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Abstract 

Corn silage is a source of forage with high production potential and is one of 

the most important forage plant in many areas of the country. Therefore, it is important 

to understand how silage performance is affected by agronomic practices, including 

hybrid selection, plant density, soil fertility and crop management. Researches has 

shown that the most suitable forage can be obtained through changes in the distribution 

of plants between rows and between plants in a row. When plants have a more even 

distribution, competition between them for water, light and nutrients is reduced. 

Narrow rows allow plants to occupy available space faster, reducing the critical period 

when weed species and maize plants compete for nutrients and light. Although a large 

number of studies can be found regarding the effect of plant density on silage maize 

production, few studies have evaluated changes in the chemical composition of silage in 

relation to the distribution of plants between rows and between plants in a row. The 

research was conducted in 2017 in the pedoclimatic conditions corresponding to the 

Depression Jijia - Bahlui. Three experimental factors were studied, as followed: the 

influence of plants density, the distance between the rows and the hybrid on corn silage 

quality (CP, ADF, NDF and RFV) in order to obtain the highest quality silage. The 

obtained results showed that the technological factors determined changes in the 

quality of the biomass, the chemical composition of the corn silage obtained being 

influenced by the hybrid, as well as the density plants and the distance between the 

rows. 
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INTRODUCTION 

 

Different crop management 

practices, such as plants density, 

fertilization system, harvesting 

phenophase or harvesting height, 

may affect silage quality (Jeschke 

M. and Curran B., 2010; Ferreira G. 

et al., 2014). In order to optimize 

the yield and quality of corn for 

silage, the plants density should be 

around 100,000 plants per hectare 

(Machinandiarena L. et al., 2016).  

Increased sowing density 

results in reduced forage quality by 

decreasing digestibility and protein 

content and increasing cell wall 

content (ADF and NDF) (Baghdadi 
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A. et al., 2016). 

The quality of corn silage 

also depends on its availability in 

rumen, which can be assessed by 

the energy content or the content of 

digestible nutrients (Guyader et al., 

2018). 

The susceptibility to corn 

silage depends on several factors, 

among which: the choice of 

cultivated hybrid, climatic 

conditions, harvesting densities, 

relations between cultural, 

quantitative and generative factors 

(Ceclan, 2010; Vîntu et al., 2010). 

Baron et al., 2006, shows 

that increasing the density of plants 

had the effect of decreasing the 

forage content in protein and NDF, 

but not the forage content in ADF; 

also, the study showed that 

changing the distance between the 

rows did not produce significant 

differences in quality. Iptas S. and 

Acar, 2006, shows an increase in 

forage content in cell walls (ADF 

and NDF) as the distance between 

rows has increased. 

Studies regarding the 

changes that occur in the chemical 

composition of the forage 

depending on the distance between 

rows and the density of the plants 

were also carried out by Cox et al., 

1998; Skonieski et al., 2014). 

 Therefore, the aim of this 

paper was to test the effect of plants 

density and the distance between 

rows on the quality of corn for 

silage. 

 
MATERIAL AND METHOD 

 

The studies were conducted 

in 2018 in Moldavian Forest Steppe. 

From the administrative point of 

view, the area under study is located 

in the Iasi county, on the 

coordinates (47°02' north latitude 

and 27°22' east longitude).  

From the climatic point of 

view, the territory belongs to the 

temperate-continental climate zone 

under the influence of Atlantic and 

Euro-Asian anti-cyclones. The year 

of experience was characterized by 

normal weather conditions, no 

extreme weather phenomenes were 

recorded during the whole 

vegetation period of the experience. 

The soil corresponds to the forest 

steppe zone types and is a cambic 

chernozem, formed on clay 

deposits. The research has followed 

the influence of plants density, 

distance between rows and three 

maize hybrids on some quality 

indicators in the maize for silage 

(CP, ADF, NDF, RFV). 

In order to attain the 

proposed objectives, a polyfactorial 

experience was set up. The 

experiment was established, with a 

design type 2×3×3, arranged in 

subdivided plots in three 

replications, which have a 22,4 m
2
. 

