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ABSTRACT 

Silage corn (Zea mays) in Texas has increased from 16,000 ha in 1985 to 

53,000 ha in 2005.  Due to the declining water level of the Ogallala Aquifer and rising 

costs, corn silage producers need new hybrids that require less water and respond to 

improved management practices.  Producers must supply a high-quality, high-yielding 

corn forage that meets the demands of the growing dairy industry.  

 The objective of this study was to compare grain yield, forage yield and 

quality of five Texas Agricultural Experiment Station (TAES) corn hybrids and three 

commercial hybrids under full and drought stress irrigation treatments.  This 

experiment was conducted in 2005 and 2006, at Halfway, TX and Etter, TX.  Drought 

stress was imposed by reducing the amount of irrigation by one-half compared to well-

watered plots from V10 to R3 growth stages.   Plots were two-rows 5.5 m long and 1 

m apart at Halfway and 0.76 m apart at Etter.  Plots were thinned to 66,947 plants/ha 

at Etter and 57,383 plants/ha in Halfway.  Samples were analyzed by Dairy One 

Forage Lab (Ithaca, NY) using Near Infrared Reflectance Spectroscopy.  The basic 

experimental design for this analysis was a randomized complete block design with 

two blocks (locations); irrigation treatments represented the main plot factor of a split-

plot arrangement, and hybrid was a subplot factor.   

No three-way interactions were observed among year, irrigation, and hybrid 

for any of the variables analyzed.  Additionally, interactions between irrigation and 

hybrid, and irrigation and year, were not present for any of the variables. Effects of 

hybrids depended on the year for percentage ADF, NDF, TDN, and DM. For grain 
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yield, per plant fresh weight, DTP, PHT and EHT, differences among hybrids were 

independent of other factors included in this study.  Thus, differences among hybrids 

were averaged over each yr and effects of hybrid and irrigation treatment were 

examined.  Differences among hybrids were observed for grain yield, FW plant
-1

, 

DTP, PHT, and EHT.  When analyzing grain yield, P31B13 (8703 kg ha
-1

) was the 

highest yielding hybrid except for C3A654 x B110 (7800 kg ha
-1

) and DKC66-80 

(8044 kg ha
-1

).  In terms of FW plant
-1

, S1W x CML343 yielded a greater fresh weight 

per plant than other hybrids except DKC66-80, while C3A654 x B110 yielded the 

least fresh weight per plant.  Both NDF and ADF were higher in hybrids subjected to 

water stress than hybrids irrigated at 100% ET.  With the imposition of drought there 

was a 50% reduction in grain yield, but there were no statistical differences found in 

the forage yield or in DTP.  Effects of year and hybrid interacted with each other for 

ADF, NDF, TDN and DM.  For DM, hybrids were similar (P > 0.1560) in 2005 and 

differed (P < 0.0001) in 2006. However, for ADF, NDF and TDN, hybrids differed in 

each year.   

Although S1W x CML343 lacked the quality traits that some of the other 

hybrids, however it did appear to be one of the higher yielding hybrids and should be 

considered for future studies.  While C3A654 x B110 did appear to produce higher 

quality forage, it may lack the overall forage production when being considered for 

future studies.  Also, SPG3 x B110 appeared to combine both quality and yield traits 

and should be used in future studies.  A major limitation in this study was the 

inclusion of only two blocks, although the two locations did serve as valid blocks.   
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CHAPTER I 

INTRODUCTION 

1. Statement of Problem 

 Corn is a major crop on the Texas High Plains where about 60% of all feed-grain 

in Texas is produced. Even with proper management, the highly erratic rainfall patterns 

may not supplement a crop’s water needs (Howell et al., 2005).  Irrigation is vital to corn 

producers on the High Plains.  Parts of the Ogallala Aquifer have undergone substantial 

depletions due to extensive irrigation which started in the 1940’s (Norwood and Dumler, 

2002).  The decline has exceeded 30 m in parts of the High Plains areas of Texas and 

Oklahoma since 1980 (Dugan and Sharpe, 1995; Norwood and Dumler, 2002).   

However, water from the Ogallala Aquifer will not be able to maintain agriculture in this 

region as it has over the last 50 years (Allen et al., 2005).  This could lead to problems 

such as a decrease in quality and quantity of any crop, especially corn.  Low-yielding and 

poor-quality forage does not meet the nutritional demands of lactating dairy cows and 

would increase the occurrence of nitrate toxicity and aflatoxin infestations. 

 New stress-tolerant crops may allow agriculture to continue to thrive in drought-

stressed environments. An increase in the number of dairy farms on the High Plains of 

Texas will lead to an increase in the silage corn acreage which in turn increases the 

amount of water pumped from the Ogallala Aquifer at a time of rising energy costs.  Corn 

silage producers need new hybrids that require less water and improved crop 

management practices. 
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CHAPTER II 

 LITERATURE REVIEW 

1. Silage Production and its Importance 

Forages are edible plant parts, other than separated grain, that can provide feed for 

animals (Barnes et al., 2003).  Forages can be found in pastures and on rangeland. 

Forages that are harvested and fed over a period of time include hay and silage.  Ensiled 

corn (Zea mays, L.) forages undergo a fermentation process that produces organic acids 

that preserve forages in a succulent state (Barnes et al., 2003).  The end product can be 

stored and fed periodically as needed.  When making silage, air is removed by tightly 

packing the plant material to promote anaerobic fermentation.   Corn forage is a high-

quality feedstuff for ruminant animals and is high in energy and digestibility.  It is also 

palatable and easy to ensile with little risk of damaging the end product. Until recently, 

very few significant breeding efforts, specifically
 
devoted to improving maize forage 

yield or quality, have been accomplished in the United States (Frey, 2004).  

2. Dairy Industry 

Texas dairy production is continually growing.  The inventory of milk cows in Texas has 

increased from 317,000 dairy cows in 2002 to 335,000 dairy cows in 2006 

(www.nass.usda.gov).  Also milk production is at a 10-yr high and up from 2001 when 

milk production was just over 2,268,000 kg to just over 3,240,000 kg in 2006 

(www.nass.usda.gov; Figure 1). In fact, Texas had the second highest percent increase in 

milk production among dairy-producing states in the U.S., with an increase of 7.2% from 

2004 to 2005 (www.ams.usda.gov/dairy).  Wyoming had a 17.2 % increase in milk  
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Figure 1. Total milk production in Texas from 1996 to 2006. (www.nass.usda.gov)
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production; however, Wyoming produced the least amount of total milk of all dairy-

producing states in both years.    

With the ever-expanding dairy industry moving into western Texas, silage corn 

production should increase.  Corn is already a major irrigated crop on the High Plains of 

Texas and has a high seasonal water requirement (Musick et al., 1990 and Howell et al., 

1998).  In 1985 only 16,187 hectares were harvested for silage and 671,317,000 kg 

produced in Texas; in comparison; 52,609 hectares and 2,358,680,000 kg were produced 

in 2005 (www. nass.usda.gov, Figure 2).  This increasing trend will continue as the 

numbers of dairy farm grow on the High Plains. However, silage yield per hectare has not 

had any dramatic improvement over the last 20 yrs. In 1985, 41,500 kg ha
-1

 was produced 

in Texas compared to only 44,700 kg ha
-1

 in 2005.  The highest yielding year was 1997 

(52,600 kg ha
-1

) compared to 42,200 kg ha
-1 

over of the 20-year average.  New hybrids 

with improved water use efficiency and higher yields are needed to meet the demands of 

the dairy industry.  

