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INTRODUCTION

A well-developed canopy structure is 
essential for optimal corn (Zea mays L.) production 
(LI et al., 2018). The amount and distribution of leaf 
area and leaf angles in a crop canopy determine how 
photo synthetically active radiation is intercepted 
and; consequently, influences canopy photo synthesis 
and yield (STEWART et al., 2003). Factors such as 

corn hybrids, plant populations (PP), and row width 
will influence leaf distributions (STEWART et al., 
2003; LI et al., 2018) and can vary in an almost 
infinite number of combinations (LI et al., 2018). In 
corn canopies, factors such as plant shape, PP, and 
row width affect leaf distribution, light interception 
and overall productivity (STEWART et al., 2003). 
Plant population also impacts the productivity, as 
maximum dry matter (DM) accumulation is achieved 
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ABSTRACT: The agronomic performance and silage characteristics of corn hybrids at varying plant populations (PP) in a subtropical climate 
were assessed. Agronomic performance was evaluated using a randomized block design with a 3×4 factorial treatment arrangement, including 
4 replications during both the harvest and off-season. Whole-plant corn silage was evaluated using a completely randomized design with a 
3×4 factorial treatment arrangement, including five replications (silos) per harvest. The hybrids B2410, B2433 and B2688 were evaluated at 
PP of 65, 82, 100, and 118 × 103 plants/ha. Ear insertion height (EIH) increased (P < 0.001), while stem diameter (SD) decreased (P < 0.001) 
with increasing PP. Dry matter production (DMP) and grain yield (GY) both increased (P < 0.001) with higher PP. Increasing PP elevated 
the proportion of leaves (P = 0.01) and neutral detergent fiber content (P < 0.001) in the silage. Plant height was higher (P = 0.027) in hybrid 
B2410 compared to B2433. Hybrid B2410 exhibited a lower (P = 0.003) EIH than the other hybrids. Stem diameter was greater (P = 0.004) 
in hybrid B2410 compared to B2433. Dry matter production and GY were not altered by the hybrid variations. Hybrid B2688 had a higher 
(P < 0.001) proportion of leaves compared to hybrid B2410. The proportions of stem, cob and straw were not altered by PP and hybrid type. 
Whole-plant corn silage characteristics remained unchanged across hybrids, except for of pH. Increasing plant density from 65 to 118 × 103 
plants/ha increases silage production.
Key words: forage production, grain production, yield components, pH.

RESUMO: Avaliou-se o desempenho agronômico e características da silagem de híbridos de milho com diferentes populações de plantas (PP) 
em clima subtropical. O desempenho agronômico foi avaliado usando o delineamento de blocos ao acaso com tratamentos em arranjo fatorial 
(3×4), com quatro repetições na safra e safrinha. A silagem foi avaliada usando delineamento inteiramente casualisado com tratamentos em 
arranjo fatorial (3×4), com cinco repetições (silos)/safra. Foram avaliados os híbridos B2410, B2433 e B2688 nas PP de 65, 82, 100 e 118 ×103 
plantas/ha. A altura de inserção de espiga (AIE) aumentou (P < 0,001) e o diâmetro de colmo (DC) reduziu (P < 0,001) com avanço da PP. A 
produção de forragem (PF) e grãos (PG) aumentou (P < 0,001) com avanço da PP. O aumento da PP elevou a proporção de folhas (P = 0,01) e 
a fibra em detergente neutro (P < 0.001) da silagem. A altura de planta foi maior (P = 0,027) no B2410 em relação ao B2433. O híbrido 2410 
apresentou menor AIE (P = 0,003). O DC foi maior (P = 0,004) no B2410 em relação ao B2433. A PF e PG não foram alteradas pelos híbridos. 
O B2688 apresentou maior (P < 0,001) proporção de folhas em relação ao B2410. A proporção de colmo, sabugo e palha não foram alteradas 
pela PP e híbridos. As características da silagem não foram alteradas pelos híbridos, exceto o pH. O aumento da densidade de 65 para 118 × 
103 plantas/ha aumenta a produção de silagem. 
Palavras-chave: componentes de rendimento, pH, produção de forragem, produção de grãos.

