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Abstract. Organic farming practices have shown a potential to improve rice yields, aside from the 
popular conventional ones. This study aimed to comparatively analyze the morpho-physiological 
characteristics of rice plants grown under organic and inorganic farming. This research was conducted 
at the Polinela Organic Farm experimental station (5°21'10"S 105°13'43"E, 114 m sea above level), from 
February to April 2023 using a completely randomized design. The results showed that rice grown 
organically exhibited a notably higher chlorophyll index and actual water use efficiency compared to 
those grown inorganically. Conversely, inorganic farming resulted in a greater number of tillers than 
organic farming. However, there were no significant differences between the two systems regarding 
CO2 efficiency and plant height. An interesting fact is the improved water use efficiency by organic 
farming helps rice plants to achieve similar growth performance while requiring less water. 
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Introduction 
 

Rice is a staple food globally, meeting over 21% of 
human caloric needs and accounting for 76% of 
caloric intake in Southeast Asia. The cultivation 
practices for rice significantly influence the crop's 

quality, safety, and nutritional value. However, the 
sustainability of these practices is increasingly 
questioned as organic farming methods are 
proposed as environmentally friendly alternatives 
(Mohidem et al., 2022). The critical challenge in rice 
production lies in balancing productivity with 
environmental sustainability. While organic 
farming is touted for its potential to improve soil 
health, its impact on rice's physiological 
characteristics, particularly water efficiency and 
plant health during crucial growth stages, still 
needs to be explored. This study aims to address 
this gap by examining how different cultivation 
methods, mainly organic and conventional 
practices, affect the morpho-physiological 
characteristics of rice plants (Chiou et al., 2023). 
Organic rice cultivation emerges as a potential 
solution, offering enhanced soil physical properties 
and improved water use efficiency (WUE) through 
practices like cover crop planting. This method 
aligns with sustainable agriculture principles, 
providing an environmentally friendly alternative 
for food production (Wacławowicz & Giemza, 
2023). However, while organic cultivation may not 
significantly boost productivity, its profound 
impact on the natural environment is noteworthy. 

As the global population expands and fertile 
land resources decrease, the strain on food security 
intensifies. The choice of rice variety directly 
influences its quality and yield, which is a critical 
consideration in addressing these challenges  (Long 
et al., 2023). The physical quality of rice plants 
during the vegetative phase is essential, influencing 
WUE and productive tiller count (Venkatesan et al., 
2023). Challenges persist in managing limited water 
resources, with disputes over distribution 
complicating sustainable water management. 
Organic cultivation patterns and strategic irrigation 
arrangements demonstrate the potential to 
optimize rice productivity by enhancing 
photosynthesis rates during the critical stages of the 
growth period (Liu et al., 2023). The resultant 
neglect of water distribution infrastructure is a 
debatable issue, affecting the technical aspects of 
plant cultivation, especially during the vegetative 

phase (Wudil et al., 2023). Despite these challenges, 
more research is still needed to focus on the 
morpho-physiological characteristics of the 

vegetative phase in rice varieties geared towards 
efficient water use. Consequently, this study aims to 
undertake a comparative analysis of the morpho-
physiological traits of rice plants, considering their 
cultivation locations and the impact of enhanced 
WUE achieved through organic farming practices. 
Improving WUE is expected to lead to better 
growth and yield outcomes by optimizing water 
utilization, which influences key morpho-
physiological traits such as plant height, number of 
tillers, and chlorophyll content. 
 
 

Materials and Methods 
 
This research was conducted at Polinela Organic 
Farm experimental garden, Politeknik Negeri 
Lampung, Bandar Lampung, Lampung, Indonesia 
(5°21'10"S 105°13'43"E, 114 m sea above level), from 
February to April 2023. A population of 72 rice 
plants was grown in a tropical greenhouse using 
organic and inorganic methods. Straws from 
previous rice plants were allowed to decompose in 
the soil for four weeks before being utilized in the 
organic cultivation method. The straw was treated 
with natural decomposition agents before being 
incorporated into the soil to accelerate the 
decomposition process. In the inorganic cultivation 
method, rigorous soil preparation was undertaken 
to ensure the absence of any pre-decomposed 
organic compounds. This process involved 
thoroughly cleaning and preparing land to remove 
residual organic matter before applying chemical 
fertilizers. 

The vegetative phase observation focused 
on two distinct cultivation methods: organic and 
inorganic. Straws from previous rice plants were 
employed in the organic method by immersing 
them in the soil to decompose. Meanwhile,  
inorganic cultivation employed chemical 
fertilizers (Dose per plant: 4 g N, 3 g SP36, and 2 
g KCl), manual weeding, and pest and disease 
control when necessary. 

