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Abstract 

The increase in phosphorus absorption efficiency by tomato plants can lead to a reduction in the phosphorus fertilizer 

rates used, as well as, possibly, the immediate use of P fixed in the soil. Thus enabling consequences favorable to 

agricultural sustainability, net revenue of farmers and taking advantage of marginal areas. In this way, this study aimed to 

evaluate the efficiency of absorption and utilization of phosphorus in three genotypes of tomato plants grown on 

different levels of P2O5. It was used the randomized block design, in a factorial 3 x 5 (three tomato genotypes: Globonnie, 

Tom-598 and F1 [Tom-598 x Globonnie]) and five P rates: (0, 150, 300, 450 and 600 mg kg-1 soil), with four replications. 

They were evaluated in the study dry matter of root, stem, leaf, photosynthetic rate, content of green color using the 

portable chlorophyll meter SPAD, phosphorus content, absorption efficiency and phosphorus use efficiency. It is 

concluded with the research on tomato crops that increasing P2O5 doses provided: 1) lower dry matter of stem, root and 

leaf in F1; 2) higher intensity of the green color, measured by SPAD (portable chlorophyll meter) in Tom-598 and 

Globonnie; 3) higher photosynthetic rate in Globonnie; 4) higher phosphorus accumulation in Tom-598; 5) greater 

efficiency of phosphorus absorption and utilization, applied at lower doses in Globonnie and 6) higher efficiency of P 

utilization by Globonnie, independent of the dose used, demonstrating expression of the crt gene (Cotton root). 
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Introduction 

     The tomatoes for fresh consumption are produced in 
practically all geographic regions of Brazil, at different 
seasons, under different cropping systems and different 
levels of crop management. It stands out as the second 
most cultivated vegetable in the world, second only to 

potatoes. The segment of tomato for consumption 
accounts for 63.4% of production (2.34 million tonnes) 
and the remaining 36.6% are intended for industrial 
processing (1.35 million t) [1]. Assessing the national 
scene, it is observed that maximum yield in tomato crop 
have been associated with fertilizer doses exceeding 300 

Research Article 

Volume 3  Issue 2 

Received Date: February 10, 2018 

Published Date: March 02, 2018 

mailto:douglasjmarques81@yahoo.com.br


Open Access Journal of Agricultural Research 

 

 

Marques DJ, et al. Tomato genotypes grown under phosphorus deficiency stress. J 
Agri Res 2018, 3(2): 000153. 

Copyright© Marques DJ, et al.                                                       

 

2 

kg P2O5 per hectare and is often applied doses that reach 
1200 kg of P2 per hectare [2]. 
 
     Although the productive efficiency of tomato plants is 
associated with the use of large doses of mineral 
fertilizers, the increase of efficiency in phosphorus 
absorption (P) from tomato plant is of utmost importance 
to reduce the phosphate fertilizers utilization, as well as 
providing immediate absorption of P fixed in the soil by 
dissolving the labile P, maintaining the P balance in the 
solution [3]. The primary source of phosphate fertilizers 
are natural phosphates originated from igneous or 
metamorphic, and, many surveys estimate that global 
reserves of these rocks will beextinct in 50 to 100 years 
[4]. This high exploitation of raw materials reinforces the 
importance of researches that aimed at studying efficient 
genotypes in the phosphorus utilization, which will 
promote the agricultural sustainability, increase in net 
income of farmers, greater use of marginal areas in terms 
of soil fertility, factors these that will favor the savings of 
fertilizers at the national level. According to Silva & Maluf 
[2], a reduction of 100 kg of P2O5 ha-1 may represent an 
average reduction of production cost of £ 200.00 ha-1, 
presenting annual savings of more than £ 11 million for 
the national tomato production. 
 
     Phosphorus is a nutrient required in large amounts by 
plants and its wide spread deficiency in most Brazilian 
soils, as in weathered tropical soils, especially clay soils, 
much of the P added is retained by high energy bonds (P 
not labile). The plants show significant differences in the 
use of phosphorus efficiency. The ability to tolerate stress 
deficiency of this nutrient, is due to inter and intraspecific 
genetic variation for translocation, distribution and 
phosphorus utilization [5]. The efficiency for the 
absorption of P by genotypes can be achieved through 
alterations in root architecture or morphology and their 
capacity of association with microorganisms [6]. In roots, 
exudation of mobilizing components of P may vary in 
relation to metabolism, age and genetic material of each 
plant as well as changes in Pi transporters of plasma 
membrane [7]. Additionally, changes aimed at the 
application of smaller amounts of P at the cellular level or 
a more efficient remobilization of P within the plant will 
favour its absorption efficiency. 
 
