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Abstract

The objective of this study was to evaluate the growth, the nutrition, and the intensity of the green
color in corn plants in monoculture and in intercropping with Mucuna aterrima, Crotalaria juncea,
and Canavalia ensiformis, cultivated with different handlings. In general, corn plants in monocul-
ture demonstrated greater growth and greater SPAD value in the first evaluation, despite pre-
senting lower tenor of phosphorus in the leaves when related to the corn in intercropping. The
weed helps in the growth of the corn plant and increases the SPAD value during flowering. The
monoculture NPK (Nitrogen, Phosphorus and Potassium) fertilization promoted higher values in
corn plant growth, as well as a greater SPAD value, at 30 d.a.e., of the plants. The NPK-fertilized
corn plants showed a greater tenor of sulphur and a lower tenor of molybdenum. The corn in
intercropping with M. aterrima resulted in smaller plants at 70 d.a.e. It also presented a greater
tenor of molybdenum and lower tenor of nickel when compared to intercroppings with C. juncea
and with C. ensiformis. The corn plants in a intercropping with Crotalaria juncea presented higher
growth at 30 and 70 d.a.e. and greater tenors of molybdenum when compared to the plants in
intercropping with C. ensiformis.
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1. Introduction

Corn is a cereal originated from Central America and cultivated throughout Brazil. It has high economic impor-
tance because of its different uses, ranging from human and animal feeding to the high technological industry.
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Due to its great economic importance, there are many jobs that deal with practices aiming at the sustainability of
the handling of agricultural soil. Amongst them is the use of green fertilizers, which may or may not be incor-
porated to soil in rotation, succession or intercropping with different cultures.

The green fertilization has the purpose of preserving or restoring the productivity of agricultural lands. Green
fertilizations have been used to improve the physical and chemical characteristics of the soil and to increase the
productivity of several cultures. The contribution in fertility improvement in soil by the supply of nutrients is
one of the expected qualities by the application of green fertilization, e.g., the Fabaceae, which can contribute
with fixed nitrogen, increasing and conserving the nitrogen in the soil [1].

The usage of green fertilization produces residues, recycles and mobilizes leachate or little soluble nutrients
from deep soil layers, which benefit some aspects of soil fertility, such as the organic matter tenor and the pro-
duction of organic acids, the tenor of Al, the availability of nutrients such as Ca, Mg, and K and the capability of
cation exchange.

The species from the Fabaceae family are the most used as green fertilizers, since they fix the nitrogen bio-
logically, in association with diazotrophic bacteria. In addition, they produce large quantities of dry matter with
high concentration of nutrients in the aerial part, they have a deep and branched root system and they also allow
for an easy decomposition [2].

Nitrogen is one of the most limited nutrients for the achievement of high corn productivity [3]. The nutrient
participates with four atoms in the chlorophyll molecule and it is a component in nucleic acids and hormones. In
addition, it is indispensable for the constitution of proteins and, because of that, it is directly related to plant
growth [4].

Chlorophyll is a pigment that reflects the green color in plants and is directly associated with the potential of
the photosynthetic activity, as well as with the nutritional status of plants [5]. This pigment can be measured us-
ing the SPAD index and, after analysis, the level of nitrogen in the plant can be evaluated. According to [6], this
equipment can also allow the synchronization of nitrogen application with the season of nutrient demand by the
plant. Moreover, in corn culture, the associations between chlorophyll meter reading and grain income are cur-
rently under study.

The nutritional status of plants is generally evaluated by the chemical analysis of the plant tissue. It has as ap-
plications the identification of nutritional disabilities and the prediction of the need for nutrient supply. Other
resources can be used to help in the evaluation of the nutritional status of plants, such as the use of a SPAD-502
chlorophyll meter to determinate the relative chlorophyll index [7].

The aim of this study was to evaluate the growth, the nutrition and the intensity of the green color in corn
plants in different cultures: in monocultures and in intercroppings with three different Fabaceae.

