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Abstract
Soil with ironstone concretions, despite presenting disadvantages from the agronomic point of view, don’t
restrain its use in agriculture, livestock or forestry. However, more deeply and clear information about the
behavior of crops of agricultural interest cultivated in this type of soil is absent. Due to the observation of
agricultural stands with crops in this type of soil, the hypothesis that plinthite ironstone concretions in the soil
interfered negatively in the development, at least in early stages, on crops of agro-economic interest. The
objective was to verify the growth and development of maize (Zea mays) cultivated in soil with the presence of
plinthite ironstone concretions and in the absence of them. Concretionary Petric Plinthosol were collected in the
0-0.20 m layer and part of the soil was sieved so that concretions larger than 3.10 mm in diameter were removed,
thus leaving two treatments, soil with and without plinthite ironstone concretions. The experiment was then
carried out and morphological and gas exchange evaluations were performed during their phenological phase.
Maize grown in soil without ironstone concretions showed higher growth when compared to maize grown in soil
with ironstone concretions, as well variation on gas exchange evaluation and leaf chlorophyll index. There were
differences in the root and total dry matter values with more expressive value of the crops cultivated in soil
without ironstone concretions. Therefore, it is concluded that plinthite ironstone concretions interfere in the
development and growth of maize crop.
Keywords: concretions, plinthite ironstones, annual crops, root restriction, soil management
1. Introduction
Brazil is a strong producer of agricultural commodities, like soybean (Glycine max), maize (Zea mays) and sugar
cane (Saccharum ssp.) (Sauer & Leite, 2012) also one of the main exporters of cattle. Considered as the
country’s agricultural frontier, the MATOPIBA region, an acronym for the states of Maranhão, Tocantins, Piauí
and Bahia (Dos Santos, 2018), presents many areas to be explored, whether native savanna or degraded pastures,
with considerable variability of climate, rainfall index, relief and soil (Garcia & Vieira Filho, 2017).
The main income of Tocantins state economy is agriculture and cattle raising, with soybean being the main
agricultural crop (Silva & Almeida, 2007). Crop rotation, together with permanent cover crops and minimum
soil tillage, compose the basic principles of no-tillage system and so, avoid chemical, physical and biological
loss in soil (Amorim Da Silva et al., 2018 ) and maize is an interesting species, both economic and manageable,
to perform with soybean crop rotation.
One of the characteristics of the Tocantins’ soils is the great quantity of Plinthsols (Secretaria do Planejamento e
Orçamento do Tocantins [SEPLAN], 2015), which is characterized by the presence of plinthite, which is a
formation from clay mixture, poor in organic carbon and rich in iron or iron and aluminium, with quartz grains
and other minerals. After repeated cycles of wetting and dryness, plinthite undergoes vigorous consolidation,
gaining irreversible petric aspect, denominated ironstones (United States Department of Agriculture [USDA],
1999; Chesworth, 2008; Oliveira, 2008; Dos Santos et al., 2018). Despite its undesirable agronomic
characteristics (Azevedo & Bueno, 2017), agricultural use is not an obstacle, with the cultivation of species of
economic interest, such as soybean and beans (Phaseolus vulgaris), (Nikkel & Lima, 2017) which require
considerable agricultural mechanization.
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However, it is speculated that agricultural crops may be spending more photoassimilates in the root system,
because the concretions of petroplinthite on the surface act as a restrictive environment for the free growth of the
roots. Therefore, a study regarding the interaction of this soil and plants is justified. Therefore, the plant
morphology comprises the study of the plant anatomy and reflects the ecological adaptation of the plants, due to
the strong relation between form and its functioning, since it has an intense relation with the physiology.
Benincasa (2003) says that growth analysis is still the most accessible and accurate way to evaluate growth and
to understand the contribution of different physiological processes to plant behavior. From the growth data we
can estimate causes of growth variations between plants submitted to different environments (Silva, Beltrão &
Amorim Neto, 2000; Peixoto, Cruz, & Peixoto, 2011). Besides, the evaluation of physiological factors, like
stomatal conductance, aims to observe the opening and closing of the stomata, since they can maximize the
absorption of CO2 and minimize the losses of water vapor through transpiration. So, the measurement of gas
exchanges, such as photosynthesis, stomatal conductance, respiration, internal rate of CO2, is a way of observing
physiological responses of plants, which can be carried out locally, in situ, by means of portable photosynthesis
meters (Long & Bernacchi, 2003).
Therefore, the objective of this work is to evaluate, through morphological and physiological evaluations, the
interference of plinthite ironstone concretions in the growth and development of maize.
2. Methods
2.1 Area Description
The study was conducted at the Federal University of Tocantins, Brazil, Gurupi University Campus, in the
southern region of Tocantins state (11°43′ S/49°04′ W, 280 m asl.). The climate of the region was classified
according to the Köppen classification, Tropical Savanna (Aw) (Dubreuil, Fante, Planchon, & Neto, 2018). The
annual average temperature is 27 °C and annual rainfall is 1.500 mm, with rainy summer, dry winter and high
water deficit between May and October. The soil, described and classified as the Concretionary Petric Plinthosol
(Dos Santos et al., 2018) was collected in a savanna native area at surface layer of 0.0-0.20 m. Part of the soil
was sieved in sieves with mesh up to 3.10 mm in order to separate the plinthite ironstone concretions, which
corresponded to more than 65% of the soil mass. Table 1 shows values of the granulometry of the soil collected
and its composition of concretions in the soil.
Table 1. Granulometry of Concrectionary Petric Plinthosol collected on layer 0.0-0.20 m
Mesh (mm)
Weight¹ (g 1000 g-1)
%

