treatment combinations, each replicated three times.   

The observed parameters included plant height, number of 

tillers per clump, number of leaves per clump, leaf area per 

clump, leaf area index (LAI), dry weight per clump, dry 

weight of rice grains per clump, dry weight of rice grains 

per m², rice yield per hectare, dry weight of 1000 grains, 

albedo, soil temperature, and solar energy conversion 

efficiency.   

The efficiency of solar energy conversion (EKE) indicates 

the percentage of solar energy that can be converted into 

carbohydrate energy through photosynthesis in plant dry 

matter. The equation for EKE is as follows (Sinclair and 

Muchow, 1999; Suryanto, 2018): 

 

EKE =  
∆W. K

I. t. PAR
x100% 

Where: 

ΔW    = Difference in plant dry weight (g) per m² over a 

given time period 

K       = Heat combustion coefficient (4,000 cal.g⁻¹) 

I        = Daily solar radiation intensity (cal.m².day⁻¹) 
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t        = A specific time period (days) 

PAR = Photosynthetically Active Radiation (0.45) 

Weed observation was carried out using a square raffia cord 

measuring 25 cm x 25 cm in 4 plots. The weeds were then 

grouped by species, identified, and the following 

parameters were calculated: species density, relative species 

density, species frequency, relative species frequency, 

relative species dominance, species dominance, and the 

Important Value Index (IVI) using the formulas according 

to (Aryani, 2023): 

a.Density of a type (K) 

K = Σ individual type/Area of example tile 

b. Relative density of a type (KR) 

KR = K of a type/K All types x 100 % 

c. Frequency of a type (F) 

F = Σ Sub− tile found of type/Σ All sub−example tiles 

d. Relative frequency of a type (FR) 

FR = F of a type/ F of all types x 100% 

The plant frequency classes are: 

Class A : 0 -20% 

Class B : 21 - 40% 

Class C : 41 - 60% 

Class D : 61 - 80% 

Class E : 81 – 100 % 

e. Dominance of a type (D) 

D = Base field area of a type/Example tile area 

Base Area = π x ( rod diameter/2 )2 

f. Relative dominance of a type (DR) 

DR = D of a type/D of all types x 100% 

g. Important Value Index (INP) 

INP = KR + FR + DR 

Information: 

FR = Relative Frequency, 

KR = Relative Density, 

DR = Relative DominationDaltal alnallysis 

From the observaltion results thalt halve been obtalined, then 

alnallyzed using ALNOVAL in the form of al 5% level F test. If 

there alre reall results, then continued with the Smalllest Reall 

Difference (LSD) test. 

 

III.RESULTS 

3.1 The effect of mulch alpplicaltion alnd plalnt lalyout on the 

growth of ralinfed rice valriety Inpalgo 13. 

The effect of mulch alpplicaltion alnd plalnt spalcing on the 

growth of uplalnd rice (Oryzal Saltival) wals observed. In the 

trealtments with no mulch alnd stralw mulch, with plalnt 

spalcings of 20l cm x 20l cm, 30l cm x 30l cm, alnd 40l cm x 20l 

cm x 12.5 cm, no significalnt increalse in plalnt height wals 

observed. However, in the trealtment with blalck-silver 

mulch, plalnt heights alt plalnt spalcings of 30l cm x 30l cm alnd 

40l cm x 20l cm x 12.5 cm were significalntly talller compalred 

to the 20l cm x 20l cm spalcing. In the 20l cm x 20l cm plalnt 

spalcing trealtment, no significalnt increalse in plalnt height 

wals observed alcross the no mulch, stralw mulch, alnd blalck-

silver mulch trealtments. 

Talble1. Plalnt length due to trealtment of valrious types of mulch alnd plalnt lalyout alt 70l Dalys alfter plalnting (DALP) 

Trealtment 
Plalnt Length (Cm) 

BNJ 5% 
Without Mulch Stralw Mulch Blalck Silver Mulch 

20lcm x 20lcm 69.67 al 69.42 al 81.92 al 

23.79 

 AL AL AL 

30lcm x 30lcm 69.17 al 67.33 al 10l6.83 b 

 AL AL B 

40l cm x 20l cm x 12.5 cm 80l.67 al 80l.58 al 10l8.0l8 b 

 AL AL B 

BNJ 5% 10l.45  

Description: Numbers followed by different calpitall letters in the salme column alnd different non-calpitall letters in the salme row 

indicalte significalnt differences in the 5% HSD test. 
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In the trealtments with no mulch alnd stralw mulch alt plalnt 

spalcings of 20l cm x 20l cm, 30l cm x 30l cm, alnd 40l cm x 20l 

cm x 12.5 cm, there wals no significalnt increalse in the 

number of tillers per clump. However, in the trealtment with 

blalck-silver mulch alt al plalnt spalcing of 40l cm x 20l cm x 

12.5 cm, the number of tillers per clump wals higher 

compalred to the 20l cm x 20l cm plalnt spalcing. In the 20l cm 

x 20l cm plalnt spalcing trealtment, there wals no significalnt 

increalse in the number of tillers per clump alcross the no 

mulch, stralw mulch, alnd blalck-silver mulch trealtments. In 

contralst, alt plalnt spalcings of 30l cm x 30l cm alnd 40l cm x 20l 

cm x 12.5 cm, the blalck-silver mulch trealtment resulted in 

al higher number of tillers per clump compalred to the no 

mulch alnd stralw mulch trealtments. 

Talble 2. Number of shoots per clump due to trealtment with valrious types of mulch alnd plalnt lalyout 

Trealtment 
Number of Tillers Per Clump (taln-1) BNJ 

5% Without Mulch Stralw Mulch Blalck Silver Mulch 

20lcm x 20lcm 30l.25 al 31.92 al 30l.75 al 

7.76 

 AL AL AL 

30lcm x 30lcm 26.33 al 27.0l0l al 38.0l0l b 

 AL AL ALB 

40l cm x 20l cm x 12.5 cm 30l.50l al 32.17 al 42.17 b 

 AL AL B 

BNJ 5% 7.76  

Description: Numbers followed by different calpitall letters in the salme column alnd different non-calpitall letters in the salme row 

indicalte significalnt differences in the 5% HSD test. 

 

The trealtments with no mulch alnd stralw mulch alt plalnt 

spalcings of 20l cm x 20l cm, 30l cm x 30l cm, alnd 40l cm x 20l 

cm x 12.5 cm did not significalntly increalse the number of 

lealves per clump. However, the trealtment with blalck-silver 

mulch alt al plalnt spalcing of 40l cm x 20l cm x 12.5 cm 

resulted in al higher number of lealves per clump compalred 

to the 20l cm x 20l cm plalnt spalcing. In the 20l cm x 20l cm 

plalnt spalcing trealtment, no significalnt increalse in the 

number of lealves per clump wals observed alcross the no 

mulch, stralw mulch, alnd blalck-silver mulch trealtments. In 

contralst, alt plalnt spalcings of 30l cm x 30l cm alnd 40l cm x 20l 

cm x 12.5 cm, the blalck-silver mulch trealtment resulted in 

al higher number of lealves per clump compalred to the no 

mulch alnd stralw mulch trealtment.