2. Material & Methods

The experiment was conducted during spring and summer 2011 and 2012, in a Haplic, Silt Loam Cambisol with
10% sand, 77.2% silt, and 12.8% clay, in which the chemical characteristics were analyzed, ranging from the
depth of 0 to 20 cm, according to [8] (Table 1).

The evaluated treatments were: corn in monoculture with NPK fertilization in sowing and with weed on corn
haystack in monoculture with NPK fertilization in sowing and with weed (T1); corn in monoculture without
NPK fertilization in sowing and with weed on corn haystack in monoculture without NPK fertilization in sowing
and with weed (T2); corn in monoculture with NPK fertilization in sowing without weed on corn haystack in
monoculture with NPK fertilization in sowing without weed (T3); corn intercropping + Mucuna aterrima on

Table 1. Values of chemical characteristics of soil material on the occasion of the installation of the experiment (2011).

pH P" (mg-dm™) K" (mg-dm™) Ca (cmol-m3) Mg (cmol.-dm™®) Al (cmol-dm™)
59 4 69 6.3 3.9 0.0
H + Al (cmol-dm™)  Na (cmol,-dm™) S.B. (cmol-dm™) T (cmol;:m™) T (cmol.-dm™) MO (g'm)
4.3 0.37 10.7 15.0 10.7 30.5
C (%) M (%) V (%) Fe (mg-dm™) Cu (mg:dm) Zn (mg-dm™®) Mn (mg-dm )
1.77 0.0 71 61.2 31 4.0 222

“Extractor North Carolina.
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haystack of corn intercropping (T4); corn intercropping + Crotalaria juncea on corn intercropping haystack (T5);
corn intercropping + Canavalia ensiformis on corn intercropping haystack (T6).

The experiment was installed without the usage of herbicide in a direct plantation system, in which the treat-
ments were placed on haystack of similar treatments. To that end, the plants of the previous cycle, which were
already dry, were rubbed and left in their original experimental units. After that, the grooves were prepared with
the help from a furrower and a tractor, for the sowing of the treatments.

A randomized-block design, with four repetitions, was chosen for the experiment.

Each experimental unit (U.E.) of the corn monoculture was constituted by five lines with five meters, with a
space of a meter between each one. The U.E. of the intercroppings were constituted by five ranks of corn inter-
spersed by four ranks of Fabaceae with five meters in length, spaced by one meter and having three central lines
of corn as an useful area, discarding fifty centimeters in their ends.

The used corn cultivar was the UENF 506/11 interpopulational hybrid.

The soil analysis was carried out to determine fertilization. The applied doses of NPK were of 80-80-20
kg-ha*, using single superphosphate and potassium chloride, respectively, as sources of ammonium sulfate. The
single superphosphate and the potassium chloride were applied in their totality, along with 2/3 of the ammonium
sulfate dose, immediately before sowing. The rest of N was applied in fertilization of coverage. This fertilization
was done only in corn in monoculture for treatments T1 and T3, in both cultivar cycles.

The nitrogen coverage fertilization was conducted seventeen days after emergence (d.a.e.) on treatments T1
and T3. At this time, the corn plants displayed six to eight leaves. Since the corn plants were too little in other
treatments, it was decided to carry out the coverage fertilization with the same dose used in treatments T1 and
T3, also at 29 d.a.e.

In corn sowing, C. juncea and C. ensiformis, ten, fifteen, and four seeds were used, respectively, for each lin-
ear meter. The corn plants were thinned when they achieved a number between six and eight leaves, leaving a
population corresponding to 50,000 plants per hectare. The inoculation was carried out with innoculants con-
taining the Bradyrhizobium sp. strains (BR 2003) for C. juncea and B. elkanii (BR 2811) for C. ensiformis,
which were provided by EMBRAPA Agrobiology. It was conducted according to the method suggested by
EMBRAPA Agrobiology.

At 30 d.a.e. and, afterwards, every 20 days, phenological evaluations were carried out in five corn plants
marked in each usable area. These evaluations were done until the plant reached senescence. Thus, the plant
height was determined: the measurement from its lap to the insertion of the last leaf; the number of leaves was
determined: the green and developed ones were counted; the diameter of the thatch: the biggest diameter of the
stem; the length of the leaf was determined: the biggest one was measured; and the width of the leaf was also
measured: the biggest one was measured.