CROP PRODUCTION

https://orcid.org/0000-0003-0126-3956
https://orcid.org/0000-0002-4545-4685
https://orcid.org/0000-0002-5136-503X
https://orcid.org/0000-0002-5896-9805
https://orcid.org/0000-0002-6588-958X
https://orcid.org/0000-0003-3756-5577
https://orcid.org/0000-0001-8328-5299
https://orcid.org/0000-0003-2765-3151
https://orcid.org/0000-0002-1504-3375
https://orcid.org/0000-0002-8058-3386
https://orcid.org/0009-0009-6810-9276
https://orcid.org/0000-0003-3262-9762
https://orcid.org/0000-0003-0761-4200
https://orcid.org/0000-0002-7351-7022


2

Ciência Rural, v.55, n.7, 2025.

Severo et al.

when plant density supports rapid leaf growth and 
effective interception of solar radiation during the 
vegetative stage (LOBELL et al., 2009). Researchers 
(DUAN et al., 2024) evaluated different corn plant 
densities (33, 42, and 83 × 103 plants/ha) and found 
the highest grain yield (9,428 kg/ha) with a density of 
83 × 103 plants/ha.

Hybrids with varying plant heights, 
leaf numbers, individual leaf areas, leaf angles, 
and leaf area density along the main stem exhibit 
different canopy structures (TORRES et al., 2017). 
Genetic improvement can modify plant structure 
to optimize the balance and coordination between 
the upper and lower leaf layers, reducing overlaps 
and thereby enhancing crop canopy structure (LI et 
al., 2021). Studies have demonstrated that genetic 
improvement positively affects crop structure by 
enhancing light distribution within the canopy 
(DUAN et al., 2016) and increasing photosynthetic 
capacity (CURIN et al., 2020).

Genetic advances in selecting corn 
genotypes with higher yield potential, shorter growth 
cycles, and improved architecture (such as straighter 
leaf angle, better distribution of leaves above the ear, 
and larger leaf area) have required new studies on 
plant arrangements (SKONIESKI et al., 2014). Some 
studies have shown that adjusting plant density with 
modern corn hybrids can lead to higher grain and 
forage yields (FAN et al., 2024). Authors suggested 
that this response is due to the increased efficiency 
of solar radiation interception achieved with optimal 
plant arrangements (FAN et al., 2024).

The key variables characterizing crop 
canopy structure include plant height, ear height, leaf 
area index, leaf angle, and leaf orientation (STEWART 
et al., 2003). These variables are influenced by 
various agricultural practices. For example, hybrids 
with differing plant height, leaf numbers, individual 
leaf areas, leaf angles, and leaf area density along 
the main stem exhibit variations in canopy structure 
(TORRES et al., 2017). Furthermore, plant height 
and ear height increase significantly with higher plant 
density (LI et al., 2015). Reducing row spacing at a 
constant plant density leads to more uniform plant 
spacing, which can theoretically reduce plant-to-plant 
competition, enhance plant resource capture and 
utilization (BARBIERI et al., 2008), and decrease 
weed competition through earlier canopy closure 
(BULLOCK et al., 1988).

The hypothesis of this study is that 
increasing the PP of modern corn hybrids enhances 
agronomic performance and characteristics of 
whole-plant corn silage. This study evaluated both 

the agronomic performance and the characteristics 
of whole-plant corn silage of corn hybrids grown at 
different PP in subtropical climate.

MATERIALS   AND   METHODS

Local conditions and experimental period
The present study was conducted from 

October 2019 to July 2020 at the Universidade 
Tecnológica Federal do Paraná, Paraná - Brazil 
(26°10’33.9“S 52°41’23.8” W). The climate of the 
region is classified as Cfa according to Köppen’s 
classification (MAACK, 1968). The soil is 
characterized as a typical red latosol (EMBRAPA, 
2006). Climate data for the experimental period are 
presented in table 1.

Experimental design and treatments
Agronomic performance was evaluated 

using a randomized block design with a 3×4 factorial 
treatment arrangement (three corn hybrids (Table 2) 
and four PP), with four replicates per treatment area 
(15.75 m2) during both the first and second summer 
harvests. Whole-plant corn silage characteristics were 
evaluated using a completely randomized design, 
with five replicates (experimental silos) per harvest. 
Hybrids B2410, B2433, and B2688 were assessed at 
PP of 65, 82, 100, and 118 × 103 plants/ha.

Experimental procedures and evaluations
Before the beginning of the study, soil 

samples (0-20 cm) were collected for chemical 
analysis, revealing the following characteristics: pH 
(CaCl2): 4.80; P: 4.45 mg/dm3; K+: 0.26 mg/dm3, 
H+Al: 5.76 cmolc/dm3; total exchangeable bases: 
6.66 cmolc/dm3; cation exchange capacity: 12.42 
cmolc/dm3; base saturation: 53.62g/kg; and organic 
matter: 48.25 g/dm3. 