Dairy producers have moved to the Texas High Plains for various reasons.  Low 

annual rainfall is actually preferred by dairy operators.  A dry climate promotes herd 

health due to a reduced disease rate.  Environmental issues and environmental protection 

requirements remain a constant. However, due to the dry climate of western Texas, these 

issues are easier to control at a lower cost.  Evaporation ponds can be small because the 

amount of run-off water will be less and easier to contain.   Finally, producers can buy  

less expensive land, as compared with heavier populated areas.  Thus, a producer is able 

to operate on more acreage, which allows more dairy producers to grow their own feed
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Figure 2. Total hectares of corn silage harvested on the High Plains of Texas compared to the total hectares of corn silage 

harvested throughout Texas from 1985 to 2005 (www.nass.usda.gov). 
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and reduce their dependence on external feed sources.  Also, the expansive acreage of 

land allows the average herd size to increase and retain those dairy cattle in large, dry-dirt 

lots compared with small-enclosed barns.  Not to mention dairies can be located in more 

remote areas farther away from towns that might be affected by odor.   

3. Silage Yield and Quality 

Corn silage is one of the most popular forages for dairy cows because of its high 

yield, high concentration of nutrients, ease of ensiling and mixing with other feeds 

(Neylon and Kung, 2003).  All these factors make it easier for high-producing dairy cows 

to meet their high nutritional requirements.  Energy is a major factor to consider when 

balancing a ration for lactating dairy cows.  Carbohydrates are a major source of energy, 

and a dairy cow’s diet should contain up to 60 to 70 percent carbohydrates (National 

Research Council, 2001).  With an increase in nonstructural carbohydrates (NSC) and a 

decrease in cell wall (neutral detergent fiber; NDF), microbial protein production and 

carbohydrates must be increased to maintain proper rumen function (Stokes et al., 1991: 

Feng et al., 1993).  Consequently, NSC are often increased in the diet of lactating dairy 

cows at the expense of NDF to help meet the energy demands of the animal (National 

Research Council, 2001).  Because corn silages are very high in NSC and energy, they 

are a preferred feedstuff among dairy producers.  

Other factors of high-quality forage include a high level of dry matter, high 

protein, low-fiber concentrations, and proper moisture at ensiling (Carter et al., 1991; 

Lauer et al., 2001).  Lauer et al. (2001) stated that corn forages generally lack the protein 

content found in other feeds.  Corn forages generally have a crude protein (CP) content of 



Texas Tech University, Randall Montgomery, May 2009 

 

7 

 

about 8%, which is below the requirement for most lactating cows (Miller, 1979).  In 

comparison, alfalfa (Medicago sativa.) has a CP content of around 16% (Barnes et al. 

2003).  Thus, alfalfa is better suited to meet the protein requirements of lactating dairy 

cows than corn silage. 

Acid detergent fiber (ADF) and NDF negatively affect the digestibility of corn 

forages (Roth et al., 1970; Crasta et al., 1997; Laurer et al., 2001).   Neutral detergent 

fiber consists primarily of lignin, cellulose, and hemicellulose and represents the plant 

cell wall (McDonald, 2002). Acid detergent fiber consists primarily of cellulose and 

lignin and is the structural support in the plant.  A ration should include at least 25% NDF 

for lactating dairy cows to reach maximum productivity, however, excess NDF can 

reduce intake due to rumen fill, resulting in decreased dry matter intake and insufficient 

energy for a dairy cow to lactate at a high level (Oba and Allen, 1999).        

Corn varieties differ in nutritive value and digestibility (Johnson et al., 1985; 

Coors, 1996; Allen, 1998; Bernard et al., 2004).   Hybrid choice is one of the most 

important management decisions for forage production and dairy operations (Allen et al, 

1997; Cox and Cherney, 2001).  In the past, emphasis was placed on the amount of dry 

matter and grain yield of corn hybrids (Neylon and Kung, 2003).  However, when dry 

matter and grain yield are analyzed individually, they may be poor indicators of nutritive 

value in corn forages (Cox and Cherney, 2001; Neylon and Kung, 2003).   

A good corn hybrid will produce high dry matter yield per hectare.  Quality traits 

may vary due to plant stress and timing of harvest.  Normal corn silage should be 

harvested at 32% to 38% dry matter concentration (NRC, 2001).  Acid detergent fiber is 
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typically around 28% with a standard deviation of 3.3% on a dry matter basis (NRC, 

2001).  Neutral detergent fiber concentration can vary greatly in corn silage with an 

average of 45% with a standard deviation of 5.3% (DM basis). Lignin can be found at 

about 2.6% (+ 0.8) in normal corn silage (DM basis).  Total digestible nutrients are linked 

to fiber levels and can typically be found at 69% (DM basis).  Crude protein is typically 

low in corn silage and is generally about 8.8% (+1.2; DM basis).  Non-structural 

carbohydrates or non-fibrous carbohydrates generally range from 35% to 41%at the time 

of harvest (DM basis; Miller and Hoover, 1998; NRC, 2001).  Non-structural 

carbohydrates or non-fibrous carbohydrates are usually concentrated in the more 

digestible parts of the plant such as the seeds and include starches, sugars, and pectin.   

4. Effects of Environmental Factors on Silage Yield and Quality 

Drought greatly affects corn yield and quality, and these effects have been well 

studied on grain yield.  The effect of drought causing plants to be smaller and to have a 

reduction in leaf area has been extensively documented (Denmead and Shaw, 1960; 

Nesmith and Richtie; 1992; Abrecht and Carberry, 1993; Traore et al., 2000). Smaller 

plants with less leaf area lead to a loss in dry matter produced per hectare. Drought can 

increase the amount of total crude protein content, however, this does not compensate for 

the decrease in dry matter and total digestible nutrients.     

If kernel production is reduced, dry matter production and quality will decrease.  

Stresses that affect grain production include low soil moisture, high temperatures, low 

temperatures, low soil nitrogen, high pH, and salinity (Tollenaar and Wu, 1999).  Coors 

(1997) reported that kernel development and production influenced whole plant 
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production and quality in most instances.  Barrenness reduced whole-plant yield by an 

average of 19% and increased stover yield by 36%, and kernel development was 

necessary for corn to realize maximum total dry matter yield.  Direct effects of water 

stress include a decrease in ear development and the number of kernels set (Andrade, 

2002).  Severe drought delays tasseling, silking, and grain-filling, and leads to substantial 

reductions in yield (Nesmith and Richtie, 1992).  Reduction in yield and biomass 

accumulation is directly related to water availability. In this developmental stage, water 

use and biomass accumulation are at their greatest (Sinclair et al., 1990; Traore et al.).    