Talble 3. Number of lealves per clump due to valrious types of mulch trealtment alnd plalnt lalyout alt 70l Dalys alfter 

plalnting(DALP) 

Trealtment 
Number of Lealves Per Clump (stralnds.taln-1) BNJ 

5% Without Mulch Stralw Mulch Blalck Silver Mulch 

20lcm x 20lcm 89.75 al 95.75 al 92.25 al 

15.45 

 AL AL AL 

30lcm x 30lcm 79 al 81 al 114 b 

 AL AL ALB 

40l cm x 20l cm x 12.5 cm 91.5 al 96.5 al 126.5 b 

 AL AL B 

BNJ 5% 23.53  

Description: Numbers followed by different calpitall letters in the salme column alnd different non-calpitall letters in the salme row 

indicalte significalnt differences in the 5% HSD test. 

 

The trealtment with no mulch alt plalnt spalcings of 20l cm x 

20l cm, 30l cm x 30l cm, alnd 40l cm x 20l cm x 12.5 cm did 

not significalntly increalse the lealf alreal index (LALI). 

However, the stralw mulch trealtment alt al plalnt spalcing of 40l 

cm x 20l cm x 12.5 cm significalntly increalsed the LALI 

compalred to the 30l cm x 30l cm plalnt spalcing. The blalck-
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silver mulch trealtment significalntly increalsed the LALI, with 

the 40l cm x 20l cm x 12.5 cm spalcing showing the highest 

LALI compalred to the 20l cm x 20l cm alnd 30l cm x 30l cm 

spalcings. 

ALt the 20l cm x 20l cm alnd 30l cm x 30l cm plalnt spalcings, 

the trealtments with no mulch, stralw mulch, alnd blalck-silver 

mulch did not significalntly increalse the LALI. However, alt 

the 40l cm x 20l cm x 12.5 cm plalnt spalcing, the trealtments 

with no mulch, stralw mulch, alnd blalck-silver mulch alll 

significalntly increalsed the LALI, with the blalck-silver mulch 

trealtment showing the highest LALI compalred to the no 

mulch alnd stralw mulch trealtment.

Talble 4. Lealf ALreal Index (LAI) due to valrious types of mulch alnd plalnt lalyout trealtments 

Trealtment 
Lealf ALreal Index (m2m-2) BNJ 

5% Without Mulch Stralw Mulch Blalck Silver Mulch 

20lcm x 20lcm 1.92 al 3.13 al 3.61 al 

2.16 

 AL ALB B 

30lcm x 30lcm 0l.71 al 1.33 al 1.73 al 

 AL AL AL 

40l cm x 20l cm x 12.5 cm 2.3 al 4.31 al 6.92 b 

 AL B C 

BNJ 5% 1.86  

Description: Numbers followed by different calpitall letters in the salme column alnd different non-calpitall letters in the salme row 

indicalte significalnt differences in the 5% HSD test. 

 

The trealtment with no mulch showed al significalnt effect, 

where plalnt spalcings of 40l cm x 20l cm x 12.5 cm alnd 30l 

cm x 30l cm resulted in the highest dry weight per clump 

compalred to the 20l cm x 20l cm plalnt spalcing. The stralw 

mulch alnd blalck-silver mulch trealtments allso showed 

significalnt effects on the dry weight per clump, with the 40l 

cm x 20l cm x 12.5 cm plalnt spalcing resulting in the highest 

dry weight per clump compalred to the 20l cm x 20l cm alnd 

30l cm x 30l cm plalnt spalcings. 

For the 20l cm x 20l cm alnd 30l cm x 30l cm plalnt spalcings, 

the trealtments with no mulch, stralw mulch, alnd blalck-silver 

mulch did not show significalnt differences in the dry weight  

per clump. However, alt the 40l cm x 20l cm x 12.5 cm plalnt 

spalcing, the blalck-silver mulch trealtment showed al 

significalnt difference in dry weight per clump compalred to 

the no mulch alnd stralw mulch trealtments. 

Talble 5.Plalnt Dry Weight Per Clumpdue to the trealtment of valrious types of mulch alnd plalnt lalyout 

Trealtment 
Dry Weight of Plalnts Per Clump (g.taln-1) BNJ 

5% Without Mulch Stralw Mulch Blalck Silver Mulch 

20lcm x 20lcm 91.0l8 al 10l7.83 al 118.33 al 

44.37 

 AL AL AL 

30lcm x 30lcm 112.58 al 10l6.83 al 134.75 al 

 B AL AL 

40l cm x 20l cm x 12.5 cm 116.58 al 128.92 alb 169.33 b 

 B B B 

BNJ 5% 20l.82  

Description: Numbers followed by different calpitall letters in the salme column alnd different non-calpitall letters in the salme row 

indicalte significalnt differences in the 5% HSD test. 

 

3.2 The Effect of Mulch Application and Plant Layout on 

the Yield of Rainfed Rice Variety Inpalgo 13 

In the trealtment with no mulch, plalnt spalcings of 40l cm x 

20l cm x 12.5 cm alnd 30l cm x 30l cm hald significalntly higher 

milling dry gralin weight per clump compalred to the 20l cm 
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x 20l cm spalcing. For the blalck-silver mulch alnd stralw 

mulch trealtments, the 30l cm x 30l cm plalnt spalcing resulted 

in significalntly higher milling dry gralin weight per clump 

compalred to the 20l cm x 20l cm alnd 40l cm x 20l cm x 12.5 

cm spalcings. 

For the 20l cm x 20l cm plalnt spalcing, trealtments with no 

mulch, stralw mulch, alnd blalck-silver mulch did not 

significalntly increalse the milling dry gralin weight per 

clump. ALt the 30l cm x 30l cm spalcing, the alpplicaltion of 

stralw mulch alnd blalck-silver mulch resulted in al 

significalntly higher milling dry gralin weight per clump 

compalred to the no mulch trealtment. ALt the 40l cm x 20l cm 

x 12.5 cm spalcing, the alpplicaltion of no mulch, stralw 

mulch, alnd blalck-silver mulch increalsed the milling dry 

gralin weight per clump, with the no mulch alnd blalck-silver 

mulch trealtments resulting in the healviest milling dry gralin 

weight compalred to the stralw mulch trealtment. 

In the trealtment with no mulch, no significalnt increalse in 

milling dry gralin weight per m² wals observed for plalnt 

spalcings of 20l cm x 20l cm, 30l cm x 30l cm, alnd 40l cm x 20l 

cm x 12.5 cm. However, the stralw mulch trealtment alt the 

40l cm x 20l cm x 12.5 cm spalcing resulted in al higher 

milling dry gralin weight per m² compalred to the 20l cm x 20l 

cm spalcing. The blalck-silver mulch trealtment significalntly 

increalsed milling dry gralin weight per m², with the 40l cm x 

20l cm x 12.5 cm spalcing producing the healviest milling dry 

gralin weight per m² compalred to the 20l cm x 20l cm alnd 30l 

cm x 30l cm spalcings. 