     The availability of tomato germplasm, effective in 
extraction at lower phosphorus levels, associated with a 
morphological characteristic of this plant (the presence of 
large numbers of root hairs) that is controlled by a 
recessive gene [8], makes species Solanum lycopersicon 
appropriate for genetic improvement objectifying an 
increase in the phosphorus absorption efficiency. The 

objective was to evaluate the efficiency of absorption and 
utilization of P in three genotypes of tomato plants grown 
on different levels of P2O5. 
 

Materials and Methods 

     The experiment was conducted in Horticulture and 
Experimentation sector at the University José do Rosário 
Vellano-UNIFENAS, Alfenas MG in 2013, Brazil. It was 
used the randomized block design, in factorial 3 (three 
tomato genotypes belonging to the germplasm bank of the 
University José Rosário Vellano - UNIFENAS and professor 
Wilson Roberto Maluf of the Department of Agriculture of 
the Universidade Federal deLavras. Brazil The genotypes 
globonnie belongs to the cherry group (wild material), 
already the Tom 598 belongs Santa Cruz.: Globonnie, 
Tom-598 and F1 [Tom-598 x Globonnie]) versus5 
phosphorus concentrations: (0, 150, 300, 450 and 600 mg 
P2O5 kg-1 soil), with four replications. The fertilization 
and the determination of phosphorus dose for each 
treatment were made as proposed by Novais, et al. [9]. 
The soil was collected in the UNIFENAS and it is classified 
as Oxisol of clayey textural class [10]. Was made sieving 
using sieve with a5 mm mesh and then submitted to 
chemical characterization analyzes in the Natural 
Resources laboratory of UNIFENAS. Initially the soil had 
the following chemical characteristics: pH (H2O)= 5.6; 
PMehlich(mg dm-3)= 7; K (mmolc dm-3)= 1.1; Ca (mmolc 
dm-3)= 6; Mg (mmolc dm-3)= 4; SB (mmolcdm3)= 11; 
H+Al (mmolcdm3)= 21; V% = 35; t= 11 T =32 and organic 
matter (mgdm3)= 14. 
 
     The calculations for soil acidity correction followed the 
recommendations of Novais, et al. [9], aimed at raising the 
base saturation to 80%, being necessary to apply the 
equivalent of 4.5 g of dolomitic limestone (PRNT = 100 %) 
per pot. 
 
     After liming, the soil was incubated for 30 day so that 
occurred the reaction between the lime with the soil and 
subsequently was sowed the seeds in plastic trays with 
128 cells, using the substrate expanded vermiculite. The 
seedlings remain in the nursery until they reach four pairs 
of true leaves, which occurred 30 days after sowing. Then 
was transplanted a seedling in pot with 6 dm-3 of soil 
capacity each. The fertilization at sowing was made in 
accordance to the treatments and recommendations for 
the crop, and the coverage fertilizations of N (urea) and 
K2O (potassium chloride) were divided in 3 applications 
with an interval of 15 days. After the end of the 
experiment was made a new chemical analysis of soil 
(Table 1). 
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Genótipos 
Doses P 

(mg kg solo) 
pH 

H2O 
PMehlich 

mg dm3 
Sb t T H+Al K Ca Mg Al V 

----------------mmolcdm3------------------ % 

Tom-598 0 5,6 0,5 18 18 47 29 2,1 11 6 0 39 

Tom-598 150 5,8 36 31 31 64 33 1,5 22 7 0 48 

Tom-598 300 5,6 102 41 41 77 36 1,4 32 7 0 53 

Tom-598 450 5,7 162 44 44 70 26 3,5 32 8 0 63 

Tom-598 600 5,5 241 53 53 84 31 2,3 42 9 0 63 

Globonnie 0 5,5 1 20 20 39 19 3,0 12 5 0 52 

Globonnie 150 5,4 29 28 28 50 22 1,4 21 6 0 56 

Globonnie 300 5,3 117 38 38 69 31 1,4 29 7 0 55 

Globonnie 450 5,4 166 50 50 83 33 2,6 39 8 0 60 

Globonnie 600 5,5 239 61 64 95 34 2,0 49 9 0,3 64 

F1 0 5,7 14 19 19 40 21 1,9 11 6 0 47 

F1 150 5,6 37 28 28 56 28 1,5 19 7 0 50 

F1 300 5,4 93 41 41 70 29 1,3 33 7 0 59 

F1 450 5,6 156 46 46 72 26 2,8 36 7 0 64 

F1 600 5,7 232 73 73 98 25 2,1 58 12 0 74 

Table 1: Chemical analysis of the soil after the end of the experiment. 
 
