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Abstract: The present study evaluated water 
productivity (WPE) and water conversion 
efficiency (WCE) in 36 rice genotypes 
(Oryza sativa L.) under rainfed conditions 
in Tabasco, Mexico, with the objective of 
identifying promising materials for areas with 
limited water availability. The experiment was 
established at the Huimanguillo Experimental 
Field of INIFAP, using a randomized complete 
block design with three replications. Key 
agronomic variables such as plant height, 
number of grains per panicle and grain yield 
were recorded, as well as water indicators 
derived from crop evapotranspiration 
(ETc). The results showed highly significant 
differences (P<0.001) among genotypes for 
all variables evaluated. Genotype T30 (Gulf 
FL-16) presented the highest yield (4127.2 
kg ha-1) , the highest water productivity (0.54 
kg m-3) and the lowest ETc (1.98 m3kg-1) , 
standing out as the most efficient in the use 
of water resources. Likewise, genotypes T15, 
T4, T16 and T25 also showed high efficiency 
and agronomic performance. These findings 
reflect the existence of genetic variability 
that can be used for breeding and validation 
programs for varieties adapted to the humid 
tropics. It is concluded that, under rainfed 
conditions and climate change scenarios, 
the selection of water-efficient genotypes 
represents a key strategy for the sustainable 
increase of national rice production.
Keywords: Oryza sativa, water efficiency, 
yield, rainfed, climate change, genotypes.

INTRODUCTION
Rice (Oryza sativa L.) is the second 

largest source of food worldwide and has 
been cultivated on 163.2 million ha, with an 
average annual production of 740.9 million 
tons worldwide (FAOSTAT, 2023). It has been 
estimated that global rice production needs to 
increase by 116 million tons by 2035 to meet 
the growing demand for rice (Yamano et al., 
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2016). However, the arable land used for rice 
production has decreased in recent years due 
to urbanization and industrialization (Long, 
2014), which threatens the increase in global 
rice production. Rice is considered one of the 
most important crops in the Mexican diet, 
only behind corn, beans and wheat. Between 
2010 and 2020, its per capita consumption 
in Mexico increased from 9.4 kg to 11 kg, 
evidencing the growing need for this grain 
and its importance in the population’s diet 
(CEDRSSA, 2020). National production in 
2023 was 36, 877 hectares harvested, with a 
production of 252, 099 tons and an average 
yield of 4 ton ha(-1) (SIAP, 2023). Likewise, 
there were imports of 986,000 tons; exports 
of 11,000; consumption of 1,139,000 and final 
stocks of 75,000 tons (SE, 2023). Therefore, 
Mexico is not self-sufficient in this crop. One 
of the ways to increase yields is by increasing 
the cultivable area and improving agronomic 
management per unit of productive area. The 
basis of agronomic management is based on the 
selection of good genetic potential of the plant 
species that is adapted to the environmental 
conditions of production (Flores and Delgado, 
2023). On the other hand, the increasing 
pressure on water resources and climate 
variability require sustainable strategies for 
agricultural production, especially in high-
consumption crops such as rice (López-López 
et al., 2018).  Climate variability, characterized 
by more intense and unpredictable patterns 
of precipitation and increasing temperatures, 
directly affects rice productivity and its 
response to water stress. In Mexico, an average 
temperature increase of +0.6 °C has been 
recorded since 1960, with projected increases 
of between 1.1 °C and 3.0 °C by 2060, along 
with greater rainfall variability, which 
increases evapotranspiration and threatens 
water availability in critical periods (Estrada 
et al., 2022). Studies have estimated rice yield 
decreases of up to 24%-36% between 2031 and 

2060 in vulnerable areas of Mexico, if water 
management and genetic adaptation strategies 
are not implemented (Zhao et al., 2022).  
Correlating yield and water efficiency among 
genotypes with these practices is essential to 
advance in breeding and selection programs 
aimed at climate resilience, promoting 
alternatives that reduce the vulnerability of 
the rice system to climate change (Heredia et 
al., 2025).  In this context, the identification 
of genotypes with higher yield and water use 
efficiency is essential to maintain productivity 
under rainfed conditions in the face of climate 
change. This study focused on evaluating 36 
rice varieties, including commercial genotypes 
and experimental lines, under rainfed 
conditions in the state of Tabasco, Mexico. 
The objective was to identify materials with 
high yield and better performance in terms 
of water productivity and efficient use of 
water resources, in order to contribute to the 
development of more resilient and sustainable 
production systems.

