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 Background: A better understanding of the mineral nutrition is crucial for the 

development of eucalyptus forests as it allows better optimization of fertilizer 
application on this crop and decrease costs production. Objective: This study aimed to 

determine the effect of omitting the macronutrients B and Zn in hybrid clones of 

Eucalyptus grandis x Eucalyptus urophylla, and the deficiency symptoms were visually 
assessed. Results: Individual omissions resulted in morphological changes that were 

translated into characteristic visual symptoms of nutrient deficiency. Conclusion: 

Under the conditions of the present work, many of the symptoms were similar to those 
reported by other authors, including those for other crops, except for the intense 

chlorosis starting at the tips of the leaves in seedlings lacking P and the presence of 

prominent veins in seedlings lacking K. 
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INTRODUCTION 

 

 The global demand for forest products (timber and non-timber) has increased over the years, and the 

Eucalyptus genus is a viable alternative to meet this demand because it allows for quick return, high 

productivity and adaptability to different environmental conditions (Abraf, 2011). With extensive genotypic 

plasticity, this genus native to Australia and its adjacent islands, globally presents itself as the most planted 

forest gender (Santos et al., 2001; Fonseca et al., 2010). 

 To protect the environment and ensure the best soils for food production, eucalyptus is generally grown in 

soils of low fertility. Because the availability of nutrients to meet the needs of plants in poor soil is low and 

hinders production due to the high cost, understanding and characterizing the different ways in which different 

genotypes of Eucalyptus express their nutritional status may provide the most suitable use of fertilizer according 

to the nutritional requirements of different clones (Sgarbi et al., 1999; Silveira et al., 2001). 

 The Eucalyptus species exhibits great intra- and interspecific variability mainly regarding the biomass 

production, growth rate and resistance to abiotic stresses (Chaperon, 1987), and characteristics attached to the 

nutrient demand do not differ, such as nutritional efficiency symptoms and the absence of a particular nutrient. 

Although the symptoms of nutrient deficiency are similar in all plants because nutrient function does not vary 

among plants (Meyer et al., 1983), the response of a genotype may be specific to its gene expression, which 

affects the distribution of elements or even the sensitivity of metabolic systems (Vose, 1963). Thus, the 

genotype may reflect the manifestation and severity of symptoms (Heathcote and Smithson, 1974). 

 Therefore, B and Zn in hybrid clones of Eucalyptus grandis x Eucalyptus urophylla were used to describe 

the symptomatic responses resulting from the omission of macronutrients in order to promote their rapid 

diagnosis under limiting nutrient conditions. 

 

MATERIAL AND METHODS 

 

 The experiment was conducted from November 2012 to January 2013 in a greenhouse located in the 

Integrated Center for Propagation of Forest Species (CIPEF) on the JK campus of the Federal University of 
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Jequitinhonha and Mucuri Valleys in Diamantina - MG, whose geographical coordinates are 18° 12’9.76”' 

South and 43°34’46.13” West at an altitude of 1,400 m. Eucalyptus seedlings derived from the vegetative 

propagation of the commercial clone 224 (Eucalyptus grandis x Eucalyptus urophylla) were provided by 

“Empresa Aperam Bioenergia LTDA”, located in the town of Itamarandiba -MG. 

 The seedlings were commercially grown according to the criteria adopted by the company in polypropylene 

tubes containing vermiculite (40%), carbonized rice hull (30%) and coconut fiber (30%). At the age of 90 days, 

the seedling roots were washed with deionized water to remove all of the substrate. The seedlings with bare 

roots were then transferred to 1.0-L plastic pots without holes that contained washed coarse sand, which was 

homogenized with the following for each treatment: complete nutrients (fertilized with N, P, K, Ca, Mg, S, B, 

Cl, Cu, Fe, Mn, Mo and Zn) and the omission of nutrients (N, P, K, Ca, Mg, S, B and Zn). The full fertilization 

consisted of 300 mg of N, 200 mg of P, 150 mg of K, 75 mg of Ca, 15.5 mg of Mg, 50 mg of S 0.5 mg of B, 1.5 

mg of Cu, 0.1 mg of Mo, 5 mg of Zn and 4 mg of Mn. The nutrient Fe was not applied to the treatments because 

sand contains sufficient amounts of Fe for the development of the plant. The physical and chemical 

characteristics of the soil were analyzed at the soils lab of the Federal University of Viçosa. 