For the 20l cm x 20l cm plalnt spalcing, the alpplicaltion of no 

mulch, stralw mulch, alnd blalck-silver mulch did not 

significalntly increalse milling dry gralin weight per m². ALt 

the 30l cm x 30l cm spalcing, the blalck-silver mulch trealtment 

showed al significalnt result, where blalck-silver mulch wals 

healvier compalred to no mulch alnd stralw mulch trealtments 

for milling dry gralin weight per m². ALt the 40l cm x 20l cm x 

12.5 cm spalcing, the blalck-silver mulch trealtment 

significalntly increalsed milling dry gralin weight per m², with 

blalck-silver mulch resulting in the healviest milling dry 

gralin weight per m² compalred to the no mulch alnd stralw 

mulch trealtments. 

In the trealtment with no mulch, plalnt spalcings of 20l cm x 

20l cm, 30l cm x 30l cm, alnd 40l cm x 20l cm x 12.5 cm did 

not significalntly increalse milling dry gralin weight per 

hectalre. For the stralw mulch trealtment alt the 40l cm x 20l cm 

x 12.5 cm spalcing, the milling dry gralin weight per hectalre 

wals higher compalred to the 20l cm x 20l cm spalcing. 

Similalrly, the blalck-silver mulch trealtment alt the 40l cm x 

20l cm x 12.5 cm spalcing showed significalnt results, where 

this spalcing produced the healviest milling dry gralin weight 

per hectalre compalred to the 20l cm x 20l cm alnd 30l cm x 30l 

cm spalcings. 

For the 20l cm x 20l cm plalnt spalcing, the alpplicaltion of no 

mulch, stralw mulch, alnd blalck-silver mulch did not 

significalntly increalse milling dry gralin weight per hectalre. 

ALt the 30l cm x 30l cm spalcing, the alpplicaltion of blalck-

silver mulch resulted in al significalntly healvier milling dry 

gralin weight per hectalre compalred to the no mulch alnd 

stralw mulch trealtments. ALt the 40l cm x 20l cm x 12.5 cm 

spalcing, the blalck-silver mulch trealtment significalntly 

increalsed milling dry gralin weight per hectalre, with blalck-

silver mulch resulting in the healviest milling dry gralin 

weight per hectalre compalred to no mulch alnd stralw mulch 

trealtments. 

In the trealtment with no mulch, plalnt spalcings of 20l cm x 

20l cm alnd 40l cm x 20l cm x 12.5 cm hald significalntly 

healvier 10l0l0l-gralin weight compalred to the 30l cm x 30l cm 

spalcing. For the stralw mulch trealtment, plalnt spalcings of 20l 

cm x 20l cm, 30l cm x 30l cm, alnd 40l cm x 20l cm x 12.5 cm 

hald no significalnt effect on 10l0l0l-gralin weight. However, in 

the blalck-silver mulch trealtment, the 40l cm x 20l cm x 12.5 

cm spalcing significalntly increalsed the 10l0l0l-gralin weight, 

with this spalcing halving the healviest 10l0l0l-gralin weight 

compalred to the 20l cm x 20l cm spalcing. 

For the 20l cm x 20l cm alnd 40l cm x 20l cm x 12.5 cm plalnt 

spalcings, the alpplicaltion of no mulch, stralw mulch, alnd 

blalck-silver mulch did not result in significalnt differences 

in 10l0l0l-gralin weight. However, alt the 30l cm x 30l cm 

spalcing, the alpplicaltion of blalck-silver mulch showed al 

significalnt result, where blalck-silver mulch produced al 

significalntly healvier 10l0l0l-gralin weight compalred to the no 

mulch alnd stralw mulch treatments. 

In the no mulch trealtment with plalnt spalcings of 20l cm x 20l 

cm, 30l cm x 30l cm, alnd 40l cm x 20l cm x 12.5 cm, there 

wals no significalnt effect on the allbedo vallue alt 110l dalys 

alfter plalnting (DALP). The stralw mulch trealtment alt the 40l 

cm x 20l cm x 12.5 cm plalnt spalcing significalntly increalsed 

the allbedo vallue alt 110l DALP compalred to the 20l cm x 20l 

cm plalnt spalcing, while the blalck-silver mulch trealtment alt 

both the 40l cm x 20l cm x 12.5 cm alnd 30l cm x 30l cm plalnt 

spalcings significalntly increalsed the allbedo vallue. The 40l 

cm x 20l cm x 12.5 cm alnd 30l cm x 30l cm spalcings resulted 

in the highest allbedo vallues alt 110l DALP compalred to the 20l 

cm x 20l cm spalcing. 

For the plalnt spalcings of 20l cm x 20l cm, 40l cm x 20l cm x 

12.5 cm, alnd 30l cm x 30l cm, the alpplicaltion of no mulch, 

stralw mulch, alnd blalck-silver mulch hald al significalnt 

effect. The blalck-silver mulch trealtment alt the plalnt 

spalcings of 20l cm x 20l cm, 30l cm x 30l cm, alnd 40l cm x 

20l cm x 12.5 cm showed the highest allbedo vallues alt 110l 

DALP compalred to both the stralw mulch alnd no mulch 

trealtments. 
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Talble 6. Dry Milled Gralin Per Clump, Per M2, Per Hal alnd Weight of 10l0l0l Gralins of Gralindue to the trealtment of valrious 

types of mulch alnd plalnt lalyout 

Trealtment 
Milled Dry Gralin Per Clump (g.taln-1) BNJ 

5% Without Mulch Stralw Mulch Blalck Silver Mulch 

20lcm x 20lcm 23.6 al 25.67 al 30l.26 al 

15.67 

 AL AL AL 

30lcm x 30lcm 64.95 al 82.0l3 b 90l.31 b 

 B C C 

40l cm x 20l cm x 12.5 cm 68.59 b 47.58 al 60l.31 b 

 B B B 

BNJ 5% 11.0l0l  

Trealtment Dry Milled Palddy Per M2 (g.m2) 
BNJ 

5% 

 Without Mulch Stralw Mulch Blalck Silver Mulch  

20lcm x 20lcm 589.92 al 641.83 al 756.42 al 

20l3.65 

 AL AL AL 

30lcm x 30lcm 584.58 al 738.25 alb 812.75 b 

 AL ALB AL 

40l cm x 20l cm x 12.5 cm 640l.0l0l al 761.33 al 965 c 

 AL B B 

BNJ 5% 98.79  

Trealtment Milled Dry Gralin Per hal (ton.hal-1) 
BNJ 

5% 

 Without Mulch Stralw Mulch Blalck Silver Mulch  

20lcm x 20lcm 5.90l al 6.42 al 7.56 al 

2.0l4 

 AL AL AL 

30lcm x 30lcm 5.85 al 7.38 alb 8.13 b 

 AL ALB AL 

40l cm x 20l cm x 12.5 cm 6.40l al 7.61 al 9.65 c 

 AL B B 

BNJ 5% 0l.99  

Trealtment Weight of 10l0l0l Gralins of Palddy (g) 
BNJ 

5% 

 Without Mulch Stralw Mulch Blalck Silver Mulch  

20lcm x 20lcm 23.82 al 24.7 al 24.64 al 

5.0l1 

 B AL AL 

30lcm x 30lcm 21.11 al 23.5 alb 26.23 b 

 AL AL ALB 

40l cm x 20l cm x 12.5 cm 23.43 al 24.12 al 27.43 al 

 B AL B 

BNJ 5% 2.28  

Description: Numbers followed by different calpitall letters in the salme column alnd different non-calpitall letters in the salme row 

indicalte significalnt differences in the 5% HSD test. 
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Talble 7.ALlbedo 110l Dalys alfter plalnting (DALP) due to the trealtment of valrious types of mulch alnd plalnt lalyout 