For the nutritional analysis of corn, ten leaves were collected in each usable area during the corn R5 status,
which is a period when the ears expose the styles-stigmas. The collected leaf was the one opposite to and under
the ear; a medium third was used, with the exclusion of the central vein.

The samplers of the collected plant tissues were identified and taken in paper bags to the greenhouse with
forced air circulation, where they stayed for 72 hours at a temperature of 65°C; afterwards, they were grinded in
a Willey mill by using a sieve with 20 meshes per inch.

The tenors for organic N, P, K, Ca, Mg, S, Mn, Zn, Fe, Cu, B, Mo, and Ni of corn plant leaves were deter-
mined for every treatment.

The tenors of N, P and K were determined by the extract of the sulphuric digestion, and the organic N, by the
colorimetric method with Nessler’s reagent [9]. P was determined by colorimetry, using ammonium molybdate;
K was determined by the emission in spectrophotometer. The other nutrients were determined by the extract of
the nitropercloric digestion. Ca, Mg, Zn, Cu, Mn, and Fe were quantified by spectrophotometry of atomic ab-
sorption. S was quantified by turbidimetry, using BaCl, and arabic gum [10].

Mo and Ni were determined by spectrophotometry of atomic absorption with graphite furnace after dry via
digestion. Five hundred milligrams of dry and milled vegetal material were weighed in bottles of 10 mL. These
bottles were taken to the muffle at 550°C during 4 hours. After cooling, the samples were removed from the
muffle, and in each bottle, 2 mL of HNO; at 2% and put in sand bath at 180°C, until the material was completely
dry. Then, 10 mL of HNO; at 0.5% was added, and the samples were shaken and transferred to test tubes with
15 mL and centrifuged at 2800 rpm during six minutes. The extracts were used for reading.

Two measurements were done on the intensity of the green color, with help from the SPAD-502 Minolta


http://www.linguee.com/english-portuguese/translation/spectrophotometer.html

A. C. S. de Oliveira et al.

Chlorophyll equipment, on the most developed leaf of three corn plants, randomly chosen during the first
evaluation. These measurements were done at 30 d.a.e. and during flowering.

An analysis of data variance was carried out and, on the variables with significant effect (P < 0.05), the effect
of orthogonal contrast was evaluated (Table 2).

The analyses were made with the aid of the software SAEG 9.0 (Systems for Statistical Analyses).

3. Results & Discussion

At 30 d.a.e., the contrasts that evaluated the effects of cultivation (C1) and weeding system (C2) obtained high
significance over the whole analyzed phenology, i.e., leaf height, number, length and width, and stem diameter
of corn plants (Table 3).

Regarding the cropping system (C1) at 30 d.a.e., the corn in monoculture was better than the corn in inter-
cropping in all variables. This occurred due to competition for light, water and nutrients between Fabaceae and
corn, as stated by [11], showing the negative effects of the competition at the start of cultivation.

The weeded corn in monoculture presented higher values than the non-weeded for plant height and leaf length
(C2) at 30 d.a.e. Even though [12] stated that early in the development cycle, the crop and the weeds can live for
a certain period without incurring damage to the crop productivity, a period called “period before interference”
(PAI), when the environment is capable of providing the necessary resources for the growth of the weed com-
munity and of the crop culture.

The corn in monoculture fertilized with NPK at the sowing stage showed higher values than the non-fertilized
in all variables (C3) at 30 d.a.e. It can be stated that corn plants already had a response at 30 d.a.e., to the fertil-
izer applied at sowing, presenting plants with higher growth in height. Reference [13] found that the absence of
fertilization with nitrogen also affected the growth of wheat plants.

During this period, there was no significant difference in any variable between corn plants in intercropping
with M. aterrima when compared to other intercroppings (C4). However, when comparing the corn plants in
intercropping to C. juncea and the corn plants in intercropping with C. ensiformis, differences were observed for
the following variables: height, number, and length of corn plants (C5).