12.00
4.24
0.42

10.00
6.636
0.66

7.93
38.75
3.87

6.39
103.27
10.33

4.00
362.4
36.24

3.10
159.4
15.94

< 3.10
325.35
32.54

Note. ¹The values refer to the weight of concretions retained in the sieves.
2.2 Methods and Techniques
Two treatments were obtained: soil with plinthite ironstone concretions and soil without these concretions. Soil
samples were collected in the 0.0-0.20 m layer where fractions greater than 2 mm in diameter were removed
according to the Manual of Soil Analysis Methods (Teixeira, Donagemma, Fontana, & Teixeira, 2017) for
physicochemical analysis. The textural analysis showed that the soil has 645 g kg-1 of sand, 50 g kg-1 of silt and
305 g kg-1 of clay. Based on the results of the chemical analysis, the soil was limed for Aluminium neutralization,
pH elevation, Calcium and Magnesium supply (Goulding, 2016) in the quantity of limestone of 820 kg ha-1. It
was attempt to fertilize the experiments in a basic way, so that the plants had sufficient conditions to develop,
since the objective was not to evaluate production, but the behavior of the species with the least possible
interference of the fertilization and to stimulate the growth that could to reflect on the variables evaluated, since
higher amounts of nutrients in the soil could mask the experiment.
The soil was fertilized based on the recommendation of Ribeiro, Guimarães, and Alvarez (1999) with 30 kg ha-1
N with urea as the source, 120 kg ha-1 P2O5 whose source was single superphosphate and 90 kg ha-1 of K2O with
potassium chloride as the source. For the experiment, plastic pots with 18 L volume were filled with soil, making
so two treatments: soil with ironstone concretions and soil without ironstone concretions. Each pot was seeded
with five seeds per pot. The pots were placed on the ground, in a row, in free sky. Sowing occurred in December
2017 and five days after the emergency (DAE), thinning was done, leaving only one plant per pot. The irrigation
was supplemented, every two days, so that the soil reached 80% of the field capacity. Each treatment (pots with
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and without ironstone concretions) had eight replications. An application of Thiamethoxam and
Lambda-cyhalothrin (22 mL of active ingredient ha-1) at five DAE for control of the larvae (Liriomyza spp.) was
performed. Caterpillars of the Spodoptera frugiperda type, when present, were removed with a long forceps, and
therefore there were no insecticides against caterpillars. Morphological evaluation of height was conducted every
three days, started since the hypocotyl emergence, measured from the soil to the tip of the last emerged leaf or
ligule.
At 56 DAE, gas exchange were measured at 08:00, 10:00 a.m. and 04:00 p.m., among them: stomatal
conductance (gs) (mmol of H2O m-2 s-1), net photosynthesis (A) (μmol m-2 s-1), transpiration (E) (mmol of H2O
m-2 s-1), CO2 internal concentration rate (iC) (mmol CO2 mol-1) and foliar temperature (Tleaf) (C°) using an
infrared gas analyzer (System ADC, Bioscientific Ltd. Hoddesdon, UK). The readings were performed on a leaf
located in the middle third of the plant. These data were used to quantify the water use efficiency (WUE) and the
instantaneous efficiency of the carboxylation (IEC) according to Cordão et al. (2018):
WUE = A/E