MATERIALS AND METHODS

STUDY SITE
The work was carried out in a Fluvisol 

eutrophic soil cultivated with rice for 20 
years, located in the experimental fields of the 
National Institute of Forestry, Agricultural 
and Livestock Research (INIFAP) in the 
municipality of Huimanguillo, Tabasco 
(Figure 1). The average annual rainfall is 2356 
mm; from February to May there is a dry 
season (276 mm), and the average minimum 
temperature is higher than 20°C. The crop 
cycle was rainfed and rainfed. The crop cycle 
was rainfed and established on June 15, 2024 
(Salgado-Velázquez et al., 2025). 
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Figure 1. Spatial location of the rice fields 
under study.2.2 Genotypes

Experimental varieties and lines generated 
by INIFAP for rainfed and irrigated conditions 
in the Mexican tropics from the project 
“Genetic improvement of rice in Mexico, to 
incorporate resistance to biotic and abiotic 
problems caused by the effects of climate 
change” were used and are presented in Table 
1:

EXPERIMENTAL DESIGN
To generate the treatments, a randomized 

block experimental design with three 
replications was used, where the treatments 
consisted of the genotypes (experimental lines 
and rice varieties). The experimental plot was 
6 m long by 6 furrows wide with a separation 
between furrows of 0.2 m. The useful plot 
consisted of the 4 central furrows. 

AGRONOMIC MANAGEMENT
A pass was made with the mower to 

eliminate the weeds present in the field. This 
was followed by a fallow step with the disk 
plow. Subsequently, two harrow passes were 
made to leave the soil well loosened. The 
soil was leveled with a rototiller to allow a 
homogeneous distribution of the water sheets. 
The sowing method was by broadcasting, 
which consisted of spreading and distributing 
the seed uniformly over the planting furrows. 
Fertilization was done with the NPK formula 

130-40-120, applying all the phosphorus and 
potassium at the time of sowing and the urea 
was divided in two moments: the first at 30 days 
after germination and the second at 35 days 
(panicular initiation). The insecticides used to 
control the pests of the brown bug (Oebalus 
insularis), rice borer (Rupela albinella) and the 
vaneo mite (Steneotarsonemus spinki) were 
imidacloprid at 0.25 L of commercial product, 
methamidophos at 1 L of commercial product 
and cypermethrin at 0.5 L of commercial 
product. Six applications of insecticides 
were made during the cycle. Weed control 
was carried out two days after the first 
irrigation, with a pre-emergence application 
of the commercial product Pendimethalin 
and clomazone. One month after planting, 
Propanil, fenoxaprop-p-ethyl, bispyribac-
sodium, cyhalofop-butyl, 2,4-D and bentazon 
were applied to control the most persistent 
weeds. Manual weeding was performed to 
control weeds in the alleys and curbs, mainly 
(Jiménez-Chong et al., 2017). 

IRRIGATION
During the tillering stage and flowering, 

irrigation was continuous, keeping the soil 
completely flooded with a 5 cm layer until the 
physiological maturity of the materials.

STUDY VARIABLES
The following variables were recorded 

during the reproductive phase and 
physiological maturity of the materials:

Plant height (PA): measured from the base 
of the plant to the apex of the panicle, taking as 
reference the main or tallest stem, in 10 plants 
per plot (Álvarez Hernández et al., 2018). 

Number of grains per panicle (NGP). Its 
determination was performed on the same 
panicles used for NEP. All grains in each 
panicle were counted (Álvarez Hernández et 
al., 2018).
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Trat Genealogies