     The following evaluations were made: root dry matter 
(g), stem (g) and leaf (g); photosynthetic rate (μmmol m-2 
s-2);content of green color using the portable chlorophyll 
meter SPAD, phosphorus content (g kg-1), absorption 
efficiency (EA) of P (g mg-1) and phosphorus utilization 
efficiency (EU) of P (g mg-1). 
 
     The dry matter of the root, stem and leaf were 
quantified at the end of the experiment. Samples were 
separated and packed in paper bags and placed in forced 
air chamber at 65 °C, then was realized the weighing of 
these materials in electronic precision scale (Mars, AD500 
S model). The chlorophyll rate was quantified using 
portable chlorophyll meter (SPAD-502 - Minolta Camera 
Co., Ltd.), which provides instantaneous reading in a non-
destructive manner in the evaluation of the nitrogen 
content of the leaf in real time due to significant 
correlation between the intensity of the green color and 
chlorophyll content. It was standardized using two lateral 
leaves and terminal leaf of each plant. 
 
     For the determination of photosynthesis was carried 
out a specific measurement at 50 days after transplanting, 
standardizing two lateral and the terminal leaf, in the 
middle third of the plants. For photosynthesis response 
curves to photosynthetically active radiation and CO2 
concentration were conducted measurements at 6 o'clock 

in the morning. For these punctual measurements, the 
irradiance was maintained at 500 mmol m-2 s-1, value 
above the irradiance of light saturation of the control 
plants. The liquid photosynthetic rates per unit leaf area, 
stomatal conductance to water vapor, stomatal resistance 
to water vapor, leaf transpiration rate, conductance sub 
stomatal, leaf temperature and photosynthetic active 
radiation were estimated from the values of CO2 variation 
and air humidity inside the chamber, using the portable 
meter IRGA, LI-6400 model. 
 
     The quantification of phosphorus concentration in leaf 
tissue was made to DAT 100, in the leaf analysis 
laboratory of the Science Soil Department in the 
Universidade Federal de Lavras, Minas Gerais, according 
to the methodology described by Malavolta, et al. [11]. 
The efficiency of acquisition and use of P2O5 (EAQ and 
EUTIL) and its components were described by the 
expressions: Acquisition Efficiency of P2O5 (EAQ = total P 
content in the leaf/ Quantity of P in soluble solution) and 
Utilization Efficiency (EUTIL = tomato Production/total P 
in the leaf) in (mg kg-1).For the evaluation of average in 
the analysis of variance were applied Scott-Knott test or t-
test, according to the theory suggested by Steel; Torrie 
Dickey (2006). The standard deviations were applied 
estimators of regression and correlation (Pearson or 
Spearman), using the SISVAR software [12]. 
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Results and Discussion 

     For the production of dry matter of root, stem and leaf 
were no significant differences for the interaction (P2O5 
doses) x (Globonnie, Tom-598 and F1 [Tom-598 x 
Globonnie]), the results of this interaction are presented 
in Table 2.For the F1 genotype there was a higher 
production of dry root in doses of 150 and 300 mg kg-1 
P2O5 for the Tom-598 at a dose of 300 mg kg-1 of P2O5 
and the Globonnie at doses 150 and 300 mg kg-1 P2O5. In 
the interaction (P2O5 doses) x (Globonnie, Tom-598 and 
F1 [Tom-598 x Globonnie]), the dry matter production of 
roots was higher in Globonnie, in the smaller doses (0 and 
150 doses of 150 mg P2O5). For Tom-598, considered 
controlling cultivar, from 300 mg kg-1 of P2O5 there was 
an increased of dry matter production of roots. The 
highest yield observed in Globonnie demonstrates the 
expression of the CRT gene (Cotton root) in the tomato 
plants. For the dry matter production of stems the higher 
values for F1were observed at doses of 300 and 450, for 
Tom-598 in a dose of 150 and for the Globonnie at a dose 
of 300 mg kg-1 of P2O5. There was interaction between 
Tom-598 and F1 for P2O5 doses xcontrol genotypes of 
P2O5. The production of dry matter in the leaf was higher 
at doses of 150 and 300 kg-1 of P2O5 for Globonnie, Tom-
598 and F1. Studies suggest that in tomato plants leaf is 
the primary photoassimilates drain, followed by stems 
and fruits [13]. On the conduct of the genotypes, 
depending on P2O5 doses, lower production of dry matter 
of leaves were obtained for genotypes that produced 
fewer leaves. Silva & Maluf [2] evaluating the phosphorus 
absorption efficiency in two tomato genotypes, observed 
that the dry aerial part mass of the TOM-598 reduced 
with decreasing concentration of P, whereas PI 121665 
showed an increase.  
 
