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 The Brazilian Cerrado is rich in tree species, which are used for various purposes, 
besides the traditional use of wood for timber, especially for charcoal production.  
Annona crassiflora Mart. is a multiple uses species native from the Cerrado dominium 
whose fruits are the main source of income among its products. The most native species 
in Brazil, little or nothing is known about their silvicultural aspects, mainly about their 
nutritional requirements. This work aimed at investigating the nutritional requirements 
and effects of the absence of nutrients in the development of Annona crassiflora Mart. 
An experiment was conducted in vases, with low fertility red-yellow Oxisol. Twelve 
treatments were set under the technique of the missing nutrient in a completely 
randomized block design with eight repetitions. We applied the following treatments: 
complete 1 (fertilized with N, P, K, S, B, Cu, Fe, Zn and lime),  complete 2 (fertilized 
with N, P, K, S, Ca, Mg , B, Cu, Fe, Zn, without lime), complete treatments omitting a 
relevant nutrients when appropriate (-N, -P, -K, -S, -B, -Zn, -lime, -Ca, -Mg) and 
control. The plants were harvested and separated into shoot and root system. Samples 
were dried at 70° C, weighed, and the levels of nutrients were determined in the shoot 
dry matter. According to the results, the most limiting nutrient for the A. crasssiflora 
seedlings growth in descending order were: P >Ca> Zn > K > B > Mg > N > S, and the 
omission of nitrogen and sulfur does not affect the growth of the seedlings. We also 
found that liming increases the development of A. crasssiflora seedlings. 
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INTRODUCTION 

 
 The Brazilian Savanah dominium, also known as Cerrado, is an important socioeconomic and ecological 
region of Brazil, considered a hotspot for biodiversity conservation (Myers et al., 2000). This region is rich in 
tree species, which are used for various purposes, besides the traditional use of wood for timber, especially for 
charcoal production. Among hundreds of species, Annona crassiflora Mart stands out for its multiple uses. 
According to Lorenzi (2002), this species occurs in the states of São Paulo, Mato Grosso do Sul, Mato Grosso, 
Minas Gerais, Goiás, Tocantins and Bahia, in the phytophysionomies of Cerrado strictu sensu and Cerradões, 
often in sandy soils. 
 The fruit of this species is typified as berry and it is widely used in natural food products such as candy, 
liqueurs, ice cream and juices. Notwithstanding, like most native species in Brazil, little or nothing is known 
about their silvicultural aspects, mainly about their nutritional requirements. 
 An efficient method for detecting the nutrition requirements of a species is the missing element technique 
(Braga et al. 1995). This technique informs what nutrients are deficient, the relative importance of such 
deficiency, and the fertility reduction rate in the soil (Chaminade, 1972). 
 The technique of the missing nutrient has been used by several authors who studied several forest species. 
Among these, Venturin et al. (2005) reported that the growth of seedlings of candeia (Eremanthus erythopapus) 
was drastically affected by the lack of nitrogen and phosphorus. In addition, potassium, calcium, sulfur, boron 
and Zinc in the shoot dry matter were reduced by the omission of these nutrients.  
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 Carlos et al. 2014 concluded that other cerrado species, Caryocar brasiliense, show low nutritional 
requirements during formation process of seedlings. 
 Sorreano et al. (2008) observed that the omission of micronutrients for Croton urucurana resulted in 
morphological changes, translated into visible abnormalities. In this example, Cu, Mn and Zn when missing, 
caused the first symptoms, followed by B, Mo and Fe. The omission of B, Mn and Zn resulted in the greatest 
reduction in height and diameter growth. 
 Given the overall importance of marolo (Annona crassiflora) and the lack of information on its nutritional 
aspects, this work aimed at assessing the nutritional requirements and effects of missing nutrients on the growth 
of the seedlings of Annona crassiflora in greenhouse using the missing nutrient technique. 
 

MATERIAL AND METHODS 
 
 The experiment was conducted in a greenhouse in the Department of Forest Sciences of the Federal 
University of Lavras (UFLA), Brazil. The substrate used was a naturally low fertility red-yellow Oxysol at a 
depth of 20 to 40 cm. This depth avoids the fertile layer of the soil which might mask the effect of fertilizers. 
The soil was air-dried, sieved through a 5 mm mesh and stored in plastic bags. Following, it was sampled for 
determination of its physical and chemical properties, before and after adding the nutrients (Table 1). 
 