The corn kernel contributes greatly to silage quality.  If a plant is stressed, the 

seed set and grain filling are negatively affected, lending to poor silage quality because 

grain is a highly digestible source of energy.  Nutritive value, such as digestibility and 

intake potential vary with grain and stover content (Cox et al., 1997).  On average grain 

accounts for 50% of the total dry matter of silage under good conditions (Coors et al., 

1994; Coors et al., 1997).  Coors (1997) also stated that climate can noticeably alter the 

amount of ear fill, whole plant productivity, and quality.   

High temperature stresses can have a number of effects on a plant.  These effects 

include reduced photosynthetic rate and an increase in respiratory rate (Hale and Orcutt, 

1987; Bruns and Abbas, 2005) resulting in lower overall silage yield. High temperatures 

will also decrease the digestibility and quality of the forage.  For example, high ambient 

temperatures diminish forage digestibility 0.3 to 0.7 percentage units for each 1
o
C 

increase in temperature above normal (Buxton, 1996; Bernard et al., 2004). This decrease 

in quality could be caused by a higher NDF content. Thus, a corn producer may not 
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receive any premiums that many dairy producers are willing to pay for a high quality 

feedstuff.  Dairy producers may also suffer because forages produced in a harsh 

environment may be of lower quality and will not allow high-producing milk cows to 

reach their full potential.   

With a more stress-tolerant corn hybrid, corn producers may see increased 

returns, and dairy producers will be able to take advantage of a high-quality feed that 

allows their animals to perform at peak efficiency. At the same time, less water required 

for production may ease the pressure on declining groundwater resources on the High 

Plains of Texas. Thus, a drought-tolerant crop that uses water more efficiently would be 

beneficial to farmers, dairy producers, and everyone else who depends on the Ogallala 

Aquifer as a source of income or way-of-life. As Neilsen et al. stated (2006) “profitable 

agricultural operations in the semiarid regions of the Great Plains depend on efficient use 

of limited and highly variable precipitation.”     

5. Problems 

 Drought-stressed corn forage may potentially be high in nitrates.  Nitrates 

accumulate at the base of plants when plants are stressed and are potentially dangerous 

when fed to livestock.   Many producers try to utilize drought-stricken fields that may no 

longer be suitable for grain production.  A producer may want to produce silage or even 

turn livestock out on a field to graze.  These could be fatal mistakes unless some safety 

measures and proper management steps are taken.   

Although nitrate accumulates in the plant, it is actually nitrite that causes the 

toxicity problem for the animals. When nitrate (NO3) is ingested by the animal, nitrates 
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undergo reduction to become nitrite (NO2).   Nitrite is readily absorbed into the blood 

stream where it combines with hemoglobin to make methemoglobin, which is not able to 

deliver oxygen (Miller, 1979).  Symptoms of nitrate poisoning are muscle tremors, 

staggering, excessive urination, and labored breathing.   Also, a pregnant animal with 

acute poisoning may abort the fetus.  In severe cases if the animal dies, the blood in a 

post-mortem exam will appear to be chocolate-brown in color.  Thus, the animal 

basically dies of asphyxiation. McDonald (2002) stated that toxicity symptoms may occur 

in herbage containing more than 0.7g nitrate-N/kg DM; however, the lethal amount 

would be higher than this.   

Ensiling high-nitrate forages may not solve the problem.  Nitrates will not totally 

dissipate in ensiling process (Livingston et al., 1995). Many management practices may 

reduce effects of nitrate toxicity.  By raising the cutter bar, a producer will not harvest the 

lower portion of the plant, and because the majority of the nitrates accumulate towards 

the base of a corn plant, the problem may be reduced.  A producer could introduce the 

feed slowly to give animals time to adapt to a new feedstuff, whether the feed is ensiled 

or the livestock are turned to pasture.  Also, exposing a few older members of the herd to 

a potentially dangerous area or feedstuff for a reasonable amount of time is an effective 

way of testing for any dangers (Livingston et al., 1995).  Due to the rugged and harsh 

environment on the High Plains of Texas, long and frequent drought is normal and is a 

perennial problem that corn producers along with dairy farmers will continue to face.   

Many other problems may accompany drought-stress, and aflatoxin may be one.  

The occurrence and severity of pre-harvest aflatoxin is greater in drought conditions, 
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which are common occurrences in Texas during the growing season (Beltran et al, 2004).   

Also, the susceptibility of certain corn hybrids to mold growth may influence whether 

aflatoxins proliferate under low moisture and high temperature conditions (Diekman and 

Green, 1992).  Aflatoxin can be a major problem for a dairy producer as well.  Corn that 

is infested with aflatoxin and fed to cattle can lead to variety of problems including 

digestive problems, liver damage, and reduced milk production.  These symptoms can 

lead to other problems such as reduced feed intake and reduced reproductive efficiency 

(Diekman and Green, 1992).  Aflatoxins can also be passed directly through the 

bloodstream and into the milk that cows produce and this could lead to safety issues for 

the human consumer (Battacone et al., 2003).  Some aflatoxin mutants have been 

reported to be carcinogenic and have immuno-suppressive properties (Peltonen et al., 

2001; Eaton and Gallagher, 1994; IARC, 1993) in many animal species and in humans 

(Battacone, et al., 2003; Sabbioni and Sepai, 1998).  So not only can more stress-tolerant 

corn hybrids lead to higher quality corn forages, but also to safer consumable products.    

6. Genetic Variation on Silage Quality and Yield 

Recently, seed companies have had more interest in developing corn hybrids that 

are intended for silage (Ballard et al., 2001; Johnson et al., 1997; Kuehn et al., 1999).  

Frey (2004) stated that little genetic variation in conventional corn hybrids in terms of 

silage quality exists.  Important indicators of a good silage corn hybrid include grain, 

stalk ratio, whole-plant yields of dry matter, digestibility of dry matter, and milk 

produced per hectare or per ton of forage (Ballard et al., 2001).  
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Brown mid-rib hybrids have been specifically developed for corn forage 

production (Cox and Cherney, 2001).  Oba and Allen (2000) reported that lignin content 

was reduced by 35% and in vitro NDF digestibility after 30 h of incubation increased by 

17% when comparing brown midrib hybrids to conventional hybrids.  Also researchers 

have associated brown mid-ribs to greater dry-matter intake; however, this may be due to 

increased rates of passage, which would diminish potential digestibility (Oba and Allen, 

2000).  Conflicting reports exist on whether brown mid-rib hybrids increase animal 

production.   Oba and Allen (1999) reported increased dry matter intake and increased 

milk yield.   Tjardes et al. (2000) reported that brown midrib hybrids reduced feed 

efficiency and showed no improvement in average daily gain when fed to beef steers in a 

performance trial.  Also, Cox (2001) stated that brown midrib hybrids did not provide a 

consistent increase in milk yield when compared to other commercial hybrids.  However, 

performance of brown mid-rib hybrids cannot be simply based on the animal’s 

performance.  Cox (2001) reported a 20% decrease in dry matter yield when comparing 

brown midrib hybrids to commercial and leafy hybrids. Negative agronomic effects such 

as poor stand-ability and reduced yields have affected their place on the corn silage 

market (Barriere et al., 2004).    Regardless of current reports, brown mid-rib corn 

hybrids need further research and development to determine their place in the market.   