In the second growth evaluation, at 50 d.a.e., corn plants in monoculture were taller, and the number, length
and width of leaves and stem diameters were larger than in the plants in intercropping (C1).

The same happened to the corn plants fertilized with NPK at sowing when compared to non-fertilized (C3).
This corroborates with the results achieved by [14], who also found an increase in the vigor of corn with in-
creasing levels of nitrogen.

During this period, the weed (C2) had no effect on corn plant height; however, it resulted in increases in the
other variables analyzed.

Regarding the intercropping of corn with M. aterrima compared to other consortia (C4), the corn plants in
intercropping with the M. aterrima had higher leaf length. As for the comparison between the corn plants in in-
tercropping with C. juncea and in intercropping with C. ensiformis (C5), no significant difference was observed.

At 70 d.a.e., the monoculture (C1) and the NPK fertilization at sowing (C3), due to greater availability of
NPK, showed increases in all variables (Table 3).

Despite the fact that the weeding (C2) did not influence the height of corn plants, this management interfered
positively in the remaining variables.

Table 2. Orthogonal contrasts used for the statistic analysis of data.

Contrast Comparison

C1—Corn in monoculture (T1 + T2 + T3) versus corn in intercropping
(T4 + T5);

C2—Corn in monoculture with weed (T1 + T2) versus corn in monoculture
without weed (T3);

C3—Corn in monoculture with weed with complete fertilization (T1) versus
corn in monoculture with weed without complete fertilization (T2);

Compares monoculture with intercropping
Compares the effect of weed in monoculture

Compares the effect of fertilization in monoculture

C4—Corn in intercropping with M. aterrima (T4) versus corn in intercropping  Compares the effect of M. aterrima with other

with C. juncea and corn in intercropping with C. ensiformis (T5 + T6). intercroppings
C5—Corn in intercropping with C. juncea (T5) versus corn in intercropping Compares the effects of C. juncea with the one of
with C. ensiformis (T6). C. ensiformis, in partnership with corn
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Table 3. Estimations of orthogonal contrasts, the average per plot, for height of corn (ALT), number of leaves (NUF), leaf
length (COF), width of leaves (LAF) and stem diameter (DIC), in four phases.

Contrasts ALT (cm) NUF COF (cm) LAF (cm) DIC (mm)
30d.ae.
c1 11.74™ 153" 21.477 220" 8.357
c2 -10.89™ -0.15 -17.00™ -0.20 -0.66
C3 18.58™ 1.80" 37.80" 3.23" 14.19™
C4 -0.53 0.13 -0.82 -0.18 -0.14
C5 5.85 0.95™ 11.557 0.95 3.49
C.V. (%) 23.97 9.96 15.48 23.68 23.80
50d.a.e.
C1 26.13" 222" 7.68" 2.90 6.65"
C2 -3.63 153" 1115 410 11.04™
C3 56.75" 2.95™ 12.60 6.08™ 9.78™
ca 2.03 0.60 7.73" 0.57 0.92
C5 11.85 1.10 7.15 0.30 3.64
C.V. (%) 23.81 13.24 10.54 43.39 60.43
70 d.ae.
C1 37.57" 222" 7.68" 2.90" 6.65
C2 -7.97 1.53" 1115 410 11.04™
C3 102.35™ 2.95™ 12.607 6.08™ 9.78™
C4 -38.58" 0.60 7.73" 0.57 0.92
C5 18.95™ 1.10 7.15 0.30 3.64
C.V. (%) 10.43 12.06 10.35 33.27 18.00
90 d.ae.
C1 31.44" 0.07 18.33"” 1.12" 4,03
C2 17.96" 2.90" 25.19" 2.70™ 8.14™
C3 40.65™ 1.30" 18.05™ 0.38 418"
c4 9.97 -1.20 7.86 0.66 0.86
C5 10.75 0.94 476 0.53 1.33
C.V. (%) 15.49 15.46 17.11 1152 17.25

“Significant at 5% probability; ““Significant at 1% probability; “Not significant.