Table 1:Chemical and physical components of untreated soil and soil after fertilization with macro and micronutrients. 

Parameters Untreatedsoil Complete fertilization 
pH (1) 5,4 5,6 

P (mg.dm-3) (4) 0,6 13,2 
K (mg.dm-3) (4) 25 190 

Ca (cmolc.dm-3) (6) 0,4 0,6 
Mg (cmolc dm-3) (6) 0,2 0,2 
Al (cmolcdm-3) (6) 0 0 

H + Al (cmolc.dm-3) (6) 1,9 1,7 
SB (cmolc.dm-3) 0,7 1,3 
(t) (cmolc.dm-3) 0,7 1,3 
(T) (cmolc.dm-3) 2,6 3 

V (%) 25,8 43,1 
m (%) 0 0 

Org. Mat. (g.dag-1) (2) 0,5 0,4 
P-rem (mg.dm-3) 9,4 16,9 
Zn (mg.dm-3) (8) 0,3 2,7 
Fe (mg.dm-3) (8) 12,6 11,8 
Mn (mg.dm-3) (8) 1,8 1 
Cu (mg.dm-3) (8) 0,4 1,9 
B (mg.dm-3) (7) 0,3 0,4 
S (mg.dm-3) (5) 20,7 48,7 

Sand (g.dag-1) (9) 68 68 
Silt (g.dag-1) (9) 7 7 
Clay (g.dag-1) (9) 25 25 

(1)H2O 1:2.5 Ratio ; (2) Walkley and Black method; (3) Kjeldahl method by steam distillation; (4) Extractor HCl 0.05 molc.L-1 + H2SO4 
0.25 molc.L-1; (5) Extractor Ca (H2PO4)2.H2O + 500 ppm P; (6) Extractor KCl 1 molc.L-1 (7) Hot water; (8) Extractor HCl 0.05 molc.L-1 + 
H2SO4 0.025 molc.L-1; (9) Pipette method. 
  
 The chemical analysis followed the Embrapa guidelines (Embrapa, 1997) and included pH in water; P and 
K extraction using HCl 0.05 mol.L-1 + H2SO4 0.0125 mol.L-1 (Mehlich 1); Ca, Mg and Al extraction using KCl 
1 mol.L-1, and S extraction using Ca(H2PO4)2, 500mg.L-1 P in HOAc 2 mol.L-1. Potential acidity (H + Al) was 
extracted using Ca acetate 1N at pH 7.0 and organic carbon according to Raij et al. (1987). Micronutrients Cu, 
Fe, Mn and Zn were extracted using Mehlich-1 method. Boron was extracted by the hot water method and 
determined by the curcumin method, according to Jackson (1970). Physical analysis involved granulometric 
determination of air-dried fine earth by the pipette method with NaOH 0.1 mol L-1 as dispersant and rapid 
stirring. 
 The experiment included 12 treatments, arranged in a complete randomized design with eight replications, 
one pot per replication and one plant per pot. Treatments are listed in Table 2. 
For treatments with lime, the dose was based on the criterion of increasing saturation (V) to 60%. The soil 
correction was performed with dolomitic limestone, sprayed with 41% CaO and 10.9% MgO (relative power of 
total neutralization (RPTN) equal to 80%). 
 Complete fertilization consisted of: N=100 mg.kg-1, P=300 mg.kg-1, K=100 mg.kg-1, Ca=200 mg.kg-1, 
Mg=60 mg.kg-1, S=40 mg.kg-1, Cu=1,5 mg.kg-1, B=0,5 mg.kg-1, Zn=0,5 mg.kg-1 (Raij, 1991). The nutrient 
sources were (NH4)2SO4, K2HPO4, (NH4)H2PO4, NH4NO3, H3PO4, K2SO4, KCL, (NH2)2CO, CuSO4.5H2O, 
H3BO3, ZnCl2.In the treatment C2, Ca and Mg were supplied, respectively, as CaSO4.2H2O and MgSO4.7H2O. 
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Table 2: Treatments used in this experiment. 
Treatment Characterization 

Complete 1 (C1) Fertilized with N, P, K, S, B, Cu, Zn + Lime 
Complete 2 (C2) Complete 1 - Lime + CaSO4.2H2O and MgSO4.7H2O 