Procedure. The research was conducted using 
a Completely Randomized Design (CRD) with one 
factor, consisting of two treatment levels: organic 
and inorganic cultivation. The experiment had eight 
replications, resulting in 16 experimental units. 
Each replication consisted of nine pots with rice 
plants, resulting in 72 rice plants overall. The 
criterion for selection included the absence of pest 

and disease attacks, ensuring the chosen rice plants 
exhibited normal and healthy growth. Utilizing a 
completely randomized design, the selection aimed 
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to maintain an unbiased representation across both 
cultivation methods. This study selected rice plants 
45 days after planting, typically reaching a height of 
approximately ±70 cm with 12-17 tillers, based on a 
standardized sampling method. The experimental 
plots were divided into six sections, with 2-3 plants 
being randomly selected from each section. Only 
plants that were free from pests and diseases were 
included in the sample to ensure the accuracy of the 
observed morphological and physiological 
characteristics (Yassi et al., 2023). 

Observation variables were measured in this 
research. Plant height was measured from the plant 
stem's base to the flag leaf's tip using a ruler 
expressed in cm units. The number of tillers is 
calculated by counting the number of stems in one 
clump of rice plants. Meanwhile, Soil Plant Analysis 
Development (SPAD) was administered to measure 
the chlorophyll content (Zhang et al., 2023). 
Furthermore, physiological characteristics of rice 
were observed using a portable photosynthesis 
system Li-6800XT (Jia et al., 2023), Licor Inc., 
Lincoln, NE, USA on a sunny day at 9:00 am (Yang 
et al., 2022), 16 March 2023 with three replications 
(triplo) that were carried out automatically by the 
Li-6800XT. The actual water use efficiency (WUE) 
was measured using a Licor photosynthesis system, 
which calculates WUE as the ratio of the net 
photosynthesis rate (A) to the transpiration rate (E). 

The system expresses WUE in μmol CO₂ mmol H₂
O⁻¹, allowing for precise quantification of the plant's 
water use efficiency under different environmental 

conditions. Carbon dioxide use efficiency (CO₂) 
was also determined using the same Licor system. 

The measurement involves analyzing the CO₂ 
concentration in the air entering and exiting the leaf 
chamber and calculating the difference to 

determine the net CO₂ assimilation. The system 

reports CO₂ use efficiency as CO₂ mmol H₂O⁻¹, 
reflecting the plant's ability to utilize available 
carbon dioxide efficiently. The Licor system uses an 
infrared gas analyzer (IRGA) to measure the 

concentration of CO₂ in the air stream. The CO₂ 
concentration is measured before and after the air 
passes over the leaf surface, and the difference is 
used to calculate the rate of photosynthesis. This 
precise measurement allows for an accurate 

assessment of both WUE and CO₂ use efficiency. 
Data analysis. The collected data was then 

subjected to a least significant difference (LSD) 

test at α 5% using the Statistical Tool for 
Agricultural Research (STAR) version 2.0.1. 
(IRRI, Los Banos Philippines, 2013). 
 
 

Results and Discussion 
 
Comparative analysis of rice morphological 
characteristics. Plant height is a crucial growth 
parameter in rice plants as it dictates traits 
influencing yield and rice grain production (Wu 
et al., 2022). The characteristics of rice plants, 
particularly their height, are influenced by 
genetically controlled elements, predominantly 
determined by the genetic composition of the 
genotype, which is dependent on factors such as 
the number of internodes and internode length. 
(Jahan, 2020). In turn, the number of tillers per 
plant governs the count of panicles, a pivotal 
component of grain yield. The capacity of tiller 
production often determines the potential yield 
of rice cultivation. Higher tiller counts in rice 
plants may lead to disparities in assimilate and 
nutrient mobilization between tillers, resulting in 
variations in grain development and yield 
(Berahim et al., 2021). The chlorophyll index plays 
a vital role in assessing plant N status. Over the 
past two decades, SPAD-measured rice N status 
has been widely used to ascertain N requirements 
at different growth stages and optimize grain 
yield and N use efficiency (Rueda et al., 2016). 

Statistical analysis in this study indicates 
that organically cultivated rice exhibits a 
significantly higher chlorophyll index than its 
inorganically cultivated counterpart as the plants 
mature. The SPAD values were recorded at 41.97 
units for organic rice and 40.62 units for inorganic 
rice, respectively (Figure 1). The organic plant 
attains a height of 83.23 cm, while the inorganic 
counterpart reaches 81.31 cm (Figure 2). The 
number of inorganic tillers is 15.17, whereas the 
organic variant has 12.72 tillers (Figure 3). SPAD 
values, plant height, and the number of tillers 
increased significantly by 3.22%, 2.31%, and 
16.12%, respectively, upon entering the 
vegetative phase. The observed differences in 
plant height, number of tillers, and SPAD values 
between the organic and inorganic rice plants can 
be attributed to the distinct cultivation methods 
and their impact on plant physiology.
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Figure 1. Comparative analysis of rice leaf SPAD 
values grown under inorganic and organic 
farming. Different letters within the rectangular 
bars indicate significant differences based on the 
LSD test at α 5%; error bars represent the standard 
deviation. 