Trealtment 
ALlbedo 110l Hst BNJ 

5% Without Mulch Stralw Mulch Blalck Silver Mulch 

20lcm x 20lcm 2.44 al 3.16 b 10l.0l3 c 

0l.50l 

 AL AL AL 

30lcm x 30lcm 2.6 al 3.41 b 11.56 c 

 AL ALB B 

40l cm x 20l cm x 12.5 cm 2.66 al 3.55 b 11.4 c 

 AL B B 

BNJ 5% 0l.30l  

Description: Numbers followed by different calpitall letters in the salme column alnd different non-calpitall letters in the salme row 

indicalte significalnt differences in the 5% HSD test. 

 

In the no mulch trealtment with plalnt spalcings of 20l cm x 20l 

cm, 30l cm x 30l cm, alnd 40l cm x 20l cm x 12.5 cm, 

significalnt effects on temperalture chalnges were observed alt 

60l dalys alfter plalnting (DALP) alt 13:0l0l WIB, where the no 

mulch trealtment alt the 30l cm x 30l cm spalcing showed 

higher temperaltures compalred to the 20l cm x 20l cm 

spalcing. The stralw mulch trealtment alt the 20l cm x 20l cm, 

30l cm x 30l cm, alnd 40l cm x 20l cm x 12.5 cm plalnt spalcings 

did not significalntly alffect the temperalture chalnge alt 60l 

DALP alt 13:0l0l WIB. The blalck-silver mulch trealtment alt the 

30l cm x 30l cm spalcing significalntly resulted in higher 

temperaltures compalred to the 20l cm x 20l cm alnd 40l cm x 

20l cm x 12.5 cm spalcings. 

For the plalnt spalcings of 20l cm x 20l cm, 30l cm x 30l cm, 

alnd 40l cm x 20l cm x 12.5 cm, the alpplicaltion of no mulch, 

stralw mulch, alnd blalck-silver mulch showed significalnt 

effects, with the blalck-silver mulch trealtment alt the 20l cm 

x 20l cm spalcing resulting in the lowest temperalture 

compalred to the no mulch trealtment. ALt the 30l cm x 30l cm 

plalnt spalcing, the alpplicaltion of stralw mulch alnd blalck-

silver mulch significalntly resulted in lower temperaltures 

compalred to the no mulch trealtment. ALt the 40l cm x 20l cm 

x 12.5 cm plalnt spalcing, the blalck-silver mulch trealtment 

significalntly resulted in lower soil temperaltures compalred 

to the no mulch alnd stralw mulch trealtments.

Talble 8. Soil Temperalture 60l Dalys alfter plalnting (DALP) alt 13:0l0l WIB due to valrious types of mulch alnd plalnt lalyout 

Trealtment 
Temperalture 60l Hst 13:0l0l(o C) BNJ 

5% Without Mulch Stralw Mulch Blalck Silver Mulch 

20lcm x 20lcm 28.25b 28.0l1alb 27.2al 

0l.87 

 AL AL B 

30lcm x 30lcm 29.57b 28.16al 28.42al 

 B AL C 

40l cm x 20l cm x 12.5 cm 28.8c 27.79b 26.0l5al 

 ALB AL AL 

BNJ 5% 0l.91  

Description: Numbers followed by different calpitall letters in the salme column alnd different non-calpitall letters in the salme row 

indicalte significalnt differences in the 5% HSD test. 

In the no mulch alnd stralw mulch trealtments with plalnt 

spalcings of 30l cm x 30l cm alnd 40l cm x 20l cm x 12.5 cm, 

significalnt increalses in solalr energy conversion efficiency 

(ECE) were observed, with the no mulch alnd stralw mulch 

trealtments alt the 30l cm x 30l cm plalnt spalcing showing 

lower ECE vallues compalred to the 20l cm x 20l cm plalnt 

spalcing. In contralst, the blalck-silver mulch trealtment alt the 

20l cm x 20l cm alnd 40l cm x 20l cm x 12.5 cm plalnt spalcings 

exhibited higher solalr energy conversion efficiency (ECE) 

compalred to the blalck-silver mulch trealtment alt the 30l cm 

x 30l cm spalcing. 

ALt the 20l cm x 20l cm alnd 40l cm x 20l cm x 12.5 cm plalnt 

spalcings, the alpplicaltion of no mulch, stralw mulch, alnd 

blalck-silver mulch showed significalnt differences in solalr 

energy conversion efficiency (ECE), with the blalck-silver 

mulch trealtment alt both plalnt spalcings resulting in the 

https://dx.doi.org/10.22161/ijeab.96.19


Qadri et al.                             Optimization of Mulching and Plant Spacing on the Improvement of Productivity in Upland Rice 

(Oryza sativa L.) variety INPAGO 13 

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 

https://dx.doi.org/10.22161/ijeab.96.19                                                                                                                                               150 

highest ECE vallues compalred to the no mulch alnd stralw 

mulch trealtments. However, alt the 30l cm x 30l cm plalnt 

spalcing, no significalnt differences in ECE were observed 

between the no mulch, stralw mulch, alnd blalck-silver mulch 

trealtments.

Talble 9.Energy Conversion Efficiency (ECE) due to the trealtment of valrious types of mulch alnd plalnt lalyout 

Trealtment 
Energy Conversion Efficiency (ECE) BNJ 

5% Without Mulch Stralw Mulch Blalck Silver Mulch 

20lcm x 20lcm 3.56 al 4.22 alb 4.63 b 

1.0l4 

 C C B 

30lcm x 30lcm 1.59 al 1.5 al 1.9 al 

 AL AL AL 

40l cm x 20l cm x 12.5 cm 2.92 al 3.23 alb 4.24 b 

 B B B 

BNJ 5% 0l.56  

Description: Numbers followed by different calpitall letters in the salme column alnd different non-calpitall letters in the salme row 

indicalte significalnt differences in the 5% HSD test. 

 

Balsed on Talble 10l, the Summed Dominaltion Raltio (SDR) 

percentalge of weeds alt 14 dalys alfter sowing (DALS), the 

highest Summed Dominaltion Raltio (SDR) percentalge wals 

observed in the species (Ipomoeal purpureal) under the no 

mulch alnd stralw mulch trealtments with plalnt spalcings of 20l 

cm x 20l cm, 30l cm x 30l cm, alnd 40l cm x 20l cm x 12.5 cm. 

The lowest percentalge wals observed in the species 

(ALsclepials incalrnaltal L).

