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ABSTRACT 
 

The aim of this study was to evaluate the influence of irrigation intensity in development of Cedrella 

fissilis seedlings in the greenhouse. The statistical design was randomized blocks, arranged in a  

bi-factorial design with split plot with three replications. As main plot was characterized for irrigation 

frequencies (treatments): T1 – one time irrigation daily (at 11h00min); T2 – two times irrigation daily 

(at 11h00min and 19h00min); T3 – three times irrigation daily (at 07 h00min, 11h00min, and 

19h00min) and T4 - four times irrigation daily (at 07h00min, 11h00min, 15h00min, and 19h00min) 

and as a sub-portion eight times week assessment, and an eighth hardening phase. For the 

experiment was used a system of localized irrigation, consisting of: pump, irrigation nozzles, tubes 

and valves. The seedlings were grown in plastic containers (tubes) suspended for PVC trays. Data 

were collected weekly, obtaining the height and diameter of the seedlings, dry mass production and 

the number of sheets in each evaluation. After the analysis it was concluded that the frequency of 

the three irrigations per day showed the C. fissilis seedlings with better development and able to go 

to the field. 
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INTRODUCTION 

 

The moisture absorption is a fundamental factor in 

seed germination, because active your metabolic 

system. Each species has a critical humidity level 

below which there is no germination, although does not 

mean that the metabolism is inactive. The seeds have 

varied behavior as the moisture getting mechanism, 

which is linked mainly to the cellular water potential 

(Borges et al.1991). However, the technical information 

available on the production of seedlings such as     

pink cedar are scarce, limiting the progress of its 

forestry (Xavier et al. 2003). In addition, water is 

probably the environmental factor most limiting to the 

establishment and development of the seedlings 

(SMAFFSP 1993). 

      The production of seedlings should strive for 

quality combined with rational use of available 

resources. The need to redefine management 

procedures, especially water, to enable the final quality 

of seedlings and comply with environmental quality 

standards (Silva 2003). The specific management 

conditions have a direct influence on the pond 

productivity and the final quality of the seedlings, which 

will reflect in survival, uniformity and initial start-up of 

plants in the field (Alfenas et al. 2004). According to 

these authors, the controls irrigation, temperature and 

brightness controls are critical to the success of 

rooting; about 5 to 10% of rooted cuttings are lost to 

shipping. 

      The energetic state of the plant is the result of 

interaction between atmospheric evaporative demand 

with the ground water potential, density and distribution 

of the root system and physiological processes.      

(Ferreira 1997). The amount of water needed to 

produce forest species in a variety of containers, 

depends on many factors, such as climate, type of 

structure, the type of irrigation, the substrate and the 

characteristics of each plant (Landis 1989). Some work 

with eucalyptus seedlings have been developed under 

different conditions of water availability (Chaves et al. 

2004). 

      Obtaining seedlings with high quality is of 

fundamental importance for the successful 

implementation of forests, because, according to 

Ferreira et al. (1999), are closely related to the 

purpose for which it is intended and the environmental 

conditions encountered, which will result in favorable 

interactions or not for their establishment and early 

growth. The physiological quality of seedlings can be 

more important than the effects of morphological order 

and the quantification of water requirements in their 

training is extremely important because the lack or 

excess of this can limit their development (Novaes et 

al. 2002). 

      There is a need to take up some special cares, 

among which stand out the amount of water provided 

during the production process (Galbiatti et al. (2007), 

because the availability of water for the plant, the 

amount correct and timely, is crucial to the success of 

the culture (Marouelli and Silva 1993). The lack or 

excess may limit their development (Lopes et al. 

2005). The lack of water leads to water stress 

(desirable only in hardening), where the most common 

effect of moisture stress is a reduction in growth rate 

and foliage development (Winter 1976), besides the 

decrease in the nutrients absorption (Silva et al. 2005). 

The excess may favor the leaching of nutrients and 

also provide a favorable microclimate to the diseases 

development, in addition to social and environmental 

issues related to water savings and the leached 

accumulation in the soil (Lopes et al. 2005). 

      Tubes have particularities compared to soil 

cultivation, due to higher frequency of irrigation that 

occurs due to the low volume of substrate available to 

the plant. This makes that we should have more 

irrigation control, preventing water stress in the growth 

phase (Wendling and Gatto 2002). For these authors, 

the frequency and the volume of water will be 

determined as the substrate to be used. 