     The increase in dry matter concentration of the root, 
for Globonnie genotype is indicative of probable strategy 
of plants for phosphorus acquisition in deficient 
conditions. Marques, et al. (2007) [14], working with low 
doses of phosphorus, concluded that Globonnie genotype 
produced a larger amount of thin roots. In larger doses of 
P2O5 Tom-598 produced the largest volume of roots. 
These results are consistent with findings in the 
literature, where it is found that commercial genotypes 
respond efficiently to higher phosphorus levels. Dovale & 
Fritsche-Neto (2013) [15], observed that the selection of 
tomato genotypes based on the performance of hybrids in 
relation to dry aerial part mass, makes it possible to 
obtain access to high efficiency of phosphorus use. 
According to Svistoonoff, et al. (2007) [16], the root 
elongation induced by P deficiency is a visible marker to 
study the response of plants to nutritional stress. 

P2O5 rates 
(mg kg-1 

soil) 

Genotypes 

F1 Tom-598 Globonnie 

 Dry matter of leaves (g plant-1) 
0 1,27 Bb 1,53 Ba 1,15 Ab 

150 1,67 Ab 2,29 Ba 2,31 Aa 

300 1,81 Ab 3,28 Aa 2,32 Aa 

450 1,56 Ab 2,38 Ba 1,33 Bb 

600 1,45 Aa 1,73 Ba 1,70 Ba 

R2 85,04% 59,94% 78,80% 

 Dry matter of stem (g plant-1) 
0 3,99 Ca 3,51 Ba 2,96 Cb 

150 5,92 Ba 8,73 Aa 6,93 Ba 

300 7,69 Aa 9,24 Aa 8,22 Aa 

450 6,54 Aa 9,44 Aa 8,64 Aa 

600 6,48 Ac 7,64 Aa 8,28 Aa 

R2 77,53% 98,05% 75,46% 
 Dry matter of roots (g plant-1) 

0 1,03 Bb 0,99 Cb 1,75 Ba 

150 1,66 Ab 1,55 Bb 2,56 Aa 

300 2,06 Ab 3,22 Aa 2,27 Ab 

450 1,40 Bb 2,71 Ba 1,17 Bb 

600 1,29 Bb 2,13 Ba 1,83 Bb 

R2 88.51% 55.24% 98.58% 

Table 2: Dry matter mass average of stem, root and leaves 
of tomato genotypes grown in different phosphorus 
concentrations. 
 
     Averages followed by the same capital letter in the 
column do not differ with each other by the Scott-Knott 
test, at 5% significance level. Averages followed by the 
same lowercase letter on the line, do not differ with each 
other by the Scott-Knott test, at 5% significance level. He 
increase of the intensity of green color, measured by 
portable chlorophyll meter (SPAD), in the Tom-598 and 
Globonnie genotypes, due to the high doses of P2O5 
(Figure 1), can be explained by the action of phosphorus 
in the essential compounds to plant metabolism, as 
adenosines, phospholipids, nucleic acids, which 
participate in the respiration and photosynthesis. The 
phosphorus deficiency in plants reduces the ATP and 
NADPH, which contributes to lower 
carboxylation/regeneration of implying decrease in P 
between the cytoplasm and the stroma [17]. Also occurs 
assimilated accumulation (sucrose and starch) in the 
chloroplast, affecting the photosynthesis through the 
stomatal closure and lower conductance of mesophyll. 
 
     For the F1 genotype was found a decrease in the 
intensity of green color with the increase of P2O5, this can 
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be attributed to the high P concentration in plant tissues, 
which possibly reduced photosynthesis rate, impairing 
the formation of photosynthetic pigments responsible for 
the solar energy catchment and photoassimilates 
formation [18]. For the F1 genotype (Figure 1A) and Tom-
598 (Figure 1B) downward trend was observed in the 
intensity of green color from 300 mg kg-1 P2O5. In 
Globonnie (Figure 1C), the green color intensity increased 
with the growth of the P2O5 levels. In F1 there was less 
intensity of the green color when compared to other 
genotypes studied. 
 

