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ABSTRACT

The analysis of the accumulation and export of nutrients by the cowpea crop is fundamental for a more sustainable
fertilization program, because the definition of the doses of organic fertilizers based only on the estimated maximum yield
does not guarantee the maintenance of soil fertility. The objective of this study was to evaluate the effect of fertilization
with chicken manure on the productivity, accumulation and exportation of nutrients by the pods of cowpea. A random-
ized block design was used, with five doses of chicken manure (0; 5; 10; 20 and 40 t ha!) and four repetitions. The highest
levels of P and Mg were found in the leaves with the application of 40 t ha™' of manure. The maximum pod length was
14.47 c¢m, estimated with the dose of 33.33 t ha"! of manure. The highest values of diameter, number of pods per plant
and pod productivity were observed at the highest dose of manure applied. In relative terms, that is, total exported in
relation to the total extracted by the aerial part, phosphorus is the nutrient most exported by the pods, on average 58%,
followed by N (55%), K (43%), Mg (40%), S (38%) and Ca (17%). At the highest dose, although Ca accumulation oc-
curred in large quantities (31.3 kg ha''), only 13% of it was exported by the pods. Fertilizing cowpea with chicken manure
supplied essential nutrients and increased pod yield from 7.2 (no fertilization) to 16.3 t ha'' (fertilization with 40 t ha™' of
chicken manure). The plant remains of the cowpea constitute an important source of nutrients, being obtained at the
highest dose of manure applied (40 t ha!) the following amounts of macronutrients (kg ha'): N (51.4); P (5.1); K (27.6);
Ca (27.1); Mg (8.2); S (5.1), which may return to the soil, with the incorporation of the plants.
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ARTICLE INFO 1. Introduction

The cowpea (Phaseolus vulgaris L.) is among the most consumed
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COPYRIGHT with 15,501 t of pods. Part of the state’s production is sold in the Central
. Units for Resale and Supply, with an average monthly movement of 712
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tivation is the use of organic waste in fertilization, used especially by
family farmers, for its suitability to the characteristics of small proper-
ties!.,

Minas Gerais is among the main poultry producing states, an activ-
ity that generates a large volume of organic waste, especially the beds of
laying hens and broilers™). In general, these organic fertilizers are widely
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used in vegetable production, for their nutrient con-
tents, especially nitrogen, calcium and phosphorus,
higher than those of bovine manure, worm humus
and organic composts!®’.

The cowpea crop is known to be responsive to
P, with a significant increase in pods per plant and,
consequently, greater productivity!”. This character-
istic, together with the low content of phosphorus
and its high adsorption in the soils of Minas Gerais,
requires fertilization to be performed constantly'™. In
addition, bean is a demanding crop in nutrients, due
to its small and shallow root system and short cycle.
The uptake of nutrients, especially N, occurs practi-
cally throughout the crop cycle, but the most de-
manding period, when the rate of uptake is maximum,
occurs from 35 to 50 days after plant emergence, co-
inciding with the flowering period. In this period,
the bean absorbs 2.0 to 2.5 kg N/ha per day'”.

Another important factor affecting pod yields is
that the amounts of N absorbed by the plant, from
mineralization of soil organic matter and symbiosis
with Rhizobium bacteria, are not sufficient to

s!'%12] The application of organic

achieve high yield
fertilizer from the expected yield is a strategy used in
the cultivation of cowpea to adequately supply the N
demand of the crop.

Some works suggest that the application of
chicken manure raises the yield of pod bean cultiva-
tion. Santos et al.!"! applied chicken manure at a
dose of 13 t ha™ and obtained maximum productivity
of 26.3 t ha™ of pods with the cultivar Macarrdo Fa-
vorito, climbing type. In another study, the applica-
tion of 26 t ha! of poultry litter with 16.3% moisture
provided maximum productivity of 20 t ha™ of pods,
with the cv. Alessal'y. Despite the increase in pod
yield, further technical information is needed to im-
prove management with organic fertilizers.

