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Quality Response of Irrigated Silage Corn under On-Surface 
and Sub-Surface Drip Irrigation Systems

A. Nilahyane1, M.A. Islam1, and A. Garcia y Garcia2,3

Introduction
In the semiarid growing areas of northwest Wyoming, 
high yields and quality of corn for silage can be obtained 
if irrigation and nitrogen (N) are properly applied. 
Silage corn has been reported to have high irrigation 
requirements; however, the challenge is to increase 
silage corn production and quality with less water use. 
Increments in N fertilization increase whole plant crude 
protein (CP) concentration and corn dry matter (DM) 
yield by influencing leaf area and photosynthetic effi-
ciency. It has also been reported that there is positive 
effect of N on DM yield and forage quality traits.

Objectives
The objectives of this study were to determine the effects 
of irrigation and N on quality of silage corn grown 
under on-surface drip irrigation (ODI) and sub-surface 
drip irrigation (SDI) systems.

Materials and Methods
The study was conducted at the Powell Research and 
Extension Center (PREC). The study area is character-
ized by a semiarid climate with an average temperature 
of 44°F and average annual precipitation of 6.9 inches. 
The hybrid Pioneer ‘P8107HR’ was planted in 2014 
and 2015 in two separate field studies under ODI and 
SDI systems. Each experiment consisted of three irriga-
tion treatments: 100%, which is equivalent to 10 inches 
of water applied during the growing season, 80% (8 
inches), and 60% (6 inches) ETc (crop evapotranspira-
tion). ETc is the demand of atmosphere to remove water 
from the ground through the processes of evaporation 
and transpiration, assuming no control on water supply.

The experiments also consisted of five N rates: 
0, 80, 160, 240, and 320 pounds N per acre of a 

urea-ammonium-nitrate aqueous solution. Both studies 
were laid out as a randomized complete block design in 
a split-plot arrangement with three replications in the 
ODI system and four replications in SDI. The qual-
ity parameters were determined at harvest. Data were 
analyzed using the statistical software SAS.

Results and Discussion
In both studies, irrigation and N did not greatly affect 
the quality of silage corn. Under the ODI system (Table 
1), high values of ADF and NDF were obtained for 
the 60 and 80 ETc treatments while low values were 
observed for the TDN when the plant is much stressed. 
Nitrogen did not affect any of the quality parameters, 
but there was an increasing trend of CP with increas-
ing N. Under the SDI system (Table 2), similar trends 
were observed in all measured quality parameters. The 
results showed slightly high ADF and NDF values for 
low N rates. Under both irrigation systems, when the 
plant is water stressed, it tends to invest more energy 
in the fiber structures to face the limited water condi-
tions. This explains the high values of ADF for the 60 
ETc in both years. Since N is one of the major elements 
of the protein structure, the high CP and TDN with 
increasing N rates are expected. The quality parameters 
of silage corn are related to the genetics of the plant; 
hence, irrigation and N have minimal effects on the 
quality of silage corn.
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Table 1. Forage nutritive value as influenced by irrigation and N application under an ODI system at 
PREC in 2014–2015. Means followed by same letters do not differ at p<0.05.

Factor levels ADF (%) NDF (%) CP (%) TDN (%)

2014 2015 2014 2015 2014 2015 2014 2015

Irrigation

 60 ETc 30.3a 32.1 a 57.4 a 56.2 a 12.4 a 11.1 a 61.5 a  59.4 b

 80 ETc 30.2 a  31.9 ab 56.6 a 55.7 a 11.7 a 10.9 a 61.6 a  59.8 ab

100 ETc 29.9 a 30.4 b 57.0 a 53.5 a 12.0 a 11.1 a 62.0 a  61.4 a

P-value 0.09 0.13  0.47  0.09

Nitrogen 
(pounds/

acre)

 0 30.2 a 31.4 a 57.3 a 54.9 a 11.7 a 10.7 a 61.6 a 60.3 a

 80 30.5 a 31.5 a 57.0 a 55.2 a 11.7 a 11.0 a 61.3 a 60.1 a

160 30.0 a 31.3 a 56.5 a 55.5 a 11.9 a 11.1 a 61.9 a 60.3 a

240 30.1 a 31.7 a 57.2 a 54.6 a 12.4 a 11.3 a 61.7 a 60.0 a

320 30.0 a 31.2 a 57.1 a 55.4 a 12.4 a 11.0 a 62.0 a 60.5 a

P-value 0.97 0.99  0.67  0.97

Table 2. Forage nutritive value as influenced by irrigation and N application under SDI system at PREC 
in 2014–2015. Means followed by same letters do not differ at p<0.05.

Factor levels ADF (%) NDF (%) CP (%) TDN (%)

2014 2015 2014 2015 2014 2015 2014 2015

Irrigation

 60 ETc 27.6 a 31.2 a 51.6 a 54.0 a 11.4 a 10.4 a 64.7 a 60.4 a

 80 ETc 28.5 a 31.2 a 53.6 a 55.3 a 11.3 a 10.5 a 63.6 a 60.4 a

100 ETc 27.7 a 31.2 a 52.4 a 55.6 a 11.8 a 10.4 a 64.5 a 60.4 a

P-value  0.43  0.07  0.80  0.43

Nitrogen 
(pounds/

acre)

 0 28.7 a 32.4 a 53.0 a 56.2 a 11.0 a  9.2 b 63.3 a  59.1 b

 80 27.2 a  31.9 ab 51.6 a 56.0 a 11.8 a  9.8 b 65.1 a  59.7 ab

160 27.8 a  31.1 ab 52.4 a 54.1 a 11.5 a  10.4 ab 64.4 a  60.6 
ab

240 27.9 a 30.3 b 53.5 a 53.4 a 12.0 a  11.0 ab 64.3 a  61.5 a

320 28.0 a  30.6 ab 52.3 a 55.2 a 11.2 a  11.8 a 64.1 a  61.2 ab

P-value  0.03  0.67  0.01 0.03