The factors were as follows: A - 

distance between rows, with two 

graduations (a1 - 70 cm between 

rows and a2 -50 cm between rows), 

B - cultivated maize hybrid, with 

three graduations (b1 - H1, b2 - H2 

and b3 - H3) and C - plants density, 

with three graduations (c1 - 70,000 

plants·ha
-1

, c2 - 83,000 plants·ha
-1
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and c3 - 100,000 plants·ha
-1

). 

The precursor culture was 

rape, the experience being in the 

second year of research in the same 

location. In the autumn, a basic 

fertilization of 200 kg·ha
-1

 (N18P46) 

was carried out and in the pre-

sowing seedbed was fertilized 

throughout the experiment with 200 

kg·ha
-1

 of urea (N46). 

The hybrids used were H1 - 

FAO 450, H1 - FAO 480 and H1 - 

FAO 550. 

Nitrogen content was 

determined by Kjeldahl method, and 

NDF and ADF content were 

determined by Van Soest method 

(Van Soest, 1963). 

RFV was calculated using 

the formula (Sheaffer  et al., 1995): 
 

29.1

120
)779.0(9.88

NDF
ADF

RFV



  

Equation 1. Relative Feed Value 

Depending on the raw 

protein content, the relative forafe 

value, as well as the NDF and ADF 

values, corn silage can be classified 

into 6 quality classes, according to 

table 1 (Redfearn and Zhang, 2011). 
 

Table 1 

Forage quality standards 

 

The results were statisticaly 

analyzed by the analyses of variance 

and limit differences. 

 
RESULTS AND DISCUSSION 

 

Analyzing the influence of 

the studied factors (the distance 

between rows, the density of plants 

and the cultivated hybrid) on the 

crude protein content (table 2), it is 

found that the values of the content 

of maize for silage in PB, are 

different depending on the hybrid, 

and on the same hybrid, depending 

on the density of plants and the 

distance between the rows. Thus, at 

the distance between 70 cm rows, at 

all three density plants studied, the 

hybrids recorded different values of 

the crude protein content in relation 

to the control variant (table 2), the 

highest crude protein content, of 

9.96 g·100 g
1 

DM being recorded at 

the interaction between a1 - 70 cm x 

b3 - H3 x c3 - 100,000 plants·ha
-1

, 

with a very significant difference 

compared to the control variant. 

As can be seen (table 2), at 

the distance between rows of 70 cm, 

the values of the crude protein 

content registered a slight increase 

with the increase of the density in 

all the three hybrids, with positive 

and negative differences compared 

to the control variant (table 2). 

The distance between rows 

of 50 cm, resulted in a slight 

increase of the raw protein content 

in most variants compared to the 

Quality 

standard 

CP NDF ADF 
RFV 

(% from DM) 

0-Prime >19 <40 <31 >151 

1 17-19 40-46 31-35 125-151 

2 14-16 47-53 36-40 103-124 

3 11-13 54-60 41-45 87-102 

4 8-10 61-65 46-55 75-86 

5 <8 >65 >55 <75 
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distance between rows of 70 cm, the 

values obtained being different 

depending on the density of plants, 

with insignificant, significant and 

very significant differences 

compared to the control variant 

(table 2). 

Thus, at the distance 

between 50 cm rows, the studied 

hybrids recorded higher values of 

the crude protein content, the 

highest crude protein content, of 

10.25 g·100 g
-1

 DM being recorded 

at the interaction between a2 - 50 cm 

x b1 - H1 x c3 - 100,000 plants·ha
-1

, 

with a very significant difference 

compared to the control.  

Also, high values of the 

crude protein content, of 10.19 

g·100 g
-1

 DM and 10.16 g·100 g
-1

 

DM respectively were recorded in 

the same H1 hybrid at the density of 

plants of 83,000 plants·ha
-1

, as well 

as at the interaction between a2 - 50 

cm x b3 - H3 x c3 - 100,000 

plants·ha
-1

, the differences being 

very significant compared to the 

control. 

According to the obtained 

data, it can be seen that the density 

of  plants and the distance between 

the rows significantly influenced the 

raw protein content, by increases of 

this qualitative parameter (table 2).  

