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ABSTRACT 

A desirable water supply in agriculture requires quantitative methods to determine crop requirements. Deter-
mination of hydric request of maize Var INIAP 102 is promising, mainly at altitudes over 2000 meters above 
sea level. This study analyzed three methods (lysimeter, evaporimeter tank, and empiric formula FAO) to 
determine Chimborazo province's hydric requirements for Var INIAP 102. Vegetative and yield variables 
were recorded, and the effect of different water films on the vegetative growth of maize was determined. When 
water was more available in the soil, the vegetative growth, yield, and pod weight per plant of maize Var 
INIAP 102 were higher. This study is of great importance because determining the hydric requirement of 
maize Var INIAP 102 was done for the first time in Chimborazo province and will support farmers in better 
water use for irrigation. 
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INTRODUCTION 

Irrigation is one of the indispensable activities in agriculture, especially in places where rainfall does not meet 
the water demands of crops. Aedo 1 states that there is no need to justify water use; the increase in yields in 
irrigated crops is undeniable. "Irrigation is a tool in every agricultural strategy..." it alone generates complex 
and tecnified processes. In its statistics, the Food and Agriculture Organization (FAO) 2 records South Amer-
ica has an area equipped for irrigation of 17,798,500 hectares. 
"Irrigation use is the primary volume used but carried out under inefficient conditions. Deficiency in irrigation 
water management is observed in all system components, from capture to application in the fields, through 
conduits, storage, distribution, and parcel irrigation methods."3 
Global water scarcity is caused by demands from industries and the domestic sector, economic limitations to 
develop new water resources, climate change, and reduced water availability. The large volumes of water 
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required by agriculture also play a role, highlighting the importance of properly managing the available water 
for irrigation. 4 
For proper management, water in agriculture requires the application of methods that determine the quantity 
needed by the crop. According to García et al. 5, demand refers to crop evapotranspiration in soil without a 
water deficit. When this process occurs under suitable conditions, it is called the crop coefficient (Kc). To 
execute this management, it is necessary to know the crop's phenology and water consumption at each stage 
of development. 6 
Maize (Zea mays L.) is one of the highest-producing crops in Ecuador. Data from the National Institute of 
Statistics and Census (INEC) 7 report that over 400,000 hectares were planted with various types of maize, 
resulting in a production exceeding 1.4 million tons. Production is closely correlated with climatological var-
iables and crop water availability. 8 Understanding the water requirements of this crop is essential, especially 
for the variety INIAP 102 "Blanco Blandito Mejorado," which, according to Silva et al. 9, is characterized by 
high yield and adaptation to altitudes above 2000 meters above sea level. Over 25,000 hectares of soft maize 
are planted annually in the province of Chimborazo. Therefore, it is considered necessary to determine, using 
three methods, the water requirement of the maize variety INIAP 102 in the canton of Riobamba, Chimborazo 
province. 
 
 
 
MATERIALS AND METHODS 

The present research will be carried out at the Escuela Superior Politécnica de Chimborazo, in the Centro 
Experimental de Riego (CER), located at 2710 meters above sea level, with an average temperature of 14°C, 
in the canton of Riobamba, Chimborazo province, Ecuador. 
 
Experimental Design  
A Completely Randomized Block Design (CRBD) was employed, with three treatments and three replications 
(Table 1). 
 
Treatment Name  Description 
T1 (Lysimeter) Evapotranspiration of the crop was calculated using 

drainage lysimeters, and irrigation was applied once the 
lysimeter stopped draining. 

T2 (Evaporation Tank Type A) Evaporation from the pan was measured, and irrigation 
was applied based on evaporation once 25% of the avail-
able water was consumed. 

T3 (FAO Empirical Formula) 10 Calculation was performed, and irrigation was applied 
once the available water was consumed. 

Table 1. Irrigation Treatments and their Descriptions 

 
In each treatment, a sample of 10 plants was taken to evaluate vegetative and reproductive variables (Table 
2). 
 