 

 
Figure 2. Comparative analysis of rice plant height 
grown under inorganic and organic farming. 
Different letters within the rectangular bars 
indicate significant differences based on the LSD 
test at α 5%; error bars represent the standard 
deviation. 

 
Comparative analysis of physiological 

characteristics of rice. This research underscores 
the impact of organic and inorganic cultivation 
methods on water use efficiency within each 
planting approach. Notably, organic rice plant’s 
WUE exhibited a substantial improvement, 
registering an increase of 9.12%—from 1591.82 to 
1751.50 μmol CO2 mmol H2O−1 (Figure 4). It is 
essential to recognize that in a purely hydrological 
context, WUE has been defined as the ratio of the 
volume of water used productively (Stanhill, 1986). 
Agronomic practices associated with organic 

methods enhance grain yield and contribute to an 
overall increase in WUE (Mallareddy et al., 2023). 
Previous studies have emphasized the pivotal role 

of nitrogen in augmenting agricultural yields, with 
its utilization and absorption contingent on water 
availability. Applying organic fertilizer is essential 
for increasing yield and WUE (Liu et al., 2023). 
 

 
Figure 3. Comparative analysis of a number of 
tillers in rice plant grown under inorganic and 
organic farming. Different letters within the 
rectangular bars indicate significant differences 
based on the LSD test at α 5%; error bars represent 
the standard deviation. 

 

 
Figure 4. Comparative analysis of the actual water 
use efficiency of rice plants grown under inorganic 
and organic farming. Different letters within the 
rectangular bars indicate significant differences 
based on the LSD test at α 5%; error bars represent 
the standard deviation. 

 
A prior investigation identified the critical 

challenge of managing nutrient availability while 
improving WUE in rice cultivation under limited 
water conditions  (Ma et al., 2024). Furthermore, it is 
imperative to anticipate the response of diverse 
crops' WUE to environmental factors and escalating 
atmospheric CO2 levels (Bhattacharya, 2019). 
Several studies have demonstrated that elevated 
CO2 levels not only lead to increased plant biomass 
but also positively influence water and nitrogen use 
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efficiency (Ullah et al., 2019). In the context of 
organic rice cultivation, it is noteworthy that 
irrigation practices contribute to a 56% reduction in 
runoff, consequently augmenting water storage in 
the soil compared to inorganic methods (de Avila et 
al., 2015). In this research, inorganic rice cultivation 
showed comparable efficiency in using carbon 
dioxide to the organic method, with both methods 
obtaining similar values of 0.022 and 0.020 μmol 
CO2 mmol H2O−1 (Figure 5). The plant responded to 
atmospheric CO2 by increasing its photosynthesis 
rate, which supported the growth and yield of crops 
(Priyadarsini et al., 2024).  

Neither inorganic nor organic cultivation 
showed a significant effect on CO2 efficiency. The 
level of CO2 in rice has been simulated in climate 
change studies using a "current/high CO2" 
approach, where crop models are put at current 
CO2 (usually 0.05–0,10 μmol CO2 mmol H2O−1) 
and under the high CO2 concentration scenario 
(Neeharika et al., 2024). The reduction in nutrient 
uptake can be attributed to diminished plant 
transpiration under conditions of CO2 efficiency, 
altering the nutrient uptake from the soil, 
typically translocated via water (Balbinot et al., 
2021). Remarkably, plants cultivated in organic 
conditions acquired higher levels of CO2 during 
specific planting phases, thereby potentially 
mitigating the adverse impact of increased CO2 
concentrations in a single planting cycle on the 
nutrient content within the plant's growing 
environment (Lv et al., 2022). 

 
 
Figure 5. Comparative analysis of the efficiency of 
actual carbon dioxide in rice plants grown under 
inorganic and organic farming. Different letters 
within the rectangular bars indicate significant 
differences based on the LSD test at α 5%; error 
bars represent the standard deviation. 

 
 

Conclusion 
 

This research presents a comparative analysis of 
morpho-physiological characteristics as affected by 
organic and inorganic farming methods in 45-day-
old greenhouse-grown plants. Rice grown under 
organic farming has a significantly higher 
chlorophyll index and actual WUE of rather than 
those under inorganic farming. While inorganic 
farming has a higher tiller number than organic 
ones. Both farming systems have insignificant 
differences in the variable of CO2 efficiency and 
plant height.  
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