 The macronutrients were applied as pure reagents for analysis (pure for analysis, PA) and the 

micronutrients as nutrient solutions, corresponding to the volume of each treatment, immediately before 

transplanting the seedlings being incorporated into the substrate by means of a mixer to ensure complete 

homogenization. The plants were watered daily with a sufficient volume of deionized water at 8:00 throughout 

the experimental period to maintain the substrate humidity at 12%. The required amount of water was 

gravimetrically measured, where the mass of the soil-plant-pot was quantified before the schedule of irrigation 

to estimate the daily needed volume. The experiment was conducted for a period of sixty days.  

 The experimental was completely randomized with nine treatments and four repetitions, totaling 36 

seedlings. Each experimental unit consisted of a plastic pot containing a plant. The symptomatology was 

assessed (photographic records), described and evaluated every 15 days, taking into account the developmental 

stage of the seedlings. 

RESULTS AND DISCUSSION 

 

 After 15 days of the experiment, older leaf blades of plants without N appeared pale green or even 

yellowish and showed an intensely reddish margin not confirmed in other studies. This presentation was 

followed by the appearance of small points of the same color distributed throughout the leaf blade (Figure 

1a). Nitrogen is considered to be highly mobile in the plant and is thus easily redistributed among the organs. 

Therefore, the visual deficiency symptoms initially appeared on older leaves. Throughout the experiment, the 

scores spread throughout leaves surface, which resulted in the old leaves remaining completely red. An intense 

peeling was observed in addition to the drastic change in leaf color. This phenomenon was also described by 

Ramos et al. (2009) in his analysis of the pineapple cultivar Imperial as well as Maffeis et al. (2000) in their 

work with eucalyptus in a nutrient solution. The color change can be attributed to the presence of nitrogen in 

more compounds of great physiological importance, such as in the synthesis of chlorophyll (Simões and Couto, 

1973; Taiz and Zeiger, 2004). 

 Silveira et al. (2000) comments that one of the main fundamentals of leaf diagnosis is the idea that most 

physiological and metabolic processes occur in leaves and that their mineral content must always be associated 

with the development and increase in production. Thus, a lack or excess of one or more nutrients in the plant 

causes visible abnormalities (chlorosis, death of tissue, growth reduction and others), and visual symptoms are 

characteristic of each nutrient. 

 Thus, the evaluation of the nutritional status of plants aims to identify the nutrients that are limiting the 

growth and production of crops. The technique, in its various methods, basically consists of comparing a plant, a 

plant population or a sample of this population with a standard crop. The pattern is defined as a "normal" plant, 

without any limitation in terms of nutrition and capable of high production (Malavolta et al., 1997). 

 Older leaves appeared dark green with almost purplish ribs and dense scores over the entire sheet in 

response to P deficiency. The scores ultimately became necrotic. The symptoms observed in response to P 

deficiency were similar to those obtained by Rocha Filho et al. (1978) and Dell et al. (1995). However, the 

symptoms of severe chlorosis initiated at the tips of the leaves in seedlings that did not receive P (Figure 1-e), 

and this phenomenon had not yet been described in the literature. 