Designation Description 
Plant Emergence Evaluated at 30 days after planting (dap). 
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Plant Height They were recorded at 50, 100, and 150 daps using a tape 
measure, measured from the base of the stem to the 
plant's apex. 

Stem Diameter They were recorded at 50, 100, and 150 daps using a Ver-
nier caliper, measured at the base of the stem. 

Ear Height Height from the base of the stem to the first ear formation, 
measured with a tape measure. 

Number of Ears per Plant Recorded the number of ears per plant at harvest. 
Ear Weight per Plant Each ear was weighed using a scale. 
Yield  The weight of the ears determines it in the net plot. 

Table 2. Plant Growth and Productivity Measurements 

 
Statistical Analysis  
Differences between treatments in the variables under study were determined using a simple Analysis of Var-
iance (ANOVA). In cases where significant differences were observed, the Tukey test was applied at a 5% 
significance level. 
 
 
 
RESULTS 

Total Water Depth Applied  
When calculating the crop's water requirements under Riobamba, Ecuador, a significant difference between 
methods was observed. The results from the Type A evaporation tank method require the application of a total 
water depth for the entire crop cycle of 1015 L (m2)-1, while the two remaining treatments establish lower 
water requirements demanded by the maize (Figure 1.).  
 

 

 
Figure 1. Total water depth applied in the crop cycle  
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Plant Emergence  
The highest plant emergence occurred in treatment two, with 88.33%, corresponding to the area receiving the 
most water (Figure 2.).  

 
*means with different letters differ significantly (p≤0,05) (CV 3,32) 
Figure 2. Plant Emergence. 

 
Plant Height  
At 50 DDS, there were no significant differences in the height of maize plants among the treatments under 
study.  
 
Treat. Denomination Plant height (cm) 

100 dds 150 dds 

1 Lisymeter 110.03 b 150.27 b 
2 Evaporation tank type A 136.23 a 181.87 a 
3 FAO empirical formula 126.53 a 168.93 a 

C. V.  3.78 3.68 
* means with different letters differ significantly (p≤0,05) 
Table 3. Effect of Irrigation Treatments on Plant Height at 100 and 150 Days After Planting 

 
However, at 100 and 150 DDS, it was observed that the plants in treatments 2 and 3 had the most remarkable 
growth with significant differences compared to treatment one (Table 3.). 
 
Stem Diameter  
Significant differences were observed in stem diameter. Plants irrigated under the regime established by the 
results of the Type A evaporation tank (Treatment 2) had thicker stems at all evaluation times compared to 
the other treatments (Table 4.). 
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Treat. Denomination Stem diameter (mm) 
50 dds 100 dds 150 dds 

1 Lisymeter 8.13 c 16.77 c 17.13 c 
2 Evaporation tank type A 11.1 a 23.97 a 24.7 a 
3 FAO empirical formula 9.67 b 19.0 b 19.57 b 

C. V.  4.38 5.36 2.79 
* means with different letters differ significantly (p≤0,05) 
Table 4. Effect of Irrigation Treatments on Stem Diameter at 50, 100, and 150 Days After Planting 

 
Ear insertion height  
Compared to the other treatments, treatment two (evaporation tank) resulted in significantly taller plants with 
ears inserted at a greater height, indicating a positive impact on plant growth and potential yield. 
 

 
* means with different letters differ significantly (p≤0,05) (CV 5,26) 
Figure 3. Ear insertion height 

 
Number of ears per plant  
The treatments had no significant differences in the number of ears per plant. 
Ear weight per plant  
The ear weight per plant was higher in treatments 2 and 3, with 274.0 and 293.0 g, respectively. This yield 
parameter does not correlate linearly with the vegetative aspects' performance or the amount of water applied 
(Figure 4).  
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* means with different letters differ significantly (p≤0,05) (CV 3,79) 
Figure 4. Ear weight per plant 
 

Yield 
In the plots where a total water depth of 533 L (m2)-1 (treatment 3), a yield of 6.42 t ha-1 was calculated, which 
differs significantly from the other two. 
 