 

 

Figure 1: Green intensity quantified by portable 
chlorophyll meter in SPAD units for genotypes F1 (A), 
Tom-598 (B) and Globonnie (C) in relation to P2O5 levels. 

     The genotypes conducted themselves in a distinct 
manner in relation to photosynthetic rate (Figure 2). The 
F1 (Figure 2A) and the Tom-598 (Figure 2B) showed an 
upward trend up to the dose of 450 mg P2O5 kg-1 and 
Globonnie (Figure 2C) increased the photosynthetic 
activity according to the doses of P2O5. 

 

 

Figure 2: Photosynthetic rate (μmmol m-2 s-2) genotypes 
F1 (A), TOM-598 (B) and Globonnie (C) in relation to 
P2O5 levels. 
 
     The observed differences in photosynthetic rate 
between genotypes can be explained by the intensity of 
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the green color and its relation to the increase in plant 
chlorophyll content (Figure 1). According to Baker & 
Rosenqvist (2004) [19], the absorption and use of light 
energy by plants can be estimated by chlorophyll 
fluorescence analysis due to the main function of 
chlorophyll is to absorb photons of light emitted by the 
sun, participating in the electron transport chain and ATP 
production. 
 
     The variation in photosynthetic rate can also be related 
to the number of leaves of genotypes (Figure 3). The 
genotype Tom-598 tended to increase in number of leaves 
depending on P2O5 doses, providing greater 
photosynthetic rate. The number of leaves is an important 
variable to be directly related to the possibility of greater 
light absorption, higher photosynthetic capacity and the 
production of photoassimilates [20]. Moreover, the low 
concentration of P in the plant limits the photosynthetic 
activity by means of regulatory mechanisms, and 
restricting the formation and carboxylation of rubisco and 
the light use efficiency [21]. The genotype Globonnie, 
when compared to the others, showed a lower content of 
P (g kg-¹), independent of the P2O5 dose used. In 
genotype Tom-598 there was an upward trend in the P 
content (g kg-¹) with the Increase of P2O5 doses (Figure 
3A). As for F1, although the hybrid presents 50% of the 
alleles in relation to genotypes Globonnie and Tom-598, 
there was intermediate performance. For the genotypes 
analyzed, P absorption efficiency had distinct 
performance in relation to P2O5 doses (Figure 3B). In 
Globonnie and Tom-598, the efficiency was crescent up to 
300 mg kg-¹ P2O5, in genotype F1 there was a decrease in 
P absorption efficiency with rising doses of P2O5.  
 
     These results are in agreement with Lacerda, et al. 
(2010) [22], who observed an increase in absorption 
efficiency at lower doses of P2O5. According to Vance, et 
al. (2003) [23] plant species and genotypes within the 
same species, may differ in nutritional efficiency. For P 
utilization efficiency (Figure 3C), the genotypes had 
different performances. The Globonnie and F1 presented 
mild increasing trend until the dose of 450 mg kg-¹ P2O5. 
This trend can be explained by the presence of 50% of 
Globonnie allele into the F1 genotype, showing the 
expression of the crtgene (Cotton root) in the P utilization 
efficiency because, regardless of the amount of P applied, 
the efficiency of genotype utilization, to biomass 
conversion is minimal. According to Viégas IDEJM, et al. 
(2017) [24] tolerance to abiotic stress, in some cases, is 
polygenic, relatively low heritability, which brings 
difficulties to the character transference. Furlani, et al. 
(1998) [25] reported that the characteristics related to P 
absorption efficiency are also polygenic, additive and 

dominant character. On the other hand, genotype Tom-
598 showed a linear trend to the increase in doses, as 
noted by Lacerda, et al. (2010) [22]. 
 

 

 

Figure 3: Phosphorus content (P) on the leaf (A), P 
absorption efficiency (B) and phosphorus use efficiency 
for genotypes (Tom-598, Globonnie and F1) in relation to 
P2O5 rates. 
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Conclusion 

In the tomato crop, the increase in P2O5 doses provided: 
a) Lower dry matter in stem, leaves and root in F1. 
b) Higher intensity of the green color, measured by 

portable chlorophyll meter (SPAD), in Tom-598 and 
Globonnie. 

c) Increased photosynthetic rate in Globonnie. 
d) Increased phosphorus accumulation in Tom-598. 
e) Greater phosphorus absorption efficiency in Globonnie, 

demonstrating expression of the crt gene (Cotton root) 
f) Increased P utilization efficiency in Tom-598, 

regardless of the dose used. 
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