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Abstract

Raw and treated “nejayote” were assessed as foliar and edaphic fertilisers for native
blue maize (Zea mays L.) crops in the municipality of Amozoc de Mota, Puebla,
Mexico, during the 2015 agricultural cycle. Treated nejayote refers to raw nejayote
subjected to a coagulation-flocculation process. Two states of nejayote were estab-
lished (raw and treated nejayote) with different physicochemical properties. Foliar
bio-fertilisers were prepared from raw and treated nejayote and mixed with organic
matter (OM) to promote a fermentation process. The foliar treatments used were:
BNC5, BNC15, BNC30 (raw nejayote-based bio-fertiliser at 5%, 15%, and 30%),
BNCQ5, and NCQ30 (nejayote treated by chemical coagulation at 5% and 30%), with
BT as a control (traditional bio-fertiliser). The edaphic treatments used were: NC50,
NC75, and NC100 (raw nejayote at 50%, 75%, 100%), with AP as a control (drinking
water), thus giving rise to 10 treatments in terms of content of raw or treated ne-
jayote. Foliar and edaphic field treatments applied to native blue maize crops were
statistically assessed using the following response variables: plant height, stem di-
ameter, number of leaves, and grain yield. The experiment was laid out in a rando-
mised complete block design (RCBD) with five replications of each treatment. The
results obtained showed, that foliar or edaphic application at the different stages of
development did not produce statistically significant differences, at P < 0.05, in terms
of response variables. The most significant effects occurred at the early stage of plant
development and were mainly reflected in the stem diameter with foliar treatment
NCQ30 and in the number of leaves with foliar treatment BNC5. At the final stage of
crop development, the highest yield (0.639 + 0.121 t-ha™') was obtained with treat-
ment BNC5, which produced a statistically significant difference (b) in relation to the
rest of the foliar and edaphic treatments (Tukey P < 0.05).
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1. Introduction

The nixtamalisation process is a fundamental stage in the elaboration of the “tortilla”,
involving the alkaline cooking of maize grains. According to Cortés et al (2005) [1],
nixtamalisation only requires lime and water for the alkaline cooking of maize. Fur-
thermore, the proportion of water and lime and cooking temperature may vary within
given intervals: water 120% - 130% and lime 0.1% - 5.0% (on an original corn mass ba-
sis) at 80°C - 100°C for 0.25 - 3.0 h and is the steeped for up to 24 h between 40°C and
100°C [2]. The residual water that results from the nixtamalisation process is known as
“nejayote”. Nejayote production is abundant, as a tonne of processed maize requires 3
m’ of water, thus rendering an annual nejayote production of 16 - 22 million-m’ [3]. In
terms of composition, nejayote is rich in organic matter (OM) (25,000 - 28,000 mgO,-L™),
nitrogen (200 - 300 ppm), phosphorus (160 - 190 ppm), and metal ions. Such characte-
ristics cause this residual water to have agricultural value [4]. The nutritional status of
plants and croplands is improved by fertilisers [5]; for increased crop productivity,
quality and nutrient use efficiency, organic sources, bio-fertilisers and micro-nutrients
provided through soil application, foliar spray, or seed treatment can be used [6] [7].
Furthermore, the application of fertilisers has become an important biofortification
approach to raise mineral content, especially in cereal grains [8]. Aghofack et al (2010)
[9] made a soil and foliar application of calcium- and magnesium-based fertilisers to
tomato, producing a reduced incidence and severity of fungal diseases and positive
responses in plant health, growth, and yield. Smith et a/ (2015) [10] determined that
the application of biosolids with urea gave comparable crop yields to ammonium ni-
trate fertiliser when applied as a top-dressing to forage maize. From this perspective,
nejayote may be used in the agricultural sector as compost or as an organic fertiliser.
The purpose of this work was to research the influence of raw and treated nejayote as
foliar and edaphic fertilisers on the development of native blue maize (Zea mays L.)
during the 2015 agricultural cycle, in the region of Amozoc de Mota, Puebla, México.
Raw and treated nejayote entail two different states with dissimilar organic and inor-
ganic contents and physicochemical properties. Treated nejayote was obtained from
raw nejayote subjected to a coagulation-flocculation process with the Siidflock® P-63
coagulant and the Sumex Biofloc® A-01 flocculent, under specific conditions. This treat-
ment allowed the removal of colloidal particles from the residual water and, therefore,
partial removal of the organic content [11] [12] [13]. Blue native maize (Zea mays L.)
was the variety selected in this work to analyse the influence of nejayote as an agricul-
tural fertiliser, given its highly nutritious content, its high content of antioxidant com-
pounds, its high fibre level, and its easily digestible carbohydrates. In terms of characte-

risation, blue maize presents elongated cobs and purple-blue grains. These grain co-
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lours are attributed to the presence of anthocyanins found mainly in the pericarp and
the aleurone layer or in both structures [1]. These natural pigments are considered safe
for human consumption and are effective food additives [14] [15]. In addition, antho-
cyanins may prevent damage caused by active oxygen radicals in living systems [14]
[16] [17]. However, the cultivation of the blue maize in Mexico is limited, and sowing is

only performed on a temporary basis, mainly in the high central valley [18].