The distance between the 

rows and the density of the plants 

produced important changes 

regarding the content of corn for 

silage in ADF and NDF (table 3; 

table 4). 
 

Table 2 

Influence of experimental factors on raw protein content  (g·100 g-1 DM) 

Experimental plot 

CP 

 (g·100 g 1  

DM) 

Diferences 
Statistical 

significance 
g / 100 g  

DM 
% 

a 1
 - 

70
 c

m
  b

et
w

ee
n 

ro
w

s 
(c

) 

b1 - H1 

(c) 

c1 - 70000 plants·ha-1 (c) 9.37 Control 100 Control 

c2 - 83000 plants·ha-1 9.46 0,08 100,9 ns 

c3 - 100000 plants·ha-1 9.71 0,33 103,6 * 

b2 -H2 

c1 - 70000 plants·ha-1 8.37 -1,00 89,3 ooo 

c2 - 83000 plants·ha-1 8.91 -0,46 95,1 oo 

c3 - 100000 plants·ha-1 9.10 -0,27 97,1 ns 

b3 - H3 

c1 - 70000 plants·ha-1 9.08 -0,29 96,9 ns 

c2 - 83000 plants·ha-1 9.76 0,39 104,1 * 

c3 - 100000 plants·ha-1 9.96 0,59 106,3 *** 

a 2
 - 

50
 c

m
  b

et
w

ee
n 

ro
w

s 

b1 - H1 

c1 - 70000 plants·ha-1 9.89 0,52 105,5 ** 

c2 - 83000 plants·ha-1 10.19 0,82 108,7 *** 

c3 - 100000 plants·ha-1 10.25 0,88 109,4 *** 

b2 -H2 

c1 - 70000 plants·ha-1 9.09 -0,28 97,0 ns 

c2 - 83000 plants·ha-1 9.28 -0,09 99,0 ns 

c3 - 100000 plants·ha-1 9.95 0,58 106,1 *** 

b3 - H3 

c1 - 70000 plants·ha-1 9.22 -0,15 98,4 ns 

c2 - 83000 plants·ha-1 9.77 0,40 104,2 * 

c3 - 100000 plants·ha-1 10.16 0,79 108,4 *** 

 

LSD 5% 0,30 

 LSD 1% 0,41 

LSD 0,1% 0,54 
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Analyzing the influence of 

the studied factors on the content of 

maize for silage in ADF (table 3), it 

can be observed that at the distance 

between 70 cm rows, at all three 

hybrids studied, the increase of 

density of plants caused a decrease 

of ADF values in most experimental 

variants, the differences being 

insignificant and negative distinctly 

significant compared to the control 

variant (table 3). 

The values of the biomass 

content in the ADF in the three 

hybrids were between 24.93 g·100 

g
-1

 DM and 27.93 g·100 g
-1

 DM, the 

differences of values being due to 

the increase of the density plants, as 

well as the change of the nutrition 

space (the distance between the 

rows) (table 3). 

It is worth noting at the 

distance between rows 50 cm a 

decrease of the ADF values in the 

H3 hybrid at all three density plants 

studied, compared to the variant 

sown at the distance between rows 

of 70 cm, with negative significant 

and distinctly significant differences 

(table 3). 
 

Table 3 

Influence of experimental factors on content in ADF (g·100 g-1 DM)

Experimental plot 

ADF 

   (g·100 g-1 

DM) 

Diferences 
Statistical 

significance        g / 100 g  

DM 
% 

a 1
 - 

70
 c

m
  b

et
w

ee
n 

ro
w

s 
(c

) 

b1 - H1 

(c) 