 The absence of K initially led to a reddening at the edges of older leaves due to their high tissue 

redistribution (Malavolta et al., 1997), which subsequently expanded toward the center of the leaf blade, when 

only the region of the central rib proved to be greenish. Chlorosis appeared on the leaf tips even at this 

stage. This symptomatology was similar to that described by Will (1961), Kaul et al. (1968), (1970) a, b, Rocha 

Filho et al. (1978), Dell et al. (1995), Dell (1996), Silveira et al. (2000) and Silveira and Malavolta (2000). In 

the present study, we observed protruding ribs, which were not observed in other studies of K deficiency (Figure 

1f). 
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 Mg deficiency resulted in the appearance of yellowish spots on the older leaves. As the symptoms 

progressed, the stains joined to form others. Ramos et al. (2009) states that Mg deficiency symptoms resemble 

the visual symptoms of N deficiency, especially regarding the appearance of yellowish green patches in the old 

leaves. Nevertheless, the leaf margins dried followed by interveinal chlorosis (Figure 1-b). Interveinal chlorosis 

may be related to the fact that Mg participates in the structure of chlorophyll, as indicated by Malavolta et 

al. (1989). Mg is known to participate in a number of vital processes of plants, such as photosynthesis, 

respiration and the synthesis of macromolecules, carbohydrates, proteins and lipids. The results resemble those 

reported by Barroso et al. (2005) in Tectona grandis and Rao et al. (1996) in Brachiaria spp. 

 In this study, S deficiency was evident in young leaves, which showed uniform and moderate chlorosis and 

necrotic spots at the margin (Figure 1-c). As the experiment progressed, the leaf blades of seedlings deficient in 

S showed widespread reddening. These results are similar to those observed by Sarcinelli et al. (2004) in Acacia 

holosericea in a nutrient solution. According to Dell et al. (1995), the characteristic symptoms of S deficiency 

can be confused with those of N deficiency. However, because S is slightly mobile in the plant, these symptoms 

initially occur in the upper leaves, unlike those of N deficiency (Malavolta et al. 1997). 

 The younger leaves of Ca-deficient plants appeared deformed with pale green smudges, but the regions near 

the ribs were normal in color (Figure 1-d). In addition, the apical bud died. The symptoms observed are similar 

to those obtained by Silveira et al. (2002) and Muniz and Silva (1995) in Eucalyptus sp. and Aspidosperma 

polyneurom, respectively. They are also consistent with the symptoms described by Silveira et al. (2002); new 

leaves deformed and twisted, as observed by Barroso et al. (2005), Sarcinelli et al. (2004) and Marques et 

al. (2004).  

 Tokeshi et al. (1976) described the foliar diagnosis of B deficiency as intense marginal chlorosis followed 

by the drying of margins in younger leaves, which was not evidenced in the current study. B deficiency resulted 

in loss of dominance due to the death of the apical and lateral buds of overgrowth, with young and old leaves 

presenting with normal morphology (Figure 1-g). 

 The symptoms of Zn deficiency manifest in new leaves, which shorten and are asymmetric and wide in the 

middle. In this experiment, plants overgrew and subsequently lost dominance in the apical region (Figure 1-

h). A loss of tip growth and the consequent reduction in height due to lower elongation and cell division were 

also observed. Salvador et al. (1994) and Neves et al. (2004) found similar results in other species. 

 
 

Fig. 1: Symptomatology resulting from deficiency of N (a) Mg (b), S (c), Ca (d) P (e) K (f) B (g) and Zn (h) in 

hybrid clones of Eucalyptus, grown in coarse sand in a greenhouse. 

 

 Observing several aspects is especially important in practice to not confuse the probable causes of visual 

symptoms, such as herbicide drift, frequency of symptoms within the area, gradient and symmetry of the 

symptom. In addition to observing these aspects, Silveira et al. (2002) emphasize the importance of taking other 

precautions to avoid confusion in identifying the possible causes of abnormalities, such as the proper 

management of irrigation, pruning of roots and aerial parts and phytosanitary control. 
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Conclusions: 

 Under the conditions of the present work, most of the symptoms of N, P, K, Ca, Mg, S, B and Zn deficiency 

observed can be easily characterized and were similar to those described in the literature, except for the intense 

chlorosis starting at the tips of the leaves in seedlings lacking P and the presence of prominent veins in seedlings 

lacking K. 
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