Edmeades (1999) stated that selection for drought-tolerance is a way of reducing 

the impacts of water-deficiency on crop yield.  By selecting for drought-tolerant crops, a 

breeder may reduce the amount of water used without affecting yield.  Before the 1990’s, 

corn was thought to lack sufficient drought tolerance to be grown in the southern regions 
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of the U.S. (Norwood, 2001).  Thus breeders should develop a drought-tolerant, water-

use efficient, high-quality, and high-yielding forage crop.  Selection for drought-tolerance 

increased grain yields by an average of 86 kg ha/yr
 
across both population and nitrogen 

levels (Banzinger et al., 1999).  This was also confirmed by Edmeades et al. (1997) when 

they reported 93 kg yr ha
-1

 increases in grain yields under drought-stress in four maize 

populations.  Management practices used to produce corn forage are the same as those 

used for grain-production in most areas (Darby, 2002).  Thus, a breeder should be able to 

select for a high quality, drought-tolerant corn forage as well as a more drought-tolerant, 

high-yielding hybrid that could also be used for grain production.   

 Increased grain yield should help produce higher quality forages because corn 

grain is readily digested in a ruminant animal.  However, when selecting for drought-

tolerance and improved yield, it is important to remember the nutritional content of 

forages.  Also the stover portion of the forage should not be overlooked.  Highly 

indigestible NDF portions of the feedstuff may reduce intake due to rumen fill.  As Roth 

(1970) reported, some breeding systems for grain yield improvement may not be the best 

for improving forage quality, and that some genetic traits for grain production may hold 

different values when compared to production of forages.  However, differences in fiber 

content and digestibility in corn silage have been produced using grain breeding 

techniques (Hunt et al. 1992; Bal et al. 2000).  Increasing the portion of grain and the 

digestibility of the stover portion of silage are two ways to increase the energy content 

(Coors and Lauer, 2001; Frey et al., 2004).  Although NDF and ADF do not have specific 
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genes, they are chemically related to the gene activity of cellulose, xylan, and lignin 

synthesis (Jung and Allen, 1995).       

 Drought-tolerant corn varieties for silage would be beneficial to farmers on the 

High Plains of Texas, especially due to the recent influx of the dairy industry within the 

area.  As Kennington et al, (2005) stated, cutting height can affect the composition of the 

silage; however, genetic selection has a greater impact on the silage quality and 

management plays a vital role in silage quality.  These improvements can be used to 

produce a more stress-tolerant plant that could lead to higher returns.  O’Neill (2004) 

stated that corn breeders need to focus on improving the tolerance of corn to water and 

nitrogen stresses and reduce the over-reliance on inputs.  However, the digestibility and 

quality of forages should not be forgotten. As animal breeders continue to focus on 

growth and lactation with superior genetics, plant breeders must fill the need for high 

quality corn forage that will be capable of meeting the high demands of these genetically 

superior animals (Jung and Allen, 1995; Frey et al., 2004).     

7. Objectives  

  Review of the literature indicated that limited research on the development of 

stress-tolerant corn hybrids, which could be used as forage, has been conducted on the 

High Plains of Texas.  The growing dairy industry and the need for more water-efficient 

corn hybrids was justification of this project.  By imposing drought stress and comparing 

the responses of different corn hybrids, this research should help determine which hybrids 

could be used for further research and development.     
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Due to the declining water level of the Ogallala Aquifer and rising energy costs, 

corn silage producers need new hybrids that require less water and better crop management 

practices.  The specific objectives of this project were to: (1) determine how reduced 

irrigation affects corn forage quality and yield, and (2) compare responses of Texas 

Agriculture Experiment Station (TAES) corn hybrids with some of the more widely grown 

commercial hybrids within two irrigation treatments. 
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CHAPTER III 

 MATERIALS AND METHODS 

1. Test  

The experiments were conducted at Etter, TX (36
o
 1’ 37” N, 101

o
 57’ 8” W, 1098 

m elevation) and Halfway, TX (34
o
 11’ 17” N, 101

o
 57’ 8” W, 1072 m elevation) in 2005 

and 2006 (Fig.3).  The soil was a Sherm clay loam (Sherm fine, mixed, suoeractive, 

mesic torrectic Polleustrolls) at Etter and a Pullman clay loam (Pullman fine, mixed 

superactive, thermic torrertic Palleustolls) at Halfway.  At each location there were two 

irrigation treatments (well-watered and drought stressed).  Location was considered as 

blocks within a complete randomized block design with 2 replications with irrigation 

levels in a split-plot arrangement of treatments.  Within each irrigation treatment at each 

location, eight corn hybrids were established in test plots that consisted of two, 5.5-m 

rows with row spacing of 0.76-m at Etter and two 5.5-m rows with 1-m row-spacing at 

Halfway.  Corn hybrids rows were randomized within each test plot. There were three 

pseudoreplications of test plots that included all corn hybrids in random order within each 

location and irrigation treatment. Additionally, at both sites, two sets of adjacent plots 

were planted, one for forage yield and analysis, and another for grain yield. 

Corn plots were over-planted and then hand-thinned after emergence to 56 plants 

per plot with a target stand of 66,947 plants ha
-1

 at Etter and 64 plants per plot with a 

target stand of 57,383 plants ha
-1

 at Halfway.  Corn was planted on 29 April 2005 and 1 

May 2006 at Etter and on 26 April 2005 and 26 April 2006 at Halfway.  Lorsban  

(Dow AgroSciences LLC, Indianapolis, IN) granular insecticide was applied at planting 



Texas Tech University, Randall Montgomery, May 2009 

 

18 

 

Etter 

Halfway 
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Figure 3. Etter and Halfway test locations in the High Plains region of Texas.  The star               

represents Lubbock, TX. 

 

 

 

 

 

 

 



Texas Tech University, Randall Montgomery, May 2009 

 

19 

 

in the seed bed at a rate of 7.31 kg ha
-1

.  This insecticide was applied to control and 

damage that may be caused by corn root worms.  As a result of this application there was 

no significant root or stalk lodging.   

2. Hybrids 

Five Texas Agricultural Experiment Station experimental hybrids (C3A654 x 

B110, S2B73 x NC300, SGP3 x B110, S1W x CML343, and Tx205 x B110), and three 

commercial hybrids (Garst 8288, Pioneer P31B13, and DeKalb DKC66-80) were used in 

this study (Table 1).  All hybrids have a relative maturity of 110 to 120 d.  Pioneer 31B13 

is a Bt (Bacillus thuringiensis) transgenic hybrid that protects it from insect feeding.  

Texas Agricultural Experiment Station (TAES) hybrids contain at least 12% tropical 

germplasm.  The eight hybrids are tall leafy plants that yield well and can be used for 

both silage and grain.  The three check hybrids are widely grown commercial hybrids that 

are used for silage and grain in Texas. 