c1 - 70000 plants·ha-1 (c) 27.18 Control 100 Control 

c2 - 83000 plants·ha-1 27.13 -0,05 99,8 ns 

c3 - 100000 plants·ha-1 25.31 -1,87 93,1 oo 

b2 -H2 

c1 - 70000 plants·ha-1 27.90 0,72 102,6 ns 

c2 - 83000 plants·ha-1 26.19 -0,99 96,4 ns 

c3 - 100000 plants·ha-1 25.08 -2,10 92,3 oo 

b3 - H3 

c1 - 70000 plants·ha-1 27.70 0,52 101,9 ns 

c2 - 83000 plants·ha-1 27.46 0,28 101,0 ns 

c3 - 100000 plants·ha-1 26.02 -1,16 95,7 ns 

a 2
 - 

50
 c

m
  b

et
w

ee
n 

ro
w

s 

b1 - H1 

c1 - 70000 plants·ha-1 27.93 0,75 102,8 ns 

c2 - 83000 plants·ha-1 27.86 0,68 102,5 ns 

c3 - 100000 plants·ha-1 26.47 -0,71 97,4 ns 

b2 -H2 

c1 - 70000 plants·ha-1 27.38 0,20 100,7 ns 

c2 - 83000 plants·ha-1 26.01 -1,17 95,7 ns 

c3 - 100000 plants·ha-1 25.73 -1,45 94,7 o 

b3 - H3 

c1 - 70000 plants·ha-1 25.67 -1,51 94,4 o 

c2 - 83000 plants·ha-1 25.01 -2,17 92,0 oo 

c3 - 100000 plants·ha-1 24.93 -2,25 91,7 oo 

 
LSD 5% 1,36 

 LSD 1% 1,82 

LSD 0,1% 2,41 

 

The results obtained 

regarding the biomass content for 

silage in the NDF, show a decrease 

of the values of this parameter with 

the increase of plant density in all 

the three studied hybrids, with 

positive and negative differences 

compared to the control variant 
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(table 4). The highest NDF values 

of 40.23 g·100 g
-1

 DM and 40.11 

g·100 g
-1

 DM, respectively, were 

recorded in the H2 hybrid at density 

of plants of 70,000 plants·ha
-1 

at 

both distances between rows studied 

(70 cm and 50 cm), with distinctly 

significant positive differences 

compared to the control variant 

(table 4). 
 

Table 4 

The influence of the experimental factors on the content in the NDF (g·100 g-1 DM) 

Experimental plot 
NDF 

   (g·100 g-1 DM) 

Diferences Statistical 

significance g / 100 g  DM % 

a 1
 - 

70
 c

m
  b

et
w

ee
n 

ro
w

s 
(c

) 

b1 - H1 

(c) 

c1 - 70000 plants·ha-1 (c) 37.99 Control 100 Control 

c2 - 83000 plants·ha-1 36.57 -1,42 96,3 ns 

c3 - 100000 plants·ha-1 36.08 -1,91 95,0 o 

b2 -H2 

c1 - 70000 plants·ha-1 37.75 -0,24 99,4 ns 

c2 - 83000 plants·ha-1 36.03 -1,96 94,8 oo 

c3 - 100000 plants·ha-1 35.32 -2,67 93,0 ooo 

b3 - H3 

c1 - 70000 plants·ha-1 40.23 2,24 105,9 ** 

c2 - 83000 plants·ha-1 39.75 1,76 104,6 * 

c3 - 100000 plants·ha-1 36.78 -1,21 96,8 ns 

a 2
 - 

50
 c

m
  b

et
w

ee
n 

ro
w

s 

b1 - H1 

c1 - 70000 plants·ha-1 38.61 0,62 101,6 ns 

c2 - 83000 plants·ha-1 37.97 -0,02 99,9 ns 

c3 - 100000 plants·ha-1 37.27 -0,72 98,1 ns 

b2 -H2 

c1 - 70000 plants·ha-1 40.11 2,12 105,6 ** 

c2 - 83000 plants·ha-1 39.21 1,22 103,2 ns 

c3 - 100000 plants·ha-1 38.89 0,90 102,4 ns 

b3 - H3 

c1 - 70000 plants·ha-1 40.01 2,02 105,3 ** 

c2 - 83000 plants·ha-1 38.39 0,40 101,1 ns 

c3 - 100000 plants·ha-1 37.07 -0,92 97,6 ns 

 
LSD 5% 1,46 

 LSD 1% 1,96 

LSD 0,1% 2,58 

 

The results regarding the 

relative forage value of corn silage 

(RFV) (table 5), show us that the 

RFV values of the corn for silage 

obtained were influenced by the 

studied hybrids, but especially by 

the density of the plants, with 

positive and negative differences in 

relation to control variant. 