2. Materials and Methods
2.1. Sampling and Characterization of Raw Nejayote

Nejayote (or residual water from the nixtamalisation process) used in this work was
collected from a nixtamal grinder in the municipality of Amozoc de Mota, Puebla,
Mexico. Nejayote was stored in 20-L plastic containers and kept refrigerated at 4°C
throughout the experimental work. Raw nejayote and nejayote treated by coagula-
tion-flocculation were characterised following these physicochemical parameters: pH,
electric conductivity, Chemical Oxygen Demand (COD), total colour, turbidity, total
solids (TS), OM, and content elements (nitrogen, phosphorus, potassium, calcium,
magnesium, iron, manganese, copper, and zinc). The pH level and electric conductivity
were determined with a Conductronic PC 16 potentiometer. Furthermore, COD, co-
lour, and turbidity were determined with a Merck 118 photometer. TS and OM were
determined with a Thermolyn® Benchtop muffle, and total nitrogen was determined
with a Kjeldahl of block SEV® digester. Phosphorus, potassium, calcium, magnesium,
iron, manganese, copper, and zinc were determined using an atomic absorption spec-
trophotometer (Perkin Elmer AANALYST 200).

2.2. Nejayote Treated by a Coagulation-Flocculation Process

Treated nejayote was obtained from raw nejayote subjected to a coagulation-flocculation
process with the Siidflock® P-63 coagulant (alkali-activated aluminosilicate) and the
Sumex Biofloc® A-01 flocculent (polyacrylamide, anionic polymer). This process re-
duced the organic content, colour, and turbidity with respect to raw nejayote. The coa-
gulation-flocculation process applied to raw nejayote was previously studied in terms of
pH, coagulant (Stidflock® P-63) and flocculent dose (Sumex Biofloc® A-01) in a jar tes-
ter SEV® AM-3 with multiple agitators. Both the coagulant and the flocculent were pro-
vided by Siid-Chemie de México S.A. de C.V. The statistical analysis of the experimen-
tal data on the coagulation-flocculation process obtained with respect to pH, coagulant
(Studflock® P-63) and flocculent concentration (Sumex Biofloc® A-01) allowed selecting
the conditions of the coagulation-flocculation treatment to reduce the turbidity, colour,
and COD with respect to raw nejayote. These conditions were established with the fol-
lowing parameters: pH = 9; 0.20 x 10~ g-L™' flocculent (Sumex Biofloc® A-01), and 7.5
to 11.5 g-L™' coagulant (Siidflock® P-63).

2.3. Preparation of the Bio-Fertilisers from Raw and Treated Nejayote
for Foliar Application

Bio-fertilisers were labelled as follows: BT, for a traditional bio-fertiliser with drinking
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water as a control; BNCQ, for a bio-fertiliser from nejayote treated by a coagulation-
flocculation process; and BNC, for a bio-fertiliser from raw nejayote. BT is constituted
by 19.20 L of drinking water, 11.00 kg of manure, 0.28 kg of ash, 1.10 kg of molasses,
6.60 L of milk serum, 0.70 kg of alfalfa leaves (Medicago sativa), 0.70 kg of xicalote
leaves (Argemone mexicana), 0.11 kg of yeast, and 0.28 L of male human urine. The
preparation process was as follows: 19.20 L of drinking water (for BT) or raw nejayote
(for BNC) or nejayote treated by coagulation (for BNCQ) was added into a container.
Then, we incorporated into the water 11.00 kg of manure, 0.28 kg of ash, 1.10 kg of
molasses, 6.60 L of milk serum, 0.70 kg of alfalfa leaves (Medicago sativa), 0.70 kg of
xicalote leaves (Argemone mexicana), 0.11 kg of yeast, and 0.28 L of male human urine.
All these ingredients were mixed until a homogeneous product was obtained. Then,
bio-fertilisers were placed in 20-L biodigesters and were hermetically sealed. Each bio-
digester was connected to a bottle containing 0.30 L of drinking water, to dissolve the
CO, produced by fermentation. The mixture was allowed to ferment for 60 days. Dur-
ing this fermentation process, 0.83 L of serum and 0.55 L of molasses were added to
each biodigester on four occasions (every 72 h). The biodigesters were kept in a cool
and dry place throughout the fermentation stage. The total number of bio-fertilisers
prepared is shown in Table 1, which also includes the number of treatments, the type
of fertiliser (foliar or edaphic), the name of the treatment, the percentage of dilution

used, and the corresponding symbol.

2.4. Preparation of Edaphic Bio-Fertilisers from Raw Nejayote

The bio-fertilisers for edaphic application were prepared with raw nejayote (NC) at dif-
ferent percentages of dilution. The total number of bio-fertilisers prepared from raw

nejayote is shown in Table 1.

Table 1. Foliar and edaphic bio-fertilisers applied to native blue maize crops.