Corn sowing for the first crop was 
conducted on October 9, 2019, while sowing for the 
second summer crop occurred on February 19, 2020, 
in accordance with the region’s agricultural zoning. 
Sowing was performed manually at a depth of 3-4 
cm with a row spacing of 45 cm, using two seeds per 
hole. Both sowing events occurred 30 days after the 
desiccation of the previous crop (Avena strigosa), 
which was used for soil cover. After 15 days, the 
plants were thinned to one plant per hole.

The base fertilizer applied was 670 kg/
ha of NPK (5-25-15) formulation. Top dressing 
consisted of 140 kg/ha of N, divided into two 
applications: one at the V4 stage and the other 
at V8 stage of the corn plant growth according 



Agronomic performance and silage characteristics of corn hybrids grown at varying plant populations in a subtropical climate.

Ciência Rural, v.55, n.7, 2025.

3

to SBCS (2017). When weeds and insect pests 
were present, chemical control was implemented 
using herbicides and insecticides, respectively. 
Pest populations were monitored continuously, 
and chemical treatments were applied when pest 
densities reached stablished control thresholds to 
prevent economic losses. Insecticide applications 
were made with Klorpan at a dose of 120 ml, and 
herbicide applications were made with glyphosate 
at a dose of 400 ml. All applications were calibrated 
to a spray volume of 200 L/ha.

Prior to harvest, the final plant stand (FPS) 
was determined by visually counting the number 
of plants in the three central rows of each plot. 
Biometric measurements were then taken from eight 
representative plants in these rows. Plant height (PH) 
was measured from the ground to the tip of the tassel 
using a graduated tape measure, while ear insertion 
height (EIH) was measured from the ground to the 
peduncle of the female flower. Stem diameter (SD) 
was measured between the first and second nodes 
using a digital caliper. Plants were also assessed 
for late blight severity (LBS) on a scale from 1 to 
9, where a score of 1 indicates a severe late blight 
(necrotic lesions) on the first leaf below the ear, and 
a score of 9 indicates no late blight on the leaf below 
the ear down to the plant base.

Corn plants were manually harvested 15 
cm above ground level. In the first agricultural crop, 
harvesting occurred when the corn reached the flint 
stage, with timing varying by hybrid. Plants were 
harvested 112, 118, and 126 d after seeding for 
hybrids B2410, B2433, and B2688, respectively. In 
the second agricultural crop, corn was harvested at 

the milky-dough stage, 141 d after seeding, due to 
the onset of frost. All plants from the three central 
rows (2 m per row) of each plot were harvested, while 
plants from the plot borders (2 m) were excluded 
from harvesting.

Eight plants per plot were weighed to 
estimate fresh matter yield (FMY), which was 
calculated by multiplying the weight of each plant 
by the FPS. Forage dry matter productivity (DMP) 
was determined based on the DM content of the 
plants. For this analysis, five plants from each plot 
were assessed for their DM content according to the 
(BAUR et al., 1977).

Morphological composition and yield 
components were assessed using three plants from 
each plot. The plants were divided into leaf, stem, 
cob, and straw. Morphological components were 
evaluated according to MENDES et al. (2015). Yield 
components were measured by counting the number 
of rows per ear (NRE) and the number of kernels per 

 

Table 1 - Climatic data for the experimental period. 
 

Year --------Month--------- ---Precipitation, mm--- -----MaxT, ºC---- -----MinT, ºC----- ------AT, ºC------ 

2019 
October 93.95 29.80 16.40 23.10 

November 155.96 29.80 17.40 23.60 
December 128.75 29.10 16.60 22.85 

2020 

January 148.46 29.80 18.90 24.35 
February 129.65 29.90 17.80 23.85 
March 54.44 30.60 16.10 23.35 
April 55.27 26.60 11.40 19.00 
May 157.92 26.60 8.60 17.60 
June 211.42 21.90 11.20 16.55 
July 39.9 16.90 6.70 11.80 

 
MaxT = Maximum temperature; MinT = minimum temperature; AT = average temperature. 
Source: NASAPOWER (2024). 
 
 
 
 

 

Table 2 - Agronomic characteristics of corn hybrids used in 
this study. 