Talble 10l.Summed Dominalnce Raltio (SDR)on 14 DALP due to the trealtment of valrious types of mulch alnd plalnt lalyout 

Summed Dominalnce Raltio (SDR) 

Species 
Relaltive Density 

(%) 

Relaltive Frequency 

(%) 

Relaltive 

Dominalnce (%) 
SDR (%) 

Euphorbial hirtal 6.86 16.67 17.53 13.69 

ALnnuall Bluegralss 3.92 16.67 13.25 11.28 

Cyperus Esculentus 25.49 50l.0l0l 6.25 27.25 

Haliry Cralbgralss 13.73 50l.0l0l 5.23 22.99 

Ipomoeal Purpureal 23.53 83.33 11.18 39.35 

Palnicum Dichotomiflorum 12.75 33.33 12.6 19.56 

ALsclepials Incalrnaltal L. 2.94 16.67 8.25 9.29 

Diplocyclos Pallmaltus 10l.78 66.67 5.54 27.66 

 

Balsed on Talble 11, the Summed Dominaltion Raltio (SDR) 

percentalge of weeds alt 28 dalys alfter sowing (DALS), the 

highest SDR percentalge wals observed in the species 

(Ipomoeal purpureal) under the no mulch alnd stralw mulch 

trealtments with plalnt spalcings of 20l cm x 20l cm, 30l cm x 

30l cm, alnd 40l cm x 20l cm x 12.5 cm. The lowest percentalge 

wals observed in the species (ALsclepials incalrnaltal L.). 

Balsed on Talble 12, the Summed Dominaltion Raltio (SDR) 

percentalge of weeds alt 42 dalys alfter sowing (DALS), the 

highest SDR percentalge wals observed in the species 

(Ipomoeal purpureal) under the no mulch alnd stralw mulch 

trealtments with plalnt spalcings of 20l cm x 20l cm, 30l cm x 

30l cm, alnd 40l cm x 20l cm x 12.5 cm. The lowest percentalge 

wals observed in the species (ALsclepials incalrnaltal). 
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Talble 11. Summed Dominaltion Raltio (SDR) on 28 DALP due to the trealtment of valrious types of mulch alnd plalnt lalyout 

Summed Dominalnce Raltio(SDR) 

Species 
Relaltive Density 

(%) 

Relaltive Frequency 

(%) 

Relaltive 

Dominalnce (%) 
SDR (%) 

Euphorbial hirtal 6.71 16.67 13.69 12.35 

ALnnuall Bluegralss 4.0l3 16.67 11.28 10l.66 

Cyperus Esculentus 25.50l 50l.0l0l 27.25 34.25 

Haliry Cralbgralss 13.42 50l.0l0l 22.99 28.80l 

Ipomoeal Purpureal 25.50l 83.33 39.35 49.39 

Palnicum Dichotomiflorum 12.0l8 33.33 19.56 21.66 

ALsclepials Incalrnaltal L. 2.68 16.67 9.29 9.55 

Diplocyclos Pallmaltus 10l.0l7 66.67 27.66 34.80l 

 

Talble 12. Summed Dominaltion Raltio (SDR) on 42 DALP due to the trealtment of valrious types of mulch alnd plalnt lalyout 

Summed Dominalnce Raltio(SDR) 

Species 
Relaltive Density 

(%) 

Relaltive 

Frequency (%) 

Relaltive 

Dominalnce (%) 
SDR (%) 

Euphorbial hirtal 5.67 16.67 13.69 12.0l1 

ALnnuall Bluegralss 4.53 16.67 11.28 10l.83 

Cyperus Esculentus 24.0l8 50l.0l0l 27.25 33.78 

Haliry Cralbgralss 14.45 50l.0l0l 22.99 29.14 

Ipomoeal Purpureal 25.21 83.33 39.35 49.30l 

Palnicum Dichotomiflorum 11.33 33.33 19.56 21.41 

ALsclepials Incalrnaltal L. 2.83 16.67 9.29 9.60l 

Diplocyclos Pallmaltus 11.90l 66.67 27.66 35.41 

IV. DISCUSSION 

4.1 ALpplicaltion of Mulch alnd Plalnt Spalcing on the Growth 

of INPALGO 13 Ralinfed Rice 

The growth of rice plalnts, palrticulalrly the INPALGO 13 

ralinfed rice valriety, caln be observed during the vegetaltive 

phalse by monitoring the increalse in cell number, which 

results in chalnges in plalnt size. During the vegetaltive phalse, 

rice plalnts require severall falctors to grow optimallly. 

Optimizing rice growth caln be alchieved through mulch 

alpplicaltion alnd proper plalnt spalcing alrralngements. Ralinfed 

rice plalnts often falce challlenges in suppressing weed 

growth, als weeds tend to thrive in alreals with physicall alnd 

chemicall conditions similalr to those required by rice plalnts. 

Weeds generallly grow well in moist soil, walrm 

temperaltures, alnd aldequalte sunlight, which alre allso ideall 

conditions for rice growth. Therefore, effective weed 

control straltegies alre essentiall for improving ralinfed rice 

productivity. 

Weed observaltions shown in Talbles 10l to 12 indicalte thalt 

the alpplicaltion of silver-blalck mulch did not result in 

significalnt weed growth, unlike stralw mulch alnd no mulch 

trealtments. Overalll, it caln be concluded thalt the use of 

mulch helps suppress weed growth. Weeds in stralw mulch 

trealtments were calused by the relaltively thin stralw lalyer 

alnd the influence of strong winds, which crealted galps where 

weeds could grow. The alpplicaltion of stralw mulch alnd 

silver-blalck mulch, on the other halnd, differs in terms of the 

light walvelengths reflected. Observaltions of weeds alt 14, 

28, alnd 42 dalys alfter sowing (DALS) showed dominalnce of 

species Cyperus esculentus alnd Ipomoeal purpureal. Mulch 

allso plalys al role in controlling weeds alnd improving 

nutrient alvalilalbility, both of which contribute to aln increalse 

in the number of tillers alnd lealves (Osmaln et all., 20l20l). The 

increalse in the number of tillers alnd lealves in INPALGO 13 

rice plalnts with silver-blalck mulch caln allso be explalined 

through physiologicall mechalnisms. Studies halve shown 

thalt mulch caln enhalnce photosynthesis alnd light-use 
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efficiency, which alre importalnt for biomalss production 

(Doni et all., 20l14). Thus, the use of silver-blalck mulch not 

only increalses plalnt height but allso improves the plalnt's 

albility to produce tillers alnd lealves, which alre key 

indicaltors of potentiall rice yield (ALfrin et all., 20l17). 

Overalll, this study suggests thalt alpplying silver-blalck 

mulch in the cultivaltion of INPALGO 13 ralinfed rice caln be 

aln effective straltegy to enhalnce plalnt growth alnd yield. 

Ralinfed rice is typicallly plalnted with relaltively tight 

spalcing to minimize the spalce alvalilalble for weeds to grow 

between plalnts, thus requiring optimizaltion of plalnt 

spalcing, which allso impalcts productivity. However, overly 

dense plalnting caln negaltively alffect rice plalnt growth, als 

competition for light, walter, alnd nutrients intensifies. 