3. Irrigation Treatments and Field Management 

There were two irrigation treatments (well-watered and drought-stressed) at Etter 

and Halfway in both years.  Drought stress was imposed by reducing the amount of 

irrigation water by one-half compared to well-watered plots from V10 to R3 growth 

stages.  The V10 stage in the growth stage of corn development is the point at which dry 

matter and other nutrients begin to accumulate and shoots start to develop.   The R3 stage 

occurs about 20 days after silking when kernels are also accumulating dry matter and are  

approximately 80% moisture. Plants have quit growing at the R3 stage and any stress can 

affect kernel fill.   
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Table 1. Hybrid name, background, and test number used in this study 

Test 

Number Hybrid Background 

1 C3A654 x B110 12% tropical 

2 S2B73 x NC300 75% tropical 

3 SGP3 x B110 12% tropical 

4 S1W x CML343 75% tropical 

5 Tx205 x B110 12% exotic temperate 

6 Garst 8288 (CK 1) 118-day commercial 

7 P31B13 (CK2)* 119-day commercial 

8 DKC66-80 (CK 3) 116-day commercial 

  * Transgenic Bt hybrid 
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At Etter, irrigation was applied through a Zimmatic
®

 center pivot irrigation 

system (Lindsay Corporation, Omaha, NE). The pivot at Etter is nozzled for 3,217 L per 

minute with drops every 152 cm or every other row.  Irrigation water was delivered 

through subsurface Netafim
TM

 (Netafim, Fresno, California) irrigation at the Halfway test 

site. The subsurface tape was buried at 30.5 cm with emitters spaced at 31 cm.  Tapes 

were 101.6 cm apart under each row.  Two zones were watered simultaneously at a flow 

rate of about 227.1 liters per minute per zone at 0.56 kg cm
-1

 of pressure.   Also, a general 

rule was that 75.3 mm water ha
-1

 was applied each week including both irrigation and 

rainfall.  If rainfall was less than 7.62 mm, then rainfall was ignored and watering was 

continued as programmed. 

All fields were pre-watered before planting with approximately 188.2 mm ha
-1

.  

Fertilizer was applied based on soil analysis to reach the local yield level.  At Etter, in 

2005, 280 kg N ha
-1

 and 95 kg P2O5 ha
-1

 was applied.  In 2006, 336 kg N ha
-1

 and 112 kg 

P2O5 ha
-1

 was applied.  The Halfway test site was fertilized with 280 kg N ha
-1

 and 78 kg 

P2O5 ha
-1 

in the well-watered treatment, and drought-stress treatment was fertilized with 

252 kg N ha
-1

 and 95 kg P2O5 ha
-1

in both years.  The Etter site was in a corn wheat 

rotation.  While the Halfway test site was planted continuous corn. 

At Halfway, the well-watered (WW) treatment, received 1068.5 mm ha
-1

 from 

May to August in 2005, with a total of 1256 mm ha
-1

 (Table 2) for the year.  In 2006, the 

WW treatment received 1446.7 mm ha
-1

 from May to August and 1635.4 mm ha
-1

 (Table 

2) for the year. The drought-stressed (DRT) treatment received 348.8 mm ha
-1

 of 

irrigation in 2005, with a total of 536.4 mm ha
-1

 for the year (Table 2). In 2006, the 
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Table 2. Total rainfall and irrigation amount at the Halfway and Etter test sites in 2005 

and 2006. 

  Halfway 
  

Etter 

 WW DRT Rain 
 

WW DRT Rain 

  Mm   mm 

2005        

  Jan-Mar       0.0     0.0   79.9        0.0      0.0   59.9 

  April   188.2 188.2   14.0    188.2  188.2   12.2 

  May     83.9   85.3   38.7    147.4  147.4   36.2 

  June   350.4 195.2   33.7    353.8  176.9   57.1 

  July   445.3     0.0   60.5    442.3  221.2     7.4 

  August   188.2   67.7 100.9    265.4  132.7   40.4 

  Sep-Dec       0.0     0.0   82.6        0.0      0.0   30.3 

Total 1256.0 536.4 410.3  1397.1  866.4 243.5 

        

2006        

  Jan-Mar       0.0     0.0   44.9        0.0       0.0   19.0 

  April   188.2 188.2   26.3    188.2   188.2     7.3 

  May   283.1 254.7   35.8    235.3   235.3   17.3 

  June   471.5 248.7   21.5    690.1   345.1   15.5 

  July   651.8   79.3   21.9    658.7   329.4   20.1 

  August     40.8     0.0   60.1    188.2     94.1 116.7 

  Sep-Dec       0.0     0.0 118.2        0.0       0.0   97.7 

Total 1635.4 770.9 328.7   1960.5 1192.1 293.6 

WW=well watered treatment, DRT= drought treatment. 
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drought-stressed treatment received 582.7 mm/ha (DRT) of irrigation, with a yearly total 

of 770.9 mm ha
-1

 (Table 2).  In 2005, the Halfway test site received 401.3 mm (Fig. 3) of 

rainfall from 1 January to 31 December.  

The majority of the rain fell between July (60.5 mm) and August (100.9 mm) 

(Table 2).  In 2006, the Halfway test site received 328.7 mm precipitation (Fig. 4).  June 

(21.5 mm) and July (21.9 mm) had low rainfall totals.  More rain came later in the season 

with August getting 60.1 mm (Table 2).  In 2006, it was also a hotter, drier growing 

season than 2005 with the average daily high temperature above 30
o
C (Fig. 5) and less 

rainfall in June and July.  It was also drier from the beginning of the season as the relative 

humidity was below that of 2005 (Fig 6). 

At the Etter site, both treatments were watered the same until 2 June when the water was 

cut in half for the drought-stressed treatment in 2005 and 3 June in 2006.   There was 

1209 mm ha
-1

 (Table 2) of irrigation for the WW treatment from May to August in 2005, 

with a 1397.1 mm ha
-1

 total for the year.  In 2006, the WW treatment received 1772.3 

mm ha
-1

 of irrigation from May to August, with a yearly total of 1960.5 mm ha
-1 

(Table 

2). The center pivot system was programmed to travel faster over the drought-stressed 

water treatment.  Thus, the drought-stressed treatment only received half the water that 

the well-watered treatment received.  The DRT treatment received a total of 678.2 mm 

ha
-1

 from May to August in 2005, with a yearly total of 866.4 mm ha
-1

 (Table 2).  In  

2006, the DRT treatment received a total of 1003.9 mm ha
-1

 from May to August, with a 

yearly total of 1192.1 mm ha
-1

 (Table 2). 
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Figure 4. Five day average rainfall at Halfway (HF) and Etter (ET),TX in 2005 and 2006. 
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Figure 5. Five day average maximum and minimum air temperatures (

o
C) in 2005 and 

2006 at Halfway (HF) and Etter (ET), TX. 
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Figure 6. Five day relative humidity (%) at Halfway (HF) and Etter (ET), TX in 2005 and 

2006. 
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The Etter test site received 243.5 mm of rain from 1 January, to 31 December 

2005 (Fig. 4). June had the most rain (57.1 mm), and July only had a total rainfall for the 

month of 7.4 mm.  May and August had a total of 36.2 mm and 40.4 mm of rainfall 

respectively. In 2005, it was a relatively more humid year compared to 2006 at the Etter 

location (Fig. 6).  There was also earlier season rainfall.  In 2006, it was a relatively drier 

and hotter throughout the growing season (Table 2), with only 195.9 mm of rain through 

August, and most of that come in August alone (116.7 mm).  

