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ABSTRACT

Postharvest quality of sweet maize varies depending on the type of seed, soil, quality of fentiledér conditions,
and stage of maturation. This study aimed to evaluate the post-harvest quality and shelf life of green ears of maize
grown on three soil covers in organic no-till sytem. The study was conducted in the municipality of Domingos Martins,
ES (20°22'16.91" S and 41° 03' 41.83" W). The experiment was arranged in a randomized block design with six replications
and five treatments, consisting of three cover cropsgaroc no-till system: black-oat strawhite lupin, oat/lupin
intercrop and two systems,gamic and conventional, without straMaize double hybridG-1051 was sown in a
spacing of 1.00 x 0.20 m. The variables evaluated included relative percentage of grain, straw and cob, pH, titratable
acidity, soluble solids, grain moisture and shelf lifae use of dierent straws in the ganic no-till system does not
influence the postharvest quality of green ears. Ears packed in polystyrene trays with plastic film are suitable for
marketing until the fifth day of storage at room temperature.
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RESUMO

Atributos qualitativos e conservacao pos-colheita de espigas de milho-verde cultivado sobre
diferentes coberturas de solo no sistema de plantio direto organico

A qualidade pos-colheita do milho-verde varia de acordo com o tipo de semente, de solo, da qualidade do fertilizan-
te utilizado, das condi¢8es climaticas e do estagio de maturacao. Objetivou-se avaliar a qualidade pds-colheita e 0
tempo de prateleira de espigas de milho-verde cultivado sobre trés coberturas de solo no sistema plantio direto
organico. O trabalho foi desenvolvido no municipio de Domingos Martins-ES (20° 22' 16.91"S e 41° 03' 41.83"0), sendo
disposto em delineamento de blocos casualizados, com seis repeticdes e cinco tratamentos, constituidos por trés
coberturas de solo no sistema plantio direto organico, palha de aveia-preta, tremoco-branco e consoércio aveia/tremoco
e dois sistemas sem palhada, sendo gdmco e um convencional. Foi utilizado o hibrido duplo de ndifBel 051 no
espacamento de 1,00 x 0,20 m. Foram realizadas avaliagGes de percentual relativo de graos, palha e sabugo, pH, acidez
titulavel total, solidos solUveis totais, umidade dos gréos e tempo de prateleira. O uso de diferentes palhadas no
sistema plantio direto ganico nao influencia a qualidade pés-colheita do milho-vé&sl@spigas embaladas em
bandeja de poliestireno expandido com filme de PVC apresentam-se aptas a comercializacdo até o quinto dia de
armazenamento em temperatura ambiente.

Palavras-chaveZea maystempo de prateleira; agricultura organica.
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INTRODUCTION MATERIAL AND METHODS