1 Milagro (Zacatepec)

2 Miloax 98-2

3 INIFLAR RT-1

4 IR 69915-12MI-15UBN-22

5 IR8-2

6 El Silverio-2

7 INIFLAR RT-2

8 Tabasqueña A-17-2

9 Temporalero A-95

10 Pacifico-FL-15-1

11 FL06689-3P-1-4P-M

12 FL02768-2P-6-4P-1P-M-1P

13 Pacific FL15-2

14 FL084430-8P-4-3P-3P-M

15 PCTMADR-707-2-1-1-3SR-2P

16 PCTMADR-682-2L-2-3-3SR-2P

17 PCTMADR-707-2-1-4-2SR-1P

18 PCTMADR-707-2-1-4-2SR-2P

19 PCTMADR-707-2-1-2-4SR-1P

20 FL010030-12P-9-2P-1P-M

21 FL0 10127-7P-1-2P-2P-2P-M

22 FL07162-7P-3-3P-3P-3P-M

23 RC 88

24 IR11141-6-1-4

25 Crash A-05

26 Campeche A-80

27 El Silverio

28 INIFLAR R

29 Pacifico FL-15

30 Gulf FL-16

31 Veracruzana A-21-3

32 Temporalero A-95

33 Miloax 98 (2006)

34 Milver 05 (2008)

35 Miloax 38 (2012)

36 Milagro Filipino (2010)(Veracruz)

*Trat = treatment

Table 1. Genotypes under study.
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Grain yield (GY): All panicles in each plot 
were harvested, shelled, placed in a brown 
paper bag and labeled. Subsequently, they 
were weighed on an analytical balance and the 
moisture in each sample was determined with 
a Delmhors model G-7 digital grain moisture 
meter. The following equation 1 was used to 
calculate GY adjusted to a moisture content of 
14% (Barrios-Gómez et al., 2023):

Where M is the moisture content of the 
grain sample. It is multiplied by 10000 for 
conversion from m2to ha.

METEOROLOGICAL DATA
They were taken from the climatological 

station of the Huimanguillo Experimental 
field near the study plot, where air temperature 
(°C), precipitation and evaporation (mm) data 
were collected. Extraterrestrial radiation (MJ 
m2/day) was estimated using the methods 
established in the FAO manual (Allen et al., 
2006; Wehbe et al., 2020). Data were recorded 
daily and plotted as monthly and cumulative 
means.

CROP EVAPOTRANSPIRATION 
(ETC, MM)
Rice crop evapotranspiration (ETc) is 

related to the evapotranspiration of a grass 
crop taken as a reference (ET₀) by using 
crop coefficients (Kc). First, the reference 
evapotranspiration was obtained using the 
Penman-Monteith method with equation 2 
(Allen et al., 2006).

where Rn is the net radiation at the crop 
surface (MJ m-2day-1) , G is the heat flux at the 
ground (MJ m-2day-1) , T the mean daily air 
temperature (°C), u2the wind speed at 2 m 
height (m s-1) , esthe saturation vapor pressure 
(kPa), eathe actual vapor pressure (kPa), Δ the 
slope of the vapor pressure curve (kPa °C(-1)) 
and γ the psychrometric constant (kPa °C-1) . 
Meteorological data were obtained from the 
climatological station of the experimental 
field located 100 m away from the study area. 
Crop evapotranspiration was calculated as 
follows with equation 3:

where Kc values depend on the 
phenological stage of the crop. The values 
used for rice were 1.05 in the vegetative stage, 
1.2 in the reproductive stage and 0.9 to 0.6 in 
the ripening stage (Allen et al., 2006).

WATER PRODUCTIVITY (PA, KG/M3) 

Water productivity (WP) was estimated 
as the ratio between grain yield (kg ha-1) 
and total water consumed during the rice 
development cycle (m3ha-1) , expressing the 
result in kilograms of grain per cubic meter of 
water (kg m(-3) ). This metric makes it possible 
to evaluate the efficiency with which each 
genotype converts the available water resource 
into harvestable biomass. The following 
equation 4 was used for its calculation:

Where:
PA = Water productivity (kg m-3)
Crop yield (kg ha⁻¹), obtained at 14% 

humidity.
ETc= Crop evapotranspiration (m3ha-1) , 

determined from the water balance and the 
estimation of the reference evapotranspiration 
(ETo) multiplied by the crop coefficient (Kc), 
adjusted to each phenological stage of rice.
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All the water used by the crop was 
assumed to come from effective precipitation 
considering only 70% of precipitation and 
supplemental irrigation, considering excess 
runoff and deep percolation in medium to 
heavy textured soils, typical of Tabasco rice 
growing areas.