4. Agronomic and Yield Data Collection 

Data were collected on the number of plants per plot, plant height (PHT), ear 

height (EHT, ground to the top ear node), days to anthesis (DTP, 50% of the plants shed 

pollen), Root and stalk-lodged plants row
-1

, grain yield, and total plant biomass at each 

location and water treatment.  Plant and ear height data were recorded after flowering.  

Plots were harvested with a Gleaner K2 combine (AGCO Corporation, Duluth, Georgia) 

to determine grain yield beginning on 15 September in 2005 and 20 September in 2006 at 

Halfway and on 22 September in 2005 and 26 September in 2006 at Etter.  Grain yield 

was then converted to 15.5% moisture content.  

5. Forage Sample Collection 

  Ten representative plants per plot were hand-harvested at the Halfway test site.  

Samples were harvested on 19 August in the DRT treatment and 23 August in the WW 

treatment in 2005.  In 2006, all samples were collected on 16 August.  Although plants 

varied in maturity, they were sampled on the same date. These plants were cut into 1.0 

to1.5-cm long pieces with a Troybuilt Pro-Tomahawk Chipper (Troybuilt Inc., Troy, 
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New York).  Prior to sample collection, two plants from each plot were processed and not 

collected to remove any residues that may have been left in the chipper from previous 

samples and to avoid any cross-contamination between hybrids.  Total fresh plant 

biomass of eight plants was collected from each plot and weighed. After the plants were 

processed and weighed for biomass data, the plant material was mixed to insure proper 

distribution of all plant parts. Sub-samples were collected for dry matter weight and 

nutritional analysis.  Also, a third sample was taken as a precautionary measure.  Sub-

samples were collected and placed in 20.3 cm x 25.4 cm, 3-mil industrial vacuum-sealer 

bags (Miller Paper Co., Amarillo, TX, catalog # LCS050911).  The samples were then 

vacuum-sealed and placed in a cooler until frozen.  Samples were stored at –80
o
C until 

nutritional analysis was performed. 

   At the Etter test site, forage samples were collected as described for Halfway 

except eight representative plants were collected (four consecutive plants from each row). 

Although plants varied in maturity, they were sampled on the same date.  Samples were 

collected on 25 August in 2005 and 2006.   

6. Forage Sample Analysis 

Forage samples were oven-dried at 60
o
C for dry matter (DM) determination, 

moisture content at harvest, dried tissue were ground to pass through a 1-mm screen, and 

then analyzed by near infrared reflectance spectroscopy (Foss NIRSystems Model 6500 

with Win ISI v1.5) for neutral detergent fiber (NDF), acid detergent fiber (ADF), lignin, 

nonstructural carbohydrates (NSC), nonfibrous carbohydrates (NFC), and crude protein 
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(CP) by the Forage Testing Laboratory at Dairy One Incorporated (Ithaca, New York; 

AOAC-989.03. 1996). 

Neutral detergent fiber is a measure that includes hemicellulose, cellulose and 

lignin that represents the fibrous bulk of the feed.  These components are classified as cell 

wall. Acid detergent fiber is the measure of cellulose and lignin in a forage sample.  

Lignin is the indigestible plant component that has a negative impact on cellulose and 

hemicellulose digestibility.  Nonfibrous carbohydrates (NFC) are the measure of non-cell 

wall carbohydrates that consist of starch, sugar, and pectin that serve as energy sources 

for the animal.  Nonfibrous carbohydrates are calculated as 100% - [(CP% + (NDF% - 

NDICP%) + Fat% + Ash%)].  A total nonstructural carbohydrate (TNC) is a measure of 

starch plus sugar in a sample.  Starch is a polysaccharide found primarily in the grain and 

is a good source of energy.  Total digestible nutrients (TDN) are the sum of digestible 

protein, digestible TNC, digestible NDF and 2.25 times the digestible fat.           

7. Data Analysis 

Each location supported only one true replication of the irrigation treatments. 

Thus, locations were considered as blocks; at each location, the three pseudo-replications 

were averaged for each irrigation and hybrid combination prior to analysis.  Thus, the 

basic experimental design was a randomized complete block design with two blocks 

(locations); irrigation treatments (100ET and 50ET) represented the main plot factor of a 

split-plot arrangement, and hybrid was a subplot factor.  Data for years 2005 and 2006 

were analyzed together following Kempthorne (1952). 
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CHAPTER IV 

RESULTS 

No significant (P<0.05) three-way interactions were observed among year, 

irrigation, and hybrid for any of the variables analyzed (Table 3). Additionally, 

interactions between irrigation and hybrid, and between irrigation and year, were not 

significant for any of the variables analyzed. However, effects of hybrids depended on 

the year of the experiment (year x hybrid interaction) for percentage ADF, NDF, TDN, 

and DM. Thus, for these factors, data were examined separately by year. For all other 

factors, effects of hybrids are presented averaged over year.  

For grain yield, per plant fresh weight (FW plant
-1

) DTP, PHT and EHT, 

differences among hybrids (H) were independent of other factors included in this study 

(Table 3).  Thus, differences among hybrids were averaged over yr and effects of hybrid 

(Table 4) and irrigation treatment (Table 5) were examined.  The only dependent variable 

that was not affected by any of the factors examined in this experiment was percentage 

CP (Tables 3, 4, and 5).  The mean percentage CP of about 8.0 g 100g
-1

observed in these 

experiments is consistent with values reported in the literature for corn (NRC, 1996). 

Differences among hybrids were observed for Grain yield, FW plant
-1

, DTP, PHT, 

and EHT (Table 4).  When analyzing grain yield, the commercial check P31B13 (8703 kg 

ha
-1

) was the highest yielding hybrid with the exception of C3A654 x B110 (7800 kg ha
-

1
) and DKC66-80 (8044 kg ha

-1
).  In terms of FW plant

-1
,
 
S1W x NC300 yielded a greater 

fresh weight per plant than any other hybrid except DKC66-80, whereas C3A654 x B110 
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Table 3.  Main effects and interactions for eight corn hybrids grown with two irrigation levels during 2005 and 2006 in the Texas High Plains.  

