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ABSTRACT

Objective: To quantify the grain yield, biomass, crop stubble, and leaf:stalk index in seven varieties of maize (Zea mays L.),
as well as the relationship between biomass, stubble, and plant height.

Design/Methodology/Approach: The process consisted in planting seven genotypes of native maize (Zea mays L.).
The experimental design comprised randomized blocks with four repetitions. The plant's height, total biomass, its
accumulation in stalk, leaf, husk, cob, grain, and stubble (biomass of stalk+leaf+husk+cob) were evaluated. A variance
analysis, the Tukey means comparison test, and a regression analysis were applied.

Results: Significant differences were found between the native maize genotypes. Notable cases were the Ixtenco Yellow,
followed in terms of biomass and stubble by the Texcoco White-Wide, then the Ixtenco White and Red. The plant height
determined biomass in 67% and stubble in 77%.

Study Limitations/Implications: The tendencies found could vary depending on the native cultivars studied and their
management.

Findings/Conclusions: In the study region, there are differences between native maize cultivars for the agronomic
characteristics evaluated. With respect to the yield of grain, biomass, and stubble, the Ixtenco Yellow cultivar was
outstanding, followed by the Texcoco White-Wide, and Ixtenco White and Red. The plant height determined biomass in
67%, and stubble quantity in 77%.
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INTRODUCTION

' native or Creole maize (Zea mays L.) is cultivated principally by producers that
| n M eX|CO, employ traditional agriculture with multiple uses, such as grain production,
fodder, tortillas, tamale wrapping, butter, container and artisanal products (Avila-Bello et al., 2016). The INEGI

(2014) observes that 82% of the maize-cultivated surface area in Mexico consists of Creole or native varieties,
which in addition to being adapted to the producers’ climate and technological conditions, possess characteristics
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that respond to the culinary tastes of populations
and cultures. The sowing of Creole maize seeds has
generated a highly biodiverse phytogenetic resource,
with more than 50 recognized native varieties (Kato et
al.,2009). Escalanteetal. (2013) report genetic variability
in stubble production, total biomass, yield, and specific
leaf area in native maize cultivars. Escalante and
Rodriguez (2016) report a biomass (dry matter) of 608
g m™? and a yield of 209 g m~?, with 2.45 m height, in
Blue San Miguel Tlaixpan native maize sown under 330
mm rainfall. Aguilar et al. (2016) report that the native
maize Michoacan 21, cultivated in Montecillo, Mexico,
during the rainy season, showed a biomass of 860 g
m™? and a grain yield of 236 g m™2. At the maize's
physiological maturity, the grain is harvested and the
rest of the plant (stubble) is used as fodder for livestock
(Hellin et al., 2013; Reyes-Muro et al.,, 2013; Beuchelt et
al., 2015). From the maize stubble, the leaves are the
most digestible for ruminants due to their lower lignin
content compared to the stalk (Williams et al., 1997).
For every kilogram of grain produced, an estimated 1
kg of byproduct is obtained. The stubble represents
an average of 50% of the total aerial biomass (Dhugga,
2007). The leaf:stalk index (proportion of dry matter in
leaves with respect to the stalk), indicates the quantity
and quality of leaf fodder. Another byproduct is the
olote or cob, that can be used as a mulching substrate
for humidity retention (Rodriguez-Martinez et al., 2016),
to develop nitrogenous fertilizers with prolonged or
slow-release action (Kabel et al., 2007; Cordoba et al,,
2013), or else for ethanol production (Garcia and Garza,
2016). The studies on production of grain, biomass,
stubble, and agronomic characteristics of native
maize are uncommon, therefore the objective of this
study was to determinate in native maize cultivar: a)
the grain yield, biomass production, stubble quantity,
leaf:stalk index, and agronomic characteristics; and b)
the relationship between the production of biomass,
stubble, and the plant’s height.

MATERIALS AND METHODOLOGY

The study was conducted in Montecillo, Texcoco, State
of Mexico (19° 29N, 98° 53" W, at 2250 m altitude), with a
temperate climate, lightrainfall, meanannualtemperature
of 14.6 °C, and 558.5 mm precipitation (Garcia, 2004),
in clay soil with pH of 7.8. The treatments consisted in
sowing seven cultivars (horticultural varieties, cvs) of
native maize (Zea mays L.) of different origins, sown by
the farmers close to the region of Montecillo, Texcoco,
Mexico (Table 1), at a density of 4.16 plants m ™2 (80x 30
cm) and with 100-100-00 of NPK. The experimental unit
was four 5 m long furrows.