WATER CONVERSION EFFICIENCY 
(WCE, M3/KG)
Water conversion efficiency (WCE) was 

calculated as the volume of water consumed 
per unit of grain production, expressed in 
cubic meters per kilogram of rice produced 
(m3kg-1) . This variable quantifies the amount 
of water required to produce one kilogram of 
dry grain and is an inverse indicator of water 
productivity, providing a complementary 
perspective on the efficient use of water 
resources. Equation 5 was used for its 
calculation:

Where:
ECA = Water conversion efficiency (m3kg-1),
ETc= Crop evapotranspiration (m3ha-1) ,
Crop yield (kg ha-1) , adjusted to the standard 

moisture content of 14%.
The joint analysis of ECA and water 

productivity (PA) allowed a comprehensive 
evaluation of the water performance of 
genotypes, facilitating the identification of 
varieties that optimize water use to maximize 
production under the specific rainfed 
conditions in Tabasco.

STATISTICAL ANALYSIS
Analysis of variability was performed on 

all data according to classical statistics, and 
measures of central tendency and dispersion 
were determined. In addition, all the variables 
under study were subjected to a randomized 

complete block analysis of variance, where 
the treatments were the different genotypes 
(experimental lines and varieties). For those 
variables where significant differences were 
found between treatments, the multiple 
comparison of means test was performed 
by Tukey’s method (P≤0.05) (Álvarez-
Hernández et al., 2022). The anova, agricolae 
and ggplot libraries were used. All analyses 
were performed with the R studio statistical 
program (R Core Team, 2023).

RESULTS AND DISCUSSION

CLIMATIC CHARACTERISTICS 
DURING RICE CROP GROWTH
During the growth of the rice genotypes 

under study, climatological data were collected 
from the weather station located at the INIFAP 
experimental field in Huimanguillo, Tabasco, 
Mexico near the evaluation plot. Figure 2 
shows the climogram of the average monthly 
maximum, minimum and mean temperature; 
and the monthly accumulated evaporation 
and precipitation of the weather station used 
in this study.

Figure 2. Climogram of temperatures, 
evaporation and precipitation in the evaluation 
plot of the rice genotypes under tropical 

conditions.

During the spring-summer 2024 cycle, 
from June 15 when planting began until 
the end of November when harvesting was 
completed, an average temperature of 29.2°C 
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was recorded, with a maximum of 41.9°C in 
May and a minimum of 20.1°C in November. 
Total accumulated rainfall was 1651.3 mm 
and total evaporation was 819.3 mm. Rice 
requires temperatures between 18°C and 
40°C for germination, with those between 
25°C and 30°C being optimal (Lu et al., 2022). 
In the evaluation plot during sowing in June, 
temperatures of 25.3 to 37.5°C were recorded, 
which are within the optimum range, favoring 
good seedling germination. During tillering, 
rice develops its secondary stems or tillers. 
The ideal temperature for good tillering is 31 
°C (Xu et al., 2021). Temperatures in July and 
August recorded ranged from 24.3 to 35.6°C, 
which may affect this process. However, it is 
essential to ensure adequate water availability, 
as rice requires a warm and humid climate for 
proper development. Rainfall during these 
months was 331 mm. Flowering is a critical 
phase where rice is particularly sensitive to 
weather conditions . High temperatures above 
35 °C during flowering most severely affect 
the lower spikelets of the panicle, decreasing 
the rate of fertilization and accelerating 
grain filling, resulting in smaller and lower 
quality grains. For rice cultivation, it has 
been determined that during flowering a 
one degree Celsius increase in temperature 
between 30 and 40 °C reduces fertility and 
grain formation by 10 % (Jimenez, 2021). In 
the study plot, a temperature range from 24.1 
to 34.9°C was recorded in September during 
flowering of the genotypes, which may have 
negatively affected some rice genotypes.  
During grain filling, rice needs solar energy 
throughout its life cycle, but its requirement is 
higher in the final stages of the crop, especially 
during grain filling. Ideal temperatures for 
its growth range between 25 °C and 30 °C; 
temperatures below 20 °C or above 35 °C 
can negatively affect plant development and 
grain formation (López-Hernández et al., 
2018). During panicle filling, conditions of 

high solar radiation, above 450 cal/cm²/day 
(approximately 18.8 MJ/m²/day), together 
with cool night temperatures (minimum of 
20-22 °C), are ideal to maximize this process. 
Solar radiation received (data not shown) 
during the months of September, October and 
November was estimated to be 36.41, 32.83 
and 28.94 MJ/m²/day (approximately 869.74, 
784.16 and 691.26 cal/cm²/day) which are 
sufficient to satisfy this parameter. 