Number Bio-fertilisers Treatments Dilution Symbol
1 Foliar Control: Traditional bio-fertiliser 5% BT5
2 Foliar Bio-fertiliser from raw nejayote 5% BNC5
3 Foliar Bio-fertiliser from raw nejayote 15% BNCI15
4 Foliar Bio-fertiliser from raw nejayote 30% BNC30
. Bio-fertiliser from nejayote treated by
5 Foliar R . 5% BNCQ5
a coagulation-flocculation process
. Nejayote treated by a
6 Foliar it i 30% NCQ30
coagulation-flocculation process
7 Edaphic Control: Drinking water 0% AP
8 Edaphic Raw nejayote 50% NC50
9 Edaphic Raw nejayote 75% NC75
10 Edaphic Raw nejayote 100% NC100
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2.5. Location and Climate Characteristics of the Experimental Plot

The research was conducted in the municipality of Amozoc de Mota, Puebla, Mexico,
located at 19°03'20.0 north latitude and 98°03'06.0 west longitude, with respect to the
Greenwich meridian and at 2331 MASL. The climate in Amozoc de Mota is mild and
subhumid, with summer rains (100%). The temperature and precipitation ranges were
12°C - 18°C and 900 - 1100 mm, respectively. The soil in the region is composed of
Leptosol (39%), Luvisol (20%), Arenosol (20%), Phaeozem (1%), and Durisol (1%).

Blue maize culture in this plot was conducted on a temporary basis.

2.6. Soil Quality Assessment

Before the date of sowing, soil samples were taken in a zigzag fashion across the len-
gthand breadth of the plot and at a depth of 0.30 m. A composite sample was formed
for physicochemical analysis. Four samples were collected 139 days after sowing (soil
with drinking water and soil with raw nejayote at 50%, 75%, and 100%) for physico-
chemical analysis. The indicators of soil quality were as follows: pH, electric conductiv-
ity, cation-exchange capacity, carbonates, bicarbonates, chlorides, sulphates, OM, total
nitrogen, phosphorus, potassium, calcium, magnesium, sodium, iron, manganese,
copper, zing, texture, real density, apparent density, field capacity, permanent wilting
point, usable moisture, irrigation lamina, and porosity. Variables were assessed on
the basis of the Official Mexican Standard (Norma Oficial Mexicana) NOM-021-
SEMARNAT-2000.

2.7. Experimental Design and Maize Cultivation

A randomised block design was established with the application of 10 treatments and
five replications, using native blue maize (Zea mays L.) as an indicator plant of the
conic group 1la [18]. Each of the 50 experimental units consisted of 7.0 m* with an in-
ter-row distance of 0.70 m. To avoid interference between the blocks, they were sepa-
rated by a row where no sowing was performed. Five seeds were sown per bush, with a
distance between bushes of 0.50 m. When the plant reached 0.30 m of height, thinning
was performed, and three plants were considered per bush. Each experimental unit was
formed by 60 plants, with 18 plants per useful plot. During all the agricultural cycle, the
maize cultivation was performed on a temporary basis, without irrigation of water, ac-
cording to the prevalent technological circumstance of the region. Weed control was
made by mechanical technique. The weeds were mowed each 15 days for remove the
upper 0.12 - 0.15 m of taproot. The mowed weeds were taken away from the plot im-
mediately. To avoid interferences with the proposed treatments (Table 1), any other

fertilisers or input were not applied.

2.8. Methodology for Applying Foliar and Edaphic Fertilisers to Maize
Crops

Fertiliser application from raw and treated nejayote included application on leaves (fo-

liar) and soil (edaphic). In the case of foliar application, six treatments were applied
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with bio-fertilisers prepared at different dilutions, corresponding to treatments 1 - 6 of
Table 1. In the case of edaphic application, four treatments were applied from dilutions
of raw nejayote, corresponding to treatments 7 - 10 of Table 1, including the controls.
A day before sowing, the seeds were moistened in the solutions of the respective treat-
ments (Table 1). Then, the seeds were allowed to rest for 24 h before sowing. Cultiva-
tion was conducted from 1 May to 16 November 2015. Twenty-eight days after sowing,
the first application of the foliar and edaphic treatments was performed. The following
five applications were performed every 15 days. As the foliar area of the plant in the
experimental units increased, so did the volume of foliar treatment, thus adding 45, 50,
55, 60, and 65 mL per bush at the first, second, third, fourth, and fifth applications, re-
spectively. Soil applications of the treatments entailed flood irrigation. For this purpose,
3.00 L were utilised per bush. In each treatment, 30 plants were assessed to record plant
height, stem diameter, and number of leaves, five times, every 21 days after 3 June. Ma-
ize cobs were harvested upon reaching physiological maturity. Two months thereafter,
the grain moisture was measured with a moisture meter (TPM MD7822). Subsequently,

the maize grain was weighed to calculate the yield.

2.9. Statistical Analysis

For the field foliar and edaphic treatments applied on native blue maize crops, the re-
sponse variables plant height, stem diameter, number of leaves, and grain yield were
assessed, with five replications, using Statgraphics Centurion XVI 16.1.02. All the va-
riables were measured and analysed by a one-way ANOVA with Bartlett’s test and a
multifactor ANOVA with Tukey’s range test, with @ = 0.05 for the response variables of
the foliar and edaphic field treatments.