The contrast that confronts the corn + M. aterrima intercropping with the other consortia (C4) obtained sig-
nificance at the corn plants height. Corn plants in intercropping with the M. aterrima showed up about 38 cm
shorter than the average intercropped with the C. juncea and than the average intercropped with the C. ensi-
formis. The M. aterrima grew significantly and, by having an indeterminate growth habit and a climbing habit,
this Fabaceae competed intensively for light with the corn, which certainly made corn plants grow less.

Corn plants in intercropping with C. juncea also showed higher values compared to the intercropped with C.
ensiformis.

During the last evaluation, at 90 d.a.e., the monoculture (C1), the weed in corn monoculture (C2) and the
sowing with NPK fertilizer (C3) showed significant effect on all variables, except for number of leaves in the
cropping system and the leaf width for fertilization.

In this evaluation, there was no significant difference in any of the variables between the corn plants inter-
cropped with M. aterrima comparing them with other consortia (C4) and the corn plants in intercropping with C.
juncea and the corn plants intercropped with C. ensiformis (C5).

Table 4 shows, respectively, the estimates of orthogonal contrasts and the average of each treatment for macro
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Table 4. Estimations of orthogonal contrasts, of the average per plot, for macro and micronutrients in corn plants.

Macronutrients (g-kg™)

Contrasts
N P K™ ca™ Mg"™ S
c1 -0.15 -0.36" 1.33 0.07 0.27 0.00
c2 1.01 -0.09 -0.82 0.24 0.08 -0.36"
C3 0.91 0.15 -0.63 0.02 -0.61 0.23"
C4 1.06 0.09 1.38 0.22 0.81™ -0.06
C5 -0.09 0.04 —0.64 0.20 -0.20 -0.05
C.V. (%) 15.36 9.90 12.08 8.54 15.79 8.48
Micronutrients (mg-kg™)
Contrasts
Mn"™ Zn™ Fe™ Cu™ B™ Mo Ni
c1 1.92 2.79 —74.75 -0.28 0.19 14.61" —25.60
c2 6.53 1.94 47.47 1.05 0.15 -319 -199.20"
C3 -2.35 -0.17 90.20 0.76 -0.40 -43.52" -13.20
C4 4.01 -0.53 59.45 -0.04 0.32 3256 —204.60"
C5 -0.55 -0.74 -38.32 -0.27 0.41 29.63" -116.40
C.V. (%) 15.97 16.32 27.09 19.73 15.52 19.90 18.04

“Significant at 5% probability; ““Significant at 1% probability; ™Not significant.

and micronutrients in the leaves of corn plants. It can be seen that most of the nutrients showed no differences in
the contrasts analyzed. This is due to the small difference between treatments; with the exception of nickel, which
showed high values in all treatments (450 - 1050 mg-kg '), the tenors were suitable for the cultivation of corn, i.e.,
within the sufficiency range asserted by [15]: P: 15 to 40 mg-dm®, K: 1.5 to 3.0 mmol-dm?, Ca: 30 to 50 mmol-dm®,
Mg 5 to 8 mmol-dm® S 11 dm? to 15 mg, Zn: 0.5 to 1.0 mg-dm®, B: 0.1 to 0.3 dm*mg, Cu: 0.4 to 0.8 dm*mg, Mn:
3.0 to 5.0 mg-dm®.

Despite the little difference, it can be observed that there was significance only for phosphorus content when
taking into account the cropping system (C1), where intercropping corn had the highest values. It was expected
that corn in monoculture would present higher levels of P than the intercropped, since two of the three treatments
in monoculture received phosphate fertilizer at sowing and, in addition, the level of available P in the soil was low
(Table 3). Reference [16] evaluated the cultivation of corn in monoculture and in intercropping with seven per-
ennial legumes, and no differences were found between the different cropping systems.

The corn in monoculture, when compared to the intercropped variable, had higher molybdenum (C1) (Table 4).
Certainly, the Fabaceae competed for this nutrient to the point of making it less available for the corn.