      In turn, the characteristics of the substrates are 

highly correlated together: macroporosity with aeration 

and drainage, and micro-porosity with water and 

nutrients retain (Caldeira et al. 2000). These are 

factors that often, a good seedlings development. In 

order that the lack or excess of water will impair the full 

seedling development in the nursery and after planting, 

the monitoring of irrigation it is necessary, trying to 

identify the best time of reirrigate and the optimal 

amount of water to be applied (Ferreira et al. 1999). 

      Thus, this study aimed to evaluate the influence of 

irrigation frequencies in diameter growth, height and 

dry matter production and the H/D ratio Cedrella fissilis 

seedlings in nursery. 

 

MATERIAL AND METHODS 

 

This study was conducted in a greenhouse located in 

the nursery of Forest Sciences Department, in Federal 

University of Santa Maria, RS, Brazil (20° 45' South 

Latitude and 42° 55'de West Longitude). 

      The type of cartridge used was the tapered model 

with volume capacity of 53 cm³ substrate having water 

retention capacity of 50% applied for an irrigation 

system (Landis 1989). 

      The seeds were from the IPEF (Institute of Forestry 

Research and Studies), being these safe origin, with 

proven germination test. These seeds were collected 

in 2006, the Seed Production Area (APS-F2) located in 

Paulista, SP, Brazil. 
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      For the experiment, was used a trickle irrigation 

system The following materials were used: medium 

pressure electric pump; Hose "½" to drive the motor to 

the water distribution hoses; Hose "3/4" Water-

treatment; twelve records for water intake control to the 

diffusers and twelve irrigation diffusers. Records were 

manually controlled as each treatment in question, in 

their times prescribed. The water used was derived 

from a water tank located near the greenhouse. 

Irrigation was done in a systematic way and without 

the use of fertilization. Were used 12 rigid PVC trays, 

where each PVC tray containing 48 tubes. Of these 48 

tubes, 24 were considered as experimental unit. 

      The substrate used for sowing of C. fissilis was the 

Plant Max, used for the production of seedlings of tree 

species, consisting of pine bark processed and 

enriched, vermiculite and perlite, humidity 50-55%, 

density of 420±5 kg m
-3

, pH 5.5 to 6.2 and electrical 

conductivity of 1.8-2.0 ms cm
-1

. The tubes were filled 

by hand evenly. 

      Each treatment was isolated with a transparent 

plastic curtain to prevent the irrigation applied in a 

treatment interfere in adjacent treatments for greater 

reliability in the data collected. It was also used a       

30 cm for measuring the height of seedlings for a 

period of 90 days after the start of the experiment. 

      The experiment was a factorial randomized blocks 

with subdivided portion in time with three distributed 

replications at randomized way. As the main portion 

characterized four irrigation intensities, as follows:      

T1 – one time irrigation daily (at 11h00min); T2 – two 

times irrigation daily (at 11h00min and 19h00min);    

T3 – three times irrigation daily (at 07h00min, 

11h00min, and 19h00min) and T4 – four times 

irrigation daily (at 07h00min, 11h00min, 15h00min, and 

19h00min) and as a subplot time eight times (1, 2, 3, 4, 

5, 6, 7, and 8  weeks after sowing). 

      The experiment with C. fissilis was installed in 

August with treatment application immediately after 

sowing. The collection of initial data of height and 

diameter corresponded to the period was from 

seedling emergence and extended for seven weeks 

after sowing. 

      To evaluate the development of seedlings, there 

were the following variables: the height from the collar 

in centimeters, measured with a ruler, the diameter of 

the seedlings, measured with the aid of a digital 

caliper, dry matter production and the number of 

sheets in each evaluation period. 

      After seven weeks the seedlings were removed 

from the oven and placed the half shade for adaptation 

and further hardening. After hardening, were measured 

height and diameter in the neck area (1 cm above the 

first root) for force calculations (D/H) and balance 

seedling development (H/D) where D: diameter height 

the collar and H: total height of the seedlings. After the 

measurements, proceeded to the cut the seedlings in 

the collar region and the separation of these in shoot 

and root part. The roots were washed in metal trays 

with a 1 mm mesh to remove the substrate.  

      After washing, the roots and shoots of seedlings 

were placed in previously identified paper bags on 

each treatment. These were taken to dry in an oven 

with air circulation (65±3 °C) until constant weight. 

After constant weight, to the dry mass of data, 

calculated the the air dry mass and root dry mass 

percentage. 

      The temperature inside the greenhouse was 

measured daily, with the aid of a thermometer affixed 

inside the house to obtain the average, maximum and 

minimum (Table 1) during the evaluation period. The 

amount of water applied at each frequency was     

0.005 m³ min
-1

 for 5 minutes. This volume was 

measured using a container of known volume during 

the period of irrigation. 