3. Results and Discussion
3.1. Characterization of Raw and Treated Nejayote

The physicochemical characteristics of raw nejayote and nejayote treated through a
coagulation-flocculation process are presented in Table 2. Raw nejayote has a dark yel-
low colour; it is highly alkaline and turbid, with a high organic load (17,146 mgO,-L™")
and electric conductivity. The content of nitrogen, phosphorus, potassium, calcium,
magnesium, and iron is less than 1%. The content of calcium in nejayote is relatively
high and mainly stems from the calcium hydroxide used in the nixtamalisation process.
The concentration of calcium ions in nejayote is relatively high if compared to the ef-
fluents of the dairy or food industry [19] [20]. For agricultural purposes, Ca represents
an alternative for controlling the degree of soil suppressiveness against microorganisms
(e.g., Aphanomyces euteiches) [21]. The percentage of OM in nejayote is considerably
high and is attributed to pericarp waste that comes off the maize grain, whose composi-
tion, according to Watson and Ramstad (1987) [22], consists of ash (0.8%), starch
(7.3%), sugars (0.3%), proteins (3.7%), ether extract (1%), and crude fibre (86.7%). The
OM present in nejayote can contribute in a mineralised form to agricultural crops, by

releasing nutrients of its chemical and moistened composition, thus improving the soil
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Table 2. Physicochemical parameters of raw and treated nejayote.

Nejayote
Parameter

Raw Treated
pH 11.2 9.0
Colour (m™) 50.40 15.40
Turbidity (NTU) 1,072 143.0
Total Solids (%) 1.08 3.00
COD (mgO,L™) 17,146 14,058
Organic Matter (%) 61.48 11.90
Electric conductivity (dS-m™) 3.95 2.36
Total Nitrogen (%) 0.08 0.06
Phosphorus (%) 0.015 ND
Potassium (%) 0.001 0.030
Calcium (%) 0.941 0.870
Magnesium (%) 0.174 0.400
Iron (%) 0.0011 ND

Abbreviations are as follows: NTU: Nephelometric Turbidity Unit; ND: Not detected.

structure and facilitating the availability of chelated minerals in plants. Nejayote treated
by chemical coagulation with 7.5 to 11.5 g-L™' Stidflock® P-63 coagulant and 0.2 x 107
gL flocculent (Sumex Biofloc® A-01) at pH 9.0 modifies the physicochemical proper-
ties of raw nejayote, significantly reducing the colour and turbidity and partially re-
ducing the organic load and ion presence in the solution. The most significant physi-
cochemical characteristics of raw and treated nejayote are presented in Table 2. The
reduction in the physicochemical parameters of the nejayote treated by coagulation-
flocculation generates a nejayote with a low concentration of organic and inorganic

matter as a fertiliser in the agricultural processing of blue maize.

3.2. Characterization of Foliar Bio-Fertilisers

Table 3 presents the physicochemical parameters of the bio-fertilisers from raw and
treated nejayote (BT, BCNQ, and BNC). Bio-fertilisers show pH values between 3.5 and
4.5 and an increased quantity of TS, turbidity, colour, OM content, and electric con-
ductivity. The changes in the physicochemical characteristics of raw and treated ne-
jayote are derived from the additional matter used in the preparation of bio-fertilisers
(see Section 2.3). The increase in the electric conductivity of the bio-fertilisers observed
indicates an increase in the content of salts or ions, as observed when comparing the
data reported in Table 2 and Table 3. In the case of BNCQ, the electric conductivity
has an additional ion contribution due to the bentonite used in the chemical coagula-
tion treatment [23]. The total nitrogen and phosphorus content in bio-fertilisers is

practically constant and in the same order of magnitude as the content from raw
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Table 3. Physicochemical parameters of the bio-fertilisers.

Bio-fertilisers

Parameter

BT BNCQ BNC
pH 37 4.0 4.1
Total Solids (%) 38.47 8.18 9.73
Colour (m™) 224.4 535.7 240.9
Turbidity (NTU) 2948 8232 3036
Electric Conductivity (dS-m™) 12.49 15.41 15.47
Organic Matter (%) 82.03 73.56 83.5
Total Nitrogen (%) 0.09 0.12 0.01
Phosphorus (%) 0.01 0.02 0.01
Potassium (%) 0.12 0.10 0.13
Calcium (%) 0.22 0.29 0.41
Magnesium (%) 0.219 0.24 0.257
Iron (%) 0.0059 0.0049 0.0058
Manganese (%) 0.0013 0.0010 0.0007
Zinc (%) 0.0011 0.0011 0.0010

Abbreviation is as follows: NTU: Nephelometric Turbidity Unit.

nejayote. The calcium content in bio-fertilisers mainly comes from nejayote obtained
from alkaline cooking (calcium hydroxide) during the nixtamalisation process. Both
hydroxide and calcium carbonate function as alkalis and neutralise the acid products
resulting from fermentation. In addition, calcium increases the OM mineralisation
speed that contributes to the mobilisation of nutrients for the plants, especially of cel-
lulose material, thus stimulating the bacterial activity of decomposition [24] [25] [26].
Together with this mobilisation of nutrients, the fulvic acids produced by fermentation
form chelates with the metal ions Mg*', Ca**, Fe**, and Fe’', which facilitate the trans-
port and regulate the bioavailability of these nutrients at the foliar level [27] [28]. Fur-
thermore, it has been reported that in sites where acid rain is registered, the foliar ap-
plication of calcium can reduce the adverse effects on crop cells caused by free radicals

[29], thus promoting root growth and fruiting [30].