One study indicates that, at present, between 
1900 and 5000 liters of water are required to 
produce 1 kg of rice grain (Jarin et al., 2024). 
It is considered that a rainfall of about 200-
300 mm well distributed per month, during 
the crop cycle, are necessary for a good yield. 
The reproductive phase of rice is particularly 
sensitive to water deficit, with the 10 to 15 days 
prior to flowering being critical for spikelet 
fertility. During this period, water deficit can 
cause up to 59% flower sterility, resulting in 
significant yield reduction (Yang et al., 2019). 
Also, it has been noted that water stress 
during flowering and grain filling stages can 
significantly reduce grain weight and fertility 
rate, decreasing rice yield. The study highlights 
that the most sensitive periods to water deficit 
are the flowering and grain filling stages 
(Zhang et al., 2023). In the study area, even 
though this water requirement is met Figure 
2, the distribution is not adequate, which is 
why irrigation was used to maintain a rainfall 
of at least 5 mm during the critical stages. 
The minimum accumulated precipitation 
occurred in November with 38 mm and the 
maximum in September and October with 
458.5 and 522.3 mm, respectively. With the 
calculation of crop evapotranspiration (ETc) 
and effective precipitation (Pe) (data not 
presented) it was determined that the stages 
with irrigation needs were the periods from 
June 26 to July 25 (tillering) and October 21 to 
November 15 (physiological maturity), with 
983.3 and 578.9 m3/month.
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EXPLORATORY DATA ANALYSIS
This study presents a detailed statistical 

evaluation of in the selected agronomic 
variables: plant height (PA), number of 
grains per ear (NGP), grain yield (GY), 
and water productivity (PA) and water 
conversion efficiency (ECA) providing 
crucial information on their variability and 
distribution. Central tendency and dispersion 
values are presented in Table 2.

Plant height (PA) ranged from 66.8 cm to 
105.5 cm, with a mean of 84.7 cm and a CV of 
10.4%, indicating moderate variability in plant 
stature. This result suggests that growth may 
be influenced by genetic and environmental 
factors. In this vein, one study analyzed 
phenotypic and genetic variability in yield and 
associated traits in rice. The study identified 
significant variability in plant height, with 
a CV of 8.5%, and noted that both genetic 
and environmental factors contribute to this 
variability. The authors suggest that selection 
of genotypes with optimal plant heights 
can improve yield and crop adaptability in 
different environments (Khan et al., 2023). 

The number of grains per panicle (NGP) 
presented a wide range (61.4 - 161.4 grains), 
with a mean of 106.9 grains and a CV of 20%, 
reflecting the influence of environmental 
conditions and agronomic practices on grain 
filling, suggesting that the variability observed 
in the 36 rice genotypes evaluated may be 
influenced by the resistance of each genotype 
to various diseases affecting these parameters. 
Diseases such as leaf spot and scald can affect 
grain filling, reducing the NGP. Genotypes 
resistant to these diseases show a greater 
ability to maintain high GQL (Shi et al., 2021).

Grain yield (GY) exhibited the greatest 
variability, with values ranging from 101.5 
kg/ha to 6032.3 kg/ha, and a CV of 61.9%, 
which evidences the influence of multiple 
factors on final crop productivity. In this 
regard, Mongiano et al. (2020) conducted a 

comprehensive study on phenotypic variability 
in Italian rice germplasm. They evaluated 40 
cultivars in two seasons, analyzing 14 traits 
related to phenology, plant architecture and 
yield. They found wide phenotypic variation in 
many traits, including yield, with coefficients 
of variation ranging from 5.9% to 45.4%.

Water productivity (WP) showed values 
ranging from 0.01 kg/m3to 0.83 kg/m3, with 
a mean of 0.31 kg/m3and a coefficient of 
variation (CV) of 56.2%, indicating high 
variability in the conversion of water to 
biomass. Water use efficiency (WUE) ranged 
from 1.20 m3/kg to 77.19 m3/kg, with a mean 
of 5.66 m3/kg and a CV of 58%, reflecting a 
very high variability in the amount of water 
needed to produce one kilogram of biomass. 
This amplitude suggests that both genetic and 
environmental factors have a notable impact 
on water resource utilization. Similarly, 
Hussain et al. (2022) evaluated the genotypic 
and phenotypic variability of water use 
efficiency in low rice cultivars and reported 
coefficients of variation greater than 25% 
(both genotypic and phenotypic), highlighting 
that there is significant potential for breeding 
genotypes that optimize water use under 
water stress conditions. According to the 
authors, the selection of varieties with high 
water efficiency can be an effective strategy to 
increase crop sustainability.