C1 - Lim Complete 1 - lime 
C1 - N Complete 1 - N 
C1 - P Complete 1 - P 
C1 - K Complete 1 - K 
C1 - S Complete 1 - S 
C1 - B Complete 1 - B 
C1 - Zn Complete 1 - Zn 
C2 - Ca Complete 2 - Ca 
C2 - Mg Complete 2 - Mg 

Test Natural soil 
where: N = nitrogen; P = phosphorus, K = potassium; S = sulfur; Ca = calcium; Mg =magnesium; B = boron; Cu = copper; Zn = zinc; lim = 
liming; CaSO4.2H2O = calcium sulfate; MgSO4.7H2O = magnesium sulfate. 
 
 The seeds of Annona crassiflora were collected in the municipality of Paraguaçu (Minas Gerais, Brazil). 
They were processed and treated with gibberellic acid (GA3) at 500 ppm for three days as a way to accelerate 
and standardize germination (Ribeiro et al., 2000). After treated, three seeds were sown per pot. After seedling 
emergence, only one seedling was left per pot. 
 Pots were kept moist using deionized water at 60% of field capacity and daily checked, as proposed by 
Freire et al. (1980). The bottom of the pots was sealed to prevent nutrient loss. 
 On day 180 the following measurements were taken: stem base diameter, shoot height, yield of shoot dry 
matter and yield of root dry matter. After taking diameter and height measurements, we split the seedlings into 
root system and aerial part cutting at the region where the diameter was measured. Following, we washed the 
root system to remove the soil attached to it and weighed each plant unit (aerial part and root system) separately. 
Roots and shoots were dried in an air-forced oven operated at 70°Cuntill they reached constant weight. Macro 
and micronutrient concentrations in shoot dry matter were also determined as described by Sarruge and Haag 
(1974). Analyses were performed at the Laboratory of Plant Mineral Nutrition of the Federal University of 
Lavras.  
 With morphological parameters we calculated the Dickson quality index (DQI) (Dickson et al., 1960). DQI 
was calculated by the formula: 
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 Where: DQI = Dickson quality index; TDM = yield of total dry matter; H = shoot height; D = stem base 
diameter; SDM = yield of shoot dry matter; RDM = yield of root dry matter 
 The data obtained were subjected to analysis of variance and Scott-Knott test at the level of 5% of 
significance (Gomes, 1985). For this, we used the program Sisvar (Ferreira, 2011).  
 

RESULTS AND DISCUSSION 
 
Plant growth: 
 The results of height, diameter, yield of dry matter of roots and shoots, and the Dickson quality index (DQI) 
are presented in Table 3. 
 The lowest growth in diameter was found in the control (T) followed by the treatments: complete 1 without 
zinc (C1 - Zn), complete 1 without phosphorus (C1 - P) and complete 2 without calcium (C2 - Ca). nitrogen, 
potassium, magnesium and sulfur were little required for diameter growth. These results are similar to those 
shown by Souza et al. (2006) who observed no reduction in the diameter of Handroanthus impetiginosus under 
omission of K and S. 
 Averages followed by equal letters in the line do not differ from each other through the Scott-Knott test t 
5% of significance. 
 The seedlings of A. crassiflora under omission of Zn and K presented reduction in height growth. It can be 
observed in Table 3 that sulfur, nitrogen, magnesium, boron and lime were not limiting for height growth, as 
differences in development were not significant compared the complete treatment. The increases in height with 
lime and the omitting Ca and Mg may be justified by the fact that A. crassiflora is a species of Cerrado 
environment with naturally acidic and nutrient-poor soils. Costa et al. (2007) found similar results for another 
Cerrado specie, Dimorphandra mollis Benth. 
 For the dry matter of shoot and root system, treatments with omission of S, N, Mg, and B had no significant 
difference compared to complete 1 treatment. showing that the dry matter production of A. crassiflora is not 
affected by the absence of these nutrients. According to Venturin et al. (2005), candeia (Eremanthus 
eritropapus) also has low requirement of S regarding the production in dry matter of both shoot and root system. 
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Table 3: Height, diameter, yield of shoot dry matter (SDM), yield of root dry matter (RDM), total dry matter yield (TDM), root/shoot 
ratio (R/S) Dickson quality index (DQI) in seedlings of Annona crassiflora as a function of missing nutrients. 