(1)

IEC = A/Ci

(2)
-2

-1

-2

The irradiance level in the measurement at 08:00 a.m. was 356 μmol m s , at 10:00 a.m. at 1.007 μmol m s-1
and at 04:00 a.m., 427 μmol m-2 s-1, where the measuring chamber covers a leaf area of six cm2 (2 × 3 cm). Still
at 56 DAE, the leaf chlorophyll index was evaluated based on the optical properties of the leaves with the aid of
a chlorophyllometer (Falker Automação Agrícola, Brazil) therefore determined chlorophyll-a, chlorophyll-b and
total chlorophyll values.
At 65 DAE, the experiment was terminated. The aerial part and the root system were separated. The shoot of the
plants were dissected, followed by the measurement of: distance between nodes and width and length of the five
largest leaves. Leaf area was obtained through the product of leaf width, leaf length and correction factor 0.75
according to Umair, Ilyas and Ikram (2014) and Musa and Usman (2016):
LA = LW × LL × 0.75

(3)

Roots were washed in running water and both, root and aerial part, were placed in a drying oven with forced
circulation at 65 °C for 72 h. The dry masses were then weighed on a precision scale to obtain root dry mass, dry
shoot mass, total dry mass and root shoot ratio.
2.3 Statistical Analysis
The test for the verification of the normality of the data was not carried out, since it is not advisable to carry out
the test on samples of sizes less than or equal to ten, but to proceed directly to a non-parametric analysis strategy
(Torman, Coster, & Riboldi, 2012; Le Boedec, 2016). The averages were compared using the Wilcoxon test for
independent samples p < 0.05, using the ActionStat supplement (Estatcamp, 2014) for Excel (Microsoft, 2016).
The factorial analysis were performed using the Kruskal-Wallis test p < 0.05, using the ActionStat supplement
(Estatcamp, 2014) for Excel (Microsoft, 2016) as for dispersion graphs.
3. Results and Discussion
Figure 1 shows the average growth (in cm) of maize plants (Zea mays) cultivated in soil with plinthite ironstone
concretions and without concretions. It can be observed that maize grown in soil without ironstone concretions
showed higher growth throughout the evaluation period.
The final mean height, measured at 65 DAE, was 128.37 cm in the plants cultivated in soil with ironstone
concretions and 144.12 cm in those cultivated in soil without ironstone concretions. Singh and Hadda (2015)
evaluated maize effect of different compaction levels of soil in a Cambisol with 67% of sand, 15% of silt and
16% of clay, and noticed that the height of maize plants was lower in the plots with compacted soil at 30, 60
DAS (days after sowing) and during the harvest period.
Table 2 presents the values of gas exchange in maize plants (Zea mays), measured at three periods on a day,
cultivated in soil with and without ironstone concretions. The stomatal conductance (gs), in the three measured
times presented value with statistical difference. Maize cultivated in soil with ironstone concretions obtained
lower values at 08:00 a.m. and 04:00 p.m., whereas at 10:00 a.m., maize cultivated in soil with ironstone
concretions presented higher value.
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Figure 1.. Average grow
wth (in cm) off maize plants ((Zea mays) culltivated in soill with ironstonne concretions and
a
without iroonstone concreetions
Table 2. Means of sttomatal conduuctance (gs), net photosynnthesis (A), ttranspiration (E), CO2 internal
water use efficciency (WUE)) and instantanneous efficienc
cy of
concentrattion rate (iC), foliar temperaature (Tleaf), w
carboxylattion (IEC) meeasured in maaize plants (Zeea mays) at 56 DAE at 08:00, 10:00 a.m
m. and 04:00 p.m.
cultivated in soil with annd without ironnstone concretiions
08:00 a.m.
gs
A
E
iC
Tleaf
WUE
IEC
10:00 a.m.
gs
A
E
iC
Tleaf
WUE
IEC
04:00 p.m.
gs
A
E
iC
Tleaf
WUE
IEC