Also with little difference, the weed (C2) interfered with the sulfur content in weeded corn plants. However, in
relation to the nickel content, this difference was higher, with higher values in weeded corn monoculture.

The corn in monoculture fertilized with NPK at sowing showed higher sulfur levels compared to the non-fer-
tilized corn (C3). This is certainly due to the sulfur containing fertilizers used in its composition, thereby in-
creasing the availability of this nutrient for the corn plants. However, lower molybdenum levels were checked in
corn fertilized with NPK.

When comparing the levels of macro and micronutrients in corn in intercropping with M. aterrima and in corn
of other consortia (C4), it can be seen that, on average, corn in intercropping with M. aterrima showed higher
values of molybdenum, while the intercropping with C. juncea and C. ensiformis showed higher values of nickel.
Additionally, the maize, when intercropped with C. juncea, showed higher concentrations of nickel than the
intercropped with C. ensiformis (C5). These nutrients, despite needed by plants in small amounts, have crucial
roles in the metabolism of nitrogen.

At 30 d.a.e., the cultivation system (C1) and the fertilization (C3) were significant on the intensity of green
color, using SPAD value (Table 5).

The corn in monoculture showed higher intensity of the green color in the leaves than the intercropped corn.
This possibly occurred because of the low contribution of Fabaceae in supplying N for intercropped corn in this

short period of 30 days.
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Table 5. Estimations of orthogonal contrasts, of the average per plot,
for the intensity of green color, using the SPAD value, of corn plants

in two phases.

Contrasts 30d.ae. Blossoming (90 d.a.e.)
C1 14,72 1.38
C2 0.35 11.13"
C3 15,51 8.03
C4 0.80 0.30
C5 0.99 271

C.V. (%) 15.60 20.61

“Significant at 5% probability; ~Significant at 1% probability; ™Not significant.

The fertilization interfered with the SPAD value only during the initial stage (C3), as evidenced by [3] while
working with C. ensiformis: it has been found that, with the addition of nitrogen, a more intense green color was
verified in the leaves. It has to be emphasized that the treatment in monoculture corn (T1 and T3) also had, in
addition to the fertilization at sowing, a covering with 2/3 of the recommended N, which possibly improved nu-
trition of the corn in monoculture. It is possible that this caused the plants in monoculture to get, on average, better
nourished at this early stage.

The weed resulted in increased intensity of the green color in the leaves of corn during flowering (C2). Cer-
tainly, for the non-weeded corn in monoculture, the weeds competed for nutrients.

According to [17], the monitoring of the intensity of the green leaf color can assist in the evaluation of the
availability of nitrogen (and this nutrient acts directly on vegetative growth). This can be confirmed in this study,
since in the evaluations of the growth, the effects of culture system (monoculture—C1) and fertilization (C3) were
positive (Table 5), as it was in the evaluations of the intensity of the green color.

No difference was observed between both evaluation periods, which contrasts the intensity of green color of
corn plants intercropped with M. aterrima in comparison with those of other consortia (C4), as well as contrasting
plants intercropped with C. juncea with the intercropped with C. ensiformis (C5). This shows that, taking into
account only the intensity of the green color of the corn, the three Fabaceae have similar influences during the
intercropping.

4. Conclusions

Generally, the corn plants in monoculture have a higher growth rate and a higher SPAD index at the beginning
of cultivation, despite having less phosphorus in leaves than the intercropped corn.

The weed favors the growth of corn plants. Additionally, it increases the intensity of the green color during
flowering.

The NPK fertilizer in monoculture promotes higher values in the growth of corn plants, as well as higher
SPAD value at 30 d.a.e. of the plants. Corn plants fertilized with NPK have higher sulfur content and lower mo-
lybdenum content.

Corn intercropped with M. aterrima results in smaller plants at 70 d.a.e., in addition to showing higher mo-
lybdenum content and lower nickel content when compared to consortia with C. juncea and C. ensiformis.

Corn plants intercropped with C. juncea have higher growth at 30 and 70 d.a.e., and higher levels of molyb-
denum when compared to the ones intercropped with C. ensiformis.
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