 

Table 1. Temperatures measured in the greenhouse during 

the months of the experiment. 

Month 
Temperature (°C) 

Minimum Mean Maximum 

September 12.4 20.5 28.6 

October 16.8 24.2 31.6 

November 18.0 26.5 35.6 

 

      The data collected were processed in Microsoft 

Excel and analyzed by statistical program SAEG 

(version 9.0), in order to get the analysis of variance 

and the Tukey test and polynomial regression. In 

adopted a 5% probability of error for statistical 

analysis. 

 

RESULTS AND DISCUSSION 

 

Cedro is a species that lack or excess water may affect 

their development, especially in height. Rodrigues et 

al. (2011) state that the water deficit reduces the 

metabolic capacity of the plant, leading to plant to 

reach the permanent wilting point, leading to his death. 

It can be seen the average increase in height of 

eucalyptus four treatments with regard to the seven 

evaluation periods (Figure 1). 

      This can be explained because with the same 

frequency one and two waterings a day, the seedlings 

grow, but not as satisfactory, because suffer 

acclimatization under the conditions imposed 

according to Carvalho (1998). Seedlings with low 

irrigation intensities (T1) were the least developed in 

height while the seedlings represented in treatments 

T2, T3, and T4 were almost similar growth. This is 
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because water is a limiting resource is assuming great 

importance in the eucalyptus species, especially during 

the initial phase of culture (Ferreira 1997). 

 

 
 

Figure 1. Development height of Cedrella fissilis seedlings 

regarding processing and evaluation times and hardening. 

*(T1 – one time irrigation daily (at 11 h00min); T2 – two times 

irrigation daily (at 11 h00min and 19h00min); T3 – three times 

irrigation daily (at 07h00min, 11h00min, and 19h00min) and T4 – 

four times irrigation daily (at 07h00min, 11h00min, 15h00min, and 

19h00min)). 

 

      In general, the results found in this study was 

similar to that found in a study conducted by Lopes et 

al. (2007b), which mentions that the increase in height 

was proportional to the increase of the blade. When 

evaluating the last period, hardening phase (eighth 

evaluation), treatment T3 was the one that had greater 

development in height, followed by T4 and T2, 

respectively. Growth discrepant results in high intensity 

with respect to irrigation also been found in Rawat et 

al. (1985), working with Eucalyptus tereticornis 

maintained at different moisture values. 

      Silva (2003) suggests that the Eucalyptus saligna 

and Eucalyptus urophylla seedlings to be able to go to 

the field, should have the following characteristics: 

Minimum neck diameter of 2 mm, height between      

15 and 35 cm, with no apparent health problems, have 

root Normal pivot, shoot without bifurcations, with three 

pairs of leaves at least no marked tortuosity rod and 

high degree of hardening. These ideal characteristics 

for height, so that the seedlings can go into the field, 

are checked in treatments T2, T3 and T4 respectively 

gradually. 

      It can be seen Number of C. fissilis sheets in 

relation to the applied irrigation frequencies (Figure 2). 

      That the treatment T1 was the most had losses in 

the number of plants from 42 days of evaluation.     

This can be explained by the relative low water 

availability and increase the temperature at which     

the seedlings of this treatment were submitted. This 

fact is ratified by Winter (1976), which reports that the 

water content of the tissue causes not only a decrease 

in protein synthesis rate, but also affects the whole 

plant metabolism, including the amount of leaves per 

plant. 

 
Figure 2. Number of Cedrella fissilis sheets in relation to the 

applied irrigation frequencies. 

*(T1 – one time irrigation daily (at 11 h00min); T2 – two times 

irrigation daily (at 11 h00min and 19h00min); T3 – three times 

irrigation daily (at 07h00min, 11h00min, and 19h00min) and T4 – 

four times irrigation daily (at 07h00min, 11h00min, 15h00min, and 

19h00min)). 

 

      In addition, according to Taiz and Zieger (2004), 

plants lose their leaves to go into water stress as a 

way to minimize loss of moisture by evaporation. The 

other treatments, because they have higher 

frequencies of irrigation presented smaller losses. 

      The following is the analysis of variance for the four 

treatments, taking into account the seven evaluation 

times (Table 2). 

 

Table 2. Analysis of variance for the height of Cedrella fissilis 

seedling, evaluated during the seven evaluation periods in 

the greenhouse. 