Maize is tle third most consumed cereal in the world  This work was developed ithe municipality of Do-
and is considered an important source of carbohydratesingos Martins, ES (20° 22'16.91"S and 41° 03' 41.83"W),
thus constituting an energy giving food. It is also a sour@50 m altitude. In this region, the average annual rainfall is
of oil and fiber and provides small amounts of vitamin4,800 mm, the average maximum air temperature in the
B1, B2 and E. In addition to the common-maize, there avgarmer months is between 26.7 and 27.8 °C and the
varieties of sweet maize, which for having different sugaverage minimum temperature in the cooler months is
composition in the grains, have sweeter flavor and crearbgtween 8.5 and 9.4 °C (Espirito Santo, 1999).
texture more suitable for consumption as vegetables (Ma- The experiment was conducted in a dystrophic clayey
toset al, 2007). Oxisol (Embrapa, 1999), in an area that has been cultivated
Production of green maize has increaseuh organic no-till system since 2009, The area is divided
significantly because of its profitabilitysince green into strips physically isolated by concrete slabs buried at
maize has greater commercial value than dry maize grath60 m depth, cultivated with successive cabbage crops
In addition, maize farming uses mostly family laboron summer cover crops (sunn hemp, maize and intercrop
contributing to job creation in small and medium farmspf both species) and eggplant on winter cover crops (white
particularly at harvest time, which is performedupin, oat and intercrop of both species). The experiment
manually (Cruzt al,, 2006) Another factor contributing was carried out from July 2013 to February 2014. Chemical
to the growth of green maize production is the moranalysis of soil was carried out at 0-20 cm depth: pH (6.5),
diversified use of the product by the market, as it cah (160.6 mg drf), K+ (290.2 mg dm), C&* (6.0 cmolc dm-
be sold for consumption in several forms, as fres8), Mg? (1.2 cmolc dni) Al (0.0 cmolc dn¥), H+AI (2.3
produce, cooked or as ingredient in the manufacture ofolc dn?), SB (8.1 cmolc drf), t (8.1 cmolc drd), T (10.4
different products in the Brazilian cuisine (Mates cmolc dn¥), V (77.5%) and MO (4.5 dag ky
al., 2007). The experiment was arranged in a randomized block
Green maize is highly perishable, in addition talesign with six replications and five treatments, totaling
nutrients, it can also lose market attributes such &9 experimental 6.0 x 4.0 m plots, with total area of 24 m
appearance and freshness in a few hours. Because iamsl harvest area of 16 m2. The treatments consisted of
harvested before maturation, physiologically its orgartiree cover crops in organic no-till system (SPD) (G - SPD
contain tissues which are not fully developed (Kays, 19919rganic with grass strgw. - SPD oganic with legume
The metabolic activity in produce under these conditiorstraw; G + L - SPD organic with grass + legume straws)
is high, greatly accelerating physiological and biochemicaind two systems, organic and conventional, with soil
changes. The result is deterioration, senescence and déatisening and without cover crop (SC - conventional
of tissue mostly due to intense water loss (Fing®iera, system without straw; SO - organic system without straw).
1997). The cover crops used were black o&tgna strigosa
Postharvest quality of green maize, is linked to aspec@hreb), white lupinLupinus albud..) and intercrop of
of plant physiology involving mainly its chemical both species.
composition, which varies according to the type of seed, The cover crops were sown on 07.05.2013, in rows
soil, fertilizer quality climatic conditions and maturation spaced 0.33 m apart, with seed density in the single
stage at harvest (Marcesal, 1999). system of 144 grams of black oat (60 kghper plot
Pinho et al. (2008) found that the post-harvestand 204 grams of lupin (85 kg Haper plot. In the
gquality of green maize grown in organic andntercrop, the seeding rates and seed quantities have
conventional production systems was influenced blyeen halved because the planting was carried out in
the management adopted, with higher average pH aaternating rows.
lower titratable acidity in green seeds grown in the At 103 days after sowing, at full bloom, the cover crops
organic system. were mowed with a costal weedEhen, oganic compost
However there are not enough studies to allow cleawas applied at the rate of 1.5 kd' i@@ry matter), evenly
conclusions on the impact of production systems on foatistributed and broadcasted on all experimental plots with
quality, since failures in the conduction of experimentsrganic management, preceding the maize sowing. The
compromise a valid comparison of green maizeompost chemical characteristics were: NKPCa and
characteristics in each system production. Therefore, thMg; 1,5,0,7, 1,7, 1,8 and 0,3 dag*kgespectively; Zn, Fe,
study aimed to evaluate the post-harvest quality and sheéMn, Cu and B: 100, 15.100, 281, 92 and 32 m§ kD,
life of green ears of maize grown on three cover crops 88%; and C/N, 13. There was no use of additional
organic no-till sgtem. topdressing for plots under orgardultivation.
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In the plots with conventional tillage, without coverat 25 °C (simulating the room temperature) and 50% relative
crop, the fertilization of maize at planting was carried odtumidity. The experiment was arranged in a split plot
with 800 kg ha of the formula 04-14-0&t 35 days after randomized block design with six replications; with the
maize emergence, 100 kg'hld was broadcasted on thethe five treatments in the plots and the four storage times
plots using ammonium sulfate. in the subplots.

HybridAG-1051, for consumption as green maize, was For the determination of mass loss, the ears were
sown with a manual seeder at the same day the covezighed on a precision scale at the beginning and at 3, 6
crops were managed, at the spacing of 1.00 m betwesmd 9 days of storage, the results were expressed as
rows and 0.20 m between plants, and density of thrgercentage of fresh mass loss using the following formu-
seeds per hole. Lateseedlings were removed, one planta: PTT =100 - (PF x 100/ PI), where PTT = fresh mass loss
per hole, establishing a population of 50,000 plants p&o); PF = weight of the final fresh mass (g); Pl = weight of
hectare. Sampling for the determination of qualitativaitial fresh mass (g).
parameters was performed with a random harvest of ten Data relative to the parameters malic acid (%),°brix,
ears per plot, with grain at the milky stage, based on themidity (%), grain relative percentage of (PRG), straw
market requirements of maize green ears for humaelative percentage (PRP), relative percentage of cobs
consumption. (PRS) and mass loss (%) were transformed using the an-