ANALYSIS OF VARIANCE
Table 3 presents the results of the analysis 

of variance for a randomized complete block 
experimental design with three replications, 
where the treatments corresponded to the 
different rice genotypes (experimental 
varieties and lines, Table 1).

Analysis of variance (ANOVA) of 
agronomic parameters evaluated in rice 
genotypes established under rainfed 
conditions in Tabasco, Mexico, during the 
2024 cycle, revealed significant differences in 
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Variable M i n . 
value

M a x . 
value Rank 1st. Q 3rd. Q Me M DS CV SW

AP (cm) 66.8 105.5 38.6 77.2 90.1 84.7 83.8 8.8 10.4 0.98

NGP 61.4 161.4 100 89.3 119.7 106.9 108.2 21.4 20 0.99

GY (kg/ha) 101.5 6032.3 5930.7 910.6 2789.7 2042.7 1987.8 1265.5 61.9 0.96

PA (kg/m3) 0.01 0.83 0.82 0.14 0.41 0.29 0.26 0.18 54 0.65

RCT (m3/kg) 1.2 77.2 75.9 2.4 7.1 7.78 3.79 11.2 58 0.78

M= Median, Me= Mean, SD= standard deviation, CV= coefficient of variation; SW= Shapiro-WilK.

Table 2. Main countries with the highest rice yields and area under cultivation in the world.

Trat PA (cm) NGP GY (kg/ha) PA (kg/m3) ECA (m3/kg)

1 84.7 abcd 104.2 ab 1623.6 ab 0.21 ab 13.17 ab

2 82.5 abcd 124.8 ab 2033.9 ab 0.34 ab 11.09 ab

3 82.3 abcd 91.9 ab 1126 ab 0.18 ab 14.3 a

4 98.6 a 93.9 ab 3236 ab 0.43 ab 2.37 c

5 81.7 abcd 110.2 ab 2450.1 ab 0.36 ab 3.12 b

6 81.2 abcd 116.9 ab 780.3 b 0.13 ab 29.44 a

7 84.3 abcd 100.4 ab 2338.8 ab 0.33 ab 3.19 b

8 83 abcd 122 ab 2491.5 ab 0.36 ab 2.93 b

9 85.5 abcd 104.3 ab 2029.6 ab 0.26 ab 14.19 a

10 90.4 abc 83.3 b 2561.4 ab 0.34 ab 8.14 ab

11 87.6 abcd 107.3 ab 2523.8 ab 0.39 ab 2.82 c

12 88.5 abc 83.7 b 2838.4 ab 0.39 ab 2.72 c

13 88.2 abc 103.9 ab 2291.8 ab 0.3 ab 5.48 ab

14 79.2 abcd 93.5 ab 1998.5 ab 0.26 ab 4.31 b

15 93.6 ab 105.6 ab 3415.7 ab 0.46 ab 2.86 c

16 94.7 ab 122.4 ab 3157.4 ab 0.47 ab 2.36 c

17 89.8 abc 105 ab 2655.7 ab 0.37 ab 3.05 b

18 80 abcd 102.3 ab 1856.7 ab 0.25 ab 5.23 b

19 81.8 abcd 112 ab 1757.1 ab 0.25 ab 4.59 b

20 83.2 abcd 131.3 ab 2006.1 ab 0.29 ab 3.63 b

21 82.6 abcd 140.4 a 1982.5 ab 0.29 ab 4.28 b

22 91.7 abc 96 ab 2466.6 ab 0.32 ab 4.39 b

23 98.7 a 108.7 ab 2603.2 ab 0.27 ab 3.94 b

24 79.9 abcd 88.5 ab 1149.3 ab 0.16 ab 7.75 ab

25 86.6 abcd 113.4 ab 3117.6 ab 0.46 ab 2.37 c

26 75.6 bcd 91.1 ab 664 b 0.1 b 11.18 ab

27 81.6 abcd 114.4 ab 1099.3 ab 0.16 ab 12.12 ab

28 79.3 abcd 105.1 ab 1710.2 ab 0.26 ab 7.74 ab

29 84.9 abcd 92.9 ab 1895.7 ab 0.25 ab 10.1 ab

30 97.7 a 130 ab 4127.2 a 0.54 a 1.98 c

31 77.6 bcd 83.4 b 1691.7 ab 0.24 ab 5.34 ab

32 88.7 abc 91.8 ab 2866.3 ab 0.4 ab 2.76 c

33 81.2 abcd 141.3 a 552.7 b 0.08 b 13.74 ab

34 72.4 dc 97.8 ab 917.1 b 0.12 ab 15.76 a

35 80.8 abcd 136.5 ab 840.2 b 0.12 ab 9.76 ab
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36 68.4 d 100.4 ab 681.3 b 0.1 b 29.47 a