Treatments Mean height 

(cm) 

T3 5.91 A 

T2 5.65 AB 

T1 4.83 B 

T4 4.78 B 
 

Treatments means were not followed by same letter differ by Tukey 

test at 5% probability. *(T1 – one time irrigation daily (at 11 h00min); 

T2 – two times irrigation daily (at 11 h00min and 19h00min); T3 – 

three times irrigation daily (at 07h00min, 11h00min, and 19h00min) 

and T4 – four times irrigation daily (at 07h00min, 11h00min, 

15h00min, and 19h00min)). 

 

      In assessing the T1 and T2 treatments, were found 

that both showed no significant difference between 

them, ie, both have the same B. This allows us to infer 

that the irrigation frequencies applied to seedlings of 

T1 provided no visible differences in height when 

compared to seedlings that had a frequency of 

irrigation for the treatment T2, or T1 and T2 irrigation 

frequencies are insufficient to feed the needs, leading 

to low growth in height and poor quality of seedlings 

compared with the other treatments. 

      As for the T3 treatment, irrigation frequencies did 

not provide as good seedlings as those found in T4, 

but not as bad as established in T1 and T2. By using 

three a day irrigation frequencies can have very close 

seedlings with those frequencies four irrigations as the 
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quality, with the conviction that there will be some risks 

regarding the qualification and quantification of these 

plants over time. 

      The values of diameter and height and its 

relationship to C. fissilis seedlings grown in nurseries 

(Table 3). There was no variation in the diameter of 

eucalyptus seedlings and treatments applied. When 

comparing the heights in relation to treatments, it was 

observed that with increasing intensity of irrigation, a 

significant increase in seedling height. In this 

experiment, the lack of water affected over the 

formation of shoots than the increase in diameter, with 

much higher growth variations in height. 

 

Table 3 - Development in height and diameter of the 

seedlings of Cedrella fissilis evaluated in the hardening 

phase (56 days after sowing) 

Treataments 
Mean Diameter 

(mm) 

Mean Height 

(cm) 
H/D D/H 

T1 1.6 10.00 6.25 16.00 

T2 1.8 15.20 8.44 11.84 

T3 1.9 22.44 11.81 8.47 

T4 2.1 26.98 12.85 7.78 

*(T1 – one time irrigation daily (at 11 h00min); T2 – two times 

irrigation daily (at 11 h00min and 19h00min); T3 – three times 

irrigation daily (at 07h00min, 11h00min, and 19h00min) and T4 – 

four times irrigation daily (at 07h00min, 11h00min, 15h00min, and 

19h00min)). 

 

      The H/D is the seedling development of balance 

where, according to Silva (2003), is an important 

morphological characteristic to define the quality of the 

seedlings. 

      Seedlings receiving T4 treatment (intensity four 

irrigations per day) have a H/D ratio of 12.85, being 

able to go to the field after climate adaptation. 

      The treatment T3 seedlings obtained a H/D ratio 

below the T4 treatment plants, however, these 

seedlings showed a ratio D/H higher than T4 treatment 

of seedlings. A similar result was found by Lopes et al. 

(2007b) which verified that the ratio increased the 

extend to which the blade is raised at almost constant 

ratios. 

      The D/H expresses the quality of seedlings at any 

stage of its development should be in the range 5.4 to 

8.1 (Carneiro 1995). This relationship must have a 

harmony between the growth in diameter and height 

growth, therefore seedlings with good growth in height 

may not be as good as they may have much lower 

diameters, unable to plant had held the field.  

      So for the H/D ratio and dry matter in the treatment 

T3 seedlings were with a better development to go to 

the field. These showed force superior to other 

treatments. After the evaluations, we performed 

statistical analysis for development in height, with 

SAEG program. 

      After three months, the data of height, diameter 

and dry mass T1 treatment could not be collected 

because the seedlings were totally decimated. This is 

due to the low availability of water with use of only one 

frequency daily irrigation. Rodrigues et al. (2011) 

states that the water deficit reduces the metabolic 

capacity of the plant and can lead the plant to reach 

the wilting point, leading to his death. 

      The dry weight values for Cedrella fissilis obtained 

by drying in the oven are given (Table 4). 

 

Table 4. Quantification of dry matter Cedrella fissilis 

seedlings evaluated for seven weeks. 