U
Unit

Soill with ironstone cooncretions

S
Soil without ironsttone concretions

mmol of H2O m-2 s-1
m
μm
mol m-2 s-1
m
mmol
of H2O m-2 s-1
m
mmol
CO2 mol-1
ºC
C

0.177
7.444
2.133
310.36
32
3.622
0.0224

b
a
b
a
a
a
a

A
B
B
A
C
A
B

00.28
88.44
22.69
3326.01
331.93
33.21
00.026

a
a
a
a
a
a
a

A
B
B
A
B
AB
B

mmol of H2O m-2 s-1
m
μm
mol m-2 s-1
m
mmol
of H2O m-2 s-1
m
mmol
CO2 mol-1
ºC
C

0.300
22.776
6.822
196.31
38.992
3.1776
0.1336

a
a
a
a
a
a
a

A
A
A
B
A
A
A

00.11
99.19
33.88
2248.10
339.45
22.415
00.044

b
b
b
a
a
a
b

B
AB
A
B
A
B
A

mmol of H2O m-2 s-1
m
μm
mol m-2 s-1
m
mmol
of H2O m-2 s-1
m
mmol
CO2 mol-1
ºC
C

0.177
8.211
2.655
281.03
34.001
3.233
0.033

b
b
b
a
a
b
b

A
B
AB
A
B
A
B

00.26
113.12
33.22
2259.73
333.46
44.49
00.053

a
a
a
b
b
a
a

A
A
AB
B
B
A
A

Note. Low
wercase averagges followed byy equal letterss in the row doo not differ staatistically from
m each other by the
independent Wilcoxon test p < 0.055 and uppercaase means folllowed by eqqual letters beetween the periods
evaluated in each soil doo not differ stattistically from each other byy the Kruskal-W
Wallis test p < 0.05.
The resultts show a drrop in stomataal conductancce throughout the day in m
maize grown without ironsstone
concretionns and a recoveery at the end of the day, which can be atttributed to thee intensity of tthe decrease in
n leaf
water poteential and subbsequent norm
malization, by raising the ttemperature annd irradiation (Figure 2) in
n the
environmeent, its stomattal conductancce (gs) decreassed according to the measuurement at 10::00 a.m and in
n the
measurem
ment at 04:00 p.m.,
p
although the high tempperature (28.6 °°C) raised the conductance, since the radiation
declined ssharply. The same could nnot be observved in maize cultivated with ironstone cconcretions, which
w
maintainedd its stomatal conductance
c
sttatistically equual.
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Figurre 2. Oscillatioon of temperatuure (a), humidiity (b), wind (cc) and solar raddiation (d) durring the day off
meassurement of maaize (Zea mayss) gas exchangge, grown in sooil with and wiithout ironstonne concretions
(INMET, 2018)
c
in ssoil without iroonstone concreetions was nott expected, sinnce the tenden
ncy is
The responnse of maize cultivated
that the gss increase in thhe morning, oscillate during tthe hottest houurs of the day and decrease aat dusk, as reported
by Lopes, Caruso Machhado, Deuber aand Silverio M
Machado (20099) when studyiing the growthh and gas exch
hange
of maize too the subsequeent triticale plaanting in the noo-till and convventional system
ms.
The value of net photosyynthesis (A) (Table 2) had sstatistical diffeerence in two periods, at 10:00 a.m. and 04:00
0
p.m. Maize cultivated inn soil with ironnstone concretiions showed a higher value oof A at 10:00 aa.m., while at 04:00
0
p.m., maizze cultivated inn soil without ironstone conccretions, preseented higher vaalue. The maizze cultivated in
n soil
with ironsstone concretioons had an exppressive peak of liquid phottosynthesis in the measurem
ment at 10:00 a.m.,
possibly contributed by the greater stoomatal conducctance observeed in that time, which can bee reinforced by the
value obseerved at the measurement
m
at 04:00 p.m., with a stronng decrease. IIn maize grow
wn on soil without
ironstone cconcretions, thhe value was inncreasing, eveen with lower ggs, observed inn the measurem
ment at 10:00 a.m.,
increasing further at 04::00 p.m., probably due to thhe greater stom
matal conductaance observed. Pereira, Berg
gonci,
Bergamascchi, Rosa, andd França (20033) studied maizze submitted too different levvels of water inn the soil, in a Red
Argisoil inn a greenhousse, measured tthe photosynthhesis, at 38, 52 and 65 DAE
E, and observved in all the dates
lower valuue of net photoosynthesis meaasured in the unnits with lowerr water availabbility.
The transppiration (E) (T
Table 2), show
wed statistical difference in the three meaasured periods. At 8:00 a.m. and
04:00 p.m
m., the maize cuultivated in thee soil with iroonstone concreetions presenteed a lower valuue with a statisstical
difference, while at 10:000 a.m. the maiize cultivated in soil withoutt ironstone conncretions preseented a lower value
v
of E.
Maize culltivated in soill with ironstonne concretions, as well as in photosynthhesis, had an eexpressive pea
ak of
transpiratioon in the meaasurement at 110:00 a.m., alsso possibly coontributed by tthe greater stoomatal conducttance
and liquidd photosynthessis observed att that time, annd that can alsso be reinforcced by the valuue observed in
n the
measurem
ment at 04:00 p.m.,
p
with mooderate decreaase. In maize grown in soiil without ironnstone concrettions,
values weere increasing, in the meassurement at 008:00 and 100:00 a.m., andd decreasing at 04:00 p.m. An
explanatioon for the value in the last m
measurement beeing smaller thhan in the prevvious one, mayy have been due to
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lower radiation recorded at the measurement time (Figure 2) which may have contributed to the plant also
reducing its transpiration.
Magalhães et al. (2009) characterized contrasting maize strains in terms of resistance to drought in the full