Therefore, it is cruciall to optimize plalnt spalcing to not only 

reduce weed growth but allso improve ralinfed rice 

productivity. ALdditionallly, the use of superior valrieties 

resistalnt to biotic alnd albiotic stresses caln allso contribute to 

weed control alnd increalsed yield. 

In generall, weed control in ralinfed rice cultivaltion requires 

al holistic alpproalch, which includes selecting the 

alpproprialte valriety, optimizing plalnt spalcing, alnd alpplying 

good lalnd malnalgement pralctices. By doing so, the 

productivity of ralinfed rice caln be significalntly improved, 

which in turn will support food security in alreals dependent 

on rice als al primalry calrbohydralte source. 

The results of this study show thalt the plalnt height of 

INPALGO 13 rice (Talble 1) with the silver-blalck mulch 

trealtment wals higher thaln the no mulch alnd stralw mulch 

trealtments. ALs for the number of tillers (Talble 2) alnd lealves 

(Talble 3), the silver-blalck mulch trealtment significalntly 

increalsed both the number of tillers alnd lealves in the 

INPALGO 13 rice plalnts. The effect of mulch on the growth 

of INPALGO 13 rice plalnts indicaltes thalt the use of silver-

blalck mulch caln significalntly enhalnce plalnt height, the 

number of tillers, alnd the number of lealves compalred to no 

mulch alnd stralw mulch trealtments. This alligns with 

findings thalt show mulch caln improve microclimalte 

conditions, thereby meeting the light requirements of plalnts 

alnd supporting better vegetaltive growth (Hidalyalt et all., 

20l19; Regmi et all., 20l21). 

In the context of plalnt growth, silver-blalck mulch helps 

regulalte soil moisture alnd temperalture, als shown in Talble 

8, which is cruciall for ealrly plalnt growth. Resealrch 

indicaltes thalt mulch caln reduce irrigaltion needs alnd 

improve microclimalte conditions, which contribute to 

enhalnced plalnt growth (Kalrki et all., 20l20l). The use of 

mulch not only reduces irrigaltion requirements but allso 

improves the microclimalte alround the plalnts, contributing 

to better plalnt growth (Lin et all., 20l23). By reducing 

excessive soil temperalture, silver-blalck mulch crealtes al 

better environment for root growth alnd the albsorption of 

walter alnd nutrients, which in turn supports optimall plalnt 

growth (Ryaln et all., 20l21). 

ALt noon, 13:0l0l WIB, when sunlight intensity is alt its pealk, 

the effect of mulch, especiallly silver-blalck mulch thalt 

reflects light, on soil temperalture becomes more evident, als 

soil exposed to direct sunlight healts up more quickly. ALt 60l 

DALS, the plalnts alre lalrger alnd more developed with more 

lealves, which caln increalse shalde alnd interalction with 

sunlight. ALt this stalge, the plalnts caln block most of the 

sunlight, palrticulalrly during the pealk sunlight hours of 

13:0l0l WIB. This maly alccentualte the temperalture 

differences more thaln alt younger stalges (30l DALS) or older 

stalges (90l DALS), when plalnts might begin to reduce 

photosynthetic alctivity als they alpproalch the reproductive 

phalse. 

Overalll, the alpplicaltion of silver-blalck mulch alnd optimall 

plalnt spalcing is aln importalnt straltegy for enhalncing the 

growth of ralinfed rice. Further resealrch is needed to explore 

the interalctions between mulch usalge alnd plalnt spalcing in 

al broalder context, als well als to understalnd the mechalnisms 

underlying the impalct of mulch on microclimalte conditions 

alnd plalnt growth. 

Plalnt height alnd the number of tillers alre cruciall falctors in 

determining rice yield. Optimall plalnt height alnd aln 

aldequalte number of tillers caln increalse the productivity of 

ralinfed rice (Sinalgal et all., 20l21). This study shows thalt 

ralinfed rice valrieties grown with proper plalnt spalcing result 

in better plalnt height alnd al higher number of tillers, 

contributing to better palnicle length alnd higher gralin yield. 

In this context, proper plalnt spalcing not only alffects plalnt 

height alnd the number of tillers but allso the length of the 

palnicles (Krismiraltsih et all., 20l22). Therefore, correct plalnt 

spalcing, allongside other falctors such als fertilizaltion alnd 

walter malnalgement, is cruciall for enhalncing ralinfed rice 

yield. 

The alpplicaltion of mulch with plalnt spalcing shown in Talble 

1 indicaltes thalt silver-blalck mulch with al plalnt spalcing of 

30l cm x 30l cm (M2T2) alnd silver-blalck mulch with al plalnt 

spalcing of 40l cm x 20l cm x 12.5 cm (M2T3) significalntly 

increalsed plalnt height, resulting in talller plalnts compalred to 

other trealtments. For the number of tillers (Talble 2) alnd the 

number of lealves (Talble 3), the silver-blalck mulch with al 

plalnt spalcing of 40l cm x 20l cm x 12.5 cm (M2T3) wals 

higher compalred to other trealtments. This caln be explalined 

by the role of mulch alnd proper plalnt spalcing, which alffect 

soil temperalture alnd moisture. Silver-blalck mulch enhalnces 

plalnt growth by regulalting soil temperalture alnd moisture, 

which alre criticall for vegetaltive growth (Silmi & Chozin, 

20l15). Mulch functions to retalin soil moisture alnd reduce 
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temperalture fluctualtions, ultimaltely supporting root growth 

alnd improving nutrient albsorption (Balkri, 20l23). 

The trealtment with silver-blalck mulch alnd al plalnt spalcing 

of 40l cm x 20l cm x 12.5 cm (M2T3) showed higher 

increalses in the number of tillers alnd lealves compalred to 

other trealtments. This caln be explalined by the falct thalt 

denser plalnt spalcing increalses competition almong plalnts 

for light, contributing to enhalnced photosynthesis alnd 

biomalss production (Sumekalr et all., 20l18). Previous studies 

halve allso shown thalt the use of mulch increalses light-use 

efficiency in plalnts, which is importalnt for tiller alnd lealf 

growth (Junialti, 20l23). ALdditionallly, mulch helps suppress 

weed growth, minimizing competition for nutrients. The 

positive effects of silver-blalck mulch caln allso reduce weed 

growth, which often competes with plalnts for resources 

such als light, walter, alnd nutrients (Slalmet, 20l23). By 

reducing weed competition, INPALGO 13 ralinfed rice plalnts 

caln focus more on the growth alnd development of tillers 

alnd lealves, ultimaltely improving halrvest yield (Ismaldi et 

all., 20l21). Overalll, the alpplicaltion of silver-blalck mulch 

with proper plalnt spalcing not only increalses plalnt height but 

allso the number of tillers alnd lealves, which alre essentiall 

indicaltors of productivity in INPALGO 13 ralinfed rice. 

Lealf ALreal Index (LALI) is aln importalnt palralmeter for 

evallualting how effectively plalnts albsorb sunlight for 

photosynthesis. The LALI results shown in Talble 5 

demonstralte significalnt differences balsed on mulch type. 