Treatments 
Dry mass (g) 

Air part Roots Total 

T1 6.60 8.52 15.12 

T2 8.95 12.52 21.47 

T3 12.42 13.61 26.03 

T4 19.61 29.90 49.51 

*(T1 – one time irrigation daily (at 11 h00min); T2 – two times 

irrigation daily (at 11 h00min and 19h00min); T3 – three times 

irrigation daily (at 07h00min, 11h00min, and 19h00min) and T4 – 

four times irrigation daily (at 07h00min, 11h00min, 15h00min, and 

19h00min)). 

 

      The treatment with highest amount of dry mass of 

both the roots and shoots was T4 where the greatest 

intense of irrigation were employed, followed by 

treatments T3 and T2, respectively (Table 4). This fact 

was also confirmed by Lopes et al. (2007a) mentions 

that where water use efficiency studies show that the 

total dry matter increases when more water is used. 

The same is ratified by Lopes et al. (2007b) to find 

results where the increase of dry matter occurred with 

increasing water depth. 

      This is due to changes in the microclimate of the 

greenhouse, and the internal temperature is greater 

than the outside, giving plants in greenhouses, even 

with frequent irrigation, an intense transpiration flow 

and high water demand for its maintenance (Folegatti 

et al. 1997). 

      With the decrease of irrigation intensities seedlings 

were presenting decreased the amount of dry mass of 

both shoot and root and hence the total dry mass. 

According to Silva (2003), water use efficiency studies 

show that the total dry matter is linearly proportional to 

the amount of water used.  

      The graphs of frequency equations for the 

treatments T1, T2, T3, and T4 with respect to the 

development of seedlings in height and evaluation 

times (Figure 3). 

      It is observed that the F2 and F3 equations had a 

very similar behavior that allows us to say that these 

two treatments, even with growth in different height, 

resulted in plants with similar development. However, if 

one takes into account the aspect that is necessary to 
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optimize the use of water for irrigation, and analyzing 

critically graph, it is observed that the equation F2 

generated a rising line with constant growth of 

seedlings, reinforcing the fact that this is the treatment 

that best answers obtained as the quality of the 

seedlings, and this was before been reported as 

statistical tests above. 

 

 
Figure 3. Frequency equations for the development of 

Cedrella fissilis with respect to the evaluation times and the 

average height. 

*(T1 – one time irrigation daily (at 11 h00min); T2 – two times 

irrigation daily (at 11 h00min and 19h00min); T3 – three times 

irrigation daily (at 07h00min, 11h00min, and 19h00min) and T4 – 

four times irrigation daily (at 07h00min, 11h00min, 15h00min, and 

19h00min)). 

 

      The F4 equation, even though third degree, did not 

obtain significant results in the development of 

seedlings in relation to the evaluation times. Through 

the growth equations was possible to observe the 

development of cedar with respect to the average of 

the heights in each evaluation. These equations will 

also estimate future development of cedar seedlings 

subjected to the same conditions studied here. 

 

CONCLUSION 

 

The frequency of the three irrigations per day showed 

the C. fissilis seedlings with better development and 

able to go to the field. 
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RESUMO 
 

Otimização da irrigação para mudas de Cedrella fissilis.  O 

objetivo deste estudo foi avaliar a influência da intensidade de 

irrigação no desenvolvimento de mudas de Cedrella fissilis em casa 

de vegetação. O delineamento estatístico utilizado foi em blocos 

casualizados, organizado em um arranjo bi-fatorial, com parcelas 

subdivididas no tempo, com três repetições. A parcela principal foi 

caracterizada pelas frequências de irrigação (tratamentos): T1 – 

uma irrigação diária (11h00min); T2 – duas irrigações diárias (as 

11h00min e 19h00min); T3 – três irrigações diárias (as 07h00min, 

11h00min e 19h00min) e T4 – quatro irrigações diárias (as 

07h00min, 11 h00min, 15h00min e 19h00min) e, como sub-parcela, 

oito épocas de avaliação, sendo a oitava na fase de rustificação. 

Para a realização do experimento foi utilizado um sistema de 

irrigação localizada, constituído por: moto-bomba, bicos de irrigação, 

tubos e válvulas. As mudas foram cultivadas em recipientes de 

plástico (tubetes) suspensas por bandejas de PVC. Os dados foram 

coletados semanalmente, obtendo-se a altura e o diâmetro das 

mudas, produção de massa seca e o número de folhas em cada 

época de avaliação. Após a análise, concluiu-se que a frequência 

dos três irrigações por dia produziu mudas de C. fissilis com melhor 

desenvolvimento e com maior capacidade de ir para o campo. 
 

Palavras-chave: Cedro, Água, Otimização, Biomassa, 

Desenvolvimento. 
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