Ears were harvest manually in the early hours of tlgular transformation y = arcseno (root (x/100)).
morning, with strayw and taken to the laboratory Data were submitted to analysis of variance using the
Agronomic characteristics of maize were determined:-test, regression models were tested by the F test, the
samples were weighed on an analytical scale to obtain tslepe coefficients of the regression models were tested
weight of ears with husk (PP) (g), then all the ears of eably the test, and means were compared using the Tukey
plot were husked, washed sequentially in tap water atekt p > 0.05 using the software SigmaPlot 10.0.
distilled waterand then dried on paper towel and weighed
to obtain the weight of husked ears (PD) (g). Kernels weRESULTS AND DISCUSSION
cut off the cobs with a knife and weighed to obtain kernel o
fresh weight (PG) (g). Cob (PS) (g) and straw (P) (g) weights Post-harvest characterlstl_cs of ears were not
were also determined. influenced by the dfiérent production systemsdfle 1).

The relative percentage of grain (PRG), straw (PRIJ,-jowever the average pH (7.59) observed in this study

and cob (PRS) were determined using the formulas: as relatively close to those reported in the literature for

100 x PG / PP: PR®100 x BPPe PRS = 100 x PS /PP Sweet maize, which is classified as a slightly acid food
For determination of physicochemical characteristic?,nd therefore favorable to the multiplication of micro-

the samples of green kernels were divided into four par%r’ganisms (Pinhet al, 2008). The grain moisture was

homogenized in a blendend immediately evaluated for h?gh with mean of 81.8%. Thg green maize is considergd a
titratable aciditysoluble solids, and grain moistufide highly perishable food due to its high water content, which

pH was determined with a digital pH meter (Quini®- makes its marketing period very limited (Sidtaal, 1997).
400HM portable model) The higher pH and lower acidity obtained for the green

Titratable acidity was obtained by titration of sample£naize suggest greater susceptibility to potential spoilage

consisting of 20 ml of the extract diluted in 40 ml of distillec?nd pathogenic microorganisms.

water with 0.1 mol & NaOH, until pH 8.1. The resultwas ~ 1h€ mean soluble solids (7.69 © brix) found for green

expressed in % of malic acid, which is considered as tfeaize can be considered low when compared to the values

organic acid of greater amount in maize. found by Pinhcet al (2008) for sweet maize, obtaining
For determination of total soluble solids, 1 ml aliquotd>-83 and 14.50 ° brix, respectivefyr cultivars SWB and

of the sample was centrifuged in an Epperfd6d17R VM.

centrifuge for 15 minutes at 13,000 rpm, at 20 °C, and the The soluble solids content is used as an indirect

supernatant was read with a digital refractometer (A&taggneasure of sugar content, as it increases with the

PAL-1), according to Horwitz (2005).he analyses were accumulation of sugars in the eéts value is not the

conducted at the INCAPER Laboratory of Postharve&act content of sugars, since other substances such as

Physiologyin triplicate. organic acids, vitamins, phenolic compounds, pectin, etc,
To evaluate shelf life, ten ears were harvested froffe also dissolved (Chitarra, 2002).

each treatment, washed in tap watarsked, and then  The low content of soluble solids found in this study

disinfested in water with 20 ppm free chlorine, for 15 mincharacterizes a variety of starchy green maize, whichis a

Then, three ears of each plot were packed in polystyreglaracteristic desired by the consunsence these ears

trays, sealed with PVC commercial film and stored in BOWvill be used for making products such as porridge,
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“pamonha”, “curau”, among others, requiring starchsignificant difference between the treatments for the
which will allow the product to reach the ideal consistencglifferent times of storage evaluateaifle 3).
at the time of preparation. According to Chitarra & Chitarra (2005), the main
The relative percentage of grain, straw and cobs, hafeetor responsible for mass loss during storage of fruits
not changed with the cultivation of maize in differentand vegetables is transpiration, which is closely related
production systems, with means of 31.34; 38.21 arid the respiratory process of the product. Moisture losses
30.42%, for relative percentage of grain, stramd cob, from 3% to 6% are sufficient to cause a marked decline in
respectively (@ble 2). Pinh@t al (2008), working with quality; howeversome products are still marketable with
different cultivars of green and sweet maize in organimoisture losses of up to 10%. In the case of green maize,
and conventional farming, obtained similar values fdKays (1991) considers 7% as maximum mass loss allowed.
the same variety used in this wofG 1051, with 31.95; In this work, it was found mass loss of 7%, when the
40.44 and 27.60% for relative percentage of grain, strasobs were stored for 6 days. Hatal (1996) evaluated
and cob, respectively the use of plastic films in green maize postharvest
The higher relative percentage of straw found for theonservation and concluded that packaging with PVC film
hybrid AG1051 provides a suitable characteristic fowas efficient to avoid excessive losses of fresh mass in
making “pamonha”, since it requires straw for itamaize stored at 8 °C and 24 °C, while also maintaining
preparation. Furthermore, accordingAtbuquerque good appearance. Mamedeal (2009), working with
(2008), the ideal cultivars for production of green maizstorage of ears of maize hybA 1051 with plastic film,
must provide good husk, characterized by good integritt different temperatures, found that the ears remained
and production of husk, which favors the maintenance sfiitable for marketing up to six days of storage at
grain moisture and better ear conservation. temperatures between 5 °C and 8 °C, with 3% mass loss.
The mass loss of maize cobs increased linearly with However unpleasant odor was verified in the packages
the time of storage (Figure 1); howeyvérere was no of maize green ears from the fifth day of storage, confirming