The alpplicaltion of silver-blalck mulch resulted in al higher 

lealf alreal index compalred to no mulch alnd stralw mulch 

trealtments. This is influenced by the high allbedo vallue of 

silver-blalck mulch, als shown in Talbles 8 alnd 9. The high 

allbedo vallue malximizes photosynthesis by reflecting 

sunlight onto palrts of the lealves not directly exposed to 

sunlight. The alpplicaltion of different plalnt spalcings allso 

alffects the lealf alreal index. The plalnt spalcing of 40l cm x 20l 

cm x 12.5 cm showed al higher lealf alreal index compalred to 

20l cm x 20l cm alnd 30l cm x 30l cm spalcings. The use of 

silver-blalck mulch enhalnces this efficiency due to its high 

allbedo vallue. ALlbedo refers to the surfalce’s albility to reflect 

light, alnd in the calse of silver-blalck mulch, reflected light 

helps alreals of the plalnt not directly exposed to sunlight to 

still receive light, enhalncing photosynthesis. 

Denser plalnt spalcing caln caluse lealf shalding, reducing 

photosynthesis efficiency. In this context, resealrch by 

ALrogundalde indicalted thalt the alpproprialte use of mulch caln 

mitigalte the negaltive effects of shalding by improving light 

penetraltion to the lealf surfalce (ALrogundalde et all., 20l19). 

ALdditionallly, mulch functions to malintalin soil moisture alnd 

reduce soil temperalture, contributing to better plalnt growth 

(Indalrwalti, 20l24). 

With denser plalnt spalcing, such als 40l cm x 20l cm x 12.5 

cm, plalnts compete more intensely for light. Overcrowded 

spalcing caln caluse lealves to be obstructed by neighboring 

plalnts, reducing the number of lealves calpalble of 

photosynthesizing effectively. Therefore, optimall plalnt 

spalcing is cruciall to ensure alll lealves receive malximum 

light. The close spalcing allso results in lealf shalding, where 

shalded lealves do not engalge in photosynthesis alnd insteald 

use photosynthaltes for respiraltion. Proper plalnt spalcing caln 

enhalnce plalnt growth by minimizing shalding between 

lealves, thus improving photosynthesis efficiency (Singh et 

all., 20l20l). 

4.2 ALpplicaltion of Mulch alnd Plalnt Spalcing on the Yield of 

INPALGO 13 Ralinfed Rice 

The alpplicaltion of silver-blalck mulch in the cultivaltion of 

INPALGO 13 ralinfed rice hals shown significalnt results in 

increalsing the dry weight of plalnts per hill. ALs shown in 

Talble 6, plalnts trealted with silver-blalck mulch halve higher 

dry weight compalred to those without mulch alnd those 

trealted with stralw mulch. Previous studies halve indicalted 

thalt the use of mulch, especiallly reflective types like silver-

blalck mulch, caln influence plalnt growth by regulalting soil 

temperalture alnd moisture, als well als reducing competition 

with weeds (Malchalnoff et all., 20l22; Regmi et all., 20l21; 

Iqball et all., 20l20l). Furthermore, plalnt spalcing allso plalys aln 

importalnt role in plalnt growth. In this study, the 40l cm x 20l 

cm x 12.5 cm spalcing resulted in higher dry weight 

compalred to 20l cm x 20l cm alnd 30l cm x 30l cm spalcings. 

This maly be due to the increalsed spalce for root growth alnd 

better alccess to resources such als walter alnd nutrients 

(Kusdialnal et all., 20l18; Nyochembeng & Malnkolo, 20l21). 

Resealrch by Nyochembeng alnd Malnkolo allso suggests thalt 

proper plalnt spalcing caln enhalnce plalnt performalnce by 

malximizing light reception alnd reducing plalnt competition 

(Nyochembeng & Malnkolo, 20l21). 

The combinaltion of silver-blalck mulch alnd optimall plalnt 

spalcing caln crealte al better microclimalte, which supports 

photosynthesis alnd vegetaltive growth. Thalkur et all. (20l19) 

found thalt mulch caln enhalnce essentiall oil composition alnd 

crop yields, contributing to higher dry weight. ALdditionallly, 

silver-blalck mulch caln alssist in pest alnd disealse control, 

further improving halrvest outcomes (ALgus et all., 20l20l). 

Overalll, the alpplicaltion of silver-blalck mulch with al 40l cm 

x 20l cm x 12.5 cm plalnt spalcing proved to be more effective 

in increalsing the dry weight of plalnts compalred to other 

trealtments. This highlights the importalnce of selecting the 

right mulch type alnd spalcing configuraltion to optimize crop 

yields. 

The alpplicaltion of mulch with al 30l cm x 30l cm plalnt 

spalcing wals found to be more effective in increalsing the 

milling dry gralin weight per hill compalred to other 
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trealtments. This caln be explalined through severall falctors 

thalt contribute to increalsed halrvest yield. First, the use of 

mulch, especiallly silver-blalck mulch, improves soil 

moisture retention alnd reduces evalporaltion, which is cruciall 

in supporting rice plalnt growth (Nurhalfsalh, 20l21). Mulch 

usalge caln allso reduce competition with weeds, alllowing 

rice plalnts to grow more optimallly alnd produce higher gralin 

weights (Gunaleni et all., 20l22). Second, the proper plalnt 

spalcing, such als the 30l cm x 30l cm lalyout, provides 

sufficient spalce for plalnt development. AL wider spalcing 

alllows the plalnt roots to alccess more resources, including 

walter alnd nutrients, contributing to better growth alnd higher 

gralin yield. Optimall spalcing caln increalse the number of 

tillers alnd gralin weight per hill, als alligned with findings in 

this study (Halq, 20l24). ALdditionallly, the combinaltion of 

mulch alnd proper plalnt spalcing caln crealte al better 

microclimalte, which enhalnces photosynthesis alnd 

vegetaltive growth. Resealrch by Zulialti et all. (20l20l) 

demonstralted thalt mulch caln improve the alvalilalbility of 

walter alnd nutrients, which is essentiall during the rice 

growth phalse. This contributes to the increalse in milling dry 

gralin weight per hill, als heallthy alnd strong plalnts tend to 

produce more gralins. 

The palralmeters for milling dry gralin weight per m², milling 

dry gralin weight per hectalre, alnd 10l0l0l-gralin dry weight, 

shown in Talble 7, indicalte thalt the alpplicaltion of silver-

blalck mulch with al 40l cm x 20l cm x 12.5 cm plalnt spalcing 

significalntly improves milling dry gralin weight per m², 

milling dry gralin weight per hectalre, alnd 10l0l0l-gralin dry 

weight. The use of silver-blalck mulch helps regulalte soil 

temperalture alnd moisture, which alre vitall during the rice 

growth phalse. The use of mulch improves soil moisture 

retention, alllowing rice plalnts to alccess walter more 

effectively, contributing to increalsed gralin yields (Palimaln, 

20l22).  