 Dependent variable
†
 

Effect ADF NDF CP TDN Lignin Starch DM Grain  FW DTP PHT EHT 

Yr
¥
 0.3885 0.0744 0.9698 0.5655 0.2864 0.6517 0.0892 0.6439 0.4849 0.9197 0.9644 0.9891 

I
‡
 0.0025 <0.0001 0.1325 0.0505 0.0065 0.0030 0.1470 0.0279 0.1213 0.5332 0.0185 0.1999 

Yr*I 0.0687 0.1585 0.9196 0.3230 0.0042 0.1443 0.5711 0.1413 0.3753 0.9430 0.2009 0.7323 

H
§
 <0.0001 <0.0001 0.2684 <0.0001 0.0001 0.0001 <0.0001 0.0163 0.0003 <0.0001 <0.0001 <0.0001 

Yr*H 0.0026 0.0022 0.4398 0.0037 0.0030 0.0030 0.0295 0.6844 0.8149 0.4032 0.5759 0.1170 

I*H 0.9142 0.9810 0.2126 0.8171 0.9239 0.9239 0.6562 0.7471 0.8615 0.9630 0.5279 0.7127 

Yr*I*H 0.3162 0.6512    0.4359 0.2769 0.1768 0.4431 0.6861 0.9936 0.2247 0.9986 0.7649 0.5479 

 
†
 Acid detergent fiber (ADF); neutral detergent fiber (NDF); crude protein (CP); total digestible nutrients (TDN); dry matter 

(DM); Grain yield; fresh weight plant
-1

 (FW); days to pollination (DTP); plant height (PH); and ear height (EHT).  

 
¥   

Year
 

 
‡  

Irrigation treatments (I). 100 and 50% of evapotranspiration.  

 
§ 

Corn hybrid (H) 

 

Grain Yield is adjusted to 15.5% moisture. 

 

FW plant
-1

 is adjusted to 65% moisture.
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Table 4.  Influence of corn hybrid on percentage crude protein, yield, and plant characteristics averaged over 

two irrigation levels (50 and 100% ET) and during 2005 and 2006 in the Texas high plains.  

  Dependent variable 

CP Grain yield, FW plant
-1

, Hybrid 

 g 100g
-1

 kg ha
-1

 kg 

DTP, d PHT, cm EHT, cm 

C3A654 x B110 8.3 a
†
 7800 ab      0.67 c     70.6 e    210.3 c      85.9 e 

S2B73 xNC300 8.1 a      6899 bc      0.79 ab     75.1 b    244.4 a    106.9 ab 

SGP3 xB110 8.3 a      7273 bc      0.86 a     71.6 cde    241.5 ab      97.8 cd 

S1W x CML343 8.1 a      6398 c      0.90 a     80.0 a    235.3 ab    103.3 abc 

Tx205 x B110 8.2 a      7249 bc      0.82 a  73.2 bcde    230.6 b    100.3 bc 

Garst 8288 8.3 a      7271 bc      0.70 bc     71.0 de    243.1 a      93.2 de 

P31B13 8.4 a      8703 a      0.78 b     74.3 bc    236.6 ab    109.1 a 

DKC66-80 8.4 a      8044 ab      0.86 a     73.7 bcd    231.5 b      92.7 de 
†
Means within a column not followed by the same letter are not significantly different (P > 0.05; protected LSD test). 

 

Crude protein (CP); Grain yield; fresh weight plant
-1

 (FW); days to pollination (DTP); plant height (PH); and ear height (EHT).  

 

Grain Yield is adjusted to 15.5% moisture. 

 

FW plant
-1

 is adjusted to 65% moisture.
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Table 5.  Irrigation means and comparisons among irrigations for variables for which main effect irrigation comparisons are appropriate. 

 Dependent variable 

Irrigation ADF
┼
 NDF Lignin CP g 

100g-
1
 

   TDN   

g 100g-
1
 

DM  

g 100g-
1
 

Grain yield, 

kg/ha 

FW plant
-1

, kg DTP PHT,  

cm 

EHT,  

cm 

            

100ET   20.7 a
╪

 36.8 a 3.11 a 8.1 a 73.6 a 35.9 a 9946 a 0.90 a 73.3 a 251.7 a 104.4 a 

50ET   24.3 b 42.3 b 3.68 b 8.4 a 69.6 a 32.0 a 4963 b 0.71 a 74.1 a 216.6 b   92.9 a 

 
╪
Means within a column followed by the same letter are not significantly different (P > 0.05; protected LSD test). 

 
┼
Acid detergent fiber (ADF); neutral detergent fiber (NDF); Lignin content (Lignin), crude protein (CP); total digestible 

nutrients (TDN); dry matter (DM);  fresh weight plant
-1

 (FW); days to pollination (DTP); plant height (PH); and ear height 

(EHT).  

 

ET= Evapotranspiration. 

 

Grain Yield is adjusted to 15.5% moisture. 

 

FW plant
-1

 is adjusted to 65% moisture. 
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yielded the least fresh weight per plant.  Also, S1W x NC300 was the latest maturing 

hybrid when compared to all others and took an average of 80 d to anthesis (DTP).  

Hybrid C3A654 x B110 required the fewest days to anthesis numerically but was 

statistically not different from SGP3 x B110, Tx205 x B110, and Garst 8288.  In terms of 

plant height S2B73 x NC300 was a taller hybrid than Tx205 x B110 (230.6 cm), C3A654 

x B110 (210.3 cm) and DKC66-80 (231.5cm) as it averaged 244.4 cm; whereas, C3A654 

x B110 was statistically the shortest when compared to all other hybrids as it measured 

just over 210 cm on average.     

1. Irrigation Main Effects 

Although irrigation affected a number of variables measured in this experiment, 

irrigation effects were independent of other factors included in the model (Table 3). Thus, 

irrigation effects were averaged over years and hybrids (Table 5). 

Drought stress (50% ET irrigation) did affect both ADF and NDF in terms of 

forage quality (Table 5). Both cell wall (NDF) and cell wall minus hemicelluloses (ADF) 

were significantly higher in hybrids subjected to water stress than hybrids irrigated at 

100% ET.  Lignin content also increased from 3.11% (100% ET) to 3.68% (50% ET); 

(Table 5).  Mean cell wall concentrations in corn hybrids under full irrigation were close 

to the ideal level of 36% NDF reported to be the optimum concentration of NDF in 

forages (Van Soest, 1982).  Irrigation level did not affect percentage CP and TDN.  Grain 

yield was reduced about 50% by the low irrigation treatment (4963 kg ha
-1

) compared 

with full irrigation (9946 kg ha
-1

). Additionally, total PHT was greater in corn irrigated 
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with 100 % ET than for 50% ET. Surprisingly, there were no statistical differences found 

in the forage yield (FW plant
-1

) or in DTP with the imposition of drought.   

2. Year x Hybrid Interactions  

Effects of year and hybrid interacted for ADF, NDF, TDN and DM (Table 3). For 

DM, hybrids were similar (P > 0.1560) in 2005 and differed (P < 0.0001) in 2006. 