Table 1: Means of characteristics % malic acid, °brix, pH and grain moisture of maize ears grovieréndflanting systems.
INCAPER, Domingos Martins-ES, 2014

Treatment Malic acid °Brix pH Moisture (%)
SC 0.0251 (0.0628) a 0.276 (7.45) a 7.65a 1.133(82) a
SO 0.0276 (0.0759) a 0.282 (7.75) a 7.59a 1.107 (80) a
G 0.0271 (0.0734) a 0.285 (7.90) a 7.56 a 1.095 (79) a
L 0.0242 (0.0584) a 0.280 (7.63) a 7.64a 1.173(85) a
G+L 0.0268 (0.0720) a 0.282(7.72) a 7.59 a 1.146 (83) a
Mean 0.0261 (0.0684) 0.281 (7.69) 7.60 1.130 (82)
CV (%) 10.00 2.48 1.17 2.76

Values in the column were transformed by the function y = arcsin [“(x/100)]. Original means in brackets. Means followed by the same
lower case letter in the column are not significantlyedént by theTukey test at 5% probability5C - conventional system without straw;

SO - organic system without straw; G - SPD organic system with grass straw; L - SPD organic system with legume straw; G + L - SPD organic
system with grass + legume straw

Table 2: Means of the characteristics grain relative percentage (PRG), straw relative percentage (PRP), and cob relative percentage
(PRS) of maize green ears grown in different planting systems. INCAPER, Domingos Martins-ES, 2014

Treatment PRG PRP PRS

SC 0.624 (34.14) a 0.643 (35.98) a 0.576 (29.67) a
SO 0.594 (31.30) a 0.658 (37.37) a 0.592 (31.14) a
G 0.593 (31.28) a 0.664 (38.02) a 0.586 (30.57) a
L 0.582 (30.19) a 0.687 (40.22) a 0.574 (29.48) a
G+L 0.574 (29.50) a 0.679 (39.42) a 0.590 (30.94) a
Mean 0.593 (31.27) 0.666 (38.20) 0.584 (30.36)

CV (%) 7.27 4.08 6.83

Values in the column were transformed by the function y = arcsin [“(x/100)]. Original means in brackets. Means followed by the same lower
case letter in the column column are not significantlyedént by theTukey test at 5% probability SC - conventional system without

straw; SO - organic system without straw; G - SPD organic system with grass straw; L - SPD organic system with legume straw; G + L - SPD
organic system with grass + legume straw
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Figure 1: Mass Loss (%) of maize green ears stored in PVC packaging film, at 25 °C and 50% relative rasradityction of

storage time. ns = non-significant; * = Significant at 5%; ** = Significant at 1%, by the F test. SC - conventional system without
straw; SO - organic system without straw; G - SPD organic system with grass straw; L - SPD organic system with legume straw; G
+ L - SPD oganic system with grass + legume straw

Table 3: Analysis of variance of the characteristic mass losproduct is not refrigerated. The data obtained in this

Domingos Martins, INCAPER, 2014 experiment confirms this information, since PVC-packed
S.V. D.F. MS ears kept at room temperature showed fermentation
BlocK 5 0.001223 (strong odor) from the fifth day of evaluation.

Treatment 4 0.000248

Error (a) 20 0.000601  CONCLUSIONS

Time 3 0.557590*

Treatment XTempo 12 0.000043° The use of different straws in organic tillage system
Error (b) 75 0.000120 does not influence the postharvest quality of maize green
Mean 0.1884 (3.51) ears.

CV (%) of Subplot 5.81 Due to the high pH and low titratable aciditye maize

* Significant at 5% probability by the F test green ears are considered as a highly perishable product.

Ears packed in polystyrene trays with plastic film are
suitable for marketing until the fifth day of storage at room
the results observed by Brerzal (2006), who found that temperature.
the hybrids DINAL70 andAG 1051, at room temperature
(27 °C), had strong fermented odor on the 4th day @EFERENCES
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