Mean 84.7 106.9 2042.7

C.V. (%) 10.4 15.6 45.85 54

Prob. F. <0.001 <0.001 <0.001 <0.001 <0.001

DMS 19.73 54.54 3064.6

NS: not significant; LSD: least significant difference; Prob F: Fisher’s F probability at P≤0.05.

Table 3. Analysis of variance of DEBA and Tukey’s means of agronomic parameters of rice genotypes 
established in temporal cycle 2024 under conditions of Tabasco, Mexico.

key variables for crop yield. Plant height (PA), 
number of grains per spike (NGP), grain yield 
(GY), water productivity (PA) and efficient 
water use (ECA) showed highly significant 
differences (P<0.001), indicating genotypic 
variability in these traits.

Plant height (PA, cm). Significant variability 
was observed in PA (P < 0.001), with values 
ranging from 68.4 cm (T36) to 98.6 and 97.7 
cm (T4 and T30, respectively). The difference 
between genotypes suggests that some materials 
have taller growth habit, which may be related 
to a greater capacity for light interception and 
competition for resources. However, genotypes 
with shorter height could be more resistant 
to lodging, a key characteristic for rainfed rice 
production. Genotypes with greater height (T4, 
T23, T30 and T16) could be associated with 
vigorous vegetative growth, which, depending 
on agronomic management and environmental 
conditions, can positively or negatively impact 
yield. A study analyzed the relationship between 
plant height and yield in different rice ecotypes 
over a span of 1978-2017. The results showed 
that, in indica ecotypes, greater plant height 
was positively associated with grain yield, while 
in “japonica hybrid” ecotypes, this relationship 
was negative. This suggests that the impact of 
plant height on yield may vary by ecotype and 
environmental conditions (Li et al., 2019).  

Number of grains per panicle (NGP). 
NGP did show significant differences (p < 
0.001), with values ranging from 83.3 (T10) 
to 141.3 (T33). Genotypes with higher NGP 
may be related to higher efficiency in the 
production of reproductive structures (Lu et 

al., 2022). One investigation analyzed 38 rice 
varieties with different yield types and found 
that high-yielding varieties had a higher total 
number of spikelets. The study revealed a 
significant positive correlation between the 
number of spikelets per panicle and grain 
yield, although a negative correlation was also 
observed with the percentage of filled grains 
and grain weight. These findings suggest that 
while higher spikelet number may contribute 
to yield increase, it is essential to balance this 
component with other factors to optimize 
productivity (Liu et al., 2024).

Grain yield (GY, kg/ha). Grain yield showed 
highly significant differences (P<0.001), with 
an overall average of 2042.7 kg/ha. Treatment 
30 stood out with the highest yield (4127.2 
kg/ha), suggesting a favorable combination of 
agronomic attributes. In contrast, treatments 6, 
26, 33, 34, 35 and 36 presented the lowest values 
(<1000 kg/ha), indicating that yield expression 
is influenced by both genetic potential and 
interaction with the environment. Genotypes 
such as T30, T15, T4 and T16 presented the 
highest yields with 4127.2, 3415.7, 3236 and 
3157.4 kg/ha, respectively; suggesting their 
potential to be selected in breeding programs. 
However, some materials with lower yields 
could be limited by factors such as lower 
grain filling capacity or lower photosynthetic 
efficiency. Recent research has deepened the 
understanding of genotype-by-environment 
interaction (GEI) and its impact on rice 
yield. One study evaluated 89 rice varieties in 
temperate, subtropical and tropical regions 
over two years, analyzing grain yield and 
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components such as panicle length, number of 
panicles, number of spikelets per panicle and 
thousand-grain weight. Results indicated that 
consideration of GEI in diverse environments 
facilitates accurate identification of optimal 
genotypes with high yield and adaptability to 
specific or diverse environments (Huang et al., 
2021). An example of this was treatment 30 
which corresponded to the Gulf variety FL-16 
which is multienvironmental and possesses 
high spectrum resistance to the sogata-WHV 
complex (white leaf virus) and the endemic 
disease “rice scorch” (Pyricularia oryzae), as 
well as moderate resistance to the new disease 
“spotted grain”, caused by Helminthosporium 
oryzae in association with other pathogens, and 
to stem borers (Chilo loftini, Rupela albinella 
and Diatraea saccharialis) (Hernández-Aragón 
et al., 2019). On the other hand, treatments 15, 
4 and 16, which correspond to experimental 
lines PCTMADR-707-2-1-1-1-1-3SR-2P, IR 
69915-12MI-15UBN-22 and PCTMADR-
682-2L-2-3-3-3SR-2P, are shown as promising 
materials for release (Hernández-Aragón et al., 
2023). 