Treatments Height Diameter SDM RDM TDM R/S DQI 
 cm mm g g g     

C1 11.02 a 6.21 a 1.571 a 1.416 a 2.986 a 0.82 a 1.02 a 
C1- N 11.51 a 6.49 a 2.001 a 1.698 a 3.699 a 0.81 a 1.24 a 
C1 - P 9.34 a 4.38 b 0.629 b 0.611 b 1.240 b 1.04 a 0.40 b 
C1- K 7.50 b 6.35 a 1.146 b 0.753 b 1.898 b 0.62 b 0.67 b 

C1 - Lim 10.76 a 5.13 a 0.901 b 0.544 b 1.445 b 0.67 b 0.37 b 
C1 - S 11.80 a 6.04 a 2.300 a 2.337 a 4.637 a 1.03 a 1.59 a 
C1 - B 9.58 a 5.70 a 1.634 a 1.437 a 3.071 a 0.85 a 1.08 a 
C1 - Zn 7.04 b 4.32 b 0.950 b 0.736 b 1.685 b 0.73 b 0.53 b 

C2 9.60 a 5.48 a 0.967 b 0.674 b 1.641 b 0.67 b 0.52 b 
C2 - Ca 8.68 a 4.65 b 0.713 b 0.417 b 1.129 b 0.60 b 0.31 b 
C2 - Mg 9.92 a 6.13 a 1.794 a 1.644 a 3.438 a 0.90 a 1.23 a 

T 5.50 b 2.96 c 0.259 b 0.225 b 0.484 b 0.91 a 0.16 b 

  
 The root/shoot ratio showed lower values in treatments under omission of K, Zn, Ca and liming. Clarkson 
(1985) reported that, commonly, root/shoot ratio is higher in low fertility. In this experiment, root/shoot ratio 
showed lower values in treatments under omission of K, Zn, Ca and liming K. This indicates that under the 
omission of these nutrients , plant growth is not affected  which means that these nutrients are less essentials to 
growth of the studied species.  
  Regarding DQI, treatments in the absence of B, Mg, N or S did not differ statistically from the complete 1 
treatment. The omission of P and Zn as well as the omission of Ca had lower values of IQD. This may indicate 
that, despite A. crassiflora is tolerant to acid soils, its development is improved with the application of 
phosphorus and lime. This species showed little demand of nitrogen, magnesium, sulfur and boron. The high 
values for the analyzed parameters in relation to treatment with no sulfur and no nitrogen may mean low 
nutritional requirement of these nutrients. 
 The sequence of the nutrients that most affected the growth of the seedlings compared with the complete 
treatment and considering the yield of shoot dry matter, in descending order, was: P>Ca> Zn> K> B> Mg> N> 
S. In general, the nutrients that most affected the growth of A. crassiflora were Ca, P, Z and K. 
 
Mineral nutrition: 
 The nutrient content in shoot dry matter (SDM) of seedlings of A. crassiflora is presented in Table 4. We 
observed that low levels of nutrients in treatments were associated with the absence of each nutrient. 
 
Table 4: Content of nutrients in shoot dry matter (SDM) of seedlings of A. crassiflora treated with omission of nutrients. 

Treatments N P K Ca Mg S B Zn 
 g.kg-1 mg.kg-1 

C1 16.20 a 1.08 d 24.30 C 11.41 c 1.71 b 8.24 b 53 b 32.6 b 
C1-N 16.40 a 0.98 c 17.40 B 17.67 e 1.34 a 8.22 b 59 b 18.5 a 
C1-P 13.80 a 0.55 a 30.30 D 9.18 b 2.72 d 8.35 c 60 b 21.7 a 
C1-K 26.80 b 0.95 c 9.90 A 10.16 b 2.13 c 8.50 c 44 a 60.4 c 
C1-cal 20.75 a 0.76 b 29.40 D 5.48 a 1.30 a 8.20 b 54 b 115.1 e 
C1-S 14.40 a 1.01 c 16.50 B 8.76 b 1.88 c 8.15 b 63 b 21.6 a 
C1-B 15.65 a 0.96 c 22.80 C 11.16 c 1.66 b 8.31 c 41 a 31.9 b 
C1-Zn 16.90 a 0.98 c 22.20 C 11.91 c 1.73 b 8.26 b 56 b 22.9 a 

C2 17.85 a 0.79 b 20.70 B 16.65 e 1.64 b 8.35 c 58 b 25.6 a 
C2-Ca 29.75 c 1.41 d 29.40 D 5.03 a 1.92 c 8.44 c 55 b 97.7 d 
C2-Mg 17.00 a 1.24 d 18.90 B 14.39 d 1.33 a 8.42 c 58 b 32.6 b 

Test 17.30 a 1.24 d 17.80 B 6.88 a 1.98 c 7.93 a 61 b 25.7 a 
Different letters in the same column differ by Scott-Knott test at 5% of significance. 
 
