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Abstract 
Water management is considered one of the most prevalent factors in the 
production of quality seedlings in commercial crops. Despite the benefits 
provided, the technique is still little used by irrigating users, who, for the 
most part, do not adopt any criteria for water use. Thus, aiming at the ration-
al use of water resources and increasing the productive potential of seedlings, 
the objective of this study was to evaluate the effect of different irrigation 
depths on the production of Formosa “Mel” papaya seedlings (Carica papaya 
L.). The experiment took place in a greenhouse, located at the Federal Insti-
tute of Espírito Santo, Campus Itapina, in Colatina, ES. The treatments con-
sisted of six irrigation depths corresponding to 4, 6, 8, 10, 12 and 14 
mm·day−1 adjusted in a completely randomized design, with 25 plants per 
treatment. The variables evaluated were: plant height, stem diameter, leaf 
area, dry mass of the aerial part, dry mass of the root system, total dry mass 
and Dickson’s Quality index, 58 days after sowing in all experimental plots. 
At the end of the experiment, it was found that the 7.36 mm·d−1 irrigation 
depth provided better quality, in addition to lower water consumption, being 
the most recommended for the production of Formosa “Mel” papaya seedl-
ings. 
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1. Introduction 

Brazil is one of the world’s largest producers of papaya (Carica papaya L.) with a 
cultivated area of around 78,502,422 ha and production of 1,060,392 tons in 
2018. The State of Espírito Santo stands out with a production close to 354,405 
tons, corresponding to more than 33% of national production [1]. 

In papaya cultivation, the production of seedlings is one of the main stages for 
the success of a crop. Obtaining quality seedlings allows cultures to express their 
maximum genetic potential in the field [2]. One of the factors that most influ-
ence the achievement of quality seedlings is water availability [3]. However, the 
application of water is often done without technical grounds, limiting the poten-
tial development, growth and production of crops [4]. 

These factors: inadequate water management, subject plants to water stress, a 
condition caused by excess or lack of water in the soil, trigger a series of negative 
effects on important physiological processes of plants, causing the reduction of 
growth potential, in addition to favoring the appearance of diseases, excessive 
consumption of energy and fertilizers and leaching of nutrients [5] [6]. 

Thus, the replacement of water in the appropriate amount and at the right 
time is a decisive process for success in production systems [7]. However, for 
proper use of the technique, knowledge about the water need of crops is essential 
in order to guarantee satisfactory results and rational use of water resources [8] 
[9]. 

For papaya, water management protocols have already been reported in the 
production of seedlings of the cultivars “Rubi INCAPER 511” [10], “Tainung 01” 
[11] and “Golden THB” [12]. However, the different degrees of tolerance to the 
reduction of water humidity are associated with the individual’s adaptation, 
which refers to a level of resistance genetically determined [13] or induced by 
natural selection, being fundamental application of specific studies to new mate-
rials, such as “Mel” papaya tree, a hybrid cultivar belonging to the Formosa 
group, with great market potential, due to high productivity, small size, un-
iformly shaped fruits and highly sweet pulp [14]. 

Given the economic importance of the crop and the lack of studies on water 
management in Formosa “Mel” papaya, the objective was to evaluate the effect 
of different irrigation depths on seedling production, in order to understand the 
relationship between irrigation management in papaya and improve the produc-
tive system aiming better quality for seedlings. 

2. Material and Methods 

The study took place in a greenhouse, at the Federal Institute of Espírito Santo, 
Campus Itapina, located in Colatina, a city in the Northwest region of the State 
of Espírito Santo, Brazil, with the geographical coordinates of 19˚32' South lati-
tude and 40˚37' of longitude West, during the period from May 16th to July 12th, 
2018. The climate of the region according to the Köppen classification is of the 
tropical type Aw with predominance of rain during the summer and dry winter 
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[15]. The minimum, maximum and average temperature and the average rela-
tive humidity inside the greenhouse were measured throughout the experiment 
by a Data Logger model 200 (WatchDog®), as shown in Figure 1 and Figure 2. 

Six individual environments with dimensions of 2.20 m long and 1.10 m wide 
were installed (Figure 3). Each room was covered with transparent plastic can-
vas on the sides, and inside it six GREEN MIST anti-drip nebulizers (NaanDan-
Jain®) were placed, located 1 m above the seedlings and spaced 0.8 m apart. The 
environments had their irrigation controlled individually and electronically and 
maintained by a centrifugal pump with a power of 0.5 hp. The frequency of irri-
gation was distributed for 10 hours a day, with an operating pressure of 2 kgf 
cm−2. 

 

 
Figure 1. Monitoring of daily values of maximum, minimum and average temperatures in the 
greenhouse depending on the days after planting of the papaya seedlings, for the city of Colatina, 
Espírito Santo. 