3.3. Effect of Nejayote on the Cultivation of Maize Plants

We assessed the effect of foliar and edaphic application of raw and treated nejayote-
based fertilisers during maize plant development by a statistical analysis of the experi-
mental data obtained by Tukey’s range test (a = 0.05) of diverse response variables at
different stages of crop development: plant height (cm), stem diameter (mm), number
of leaves, and grain yield (t-ha™). The different stages of crop development were classi-
fied as follows: 1) V5 (visible collar of the fifth leaf); 2) V8 (visible collar of the eighth
leaf); 3) V9-VT (visible collar of the ninth leaf; last branch of the panicle visible); 4)

K2
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VT-RO (last branch of the panicle visible; male flowering) and 5) R1-R2 (visible stigmas
in 50% of the plants; blister stage), as defined by Lafitte (1994) [31].

3.3.1. Plant Height

Table 4 presents the effect of the different treatments on the height of native blue maize
plants. Plant height depends on genotype and on environmental conditions [32] [33].
Moreover, plant height is a response indicator, both for classification in terms of geno-
type difference and for the inputs applied to assess vegetal growth performance [34].
Given the morphological characteristics of the native blue maize studied herein, such a
crop is identified as a 1a conic genotype [18]. According to data in Table 4, plant height
increased throughout the different developmental stages. However, from the statistical
analysis of results, it is evident that the effect of the treatments did not show any signif-
icant difference on plant height (Tukey P < 0.05) after foliar and edaphic fertilisation.
Maximum plant height (197.67 cm) in the last measurement or R1-R2 stage was ob-
tained with the edaphic application of the NC75 treatment. This height coincides with
the findings of Sanchez et al (2000) [18], who identified a minimum maize plant height

of 142.7 cm and a maximum height of 294.3 cm.

3.3.2. Diameter of the Stem

Table 5 presents the effect of the different treatments on the diameter of the stem of
native blue maize plants. Analysed data revealed that at the V8 stage (26-06-2015), the
effect of AP, BT5, and NCQ30 treatments on the stem diameter of maize plants was
significantly different (Tukey P < 0.05) in comparison with the rest of the treatments

Table 4. Effect of the different treatments on the height of native blue maize plants.

Plant height (cm)
Treatments V5 V8 V9-VT VT-RO R1-R2
03/06/15 26/06/15 15/07/15 05/08/15 26/08/15

AP 25.12 +£2.28 a! 61.68 £4.70 a 105.66 £ 9.00 a 162.62 + 6.50 a 176.00 + 8.96 a
BT5 2720+397a 59.31+845a 11495+ 119a 169.20+ 114 a 189.93 + 8.66 a
NCQ30 2591 +£2.10a 60.38 £3.16 a 102.58 + 8.22 a 158.14 +9.19a 174.47 £ 103 a
BNCQ5 26.15+2.68 a 56.90 + 5.08 a 107.77 £ 12.8 a 16550 + 17.6 a 185.50 + 14.1a
BNC5 2747 £211a 57.87 £4.20 a 112.03+11.1a 160.57 £ 11.5a 179.27 £ 109 a
BNCI15 2642 t1.64a 60.40 £5.32a 112.00 £ 10.0 a 168.12+15.1a 178.50 £ 11.8 a
BNC30 2637 £249a 60.85+4.70 a 108.05 £ 5.76 a 172.17 £ 5.11a 190.27 £ 8.07 a
NC50 2398 £0.68 a 48.17 £2.60 a 89.95 + 6.586 a 155.88 £ 8.79 a 176.11 £ 113 a
NC75 2413 +£2.55a 54.95 +£5.00 a 10393+ 114a 182.23+ 941 a 197.67 £ 10.6 a
NC100 24.13+2.27a 46.70 £391 a 88.78 £7.330 a 159.13 £ 11.7 a 183.17+119a

'Mean + standard error. Equal letters indicate no significant difference (Tukey, P < 0.05). Abbreviations are as fol-
lows: V5: visible collar of the fifth leaf; V8: visible collar of the eighth leaf; V9-VT: visible collar of the ninth leaf—last
branch of the panicle visible; VT-RO: last branch of the panicle visible—male flowering; R1-R2: visible stigmas in
50% of the plants—blister stage.
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Table 5. Effect of the different treatments on the diameter of the stem of native blue maize