Quantifying the extraction and export of nutri-
ents in the cultivation of bean seed may provide im-
portant data for defining the most sustainable doses
of poultry litter, i.e., those that use the least amount
of fertilizer, without reducing the potential gain in
productivity. Although this information is important
for the program of fertilization and management of
the residue, there is a lack of studies for the cultiva-
tion of this vegetable, both with chemical and

organic fertilization.

In the cultivation of Phaseolus vulgaris for grain
production, the application of 120 kg ha™ of N pro-
vided the extraction of 84.2 and 40 kg ha™' and export
of 80.2 and 55 kg ha "' of N, in the no-till system, in
the agricultural years 2007/08 and 2008/09, respec-
tively!'. It is likely that the cultivation of com-
mon bean, in relation to the extraction and export of
nutrients, presents different behaviors, regarding the
objectives of commercializing grains or pods. Thus,
the objective of this work was to evaluate the effect
of organic fertilization with chicken manure on the
nutritional state, the accumulation and export of nu-
trients and the productivity of bean pods, cv. Mac-
arrdo Favorito, climbing type.

2. Material and methods

The experiment was conducted in the Experi-
mental Field of the Empresa de Pesquisa Ag-
ropecuaria de Minas Gerais—EPAMIG in Omtorios,
MG from 04/23 to 07/03/2012. The experimental
area is located at 20°25'49" S and 42°48'20" W, at an
average altitude of 500 m. The climate of the region
varies from Cwa, humid tropical, to Aw, semi-humid
with hot summers; the natural vegetation is semide-
ciduous or mixed ombrophilous tropical forest!').
The average annual precipitation is 1,250 mm, the
average annual maximum temperature is 21.8 °C and
the average annual minimum temperature is 19.5 °C.

The soil, Argissolo Vérmelho-Amarelo cam-
bico, terrace phase, presented in the 0-20 cm layer:
pH (H20) = 6.0; P = 13.4 mg/dm’; K = 142 mg/dm?;
Ca'? = 2.0 cmol/dm*; Mg*?* = 1.0 cmol/dm’; Al" =
0.0; V = 58% and organic matter = 2.1 dag/kg!'.

The experimental design was based on random-
ized blocks, with five treatments and four repetitions.
The treatments were composed of doses of tanned
chicken manure: 0, 5, 10, 20 and 40 t ha™'.

The chicken manure was stored for six months
and at the time of its application presented the fol-
lowing characteristics (g/kg): N =24.1; P =21.6; K
=1.0; Ca=115.4; Mg=6.7 and S =4.0; for C.0. =
19.97 dag/kg, pH = 8.20, C/N = 8.28 and moisture
content = 13.44%, in greenhouse at 75 °C. The plant-
ing application, of half of the dose defined for each
treatment, was performed at a depth of 0—15 cm and
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incorporated with a hoe, one week before sowing
(04/18/2012). The remainder was applied as a top
dressing and incorporated at a depth of 0—5 cm, 30
days after sowing (05/23/2012).

Each plot contained 40 plants, in four rows 3.0
m long, spaced 1.0 m apart. The spacing between
plants was 0.3 m. Sixteen central plants were har-
vested from each plot. The sowing was performed
with cowpea seeds of the cultivar Macarrao Favorito,
climbing type. Two seeds were sown per hole and 15
days after sowing the seeds were thinned, leaving
one plant per hole.

Weed control was accomplished by two weed-
ing operations with hoes in the rows and three mow-
ings outside the rows. Irrigation was by drip method,
using perforated strips at 10 cm intervals, placed in
each row of plants. Fortnightly sprays were made
with fermented cow urine at 1.0%, until the flower-
ing of the plants. Chemical analysis of the urine in-
dicated the following characteristics, in %: N = 6.96;
P=0.0; K=0.89; Ca=0.00; Mg = 0.04; S = 0.03;
C. Org. = 0.17; in mg/kg Zn = 0.0; Fe = 1.0; Mn =
0.0; Cu=0.0 and pH = 8.5.