 

 
Figure 2. Monitoring of daily values of relative humidity in a greenhouse according to the days 
after planting of the papaya seedlings, for the city of Colatina, Espírito Santo. 
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Figure 3. Sketch with the representation of the environments used for the expe-
rimentation. 

 
The design used was completely randomized, with treatments consisting of six 

different irrigation depths corresponding to 4, 6, 8, 10, 12 and 14 mm·day−1. 
Each treatment consisted of 25 plants, totaling 150 plants in the experimental 
field. 

The seedlings were produced in tubes with a volume of 290 cm3 that were 
cleaned with sodium hypochlorite solution with a concentration of 2%. Each one 
was filled with substrate Tropstrato HT® Vegetables plus Osmocote Plus® 15-9-12 
(3M) in the dosage of 12 kg/m3 with the following chemical composition: N = 
15%, (7% ammonia and 8% nitrate), P2O5 = 9%, K2O = 12%, Mg = 1.3%, S = 
5.9%, Cu = 0.05%, Fe = 0.46%, Mn = 0.06% and Mo = 0.02%. Two “Mel” papaya 
seeds were used per tube and thinning was carried out, keeping the seedling 
more vigorous after 15 days. 

The end of the experiment occurred 58 days after sowing. Morphological cha-
racteristics were evaluated, such as: plant height (PH); stem diameter (SD); leaf 
area (LA). Biomass: dry mass of the aerial part (DMAP); dry mass of the root 
system (DMRS); total dry mass (TDM). Quality: Dickson’s Quality Index (DQI). 

The plant height was measured with a graduated ruler, from the stem to the 
apical bud, in cm. The stem diameter was measured with a caliper, in mm, 2 cm 
above the edge of the tube. The leaf area was determined with a LI-COR table 
model LI-3100C, in cm2. To obtain the dry mass values, initially, the seedlings 
were cut in the trunk region, close to the ground level, separating the relative 
mass of the aerial and the root parts. The materials were packed in paper bags 
and taken to a forced air circulation oven for 72 hours at a temperature of 65˚C, 
being subsequently weighed on a precision scale, thus obtaining the values of 
partitioned dry mass. The TDM was obtained by the product of the sum of 
DMAP and DMRS and the DQI determined according to Dickson et al. [16] as 
shown in Equation (1): 

TDMDQI
PH DMAP
SD DMRS

=
+

                       (1) 

The data were submitted to analysis of variance (p ≤ 0.05) and when the F test 
was significant, the regression analysis of quantitative variables was done. The 
models were chosen based on the significance of the regression coefficients, us-
ing the t student test, at the level of 5% probability and by the coefficient of de-
termination. The maximum points were determined from the first derivative of 
the equation. Statistical analyzes were performed using the R software with the 
stats data package [17]. 
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3. Results and Discussion 

After analysis of variance (p ≤ 0.05) it was found that there was a significant ef-
fect for all evaluated characteristics, attesting that the applications of different ir-
rigation depths influence the growth and quality of Formosa “Mel” papaya 
seedlings. In all variables, good representation of the phenomenon was obtained 
by statistical models and a high coefficient of determination (R2). 

In all the analyzed characteristics of the “Mel” papaya seedlings, there was a 
negative influence both for the deficit and the water excess generated by the 
smallest and largest irrigation depths, respectively. This fact was also observed in 
the production of papaya cultivars “Rubi INCAPER 511” [10], “Tainung 01” 
[11] and “Golden THB” [12]. 

The lowest results obtained at the ends of the curves, where the plants were 
subjected to low volumes of water (2, 4 and 6 mm·d−1) and high volume of water 
(10.12 and 14 mm·d−1) are responses to water stress conditions, which are 
harmful to crops, thus explaining the adjustment of the quadratic model ob-
tained in all variables studied. 

To overcome such damage, under stress conditions, plants use mechanisms, 
responsible for adaptive processes, in response to unfavorable environment con-
ditions. Among them, it worthy to be mentioned those of survival, which regu-
late growth, morphology, photosynthesis and stomatal opening [18]. These 
processes directly affect plants from their vegetative to reproductive growth [18]. 

It can be said that the smallest water depths were insufficient to meet the wa-
ter demand of the seedlings, thus causing a decrease in their growth potential 
due to an induced water deficit. 

According to Silva et al. [19], basically the first line of defense against the wa-
ter deficit is stomatal closure, since the diffusive resistance of water vapor re-
duces perspiration. However, if this situation extends, it damages the photosyn-
thetic capacity due to the reduction of CO2 supply. Due to the increase in the 
amount of water applied, a positive response is observed in the growth of the 
seedlings, until reaching the maximum point, establishing the ideal amount of 
water for irrigation. It is believed that this point corresponds to a moisture gra-
dient that allows for maximum transpiration, and, consequently, growth. 