plants.
Diameter of the stem (mm)
Treatments V5 \'4 V9-VT VT-RO R1-R2
03/06/15 26/06/15 15/07/15 05/08/15 26/08/15
AP 8.4+0.8al 179+ 0.80 b 223+ 1.36a 188+ 1.46a 21.3+0.88a
BT5 9.1+0.8a 188+ 0.73b 226 +2.01a 19.1+1.68a 20.1 £0.76 a
NCQ30 85+0.7a 18.3+0.67b 209+1.74a 20.0+1.52a 21.0+0.73 a
BNCQ5 89+09a 14.3 £ 1.60 ab 223+1.26a 185+122a 20.2 +0.60 a
BNC5 8.6+0.7a 14.8 £ 1.32 ab 214+187a 185+1.60a 21.1+134a
BNCI15 8.8+08a 144 £ 1.57 ab 219+0.68a 18.8+1.03a 209+0.80a
BNC30 8.7+0.7a 149 £ 1.85 ab 21.1+1.38a 188+149a 189+135a
NC50 76+03a 14.8 £ 0.36 ab 209+ 1.18a 185+1.19a 185+098 a
NC75 8.1+06a 16.5+1.72 ab 235+230a 20.7 +1.01 a 213+0.84a
NC100 83+08a 114 +0.65a 20.6 +1.67 a 18.0+£2.03a 20.5+0.85a

'Mean + standard error. Different letters (a y b) represent significant difference at P < 0.05 confidence level by Tukey
test between treatments for the same dependent variable. Abbreviations are as follows: V5: visible collar of the fifth
leaf; V8: visible collar of the eighth leaf; V9-VT: visible collar of the ninth leaf—last branch of the panicle visible;
VT-RO: last branch of the panicle visible—male flowering; R1-R2: visible stigmas in 50% of the plants—blister stage.

(b). The maximum value for stem diameter (18.8 mm) was observed with the BT5
treatment (foliar bio-fertiliser at 5%). A similar value (18.3 mm) was obtained with the
NCQ30 treatment (nejayote treated by chemical coagulation), while the lowest stem
diameter value (11.4 mm) was obtained with the NC100 treatment in comparison with
the remaining treatments. It is possible that excess calcium may have been responsible
for slowing the stem diameter growth at the V8 stage, given the increase in soil pH
(Table 8) and the decrease in the availability of other nutrients [35].

According to Table 5, at subsequent stages of plant development, no statistically sig-
nificant differences were observed in terms of the treatment’s effect on the stem diame-
ter. At the final stage (R1-R2), the maximum value of the stem diameter was 21.3 mm
for the AP and NC75 treatments, whereas the minimum average value was 18.5 mm for
the NC50 treatment. Moreover, it was noted that the diameter of the stem diminished
considerably between the late vegetative phase and the beginning of female flowering
(V9-VT to VT-RO0). These results are consistent with the findings of Boomsma et al
(2009) [36]. Paul and Rowe (2011) [37] and Goodman and Ennos (1998) [38] indicate
that such effects can be the result of the thigmomorphogenesis phenomenon, that is, a
response to mechanical stimulation, in addition to the genetic characteristics of the

conical race of native blue maize.

3.3.3. Number of Leaves
Table 6 presents the effect of the different treatments on the number of leaves of native

blue maize. The results show significant differences between the treatments in terms of
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Table 6. Effect of the different treatments on the number of leaves of native blue maize plants.

Number of leaves

Treatments V5 V8 V9-VT VT-RO R1-R2
03/06/15 26/06/15 15/07/15 05/08/15 26/08/15
AP 5.27 +0.28 a! 7.97 £0.27 b 9.70+0.45a 9.53+0.18a 7.87+£0.23a
BT5 527+0.15a 8.58+0.31b 9.90 £ 0.60 a 9.53+0.34a 7.50 £0.28 a
NCQ30 513+0.28a 7.73+£0.17b 9.36+0.29a 9.13+0.12a 727+0.11a
BNCQ5 530+0.23a 7.46 £0.27 ab 9.30 £0.72a 9.30+0.25a 7.63 £0.08 a
BNC5 543+0.23a 7.88£0.28 b 9.73£0.38a 9.03+0.31a 7.53£0.26 a
BNC15 520+0.22a 7.77£042b 9.37£0.32a 9.43+0.29 a 7.30£0.14a
BNC30 4.77+0.19a 7.87+£0.45b 947 +0.31a 9.57+021a 7.73+0.11a
NC50 514+021a 7.10 £ 0.12 ab 9.27£0.22a 9.60 +£0.22 a 7.47 £0.15a
NC75 5.07+0.29a 7.13 £0.47 ab 9.53+£0.67 a 9.60 £0.12a 7.73+0.22a
NC100 533+027a 6.13+£0.22a 9.27 £0.38 a 9.50£0.44 a 7.60 £0.36 a

'Mean + standard error. Different letters (a y b) represent significant difference at P < 0.05 confidence level by Tukey
test between treatments for the same dependent variable. Abbreviations are as follows: V5: visible collar of the fifth
leaf; V8: visible collar of the eighth leaf; V9-VT: visible collar of the ninth leaf—last branch of the panicle visible;
VT-RO: last branch of the panicle visible—male flowering; R1-R2: visible stigmas in 50% of the plants—blister stage.

the number of leaves at the second measuring stage V8 (26-06-2015). At this stage, the
number of leaves of maize plants revealed that the AP, BT5, NCQ30, BNC5, BNC15,
and BNC30 treatments showed a statistically significant total difference (b) with respect
to the highest values from 7.73 £ 0.17 to 8.58 + 0.31, compared with the remaining
treatments. The BNCQ5, NC50, and NC75 treatments resulted in significant statistical
differences (ab), with number of leaves ranging from 7.10 + 0.12 to 7.46 + 0.27 leaves.
Lastly, the NC100 treatment also presented a significant statistical difference (a), with
6.13 £ 0.22 leaves.