When the plants were in full bloom, at 40 days
of age, the fourth leaf, an indicator of the nutritional
state, was collected from six plants in each plot. The
material was dried in an oven with air circulation at
a temperature of 65 °C for 72 h, ground and samples
were sent for determination of N, P, K, Ca, Mg and
S contents, according to Embrapal'®!,

Harvesting was initiated at 58 days after sowing,
when the pods were tender. Four harvests per week
were performed during 22 days, to avoid pods with
characteristics outside the ideal harvesting point. At
the time of collection, the pods were separated into
commercial and non-commercial in each plot.

Collected marketable pods were weighed,
counted, and measured at each harvest. The pods
were weighed and counted immediately after grading
to quantify the mass of fresh matter and the number
of pods, respectively. The diameter was measured in
the central position and the length between the ends
of the pod. At the end of the harvests, the values ob-
tained in each collection were added and the total
value was divided by the number of plants corre-
sponding to the useful area of each plot. The results

were expressed in grams per plant for mass of fresh
pods; number of pods per plant; length (cm) and di-
ameter (mm) of pods.

To determine the moisture content, a random
sample of 20 pods was taken from each plot. The
pods were dried in an oven with forced air circulation
at a temperature of 65 °C for 72 hours. The pods were
weighed and the humidity was calculated to finally
calculate the mass of the dry pods.

The productivity was obtained from the total
value of the mass of fresh pods in each plot, obtained
throughout the harvests. The result was expressed in
tons of pods per hectare.

After the last pod collection (80 days), the
leaves, branches and stems of the plants were col-
lected, weighed and chopped separately. Then, a
sample of this chopped material was collected for
drying in an oven with air circulation at a tempera-
ture of 65 °C for 72 h. After drying, the material was
ground and the samples were sent to the laboratory
to determine the contents of N, P, K, Ca, Mg and S,
according to the procedure of Embrapal'®.

The accumulation of nutrients was calculated
from the nutrient content of the leaves, branches and
pods and converted to kg ha', according to the mass
of dry matter of each component. The export of nu-
trients was determined from the nutrient content of
the pods and converted to kg ha™', according to the
average mass of dry matter of the pods, obtained
throughout the collections performed in the experi-
ment.

The data were analyzed using the SAEG statis-
tical program!!”!, being submitted to analysis of var-
iance and polynomial regression at 5% probability.
The models were chosen based on biological signif-
icance, higher significance of the regressors, and co-
efficient of determination.

3. Results and discussion

In the evaluation of the nutritional state of the
plants, the doses of chicken manure positively influ-
enced the foliar levels of phosphorus and magne-
sium, but had no significant effect on the levels of N,
K, Ca and S, whose average values were: 44.7, 17.5,
10.2 and 2.2 g kg'', respectively. Except for K and
Ca, the nutrient contents were within the range
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considered adequate for the crop: N (40—60 g kg™),
P(3-7gkg"), Mg (3-8 gkg')and S (2-5 g kg™),
according to Raij et al.!"®).

The average K and Ca contents found in the
leaves were lower than the reference values: 25-40 g
kg! of K and 15-30 g kg of Cal"®. The low leaf K
content was probably due to the low content of this
nutrient in the chicken manure (1.0 g kg™ of K), in
addition to the higher amount of Ca applied with the
manure (115.4 g kg™ of Ca), which may have led to
an inhibition of K uptake, by competition, by the ex-
cess of Ca, as observed for some plants!'”). On the
other hand, manure showed a high Ca content (115.4
g kg™, but it was not sufficient to provide an in-
crease in the content in the indicator leaves. It is
likely that the supply of Ca by chicken manure, due
to its low translocation in the plant, did not favor
greater uptake of this nutrient®. However, the low
calcium content in the leaves did not reflect in a de-
crease in productivity; moreover, the plant did not
express morphological characteristics that showed
deficiency of this element. Miranda et al.?!), in a
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study of the response of cowpea due to the omission
of macro and micronutrients, observed that Ca is the
first nutrient whose deficiency manifests itself in vis-
ible symptoms, besides its absence being the factor
responsible for the greatest damage to the develop-
ment and production of plant biomass.