 

Hybrid ---Purpose--- -----Cycle----- --Technology-- 

B2410 Silage Ultra early 
cultivar 

PWU, Stay 
green 

B2433 Grain/Silage Ultra early 
cultivar PWU 

B2688 Grain/Silage Early cultivar PWU 

 
PWU = Power CoreTMULTRA. 
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row (NKR). The number of kernels per ear (NKE) 
was calculated by multiplying NKR by NRE. Grain 
yield (GY) was determined by multiplying FPS by 
the grain weight per plant, which was obtained by 
drying grains in an oven with forced air circulation at 
60 ºC for 72 hours.

For each treatment, ten silos were prepared 
using 1 kg plastic bags (21 microns), which were sealed 
with an industrial vacuum packaging machine. For 
this purpose, two plants per plot from each treatment 
were collected and chopped to a particle length of 2-3 
cm using a stationary cutter. Five silos per treatment 
were used to evaluate DM losses (JOBIM et al., 
2007). The remaining five experimental silos were 
analyzed for pH (SILVA & QUEIROZ, 2002), crude 
protein (CP) (AOAC, 1995), neutral detergent fiber 
(NDF) (VAN SOEST et al., 1991), and acid detergent 
fiber (ADF) (VAN SOEST, 1994).

Statistical analysis
Data were submitted to analysis of 

variance using the mixed model method, considering 
the agricultural crop as a random effect. The Tukey’s 
test was used to compare treatment means, and effect 
of PP was evaluated using polynomial regression. The 
significance level was set at P ≤ 0.05. All statistical 

procedures were performed using R software (R 
CORE TEAM, 2021).

RESULTS

Agronomic performance
The DM content and LBS of the plants 

were similar (P > 0.05) across the variation factors 
evaluated (Table 3). Ear insertion height increased 
linearly (P < 0.001), and SD decreased linearly (P < 
0.001) with increasing PP. Plant height was not altered 
(P > 0.05) by PP. The NKR and NKE decreased (P 
< 0.05) as PP increased. The FMY, DMP, GY, and 
leaf proportion increased (P = 0.01) with increasing 
PP. The proportions of stem, cob, and straw were 
not affected (P > 0.05) by PP. The pH was higher 
(P = 0.027) for hybrid B2410 compared to B2433, 
with intermediate values for B2688. Hybrid B2410 
also exhibited a lower (P = 0.003) EIH than the 
other hybrids. Stem diameter was greater (P = 0.004) 
for hybrid B2410 compared to B2433, with B2688 
having intermediate values. The FMY, DMP, GY, and 
NKR were not affected (P < 0.05) by hybrids. The 
NRE (P < 0.001) and NKE (P = 0.005) were lower for 
hybrid B2410 compared to the others, which did not 
differ from each other. Hybrid B2688 had a higher 

 

Table 3 - Agronomic performance of corn crop with different hybrids and grown at different plant populations. 
 

Item --------Plant population (PP, 103/ha)-------- -----------Hybrid (H)----------- --SEM-- --------------P-value-------------- 

 65 82 100 118 B2410 B2433 B2688  PP H PP*H 
DM 29.1 29.0 29.1 29.2 27.5 30.1 29.7 0.364 0.878 0.069 0.068 
LBS 6.95 6.72 6.56 6.55 6.76 6.64 6.71 0.075 0.062 0.820 0.556 
PH 2.11 2.00 1.95 1.89 2.04a 1.92b 2.00ab 0.009 0.095 0.027 0.794 
EIH 1.05 1.11 1.18 1.22 1.10b 1.16a 1.16a 0.009 < 0.001 0.003 0.684 
SD 2.16 2.08 2.02 1.95 2.13a 1.98b 2.05ab 0.018 < 0.001 0.004 0.430 
FMY 55.4 64.5 72.0 76.7 67.4 68.4 65.8 1.169 < 0.001 0.638 0.727 
DMP 16.6 19.0 21.2 22.4 18.7 20.9 19.8 0.371 < 0.001 0.061 0.721 
GY 5.88 6.52 7.71 7.58 6.54 7.20 7.02 0.154 < 0.001 0.301 0.551 
NRE 17.6 17.0 16.7 17.4 16.1b 17.5a 18.0a 0.164 0.201 < 0.001 0.102 
NKR 27.2 27.0 25.1 23.4 25.5 25.5 26.0 0.353 < 0.001 0.797 0.989 
NKE 493 473 431 423 421b 469a 476a 7.552 < 0.001 0.005 0.128 
Leaf 15.8 16.5 17.1 18.3 15.3b 16.9ab 18.6a 0.273 0.010 < 0.001 0.313 
Stem 34.2 36.0 32.4 33.9 34.7 35.3 32.4 0.792 0.468 0.304 0.142 
Cob 8.65 7.41 8.54 7.83 8.36 7.75 8.22 0.217 0.490 0.479 0.711 
Husk 15.8 16.5 17.1 18.3 8.54 8.61 9.38 0.230 0.070 0.261 0.457 