At subsequent stages, the number of leaves did not reveal statistically significant dif-
ferences in terms of treatment effects. Notably, the number of leaves increased from
stage V5 to stages V9-VT but diminished from stage VT-RO to stages R1-R2. Sdnchez et
al. (2000) [18] identified that for the conic group la, the minimum and maximum
number of total leaves per plant was between 12.2 and 19.7. However, such findings do
not agree with the number of leaves obtained in the fourth measurement at stage VT-RO
(Table 6). This difference stems from the fact that in this study, we only counted green
leaves, thus excluding leaves that fell by stem expansion and ageing at the different

stages of crop development [39].

3.3.4. Grain Yield

Table 7 shows the experimental data on weight (g) and grain yield (tha™). Grain yield
was determined when the seed had a moisture percentage of 12.5%. In this sense, the
grain yield of maize plants under different treatments or nutrient management pre-
sented the highest value (0.639 * 0.121 t-ha™) when subjected to the BNC5 treatment

KD
+%%, Scientific Research Publishing

2231



V. Téllez et al.

Table 7. Effect of different treatments on grain yield.

Treatments Weight (g) Grain yield (tha™)
AP 329 + 74.8 ab! 0.470 + 0.1070 ab
BT5 411 +49.1 ab 0.587 + 0.0702 ab
NCQ30 214 +8.32 ab 0.305 + 0.0119 ab
BNCQ5 301 +49.2 ab 0.430 + 0.0703 ab
BNC5 447 + 84.8b 0.639 £0.1210b
BNCI15 162 +£29.9a 0.231 £0.0428 a
BNC30 252 +45.2 ab 0.361 + 0.0648 ab
NC50 343 +29.6 ab 0.491 + 0.0422 ab
NC75 276 + 67.1 ab 0.395 + 0.0959 ab
NC100 371 +36.9 ab 0.530 £ 0.0527 ab

"Mean = standard error. Different letters (a y b) represent significant difference at P < 0.05 confidence level by Tukey
test between treatments for the same dependent variable.

(raw nejayote-based bio-fertiliser at 5%). Therefore, its effect established a statistically
significant total difference (b) with respect to the remaining treatments. In addition, the
BNC15 treatment generated the lowest value (0.231 + 0.042 t-ha™), compared with the
rest of the treatments. The effect of the AP, BT5, NCQ30, BNCQ5, BNC30, NC50,
NC75, and NC100 treatments did not show statistically significant differences (Tukey P
< 0.05). The interval of yield values obtained in this study (0.231 + 0.043 - 0.639 + 0.121
tha™') was below the values reported by Nankar et al (2016) [40]: 2.7 - 10.5 t-ha™".
However, such yields were obtained in other conditions, other sites of study, and dif-
ferent varieties of blue maize.

In our study, some determining factors on low maize yield could be associated with
the period between 15 July and 15 August, 2015 (stages V9-R1), when droughts were
classified by the National Weather Service [41] as “abnormally dry”, thus affecting the
vegetative and reproductive development of native blue maize plants [40] [42] [43]. It
has been reported that the yields per hectare of blue maize have been divergent [44] and
that yield depends on the genetic variety cultivated [45], the environmental conditions

[46], and the agronomic management of the crop [47].

3.4. Physicochemical Analysis of the Soil

Table 8 shows the physicochemical composition of soil before and after the application
of the AP, NC50, NC75, and NC100 treatments. The soil texture was found to be loa-
my-sandy. This type of soil is easily eroded by wind [48], lacks cohesion [49], contains
few exchangeable cations (Mg, K, and Ca), has low nutrient retention [50], and presents
high permeability, low water retention capacity, and low specific heat [51]. However,
such soils are easy to culture [52]. Raw nejayote (characterised in Table 2) contains a
high percentage of OM (61.48%) and calcium (0.94%). Therefore, the edaphic fertilisa-
tion with the NC50, NC75, and NC100 treatments doubled the percentage of calcium
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Table 8. Physicochemical composition of soil before and after the application of the edaphic