The application of chicken manure provided an
increase in phosphorus and magnesium content in
the indicator leaf. The foliar P content responded in
a quadratic way, and the Mg content in a linear way,
to the manure doses. The highest leaf contents, 5.53
gkg! of Pand 4.4 g kg of Mg, were obtained at the
highest dose of manure applied (Figures 1A and 1B).
A balanced supply of phosphorus, from the begin-
ning of vegetative development, stimulates root
growth at an early stage and improves the formation
of the primordia of reproductive parts and fruits*?!.
Phosphorus is the nutrient that enables the most pro-
nounced responses in cowpea production'?’), while
magnesium, as an integral part of the chlorophyll
molecule, is essential for plant growth and the basis
for photosynthesis!**].
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Figure 1. Phosphorus (A) and magnesium (B) contents in leaves of cowpea, cv. Favorite Macaroni, fertilized with chicken manure.

*: significant at 5% probability using the F test, respectively.

Although K did not present adequate content in
the indicator leaf, a significant increase in the content
of this nutrient in the pods was observed with in-
creasing doses of manure applied. The maximum K
content in the pods was estimated with a dose of
31.39 tha™! of chicken manure (Figure 2A). K favors
the formation and translocation of reserves in the
plant, consisting of carbohydrates, increases the effi-
ciency of water use by the plant and assists in the
filling and growth of grains and fruits, improving

product quality and market value™®.. Oliveira et al.'**
observed an increase in the number of pods per bean
plant as a function of K,O, showing that K plays an
important role in pod production.

There was also a significant response, in a linear
decreasing manner, of the Ca contents in the pods, in
response to the increase of the chicken manure dose
(Figure 2B). For N, P, Mg and S, the mean contents
in pods were equal to 33.9; 4.2; 2.8 and 2.0 g kg™,
respectively. The increase in manure doses provided

67



greater growth of the aerial part and reduced the con-
centration of Ca in the pods, probably because of the
low mobility of Ca in tissues, which depends on tran-
spiration, being accumulated in tissues that transpire
more easily, mainly in the leaves®®. Furthermore, Ca
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is not very mobile in phloem, because once assimi-
lated, it does not redistribute to other parts of the
plant. Thus, there was a lower value of Ca in the fruit
with increasing amounts of manure.
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Figure 2. Potassium (A) and calcium (B) contents in pods of cowpea, cv. Favorite Macaroni, fertilized with chicken manure. **, °:

significant at 5 and 10% probability by the F test, respectively.

There were no significant responses of fresh
matter mass and pod dry matter percentage to the
chicken manure doses, whose mean values were 7.64
g and 8.99%, respectively. However, there were sig-
nificant responses of pod length and diameter and
number of pods per plant (Figure 3). The maximum
pod length (14.47 cm) was observed for the dose of
33.33 t ha™ of chicken manure (Figure 3A). The ap-
plication of manure provided linear increase in pod
diameter, with the highest value (10.29 mm) ob-
served at the highest dose (Figure 3B). Similar re-
sults occurred in the number of pods per plant, which
was greater with the application of 40 t ha™' of ma-
nure (Figure 3C). This increase in production com-
ponents provided a significant response in pod
productivity of the climbing Macarrdo Favorito cul-
tivar. This result may be associated with a greater
stimulus to root system development, formation of
reproductive primordia and fruits, provided by in-
creased phosphorus uptake, as a function of the ap-
plied manure doses?”. Aratijo et al.*® worked with
the same cultivar of cowpea and found no response
in pod diameter as a function of the amount of pig
manure, in the presence and absence of mineral fer-
tilization, with average values of 10.8 and 10.6 mm,
very close to those obtained in this study.