flowering stage, through gas exchange, including transpiration, in 20 L pots with Red Oxisol at a greenhouse and
observed statistically lower value in maize grown in soil in a restrictive environment, in this case, water deficit.
The internal CO2 concentration (iC) (Table 2) had a statistical difference between treatments in only one
evaluated period. At 04:00 p.m. the maize cultivated in soil with ironstone concretions presented higher value of
iC than the maize cultivated in soil without ironstone concretions.
Maize cultivated in soil with ironstone concretions showed a decrease of its internal CO2 concentration (iC) in
the measurement at 10:00 a.m. and recovery at 04:00 p.m. Similar behavior could be seen in maize cultivated in
soil without ironstone concretions, decrease at 10:00 a.m. but unlike maize cultivated in soil with ironstone
concretions, did not recover in the measurement at 04:00 p.m., remaining statistically equal to the measurement
at 10:00 a.m. The stomatal opening is induced by lower value of internal CO2 concentration, high light intensity
and high humidity, according to Araújo, Fernie, and Nunes-Nesi (2011), higher concentrations of CO2, low
luminosity, water deficit and plant hormone ABA induce its closure, which could be observed in the maize
cultivated in soil with ironstone concretions measured at 10:00 a.m., where a lower value of iC was observed but
presented higher value of net photosynthesis.
Regarding leaf temperature (Tleaf) (Table 2), there was a significant difference only in one period evaluated.
Maize cultivated in soil with ironstone concretions presented higher value at 04:00 p.m. Taiz, Zeiger, Møller,
and Murphy (2017) commented that less stomatal conductance and lower transpiration causes an increase in leaf
temperature, which was partially observed in this study, since at 10:00 a.m. the maize cultivated in soil with
ironstone concretions presented higher gs and E in relation to maize cultivated in soil without ironstone
concretions.
The value of water use efficiency (WUE) (Table 2) had statistical difference only in one period evaluated, at
04:00 p.m. the maize cultivated in soil with ironstone concretions presented lower value in relation to the maize
cultivated in soil without ironstone concretions. Maize cultivated in soil without ironstone concretions, showed
WUE of 4.49, while maize cultivated in soil with ironstone concretions presented a value of 3.23. Among the
treatments, there was no statistically significant difference in maize cultivated in soil with ironstone concretions,
while in maize cultivated in soil without ironstone concretions, the efficiency decreased in the measurement at
10:00 a.m., but it increased again at 04:00 p.m. In the maize cultivated in soil without ironstone concretions, at
04:00 p.m. photosynthesis was greater, as well as transpiration, which reflected in WUE and showed a statistical
difference.
Ribeiro, Barbosa, Lopes, Pereira, and Albuquerque (2018) commented that the relationship between
photosynthesis and transpiration determines the instantaneous efficiency in the use of water, meaning, the
amount of carbon that the plant fixes, for each unit of water it loses. Magalhães et al. (2009) in a work of
characterization of contrasting maize lineages regarding the resistance to drought, perceived higher value in
maize with water deficiency.
Values of instantaneous efficiency of the carboxylation (IEC) (Table 2) had statistical difference in two periods
of evaluation. At 10:00 a.m., maize cultivated in soil with ironstone concretions presented higher value and at
04:00 p.m. maize cultivated in soil without ironstone concretions presented higher value of IEC. The value
shows IEC oscillation throughout the day. In maize grown on ironstone concretions soil, IEC increased with
increasing radiation at 10:00 a.m., possibly due to increased ATP and NADPH production required for CO2
fixation in the Calvin cycle and decreased dramatically at 04:00 p.m. The photosynthetic apparatus is protected
by photorespiration in situations of excessive radiation or environmental stress, biotic and abiotic (Machado,
Schmidt, Medina, & Ribeiro, 2005) what may have happened in this case, environmental stress by abiotic factors.
On the other hand, the maize cultivated in soil without ironstone concretions increased its efficiency at 10:00 a.m.
and remained stable to 04:00 p.m.
Table 3 shows the value of leaf chlorophyll index (LCI) measured in maize plants grown in soil with and without
ironstone concretions. There was a statistical difference in all evaluated variables where the value was higher in
maize grown in soil without ironstone concretions. In relation to chlorophyll-a, maize cultivated in soil with
ironstone concretions presented a value of 18.83, while maize cultivated in soil without ironstone concretions
showed a value of 29.33.
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Table 3. Leaf chlorophyll index (LCI) averages of chlorophyll-a, chlorophyll-b and total chlorophyll in maize
(Zea mays) grown in soil with and without ironstone concretions
Soil with ironstone concretions
Soil without ironstone concretions