The experimental design was in random blocks with four
repetitions. The phenological stages were registered,
as well as maximum (Tmax) and minimum (Tmin)
temperature, and rainfall (PP, mm) during the crop's
development. At harvest, 15 plants were taken from
the useful plot to register the plant height (ALT, cm),
total biomass of the aerial part (TB, dry matter g m=2),
its accumulation (DMA) and distribution in the stalk,
leaves, husks, cob, grain (yield, GR), stubble (TB-GR),
and the leaf:stalk index (accumulated biomass in leaf/
accumulated biomass in stalk). The study variables were
analyzed with the SAS package, version 9.0 (SAS, 2003),
with variance analysis (ANOVA), and for treatments with
significant differences, the means comparison test (Tukey
a=0.05) was used. A regression analysis was carried out
to determine the relationship between total biomass and
stubble production and the plant height, and between
biomass production and stubble.

RESULTS AND DISCUSSION

Phenological phases occurred 9 d after sowing (das)
until emergence, flowering (F) between 70 and 80 das,
and harvesting at 140 d. During the crop’s development,
the average Tmax was 27 °C and the Tmin, 8 °C, and the
PP added up to 350 mm. For the plant height, significant
differences were observed between cultivars (cvs). The

: : : Height above Mean annual Annual
Location Landrace maize Coordinates L
sea level (m) temperature (°C) precipitation (mm)
1) Yellow
2) White
*_
Ixtenco Tlaxcala™ Temperate | 4 o 19°15'N, 97°53' O 2542 111-161°C 647
climate (Cw)
4) Black
5) Pepitilla
Texcoco Edq México. Temperate | 1) White-Wide 19° 29' N 98° 53' O 2250 123182 °C 610
climate (Cw) 2) Blue

References:*http://siglo.inafed.gob.mx/enciclopedia/EMM29tlaxcala/municipios/29016a.html; Garcia (2004).
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Yellow cultivar (cv) showed plants with greater height at
231 cm, followed by White (215 cm), and Red (214 cm).
The lowest height corresponded to the White-Wide (200
cm) and Pepitilla (180 cm) (Table 2).

Table 2 shows the results for total biomass (TB) and its
accumulation in stalks, leaves, husks, cobs, and grains.
The highest TB (977 g m™?) corresponded to the Yellow
genotype due mostly to a greater accumulation of DM
(DMA) in the stalk, husks (totomoxtle) and grain; followed
by the White genotypes (845 g m™2), Red (856 g m™),
White-Wide (842 g m™), Blue (831 g m~9), and Black
(781 g m~?). The lowest TB was registered in Pepitilla
(573 g m™). TB production, with the exception of the
Black genotype, exceeds the maximum reported for
other native varieties, such as the Labrador (447 g m=?),
Blue (608 g m™?), and Michoacan 21 (680 g m™?) for
similar study conditions (Escalante et al., 2013; Escalante
and Rodriguez, 2016; Aguilar et al., 2016, respectively).

In terms of the DMA in leaves, White-Wide and Black
presented the greatest value with 144 and 110 g m~2. The
lower values corresponded to the rest of the genotypes
that were statistically equal. With respect to the stalk,
the White and Yellow genotypes were the ones with
the greatest DMA with 312 and 285 g m~, respectively.
The inferior value corresponded to Pepitilla with 245 g
m=2. Concerning the husks, the Yellow and White-Wide
genotypes presented the highest values with 172 and 153
g m=2. Regarding the cob, the Red maize presented the
heaviest cobs (79 g m~?), followed by the Black, Blue,
Yellow and White (52, 37, 39 and 36 g m™7, respectively).
The lowest DMA corresponded to the Blue and Pepitilla
maize (37 and 21 g m~?). The highest GR was presented
by Yellow and Red maize with 394 and 377 g m~,

Escalante-Estrada et al. (2020)

which surpassed the GR of other native types (Escalante
and Rodriguez, 2016; Aguilar et al,, 2016), followed by
the White, Black, and Blue maize. The inferior values
corresponded to White-Wide and Pepitilla maize with
234 and 160 g m=, respectively. Notably, the genotypes
that stand out for TB production and GR were Yellow,
White, Red, Blue and Black (Table 2). Generally, 34% of
DMA was in the stalk, 12% in leaves, 13% in husks, 5% in
cobs, and 36% in grain.