treatments.
Parameter B e.for.e After application

application AP NC50 NC75 NC100
pH 7.45 6.20 6.09 5.85 6.26
Sand (%) 68 77 69 67 71
Clay (%) 16 14 20 18 10
Silt (%) 16 9 11 15 19
Texture loamy-sandy loamy-sandy loamy-sandy loamy-sandy loamy-sandy
Organic matter (%) 0.90 1.47 1.59 1.71 1.83
Real density (g-cm™) 3.33 0.83 0.56 0.56 0.56
Apparent density (g-cm™) 1.26 0.42 0.38 0.42 0.42
Field capacity (%) 18.91 12.54 18.74 15.19 11.76
Permanent wilting point (%) 10.28 6.28 10.18 7.95 5.80
Usable moisture (%) 8.62 6.26 8.56 7.24 5.97
Irrigation lamina (cm) 4.80 4.83 5.71 4.17 3.98
Porosity (%) 62.16 49.40 32.14 25.00 25.00
Electric conductivity
(ds-m™) 1.42 0.71 0.84 0.45 0.04
Cation Exchange Capacity
(cmol-kg ) 1.40 1.40 1.20 1.40 2.00
Total Nitrogen (%) 0.024 0.007 0.007 0.430 1.269
Phosphorus (%) 0.002 ND ND ND ND
Potassium (%) 0.004 ND ND ND ND
Calcium (%) 0.028 0.020 0.044 0.047 0.052
Iron (%) 0.0043 0.0019 0.0027 0.0030 0.0029
Manganese (%) 0.0001 0.0001 0.0003 0.0003 0.0003
Bicarbonates (%) 0.0491 0.0184 0.0061 ND 0.0061
Chlorides (%) ND 0.0048 0.0064 0.0096 0.0032
Sulfates (%) 0.0257 ND ND ND ND

ND: Not detected.

ions and OM in the soil. The highest percentage of OM and calcium was registered in
the NC100 treatment (raw nejayote at 100%). When the calcium content increases in
soil, generally, microbial growth is stimulated, thus positively affecting both nutrient
availability and nitrogen fixation [26]. According to previous studies [10] [53], the ad-
dition of OM to soil increases the total pore volume, promotes aggregation, diminishes
bulk density, and increases water retention capacity. Marsden (1989) [54] indicates that

the calcium content increases the rate of decomposition of organic sediment matter,
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especially of cellulose material, as in the case of nejayote, while reducing the risk of dis-
ease propagation and neutralising the acids produced in the anaerobic decomposition
of the OM. This effect favours the release of nutrients, increasing their availability for
the crop. After the application of the edaphic treatments NC50, NC75, and NC100, the
electric conductivity showed a considerable decrease, with values below the threshold
indicated by Cramer (1994) [55]. According to Wang et al. (2014) [56], both calcium
and the OM are effective for reducing soil salinity, which may explain the results ob-
tained in terms of electric conductivity. Notably, an increase of the edaphic electric
conductivity above 1.7 dS-m™" negatively affects total soil porosity, bulk density, and
structural stability [57], thus preventing growth of maize plants [55]. Table 8 shows
that the presence of elements such as nitrogen (N), phosphorus (P), and potassium (K)
was considerably low before the treatments. After the application of AP and NC50
treatments, the percentage of nitrogen diminished, while after the NC75 and NC100
treatments, the percentage of nitrogen increased significantly, especially in the NC100
treatment. This result can be attributed to nejayote. After the application of the treat-
ments, P and K were not detected. Therefore, these elements are most likely to have
been completely consumed by the crop. Prior to the application of the treatments, the
soil had a slightly alkaline character (pH = 7.45). However, after the treatments, the soil
acquired a slightly acid character (pH: 5.85 - 6.26), which may have been caused by the
acid character of the bio-fertiliser. Similar to K and P, sulfates ions were not detected
after the application of the treatments, whereas Mg®*, Na*, and CO  were not de-
tected either before or after the applications. Most likely, their presence in nejayote was

minimal, or they may have been completely consumed by the crop.

4. Conclusion

Raw nejayote was found to be of agricultural value, given its high content of organic
and inorganic matter. Nejayote treated by a coagulation-flocculation process using the
alkaline bentonite Siidflock® P-63 and the anionic polyacrylamide Sumex Biofloc® A-01
at pH = 9.0 contributed to the significant reduction of the organic and inorganic con-
tent with respect to raw nejayote. In this manner, two nejayote states were established
(raw nejayote and treated nejayote) with different physicochemical properties. Foliar
and edaphic field treatments applied to native blue maize crops were statistically as-
sessed through the following variable responses: plant height, stem diameter, number of
leaves, and crop yield. The most significant effects of the foliar and edaphic application
of raw and treated nejayote occurred at the early stage of plant development (the V8
stage, associated with a visible collar of the eighth leaf) and was mainly reflected by the
stem diameter of the plant under NCQ30 treatment (nejayote treated by chemical coa-
gulation at 30%) and the number of plant leaves under BNC5 treatment (raw nejayote-
based bio-fertiliser at 5%). At the final stage of crop development, the highest yield was
obtained with the BNC5 treatment (raw nejayote-based bio-fertiliser at 5%, foliar ap-
plication), which resulted in a statistically significant difference (b) in relation to the

remaining foliar and edaphic treatments (Tukey P < 0.05). This finding indicates a bet-

2234

K
0:52: Scientific Research Publishing



V. Téllez et al.

ter efficiency of foliar absorption than edaphic absorption of nutrients. The proportion

of raw or treated nejayote that is foliarly or edaphically applied is a determining factor

for blue maize crops. Of the different treatments applied, only low concentrations of

raw nejayote (5%) and nejayote treated by chemical coagulation (30%) yielded a fa-

vourable response. Therefore, raw nejayote or nejayote treated by chemical coagulation

can be used in low concentrations as an agricultural input in the cultivation of maize.
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