Chlorophyll-a
18.83 b
29.33 a

Chlorophyll-b
05.31 b
11.05 a

Total chlorophyll
24.15 b
40.38 a

Note. Means followed by equal letters in the column do not differ statistically from each other by independent
Wilcoxon test p < 0.05; Variation Coefficient: chlorophyll-a, 25%, chlorophyll-b, 41%, total chlorophyll, 29%.
The levels of chlorophyll and carotenoids in the leaves are used to estimate the photosynthetic potential of plants
(Rego & Possamai, 2006), thus, the contents and composition of these organelles can be used as indicative
parameters of stress in plants (Codognotto et al., 2002), since the greater reduction of chlorophyll content is a
defense mechanism because it reduces the capture of light energy and thus decreases the flow of electrons to the
electron transfer chain, since this is highly reduced favoring the partial reduction of the oxygen that results in the
formation of reactive oxygen species (Willadino, Oliveira Filho, Silva Júnior, Gouveia Neto, & Camara, 2011).
Magalhães et al. (2009) in a work of characterization of contrasting maize lineages regarding the resistance to
drought, perceived higher value in maize without water deficiency.
In spite of the fact that it was done only at 56 DAE, observing the value found in the measurement of chlorophyll,
it is possible to make a brief relation with the growth of plants, observed in Figure 1, higher growth of maize
grown in soil without ironstone concretions throughout the evaluation period, which may be an indication that
the maize cultivated in soil with ironstone concretions suffered some type of stress.
Table 4 shows averages of morphological variables of maize plants grown in soil with and without ironstone
concretions, where the plant height, length and width of the five largest leaves of the plants were measured, and
the leaf area was then calculated.
Table 4. Means of distance between nodes, leaf width and leaf length (in cm), calculated leaf area (LA) (in cm²)
of maize (Zea mays) cultivated in soil with and without plinthite ironstone concretions
Soil with ironstone concretions
Soil without ironstone concretions