 
DM, % of natural matter = dry matter; Late blight severity (LBS, 1-9 scale); PH, m = plant height; Ear insertion height (EIH, m = 0.87578 
+ 0.00296PP, P < 0.001); Stem diameter (SD, cm = 2.375 - 0.00357PP, P = 0.001); Biomass productivity (BP, ton/ha = 35260.95 + 
354.9116PP; P < 0.001); Dry matter productivity (DMP, ton. of DM/ha = 10.929 + 98.67277PP, P < 0.001); Grain yield (GY, ton of 
DM/ha = 4.08603 + 3152.4PP, P < 0.001); NRE, n = number of rows per ear; number of kernels per row (NKR, n = 31.556 - 0.06549PP, P 
< 0,001); number of kernels per ear (NKE, n = 568.78619 - 1.2616PP, P < 0.001); Stem (%); Cob (%); Leaf = % of DM = 13.35154 + 
0.03985PP, P < 0.001; Husk (%). Means with different superscripts describe treatment differences by Tukey test (P < 0.05). 
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(P < 0.001) leaf proportion than B2410, with B2433 
showing intermediate values. The proportion of 
stem, cob, and straw were not altered (P < 0.05) by 
hybrid type.

Characteristics whole-plant corn silage
An interaction between PP and hybrid was 

observed (P = 0.019) for silage pH (Table 4). Silage 
pH decreased with increasing PP, with hybrid B2688 
showing higher pH than the other hybrids only at the 
highest PP (Figure 1). The CP content showed quadratic 
response (P < 0.001) with increasing PP, reaching 
higher values at 82 × 103 plants/ha. The contents of 
NDF and ADF contents were not altered (P > 0.05) by 
PP. The DML varied quadratically (P < 0.001) with 
increasing PP, with the highest values observed at 100 
× 103 plants/ha. The contents CP, NDF, and ADF, and 
DML were not altered (P > 0.05) by hybrids.

DISCUSSION

Modern hybrids are noted for their ability 
to tolerate stresses caused by increased plant density 
(SCHWALBERT et al., 2018). As plant density 
increases, plant-to-plant competition increases, 
potentially limiting yield potential (ASSEFA et al., 
2016). This competition can lead to a reduction in 
the number of ears, kernels per ear, or kernel weight 
(ASSEFA et al., 2016), increase ova abortion, and 
decrease grains per row (CICCHINO et al., 2010). 
Such effects are attributed to the increased asynchrony 
between the pollination process and stigma exposure 
(ASSEFA et al., 2016), as well as disruption in floral 
development and assimilate distribution to seeds 
(BORRÁS et al., 2003). 

The increase in productivity with higher PP 
is linked to enhanced water use efficiency, improved 

nutrient absorption, and better photosynthetic 
performance of the crop (BARBIERI et al., 2008; 
FAN et al., 2024). Research indicates that increasing 
PP can lead to either linear or quadratic increases in 
biomass and grain productivity (FERREIRA et al., 
2017; SHER et al., 2017). However, productivity 
may decline at certain thresholds due to intensified 
competition for resources such as solar radiation, 
water, and soil nutrients, which can alter plant 
development (TESTA et al., 2016; ZHANG et al., 
2017). It is crucial to note that increasing productivity 
through higher plant populations or more productive 
hybrids must be balanced with soil conservation 
strategies, such as crop rotation, to mitigate the 
impacts of high nutrient extraction, particularly N, 
P, and K (UENO et al., 2013). Variations in plant 
populations can alter the morphological composition 
of plants due to competition for light, leading to 
stem elongation and a reduction in SD (NETO et al., 
2003). This often results in a proportional increase in 
the leaf mass within the ensiled material. Conversely, 
differences among the evaluated hybrids are primarily 
attributed to their genetic improvement objectives. 
Corn producers typically select hybrids based on 
grain yield, while livestock producers focus on feed 
efficiency or production per ton (OWENS, 2005). 
The B2410 hybrid’s greater plant height, larger SD, 
and lower ear insertion, along with fewer rows per ear 
and kernels per ear, align with its recommendation 
for silage production. In contrast, other hybrids are 
recommended for both grain and silage production. 
The lower leaf proportion in hybrid B2410 may be 
linked to its larger size and stem diameter, which 
dilutes the leaf proportion in the silage.