 
*medias con letras diferentes, difieren significativamente (p≤0,05) (CV 8,51) 
Figure 5. Maize yield (t/ha) under different irrigation treatments. Means with different letters are significantly 
different (p ≤ 0.05). CV = 8.51. 
 
 
 
DISCUSSION 
 
Research on the water requirements of maize INIAP 102 in Riobamba revealed significant differences in water 
demand depending on the estimation method used, highlighting the complexity of determining optimal water 
management in agriculture. The Type A evaporimeter tank method suggested a considerably higher require-
ment, contrasting with the methods of the lysimeter and the FAO empirical formula. This variability under-
scores the influence of local conditions and methodology on estimating the water needed for specific crops. 
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While the evaporimeter tank reflects potential unrestricted evapotranspiration, the lysimeter provides a more 
direct measure of crop transpiration and soil evaporation, possibly resulting in a lower but potentially more 
tailored estimate of the actual crop needs. "It is important to carry out water balance modeling, as it can address 
challenges in resource management and also consider parameters such as water availability." 8 Zamora et al.11, 
ensure that in maize, the estimated water depth ranges between 498.4 and 818.8 mm for arid areas. 

The relationship between the amount of water applied and plant emergence points to a positive correlation 
between greater water availability and emergence rate. The treatment with the evaporimeter tank, which in-
volved the most significant water application, achieved the highest emergence rate (88.33%), suggesting that 
adequate water availability from the early stages may favor a more successful crop establishment. In this 
regard, Lucas et al.8, conclude that water balance is linked to climatological variables and has a close relation-
ship with soil water availability, which benefits maize cultivation from planting to harvest. 
The analysis of plant height, stem diameter, and ear insertion height reveals that a more generous water supply 
(treatment 2) favors the vegetative development of maize. These results are consistent with the literature, 
indicating that water availability is critical for vegetative growth, particularly in rapid development. Rodríguez 
et al.13 observed that crop development is affected by an irrigation depth lower than 612 mm. At the same 
time, Sandez and Romani15 assert that achieving a good plant structure allows better entry of solar radiation 
to the leaves near the inflorescence. Good ear placement results in a higher yield14. However, the absence of 
significant differences in the number of ears per plant and the counterintuitive lower weight of ears in the 
treatment with higher water application (treatment 2) suggests that beyond a threshold. These results coincide 
with those obtained by Inzunza et al.16 and can be explained by the arguments of Geerts and Raes17, who 
point out that maize yields are affected when they grow under conditions of excess soil moisture. 
Surprisingly, treatment 3, which applied an intermediate amount of water based on the FAO empirical formula, 
yielded the highest yield (6.42 t ha-1). This finding illustrates that balanced water management, avoiding both 
deficit and excess, can optimize maize yield, possibly by improving water use efficiency and encouraging a 
more balanced crop development. Rodríguez et al.13 agree in pointing out that maize water needs vary from 
481 to 747 mm. 
These results have important implications for water management in Riobamba agriculture. First, they highlight 
the need to adapt irrigation practices to specific local conditions, considering crop demands, water availability, 
and resource sustainability. Additionally, they suggest that estimation methods such as the FAO empirical 
formula, which incorporates climatic variables and crop characteristics, may offer a more practical guide for 
irrigation than methods that do not adjust for specific local conditions. 
 
 
CONCLUSIONS 

The research provides significant field information on the effect of different water depths on the vegetative 
development of maize variety INIAP 102. The relationship between crop water requirements and its vegetative 
development is manifested in how variables of this Type studied increased as soil water availability increased 
throughout the cycle. Yield parameters such as ear weight per plant and yield imply the usefulness of strategies 
in applying water demanded by the crop. Excess soil moisture throughout the cycle reduced yields by exceed-
ing the maximum limit of the total water depth. 
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