The alpplicaltion of optimall plalnt spalcing, such als in the 40l 

cm x 20l cm x 12.5 cm trealtment, provides almple spalce for 

plalnt development. Wider spalcing alllows the plalnt roots to 

alccess more resources, including walter alnd nutrients, thus 

enhalncing growth alnd gralin yield. Proper plalnt spalcing caln 

increalse the number of tillers alnd gralin weight per m² 

(Yunialnsyalh et all., 20l22). Furthermore, silver-blalck mulch 

allso reduces competition with weeds, which is al key falctor 

thalt caln hinder rice plalnt growth. Effective weed control 

caln significalntly improve plalnt growth alnd yield (Sumekalr 

& Widalyalt, 20l22). By reducing weed competition, rice 

plalnts caln malximize resource use, lealding to higher gralin 

weights.  

The alpplicaltion of silver-blalck mulch with al 40l cm x 20l cm 

x 12.5 cm plalnt spalcing allso shows al positive correlaltion 

between yield components, such als palnicle length alnd gralin 

weight per palnicle, with the alpproprialte trealtments in rice 

cultivaltion (ALfal et all., 20l21). This indicaltes thalt good 

algronomic malnalgement, including the use of mulch alnd 

proper plalnt spalcing, caln contribute to increalsed 

productivity of INPALGO 13 ralinfed rice overalll. The 

alpplicaltion of silver-blalck mulch with al 40l cm x 20l cm x 

12.5 cm plalnt spalcing hals proven to be more effective in 

improving milling dry gralin weight per m², milling dry 

gralin weight per hectalre, alnd 10l0l0l-gralin dry weight. This 

underscores the importalnce of selecting the right mulch 

type alnd plalnt spalcing configuraltion to alchieve optimall 

yields in rice cultivaltion. 

4.3 ALpplicaltion of Mulch alnd Plalnt Spalcing on Solalr 

Energy Conversion Efficiency (EKE) in INPALGO 13 

Ralinfed Rice 

The results on Solalr Energy Conversion Efficiency (EKE) 

in INPALGO 13 ralinfed rice, presented in Talble 14, indicalte 

thalt the alpplicaltion of silver-blalck mulch with plalnt spalcing 

of 20l cm x 20l cm alnd 40l cm x 20l cm x 12.5 cm exhibited 

higher EKE vallues compalred to other trealtments. The use 

of silver-blalck mulch enhalnces the efficiency of solalr 

energy utilizaltion by reflecting light balck onto the plalnts, 

thereby increalsing the light intensity received by the lealves. 

Studies halve shown thalt mulch caln improve soil physicall 

properties, such als walter retention alnd porosity, which 

contribute to better plalnt growth alnd higher crop yields 

(Halryalti & Erfalndi, 20l19; Nurdin et all., 20l19). 

ALdditionallly, mulch helps reduce walter evalporaltion from 

the soil surfalce, which is cruciall in drylalnd conditions, 

enalbling plalnts to use walter more efficiently (ALrifin & 

Saleri, 20l20l). Mulch serves als al soil conditioner thalt 

improves crop yields, suggesting thalt the combinaltion of 

these trealtments caln produce al synergistic effect (Halryalti & 

Erfalndi, 20l19). In the context of INPALGO 13 ralinfed rice, 

the optimall plalnting distalnces of 20l cm x 20l cm alnd 40l cm 

x 20l cm x 12.5 cm allso contribute to energy conversion 

efficiency, als proper spalcing alllows ealch plalnt aldequalte 

alccess to light alnd nutrients. 

The alpplicaltion of silver-blalck mulch with plalnt spalcing of 

20l cm x 20l cm alnd 40l cm x 20l cm x 12.5 cm effectively 

converts solalr energy into dry plalnt maltter. ALccording to 

Suryalnto (20l18), al plalnt's albility to produce dry maltter is 

influenced by the solalr energy albsorbed by the lealves. The 

alpplicaltion of mulch significalntly alffects plalnt growth, als 

evidenced by increalses in plalnt height alnd lealf number 

(Nurdin et all., 20l19). This suggests thalt mulch not only alcts 

als al soil protector but allso als al falctor thalt supports better 

vegetaltive growth, which in turn improves EKE. ALccording 

to Burke (20l17), while high EKE vallues do not directly 

increalse crop production, they alre typicallly alssocialted with 

higher raltes of photosynthesis. Overalll, the alpplicaltion of 

silver-blalck mulch in INPALGO 13 ralinfed rice not only 

enhalnces the efficiency of solalr energy conversion but allso 
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supports better plalnt growth through moisture malnalgement 

alnd optimizaltion of the photosynthesis process. 

 

V. CONCLUSION ALND SUGGESTIONS 

5.1 Conclusion 

1. The alpplicaltion of mulch on INPALGO 13 ralinfed rice caln 

significalntly improve allbedo vallues, als confirmed in this 

study. Mulch, palrticulalrly reflective types such als silver-

blalck mulch, caln reflect sunlight balck onto the plalnts, 

thereby increalsing the almount of light received by the lealf 

surfalce, especiallly the palrts not directly exposed to sunlight. 

This increalse in allbedo helps improve photosynthetic 

efficiency by reflecting more light to the alreals of the plalnt 

thalt need it. 

2. The alpplicaltion of mulch caln allso effectively reduce 

weed populaltions alnd malintalin soil moisture, which hals 

been proven in this study. Mulch, especiallly orgalnic or 

plalstic types, serves als al balrrier thalt reduces the intensity of 

sunlight realching the soil surfalce, thereby inhibiting weed 

germinaltion alnd growth. Thus, the use of mulch caln 

effectively reduce competition between the malin crop alnd 

weeds for light, walter, alnd nutrients. ALdditionallly, mulch 

plalys aln importalnt role in malintalining soil moisture by 

reducing evalporaltion from the soil surfalce. This helps retalin 

the moisture necessalry for plalnt growth, especiallly during 

dry sealsons or in soils thalt tend to dry out. 

 

3. The alpplicaltion of plalnt spalcing caln enhalnce plalnt 

populaltions alnd malximize ralinfed rice productivity, als 

evidenced by the findings. Optimall plalnt spalcing provides 

sufficient spalce for ealch plalnt to grow well, alllowing the 

plalnts to alccess aldequalte light, walter, alnd nutrients without 

excessive competition. Proper spalcing allso alllows for better 

root spreald alnd minimizes the possibility of shalding 

between plalnts, which caln reduce photosynthetic 

efficiency. Therefore, proper plalnt alrralngement caln 

increalse plalnt density without salcrificing growth, 

ultimaltely supporting increalsed productivity alnd 

malximizing ralinfed rice yields. 

5.2 Suggestions 

Further resealrch For the plalstic mulch trealtment, it is 

recommended to plalnt more rice seeds in ealch plalnting 

hole, albout 7 to 10l seeds per hole. ALfter plalnting the rice 

seeds, rice husk alsh should be alpplied to stalbilize soil 

temperalture alnd moisture, ensuring optimall plalnt growth. 

ALlthough the results of this study demonstralte significalnt 

benefits from mulch alnd plalnt spalcing, further resealrch is 

needed to explore the long-term effects of these falctors, 

such als the potentiall increalse in microplalstics in the soil, 

which could hinder plalnt growth. 
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