Stubble Production and Leaf:Stalk Index

White-Wide and Yellow maize showed the highest
production of stubble (609 and 583 g m ™2, respectively),
compared to other evaluated varieties, followed in
stubble by Blue and White maize, then Black and Red,

and the low value corresponded to Pepitilla (Table 3). On
average, stubble represented 65% of TB, which exceeds
that indicated by Dhugga (2007) by 50%. Regarding leaf
DMA with regards to the stalk (leaf:stalk) (Table 3), the

Cultivar Leaf:stalk Stubble (g m~2)

Yellow 0.30 bc 583 a
White 0.27c 538 b

Red 0.36b 479 ¢
Black 044 ab 483 bc
Pepitilla 035D 413 d
White-Wide 053a 609 a
Blue 0.28 bc 556 ab
Probability of F. *x *x
Tukey 0.05 0.11 55

** P>0.01. In columns values with similar letter are statistically equal
according to Tukey 0.05.

Cultivar Height (cm) Bracts

Yellow 231 a 285a 87b 172 a 39b 394 a 977 a
White 215b 312 a 85b 103 b 36b 309 ab 845b
Red 214 bc 252 b 92b 56 ¢ 79 a 377 a 856 b
Black 207 bc 252 b 110 ab 69 c 52 b 298 b 781c
Pepitilla 180d 245 b 87b 60 c 2lc 160d 573d
White-Wide 200 bcd 271 ab 144 a 153 a 40 bc 234c 842 b
Blue 210 bc 306 a 86 b 127 ab 37b 275b 831b
Probability of F. *k *k *k *k *k *ok *ok
Tukey 0.05 15 48 43 57 20 66 59

** P>0.01. In columns values with similar letter are statistically equal according to Tukey 0.05.
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outstanding maize varieties were White-Wide
(0.53) and Black (0.44), with values exceeding
those reported by Amador and Boschini
(2000) for Creole maize (0.37), followed by
Red (0.36), Pepitilla (0.35), and the inferior
values were from Yellow (0.30), Blue (0.28),
and White (0.27) maize. This suggests that
if the principal use is for fodder, the most
appropriate varieties would be White-Wide
and Yellow for their higher proportion of
leaves compared to the stalk, which implies
more palatability for livestock.

Biomass and Stubble Relationship with
Stalk Height

After performing a regression analysis for
biomass and stubble with respect to plant
height, it was found that the plant height (cm)
presented a determination coefficient (R?) of
0.67 and 0.77, respectively, which indicates
that the changes in TB and stubble depend
on 67 and 77%, respectively, with changes in
plant height. The equations that can estimate
biomass and stubble in function of the plant
height are shown in Figures 1 and 2. Similar
tendencies in relation to TB and plant height
have been reported in other native maize
varieties by Escalante et al. (2017), which
indicates that the plant height can be a
variable to be included in prediction models
for TB and stubble.

Stubble-to-Biomass Ratio

Figure 3 shows that the changes in stubble
were determined in 69% by changes in
biomass. This indicates that plants with
higher TB are required to obtain a greater
amount of stubble. The Figure 3 equation
indicates that for every gram of biomass,
0.69 g would correspond to stubble for the
studied maize cultivars.

CONCLUSIONS

There are differences between native maize varieties in
terms of grain yield, plant height, biomass production,
accumulation in plant structures, stubble, and leaf:stalk
ratio. The highest grain yield corresponded to the
Ixtenco Yellow and Red, followed by the Ixtenco White
and Black, and the Texcoco Blue. The lowest yield was
found in Texcoco White-Wide and Ixtenco Pepitilla.
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Figure 1. Relationship between biomass (g m~?) and plant height (cm) in landrace

maize. Montecillo, Texcoco Mexico, Mexico. Summer 2018
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Figure 2. Relationship between stubble (g m and plant height (cm) in landrace
maize. Montecillo, Texcoco Mexico, Mexico. Summer 2018.
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Figure 3. Relationship between stubble (g m™<) and biomass (g m™?) in landrace
maize. Montecillo, Texcoco Mexico, Mexico. Summer 2018.

With respect to grain yield, biomass and stubble, the
Ixtenco Yellow cultivar was the most outstanding,
followed by the Texcoco White-Wide, and Ixtenco
White and Red. The highest value in leaf:stalk index
corresponded to the Texcoco White-Wide maize,
followed by the Ixtenco Yellow, Red, and Black. Based
on their coefficient of determination (R?), stubble and
biomass quantity was acceptable in relation to plant



height. This variable could be used in prediction models
for biomass and stubble.
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