Internode distance
8.9 a
9.6 a

Leaf width
6.18 a
6.39 a

Leaf lenght
59.1 a
59.9 a

LA
273.96 a
290.69 a

Note. Means followed by equal letters in the column do not differ statistically from each other by independent
Wilcoxon test p < 0.05; Variation Coefficient: internode distance, 10%, width, 11%, lenght, 11%, LA, 19%.
There was no statistical difference in any of the evaluated variables. Evaluations of these variables are interesting,
since they can indicate greater or lesser leaf area to capture light and later transform it into energy for the plant.
According to Mondo, De Carvalho, Labonia, Neto, and Cicero (2009), the mathematical equations that correlate
the length and width of leaves with real area are efficient estimators of the foliar development of maize plants.
Table 5 shows the mean (in g) of dry mass of the aerial part (DMA), dry mass of the root part (DMR), total dry
mass (TDM) and shoot root ratio (DMA DMR-1) of maize grown in soil with and without concretions of plinthite
ironstones, with the weight of spikes of maize under development added to the calculation and without adding
them. There was a statistically difference in shoot size only when the weight of growing spikes of maize were
added, with higher value for maize cultivated in soil without ironstone concretions. The spikes were in
development, in the phenological stage VT, with developing tassel.
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Table 5. Means of dry mass of the aerial part (DMA), dry mass of the root (DMR), total dry mass (TDM) and
shoot root ratio (MSA MSR-1) of maize (Zea mays) calculated with and without maize spikes in development,
cultivated in soil with and without ironstone concretions
Without spike
Soil with ironstone concretions
Soil without ironstone concretions
With spike
Soil with ironstone concretions
Soil without ironstone concretions

DMA

DMR

TDM

MSA MSR-1

65.8 a
74.9 a

35.6 b
54.8 a

101.4 b
129.8 a

1.9 a
1.4 b

65.8 b
112.7 a

35.6 b
54.8 a

101.4 b
167.6 a

1.9 a
2.1 a

Note. Means followed by equal letters in the column do not differ statistically from each other by independent
Wilcoxon test p < 0.05; Variation Coefficient: without spike, DMA, 17%, DMR, 33%, TDM, 20%, DMA
DMR-1, 25%; with spike, DMA, 30%, DMR, 33%, TDM, 29%, DMA DMR-1, 19%.
Regarding the root dry matter, there was a statistical difference between the treatments. Maize cultivated in soil
without ironstone concretions presented a higher value, when compared to the maize cultivated in the soil with
ironstone concretions. For total dry mass, with and without maize spikes added on the calculation, higher value
for maize grown in soil without ironstone concretions too. Regarding the dry mass ratio of shoot and root, there
was statistical difference only when the spike was left out of the calculation, with the maize cultivated in the soil
with ironstone concretions presenting higher ratio.
The fact that the DMA DMR-1 ratio is different when calculated without spike can be explained by the fact that
some of the photoassimilates produced by maize grown in soil without ironstone concretions are directed to the
development of the spike, whereas in maize grown in soil with ironstone concretions there is still a strong
direction of photoassimilates for leaves, stems and roots, which may be an indication that the maize cultivated in
soil with ironstone concretions suffered some type of stress and therefore delayed the evolution of the
phenological stages of the crop.
Considering the results of root, aerial and total dry mass averages, and in a relationship with other evaluated
variables, it is possible to observe that there was a certain difficulty of maize cultivated in soil with ironstone
concretions to develop satisfactorily according to its physiological potential, as observed in maize cultivated in
soil without ironstone concretions, regardless of whether it reached its maximum physiological potential or not
and it would certainly betray consequences in later phenological stages. Freddi et al. (2007) reported a decrease
in the dry mass of the maize as the compaction, root restriction environment, of the soil was accentuated, in an
experiment with Red Oxisol of medium texture, which later reflected on yield.
4. Conclusion
Plinthite ironstone concretions interfere with the growth and/or vegetative development of maize.
Maize has its gas exchanges altered due to soil cultivation with ironstone concretions.
Maize has lower plant development, reflected in height, dry mass and delay of its phenological stage, when
cultivated in soil with ironstone concretions.
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