The highest number of pods per plant (65) was
obtained with the highest dose of manure (Figure
3C). This value is higher than that reported by
Oliveira et al.'*), with the same cultivar, in the region
of Areia, PB, of 20 pods per plant, with the addition
of 145 kg ha! of K»0 in soil with 53.8 mg dm™ of
residual potassium. The greater number of pods per
plant, observed in this research, was probably
caused by the balance between the nutrients, which,
in turn, is more important for the gain in productivity
than the increase in the amounts of macronutrients,
in isolation. It is also likely that the physical charac-
teristics of the soil have favored the better develop-
ment of plant roots and nutrient uptake, because the
experimental area has been organically farmed since
2003,

The average number of pods per plant was the
main component responsible for the increase in
productivity (r > 0.99), since the average mass of the
pod did not show significant responses, as a function
of the amount of manure. Similar results were ob-
tained by Ishimura et al. 27 who observed, when us-
ing different doses of NPK in pod bean production, a
significant increase in yield and number of pods per
plant, absence of difference between the average
masses of plants and emphasized phosphorus as the
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nutrient of great importance in fruit production.

The highest pod yield (16.3 t ha™) was achieved
with the dose of 40 t ha! of manure (Figure 3D). It
is likely that the nutrient supplementation by chicken
manure favored plant development in the vegetative
and reproductive phases. Santos et al.l"* also found
an increase of 11.3 t ha™! in pod productivity through
the application

of chicken manure, obtaining
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maximum productivity of 26.3 t ha of pods, with
13.0 t ha! of manure. In general, the yields achieved
in this research are close to those obtained by Peixoto
et al.”!, who studied the adaptability and stability of
15 cowpea genotypes of indeterminate growth, in
eight environments, and obtained values between
15.16 and 17.68 t ha™! , with a population of 50,000
plants per ha.
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Figure 3. Average pod length (A), average pod diameter (B), average pod number (C), average number of pods per plant (D) and pod
yield (E) of cowpea plants, cv. Macarrdo Favorito, grown with chicken manure. *, %: significant at 5 and 10% probability by F test,

respectively.

The masses of fresh and dry matter of the aerial
part of the bean plants responded in a linear increas-
ing form to the increase in the doses of chicken ma-
nure. At the highest dose of chicken manure (40 t ha’
", 9.72 t ha! of fresh matter and 2.05 t ha™ of dry
matter were obtained, that is, increases of 6.72 t of
fresh matter and 1.31 t of dry matter, when compared
with plants grown without fertilization (Figures 4A
and 4B). The masses of fresh and dry matter found
in the tissues of the cowpea plants have great residual
importance for the production system, because they
return nutrients and organic matter, with the incorpo-
ration of the plants to the soil, and thus contribute to
the increase and maintenance of soil fertility and,
consequently, productivity.

The application of chicken manure linearly in-
creased the accumulation of K, Ca and S by the
plants (mass of fresh matter of plants + pods) (Fig-
ures 5B, 5E and 5F). This behavior can also be at-
tributed to the increase in plant biomass, because the
increasing doses of manure did not influence the leaf
contents of these nutrients. This result suggests that
the concentration of nutrients in the soil was in ade-
quate condition to meet the needs of the plants.

There was a linear increase in the accumulation
of N, P, Mg and S by the plants (mass of fresh matter
of plants + pods), as a function of the amount of ma-
nure applied. In the case of N, the highest value ob-
tained was 101.1 kg ha' of N (Figure 5A). The
higher pod yield and the greater number of pods per
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plant, in addition to the nutrient contents in the plant,
favored the accumulation of nutrients. In this work,
the greater production of plant fresh matter mass may
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have been the main factor for greater accumula-
tion, because the N content in the leaf was not influ-
enced by the increasing doses of chicken manure.
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Figure 4. Fresh matter (A) and dry matter (B) of the aerial part of bean plants, cv. Favorite Macaroni, fertilized with chicken manure.
*: Significant at 5% probability by the F test.
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Figure 5. Accumulations of nitrogen (A), phosphorus (B), potassium (K), calcium (Ca) magnesium (Mg) and sulfur (S) by pod bean
plants (plants + pods), cv. Favorite Macaroni, fertilized with chicken manure. **, * and *: significant at 1, 5 and 10% probability by F