Water productivity (PA, kg/m3) . Analysis of 
variance revealed highly significant differences 
(P < 0.001) in water productivity (PA) among 
the genotypes evaluated. Values ranged from 
0.08 kg/m(3) (T33) to 0.54 kg/m(3) (T30), with an 
overall mean of 0.31 kg/m3. This wide variation, 
also reflected in a coefficient of variation (CV) 
of 54%, indicates a marked influence of the 
genetic component on the efficiency with 
which varieties convert water used into grain 
yield. The value of 0.54 kg/m3, means that 
T30, for each cubic meter of water consumed 
produced 0.54 kilograms of grain. The genotype 
T30 (Gulf FL-16), which presented the highest 
PA, also showed the highest grain yield, which 
reinforces the usefulness of this variable as an 
indicator of agronomic performance under 
rainfed conditions. These results coincide 
with those reported by Hussain et al. (2022), 

who observed a high genotypic variability in 
water productivity in rice under water stress, 
highlighting that genotypes with high PA 
present better utilization of water resources and 
greater sustainability. In addition, treatments 
T15, T25, T16 and T4 also presented PA values 
higher than 0.43 kg/m(3) ,which positions them 
as promising materials for environments where 
access to water is limited.

Water conversion efficiency (WCE, m3/
kg). For RCT, highly significant differences 
(P < 0.001) were also identified, with values 
ranging from 1.98 m3/kg (T30) to 29.47 m3/kg 
(T36), with the overall mean being 5.66 m³/
kg. The high CV of 58% evidences variability 
among genotypes, suggesting a high selection 
potential for this trait. Genotypes with lower 
RCT, such as T30, T16, T4, T25 and T11, 
are particularly relevant, as they require 
less water to produce one unit of yield, 
making them suitable for water-restricted 
environments. The value of 1.98 m3/kg in 
T30 (Gulf FL-16) implies that 1980 liters of 
water are needed to produce one kg of rice 
grains.  Studies such as Bouman et al. (2007) 
point out that improving water use efficiency 
in rice is a crucial objective in the face of 
climate change and increasing water scarcity. 
These authors propose that the combination 
of appropriate agronomic practices and the 
selection of genetic materials with lower RCA 
can significantly improve crop sustainability. 
In this study, materials with higher water 
efficiency were also those with higher yields, 
suggesting a direct relationship between water 
use efficiency and yield potential.

CONCLUSION
This study was able to determine that 

there are genotypes suitable for rainfed 
conditions in Tabasco, Mexico. In addition, 
it was corroborated that Tabasco presents 
ideal climatic conditions for rice crop growth. 
The results indicate that there are significant 
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differences in plant height (PA), number 
of grains per ear (NGP), grain yield (GY), 
water productivity (PA) and water conversion 
efficiency (ECA), which suggests an important 
genetic variability among the genotypes 
evaluated. The highest yielding materials 
(T15, T4 and T16) show favorable agronomic 
characteristics and could be considered for 
release as new varieties. The variables PA and 
ECA are effective tools to evaluate the efficiency 
of water use in rice, allowing the selection of 

genotypes with greater sustainability in the face 
of climate change scenarios. On the other hand, 
genotype T30 presented the highest grain yield 
and silver height, in addition to presenting 
PA of 0.54 kg m3and ECA of 1.98 m3kg-1. It is 
recommended to validate the most outstanding 
genotypes in other rainfed environments and 
under different agronomic management to 
confirm their stability and adaptability.
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