 The macronutrients and micronutrients levels in the shoot dry matter of seedlings in the complete treatment 
and the treatments with omissions of nutrients were: a) complete treatment: 16.20 g.kg-1 of N; 1. 08 g.kg-1 of P; 
24.30 g.kg-1 of K; 11.41 g.kg-1 of Ca. 1.71 g.kg-1 of Mg; 8.24 g.kg-1 of S. 53 mg.kg-1 of B and 32.6 mg.kg-1 of 
Zn; and b) when omitted: 16.40 g.kg -1 of N; 0.55 g.kg-1 of P; 9.90 g.kg-1 of K; 5.03 g.kg-1 of Ca. 1.33 g.kg-1 of 
Mg. 8.15 g.kg-1 of S; 41 of mg.kg-1 of Zn  and 22.9 mg.kg-1 of B. 
 The nitrogen content was favored by the omission of Ca and K. Venturin et al. (1999), studying the 
nutritional requirements of Trema micrantha, observed similar results with respect to K. 
 An increase in the concentration of P was observed in the treatments with the low availability of Mg. 
Vichiato (2005) studied the mineral nutrition of papaya and found that the content of phosphorus in shoot dry 
matter was influenced by interactions between the levels of P and Mg. That author found that low doses of Mg 
applied to the substrate cause the elevation of the P levels in the leaves. 
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 Treatments omitting calcium showed the highest level of K. This was due to reduction of competitive 
inhibition between K + and Ca2+ in low concentration (Malavolta. 1989). Souza et al. (2006) found similar 
results for Handroanthus impetiginosus for the same nutrients. 
 The lower concentration of Ca occurred in treatments under omission of this nutrient and the highest level 
was found under omission of N and Mg. The high content of Ca in the absence of Mg may be related to the 
decrease of competitive inhibition in the Ca uptake (Malavolta. 1989). Similar results were found by Venturin et 
al. (2005) for Eremanthus erythropappus where the absence of Mg resulted in Ca levels of 11.24 g.kg-1close to 
what was presented in this study. 
 The content of Mg was favored by the absence of P, K and Ca. The increase in Mg content in the absence of 
K and Ca are possibly connected to a decrease in competitive inhibition between these and Mg (Malavolta. 
1989). 
 The treatment under omission of S and the control were the treatments that had lower concentrations of S in 
shoot dry matter (Table 4). However, the values of dry matter were  the highest in the absence of S, suggesting 
that little sulfur is required by A. crassiflora and that this species might bear mechanisms to acquire S to the soil 
even in low concentrations. .  
 The lowest levels of boron in shoot dry matter (SDM) were observed in treatment under omission of B and 
under omission of K. The absences of P, N, S and Zn increased the content of B. In the case of the concentration 
of P, it may have occurred due to lower dry matter of shoots. The treatments with the omission of zinc and 
nitrogen showed inhibition, competitive and non-competitive respectively, which increased the uptake of B 
(Malavolta. 1989). 
 The highest Zn content in shoot dry matter of the seedlings occurred with absence of Ca. According to 
Duboc et al. (1996), Zn content was higher under omission of Ca, Mg, K, P and B for the species Copaifera 
langsdorffii. In other study, Souza et al. (2006) found the highest levels of Zn in the treatments under omission 
of Ca, K and Mg for Handroanthus impetiginosus. 
 
Conclusion: 
 Considering the yield of shoot dry matter, the most limiting nutrient for the growth of  seedlings of Annona 
crassiflora  in descending order were: P>Ca> Zn> K> B> Mg> N> S. 
 Liming increases the development of the seedlings, being essential for the formation of the seedlings. 
 The omission of nitrogen and sulfur does not affect  
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