test, respectively.
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The highest accumulation of P (11.3 kg ha™) oc-
curred at the highest dose of manure applied. The ac-
cumulation and export of P is quantitatively lower
than that of other macronutrients, such as N and
K, but this does not imply that its supply is less im-
portant. On the contrary, it corresponds to the nutri-
ent with the greatest response to fertilization of the
crop, because as the doses of chicken manure in-
creased, the accumulation of this nutrient also in-
creased (Figure SB). It is likely that chicken manure,
even with relatively low levels of P, in comparison
with the levels of doses normally used in mineral fer-
tilization, provided significant responses in its leaf
content. This behavior may be attributed to competi-
tion for the sites of P adsorption in the soil, a condi-
tion that increases the availability of this nutrient to
plants®”. Furthermore, the area under organic man-
agement presents a better physical-chemical struc-
ture and better water mobility, fundamental condi-
tions for the absorption of P, which occurs by
diffusion”"].

greater content of P in the leaves and consequently a

This greater availability favored a

greater accumulation with the increase in the dose of
manure.

With the highest yield (16.3 tha™), reached with
the highest dose of chicken manure, the amounts of
macronutrients exported by the pods, in descending
order, were, inkg ha', N (49.7)>K (18.7)>P (6.2) >
Mg (4.3) > Ca (4.2) > S (2.9). Thus, the amounts ex-
ported by the pods showed significant response to the
applied doses (Figure 6). This information is funda-
mental to help indicate the best fertilizer application
for the crop, because knowing the amount ex-
ported by the pods makes it possible to quantify what
should be replaced in the soil before each crop, ac-
cording to the efficiency of the fertilizer, to maintain
fertility and guarantee the productive potential of the
crop.

The doses of manure did not influence the pro-
portions of exported nutrients, which were equal to
the average for all treatments. At all doses, the nutri-
ents exported in greater quantities were N and K,

with values considerably higher than the other nutri-
ents. However, in relative terms, that is, the quantity
exported in relation to the total accumulated in the
aerial part (mass of fresh matter of plants + pods), P
is the nutrient most exported with the harvest of the
pods, on average, 58%, followed by N (55%), K
(43%), Mg (40%), S (35%) and Ca (17%). At the
highest dose, it was observed that, although the ac-
cumulation of Ca in the plant was 31.3 kg ha™, only
13% was exported by the pods. This lower Ca con-
tent in the pods can be explained by the low mobility
of this nutrient, with a tendency to accumulate in the
aerial part and little translocation to the fruits.

Incorporation of the aboveground part of cow-
pea plants fertilized with 40 t ha™' of chicken manure
could return the following amounts of macronutri-
ents (kg ha') to the soil: N (51.4); P (5.1); K (27.6);
Ca (27.1); Mg (8.2); S (5.1). Thus, the plant remains
of the cowpea constitute an important source of nu-
trients, which can return to the soil at the end of the
crop cycle and contribute to the maintenance of its
fertility.

4. Conclusions

Fertilizing the soil with chicken manure for the
cultivation of cowpea cv. Macarrdo Favorito im-
proves the nutritional state of the plant and increases
its productivity from 7.2 to 16.3 t ha™', with the ap-
plication of 40 t ha™ of manure.

The amounts of macronutrients (kg ha™) ex-
ported by the pods, in descending order, were: N
(49.7)>K (18.7)>P (6.2) > Mg (4.3)>Ca(4.2)>S
(2.9), considering a pod yield of 16.3 t ha™' and ferti-
lization with 40 t ha™ of chicken manure.

The plant remains of the cowpea constitute an
important source of nutrients, being obtained, at the
highest dose of manure (40 t ha™), the following
quantities of macronutrients (kg ha™): N (51.4); P
(5.1); K (27.6); Ca (27.1); Mg (8.2); S (5.1), which
may return to the soil, with the incorporation of the
plants.
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