With the increase in the amount of water again, an unfavorable condition is 
established, due to several factors related to hypoxia, leaching of nutrients, 
among others, again reducing the growth potential of the seedlings. 

In Figure 4(a), the plant height (PH) showed at the point of maximum height 
of 19.4 cm on the 9.03 mm·d−1 irrigation depth. The largest stem diameter (SD) 
was 5.01 mm in the 7.75 mm·d−1 irrigation depth (Figure 4(b)). The leaf area 
(LA) showed a maximum point adjustment of 112.8 cm2 in the 8.51 mm·d−1 ir-
rigation depth (Figure 4(c)). 

The value found for the dry mass of the aerial part (DMAP) at the maximum 
point was 0.86 g in the 7.98 mm·d−1 irrigation depth (Figure 5(a)), for the dry 
mass of the root system (DMRS) was 0.44 g in the 8.04 mm·d−1 (Figure 5(b)), for 
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the total dry mass (TDM) at the maximum point of 1.29 g in the 8.01 mm·d−1 
(Figure 5(c)) and the Dickson’s quality index (DQI) showed a maximum of 0.22 
in the 7.36 mm·d−1 (Figure 5(d)). 

Water stress reduces cell turgor, decreasing cell expansion and multiplication, 
limiting plant growth and development [20]. In addition, under such conditions 
the synthesis of abscisic acid (ABA) can increase up to 50 times compared to 
normal conditions, being the most radical change from a plant hormone to an 
environmental stimulus. The production of this hormone is very efficient in 
stomatal closure, as it helps to reduce water losses due to the perspiration 
process [18]. 

 

 
(a) 

 
(b) 

 
(c) 

Figure 4. Effect of different irrigation depths on plant height (PH), stem 
diameter (SD) and leaf area (LA) of Formosa “Mel” papaya seedlings.  
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 5. Effect of different irrigation depths on the dry mass of the aerial 
part (a), dry mass of the root system (b) total dry mass (c) and Dickson’s 
quality index (d) of Formosa “Mel” papaya seedlings. 
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In environments where the amount of water is in excess, a condition of hy-
poxia (low oxygen availability) is created in the roots, causing the plant to subs-
titute respiration for fermentation and this alteration may generate a decrease in 
the amount of energy limiting the growth and development of plants [21]. Pa-
paya is an extremely sensitive crop to lack of aeration in the soil, with a consi-
derable reduction in physiological processes after 24 hours submitted to these 
environments, which can lead to the death of the plant if exposed to these condi-
tions for two to four days [22]. In addition, as well as the lack of water, the 
excess induces ABA synthesis more accentuated in old, withered and inferior 
leaves, which is translocated to the newer leaves, leading to the closure of sto-
mata and reducing photosynthesis [23]. 

One of the first defenses of plants to stressful conditions is the reduction of 
leaf area. Large leaves optimize the production of photosynthesis, however, they 
can be harmful to the growth of plants submitted to water deficit, since they 
have greater surface for perspiration, implying rapid depletion of soil water [18]. 
According to Melo et al. [24], in the production of papaya seedlings, a larger leaf 
area allows plants to have a higher rate of light absorption, which provides 
greater use for the process of photosynthesis and consequently an increase in 
photoassimilates, reflects in greater growth of stem height and diameter, in addi-
tion to the accumulation of dry biomass by plants. 

In fact, it is possible to observe that there is a similar effect among all the cha-
racteristics evaluated in this study, where there was a gradual increase in the 
values up to the point of maximum technical efficiency, which is defined as the 
satisfactory demand for water resources, since then there is a decrease in the av-
erage values, with irrigation depths between 7.36 and 9.03 mm·d−1 providing 
better values for all analyzed characteristics. However, it should be noted that 
characteristics such as PH, SD, LA, DMAP and DMRS analyzed individually 
may not reflect the real quality of the seedlings, as nurserymen tend to select the 
highest seedlings, rejecting the smallest ones, however with greater vigor [25]. 
Thus, the DQI is the characteristic that best expresses the quality of seedlings, 
since in its formula it takes into account all parts of the plant [26]. 

The highest averages for the DQI were found in the 7.36 mm·d−1 irrigation 
depth, showing that the seedlings present higher quality under this water regime. 
According to Gomes et al. [27], seedlings with higher DQI values are more de-
sirable because they are more lignified, which allows greater survival capacity 
when transplanted to the field. In addition, this irrigation depth was the one 
with the lowest water demand, which may result in lower production costs and 
reduce water consumption. 

4. Conclusion 

The 7.36 mm·d−1 irrigation depth provided better quality, in addition to lower 
water consumption, being the most recommended for the production of For-
mosa “Mel” papaya seedlings. 
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