However, for ADF, NDF, TDN, Lignin, and starch, hybrids differed in each year; 

comparisons among hybrids within a year are summarized in Table 6.  When comparing 

S2B73 x NC300 and S1W x CML343 to all other hybrids they tended to have reduced 

quality traits and in some cases those differences were significant.  For example, S2B73 x 

NC300 and S1W x CML343 had the highest ADF and NDF values in 2006.  In 2005, 

S2B73 x NC300 had significantly higher lignin content than C3A645 x B110, SGP x 

B110, and all three commercial checks; while in 2006, S2B73 x NC300 and S1W x 

NC300 had significantly higher lignin content than all other hybrids (Table 6).  In 2005, 

S2B73 x NC300 and S1W x CML343 had significantly lower starch content than all but 

three other hybrids (C3A645 x B110, SPG3 x B110, and Garst 8288); while in 2006, 

S2B73 x NC300 and S1W x CML343 had significantly lower starch content than all 

other hybrids (Table 6).  With these reduced quality traits it should be no surprise that 

S2B73 x NC300 and S1W x CML343 also had the lowest TDN in 2005, with the 

exception of Tx205 x B110, and in 2006 these two hybrids were significantly lower than 

all the other hybrids (Table 6).  There are two possibilities for their lower quality.  Both 

hybrids, especially S1W x CML343, flowered later than others, and did not fill the grain 

to the same degree at the time of harvest.  Their quality and starch contents may have  
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Table 6.  Means and comparisons among varieties within a year for those variables affected by a hybrid by year (H x Yr) interaction. 

 ADF  NDF  TDN  Lignin  Starch 

Hybrid 2005 2006  2005 2006  2005 2006  2005 2006  2005 2006 

C3A654 x B110 22.4 abc
†
 18.9 bc  40.3 abcd 33.9 bc  71.7 ab 75.6 ab  3.21 bc 2.80 d  34.14 ab 40.18 ab 

S2B73 xNC300 25.6 a 27.6 a  43.6 a 46.6 a  68.3 c 66.8 d  3.77 a 4.24 a  28.02 c 20.48 d 

SGP3 xB110 21.5 bc 21.3 b  38.5 bcd 38.3 b  72.0 ab 72.9 c  3.16 bc 3.33 bc  34.48 ab 33.59 c 

S1W x CML343 24.1 ab 29.7 a  42.7 ab 49.6 a  69.6 bc 66.4 d  3.57 ab 4.23 a  30.88 bc 19.38 d 

Tx205 x B110 23.8 ab 20.9 bc  42.4 abc 36.6 b  69.9 bc 73.6 abc  3.44 ab 3.22 bc  31.13 c 34.78 abc 

Garst 8288 20.5 c 17.9 c  36.5 d 31.9 c  73.1 a 76.1 a  2.96 c 3.00 c  37.32 a 40.23 ab 

P31B13 21.8 bc 20.5 bc  38.8 bcd 35.9 bc  71.3 ab 73.5 abc  3.24 bc 3.38 bc  33.68 abc 34.25 c 

DKC66-80 22.7 abc 21.4 b  39.5 abcd 37.7 b  71.1 ab 73.1 bc  3.32 bc 3.54 b  32.50 abc 33.38 c 
†
Hybrid means for a variable within a column followed by the same lower case letter are not significantly different (P > 0.05, 

protected LSD test). 

 

Acid detergent fiber (ADF); neutral detergent fiber (NDF); total digestible nutrients (TDN); dry matter (DM)
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been higher than the levels reported here.  Another reason is that both hybrids have 

higher tropical germplasm. Whether the tropical gerplasm contributed to higher lignin 

contents and lower digestibility is unclear.   
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CHAPTER V 

SUMMARY AND RESEARCH 

Some hybrids from this study did show promise and should be considered for 

future studies as well.  Although S1W x NC300 lacked the quality traits that some of the 

other hybrids, it should not be ruled out on that premise alone.  It did appear to be one of 

the higher yielding hybrids and should be considered for future studies.  While C3A654 x 

B110 produced higher quality forage, it also had the shortest plants and might lack the 

overall forage production when being considered for future studies.  Also, SPG3 x B110 

appeared to have quality traits that would be very desirable and at the same time may 

include some higher yielding traits and should be used in potential studies. 

This researcher suggests that future studies need larger plot sizes and larger 

sample sizes to increase the accuracy of the quality testing.   With the use of larger plots 

better harvesting and sampling techniques can be used.   In this study, samples were not 

allowed to be ensiled and were tested as fresh samples.  In the future, larger samples 

should be ensiled and tested as silage.  This research should eventually lead to 

experiments in which silage can be feed to ruminant animals to measure intake, apparent 

digestibility and performance of those animals.  Also future studies need to include a 

more uniform irrigation method and more irrigation blocks. 

Samples for quality analysis were collected on the same day, despite the fact that 

maturity rates varied among hybrids.  This may have caused some variation in the quality 

data.  However, it is this researcher’s opinion that this was the proper time to collect 

samples.  By varying the time in which samples were collected, this could affect the 
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environment in which plants were exposed.  This could also affect the quality and yield 

data.  However, it may be important for some future studies to collect samples at a time 

that is more relative to each hybrids growth rate.     

As the dairy industry continues to grow in this area the demand for a high quality 

feedstuff will be needed.  The NIRS method of analysis is a tool that can be used to 

predict the value of feed.  However, it can sometimes be inaccurate and the only way to 

truly test the effectiveness of a feedstuff is by animal testing.  Stover digestibility was not 

a focus of attention in this study.  However, differences in digestibly of stover content 

have been found in many studies.  Although, drought stress did affect some quality traits, 

not all traits were impacted.  Also while drought stress severely impacted the grain yield 

no differences were noticed when comparing forage yield. In addition to differences in 

irrigation, fertilizer was also applied at different rates between irrigation treatments; thus, 

differences in grain yield may have reflected both water and nutrient deficient.  Future 

experiments should examine irrigation rates across similar soil fertility levels to rule out 

this as a source of the variation.  In such experiments, fertility should not be a limiting 

factor even though under practical conditions, less fertility would be applied if water was 

limited. Over application of N under drought-stress conditions can lead to nitrate 

accumulations lowering forage quality and endangering animal health.  This research 

highlights the fact that many factors act in concert, and it is difficult to include enough 

treatments to isolate and understand these multiple possibilities for interactions. 

 More research and detailed analysis must be performed in order to select for high 

yielding, high producing corn forage that may potentially use less water.  Also, no brown 
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mid-rib hybrids were used in this study.  In future studies the integration of brown mid-

rib hybrids should be made a priority to test their effectiveness under drought stressed-

conditions.  More research needs to be done in this particular field on the High Plains of 

Texas.  This study may help to serve as a reference to future researches.  

A major limitation in this study was the inclusion of only two blocks. The two 

locations served as valid blocks.  In experimental designs, blocks are not required to be 

contiguous, and differences between and among blocks are anticipated providing the very 

reason for blocking in an experiment.  This approach, however, confounded ‘location’ 

with ‘block’ and therefore differences between locations were regarded only as block 

effect. While hybrids were planted in multiple plots within each irrigation treatment, this 

does not constitute true replication and limited our ability to detect differences among 

hybrids and irrigation levels if they occurred.  This type of research is often limited by 

availability of irrigation equipment to provide the desired number of replications.  Thus, 

the current research should be considered as a pilot study.  Even under the conditions of 

two blocks, however, differences in both grain yield and forage quality were detected.  

This strongly suggests that there are significant differences among these hybrids that 

would be of interest and provides strong justification for continuing this research in larger 

studies with more true replication.    
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