As PP increased, silage pH decreased 
from 3.84 to 3.64. Silage pH is inversely related to 
the concentration and availability of water-soluble 

 

Table 4 - Characteristics of whole-plant corn silage from different hybrids grown at different plant populations. 
 

Item --------Plant population (PP, 103/ha)-------- ------------Hybrid (H)----------- --SEM-- --------------P-value-------------- 

 65 82 100 118 B2410 B2433 B2688  D H H*D 
pH 3.84a 3.74b 3.63c 3.64c 3.71 3.71 3.72 0.004 <0.001 0.371 0.019 
CP 4.65c 5.30a 5.22a 5.05ab 5.08 5.06 5.02 0.004 <0.001 0.636 0.092 
NDF 41.9d 51.8c 55.2b 55.8a 51.3 51.0 51.2 0.067 <0.001 0.171 0.087 
ADF 20.5c 22.6b 24.7a 22.1b 22.6 22.6 22.2 0.104 <0.001 0.166 0.372 
DML 8.91c 9.98b 10.9a 9.01c 9.64 9.73 9.70 0.054 <0.001 0.804 0.720 

 
DM = dry matter (% natural matter); pH = 4.0595 - 0.0037PP (P < 0.001); Crude protein (CP, % of DM = 3.06988 + 0.04329PP + 
0002275PP2; P < 0.001); Neutral detergent fibre (NDF, % of DM = 32.21937 + 0.2116PP, P < 0.001); Acid detergent fibre (ADF, % of 
DM = 20.01396 + 0.02887PP, P < 0.001); Dry matter losses (DML, % of DM = -5.42093 + 0.34916PP - 0.0019PP2, P < 0.001). 
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carbohydrates in the ensiled material, particularly 
from starch in corn kernels (MCDONALD et al., 
1991). The highest grain productivity was observed 
at the highest PP (100 and 118 ×103 plants/ha), 
which may help explain the observed decrease 
in silage pH. It is important to note that the pH 
of all silages fell within the range (3.5 to 4.3) for 
optimal fermentation (BRAR et al., 2020). In the 
current study, silage CP concentration had a positive 
quadratic effect as PP was increased. The reasons 
for increased silage CP concentration observed at 
PP of 80 or 100×103 plants/ha are not entirely clear 
but may be related to reduced proteolysis during 
the fermentation or higher initial CP concentration 
in the ensiled material. FERREIRA & TEETS 
(2017) did not observe differences in silage CP 
concentration with increasing plant density; 
however, the authors reported a linear increase in 
silage NDF concentration and a quadratic positive 
effect on silage starch concentration. In this study, 
the contents of NDF and ADF in silage increased 
with higher plant densities. These increased in 
NDF and ADF can be attributed to the higher leaf 
proportion in corn plants at greater densities. The 
corn hybrids evaluated did not affect silage contents 
of CP, NDF, and ADF, or DM losses. Consistent 
with these findings, other studies have also reported 
no differences in silage quality among different corn 
hybrids (ARAÚJO et al., 2012; BUSO et al., 2018).

Dry matter losses in corn silage 
arise from gas and effluent losses, which often 
correlate with a decrease in silage nutritive value. 
Fermentation losses primarily result from carbon 
dioxide production and typically account for 2 to 
4% of total DM (ZIMMER et al., 1980). Effluent 
losses generally range from 0.2 to 0.5% (PAHLOW 
et al., 2003), although these were not measured in 
this study due to the type of silo used. Fermentation 

losses can be minimized by achieving a rapid 
drop in silage pH, which inhibits the activity of 
Enterobacter and clostridia (BORREANI et al., 
2018). In the current study, the lowest DM losses 
were observed at plant densities of 65 and 118 ×103 
plants/ha. Although, it was anticipated that higher 
grain production (at 100 and 118 ×103 plants/ha) 
would lead to reduced DM losses due to a rapid 
decrease in s pH, the results suggests that the lower 
CP at these densities may have contributed to 
the observed lower DM losses, potentially due to 
reduced buffering capacity.

CONCLUSION

Increasing plant density from 65 to 
118 ×103 plants/ha significantly increases forage 
production from corn hybrids in subtropical climates, 
without compromising silage conservation and 
characteristics. The corn hybrids B2401, B2433, and 
B2688 exhibited comparable forage production silage 
characteristics in a subtropical climate.
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Figure 1 - Whole-plant corn silage pH according to plant density and corn hybrid.
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