The relative feed value 

(RFV) of corn silage obtained 

showed an increasing tendency with 

increasing density plants, the 

highest value of RFV, of 182.7 was 

obtained at the interaction between 

a2 - 70 cm x b2 - H2 x c3 – 100,000 

plants·ha
-1

, the difference from the 

control being a very significant one. 

Also a high value of RFV, of 178.4 

was recorded at the interaction 

between a2 - 70 cm x b1 - H1 x c3 – 

100,000 plants·ha
-1

, the difference 

being also very significant 

compared to the control (table 5). 

According to the results of 

the RFV correlated with the forage 

content in ADF and NDF, it can be 

seen that the biomass destined for 

silage is of excellent quality (0-

prime) according to the quality 
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classes in all the three studied 

hybrids, the differences in values 

being due to the increase of plants 

density, as well as the modification 

of the nutrition space (the distance 

between the rows) (table 5). 
 

Table 4 

The influence of the experimental factors on the content in the RFV 

Experimental plot RFV 
Diferences Statistical 

significance RFV % 

a 1
 - 

70
 c

m
  b

et
w

ee
n 

ro
w

s 
(c

) 

b1 - H1 

(c) 

c1 - 70000 plants·ha-1 (c) 165.8 Control 100 Control 

c2 - 83000 plants·ha-1 172.4 6,54 103,9 * 

c3 - 100000 plants·ha-1 178.4 12,53 107,6 *** 

b2 -H2 

c1 - 70000 plants·ha-1 165.5 -0,33 99,8 ns 

c2 - 83000 plants·ha-1 176.9 11,01 106,6 *** 

c3 - 100000 plants·ha-1 182.7 16,84 110,2 *** 

b3 - H3 

c1 - 70000 plants·ha-1 155.7 -10,18 93,9 oo 

c2 - 83000 plants·ha-1 158.0 -7,86 95,3 oo 

c3 - 100000 plants·ha-1 173.6 7,73 104,7 ** 

a 2
 - 

50
 c

m
  b

et
w

ee
n 

ro
w

s 

b1 - H1 

c1 - 70000 plants·ha-1 161.8 -4,07 97,5 ns 

c2 - 83000 plants·ha-1 164.6 -1,21 99,3 ns 

c3 - 100000 plants·ha-1 170.4 4,58 102,8 ns 

b2 -H2 

c1 - 70000 plants·ha-1 156.7 -9,13 94,5 oo 

c2 - 83000 plants·ha-1 162.8 -3,00 98,2 ns 

c3 - 100000 plants·ha-1 164.7 -1,14 99,3 ns 

b3 - H3 

c1 - 70000 plants·ha-1 160.2 -5,64 96,6 o 

c2 - 83000 plants·ha-1 168.2 2,37 101,4 ns 

c3 - 100000 plants·ha-1 174.4 8,51 105,1 ** 

 
LSD 5% 5,26 

 LSD 1% 7,04 

LSD 0,1% 9,30 

 

CONCLUSIONS 
    

The results show that 

agronomic practices (choosing the 

hybrid, plants density and the 

distance between rows) are essential 

factors that determine changes in 

the quality of corn for silage, the 

chemical composition of the 

obtained biomass being influenced 

by the hybrid, as well as the density 

of plants and the distance between 

the rows. 

Also, the results of the study 

highlights the fact that as the density 

of plants increases, the percentage 

of protein from biomass increases, 

instead decreasing the proportion of 

cellulose, hemicellulose and lignin 

(ADF and NDF), which makes the 

biomass digestibility increase. 

The three studied factors had 

also positively influenced the 

relative forage value of maize silage 

(RFV), the quality of the biomass 

destined for silage being an 

excellent one (first class 0) in all the 

three studied hybrids, the 

differences of values having 

statistical assurance due to the 

increase of the density of plants. 
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