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Abstract

Winter wheat production in North Carolina is continuing to expand. Commercial

fertilizer costs are also continuing to rise and growers are looking for other options for plant

nutrients. Poultry litter is a common fertilizer source that has been used in the past and is more

popular now due to being a cheaper alternative to inorganic fertilizer. However, not all poultry

litter is created equal in terms of nutrient content and in order to know what is in the litter,

manure analysis must be performed. It is also unclear how much the litter breaks down within

the first cropping season and how much of the nutrients are available for plant uptake. Thus, a

study was performed to evaluate the nutrient availability of poultry litter compared to inorganic

fertilizer during the 2021-2022 wheat growing season. The study took place in Lawndale, North

Carolina on a field farmed by Toluca Grain and Hay. During the growing season, tissue samples

were collected from each treatment (1- nonfertilized control, 2- poultry litter fertilized, and 3-

inorganic fertilizer) and analyzed for N, P, and K nutrient levels. At harvest, each plot sample

was weighed in a weigh wagon, and a smaller sample from each plot was tested using a certified

scale for test weight and moisture content. There were no significant differences in yield and test

weight between the poultry litter and inorganic fertilizer treatments. However, the poultry litter

tissue samples and final soil samples showed higher levels of phosphorus and potassium than the

other treatments. Poultry litter proved to be an effective alternative fertilizer to inorganic

fertilizer at a lower cost.
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Introduction

In 2021, the USDA reported that North Carolina planted 450,000 acres of winter wheat

(Triticum aestivum L.). Since that acreage assessment, growers have faced the cost of fertilizer

doubling. Fortunately, over this same time span, the price of wheat was increasing, however the

input prices to grow wheat have increased substantially. This issue made farmers second guess

whether they should grow wheat or just use enough fertilizer to get an average yield to break

even. Thankfully, there are alternative fertilizer options rather than just using expensive

conventional inorganic fertilizers. Poultry litter is a commonly used fertilizer in North Carolina

and has been a cheaper alternative to inorganic fertilizer in wheat production.

Poultry litter is a great alternative fertilizer because not only does it provide nutrients, it

builds organic matter as well. Poultry litter provides the necessary macronutrients such as

nitrogen (N), phosphorus (P), and potassium (K) along with calcium, magnesium, sulfur, and

other micronutrients (Zhang et al., 2013). Litter from broiler houses is most sought after due to

having higher nutrient levels compared to laying houses. However, there are a few drawbacks to

using litter over inorganic fertilizer. Most notably, there is a high degree of variability in nutrient

levels and litter decomposition. Also, nutrient release during the cropping season varies by litter

source and environment. Fortunately, litter and manure can be sent off for analyses to determine

nutrient presence and levels within the litter, thus determining the rate that should be applied to a

field. As for nutrient breakdown and availability, that is a little more tricky as it is said that

nitrogen availability from the litter can range from 30-80% during the year of application (Zhang

et al., 2013). It is also a common conception that using litter as a fertilizer source introduces

weed seed to the field but this was not evident in this study.

4



Farmers use poultry litter on their crops expecting approximately 50% breakdown of the

litter during the first cropping season and the remainder for a second growing season. Although it

takes longer for litter to break down compared to inorganic fertilizer, growers may receive

greater benefits from using litter and having extra nutrients in the ground that may be available

for future crops versus inorganic fertilizers that only last for a single cropping season. Comparing

poultry litter and inorganic fertilizer on wheat during the same growing season can be

accomplished through tissue sampling to analyze how nutrient availability and uptake differs

between the two fertilization sources. This information is beneficial for growers that would

rather use a cheaper alternative to inorganic fertilizer and show that yields will not be decreased

by utilizing litter. This study was conducted to see how wheat responded to poultry litter and

conventional inorganic fertilizers and how readily available nutrients from the treatments were to

the wheat crop. This study took place in Lawndale, North Carolina near Toluca Grain and Hay.

Objectives

The purpose and objective of this project was to determine if nutrient availability from

poultry litter during the wheat growing season was better or equal to the availability of inorganic

fertilizer. These two treatments were evaluated during the 2021-2022 wheat growing season in

Lawndale, NC. During the study, soil samples and tissue samples were collected and evaluated

with yield being assessed at the conclusion.

Literature Review

The primary macronutrients for plants are nitrogen, phosphorus and potassium (N, P, K)

however, these nutrients are not the only ones that play a vital role in plant growth and health.
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There are also secondary macronutrients such as calcium, magnesium, and sulfur and other

micronutrients. Macronutrients are nutrients that are required in larger amounts while

micronutrients are only required in small amounts. When looking at fertilizer options, N, P, and

K are the most important and reported components and are what many farmers concentrate on.

Of the macronutrients, nitrogen is required in the greatest amount by plants, especially

wheat. All of the wheat plant's nitrogen needs to be applied by growth stage 30/ Feekes 4-5. At

this stage, wheat starts erect growth after tillers are formed. The plant switches from producing

tillers and growing vegetatively and begins reproductive growth.

Plants can absorb nitrogen in different forms including nitrate, ammonia, or urea

(Kulcheski et al., 2015). Nitrogen comprises about 1.5-2.0% of plant matter (Tripathi et al.,

2014). Nitrogen deficiencies show up first in older plant tissue since it is mobile within plants.

The plants will appear to be yellow in color, stunted, and develop slowly. Poultry litter is a great

source of nitrogen, phosphorus, and potassium, but not all litter is created equally, thus, it is

important to test the litter to analyze the nutrient content.

Phosphorus is also an important macronutrient for plants. Phosphorus plays a major role

in seed germination and early plant growth as well as stimulating growth of wheat kernels, and

has a role in determining when the plant reaches maturity (Post et al., 2021). Phosphorus

deficiency can be seen in plants that have stunted growth and leaves appear to be purple along

the leaf margins and tissue. According to the North Carolina Small Grain Production Guide

2021, most North Carolina soils are usually high or very high in phosphorus so this is usually not

a problem in this area. Phosphorus deficiencies generally appear when wheat plants are under

adverse conditions such as severely cold temperatures and extremely wet soil.
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Last but not least, potassium contributes less to wheat plant growth and more to grain

quality, including test weight. The test weight (lbs/bu) is important in determining whether wheat

will be milling or feed quality. Potassium also affects oil content, prevents lodging, and plays a

role in drought and disease tolerance (Post et al., 2021). Lodging is when the stem of the plant

bends near the ground and makes harvesting more difficult. Lodging is often influenced by

weather conditions such as heavy wind, rain, and hail. Deficiency symptoms of potassium

include stunted growth and premature lodging in the plant. Potassium levels are not commonly

deficient in clay soils, however it is more prevalently observed to be limiting in sandy soils.

Although poultry litter has been used in south-west North Carolina, little research has

been conducted to determine nutrient decomposition and subsequent plant uptake during the first

wheat cropping season. Most farmers apply their poultry litter in the fall right after planting

wheat or late winter/early spring before the wheat comes out of dormancy. Poultry litter is

usually applied at a rate of 2-4 tons per acre depending on the estimate of nutrients available in

the litter. The objective of this project was to determine if nutrient availability of poultry litter

during the wheat growing season was better or equal to the availability of inorganic fertilizer.

Materials and Methods

Projected Audience:

The targeted audiences for this research project are grain producers in the region, as well

as fellow extension and industry personnel. The expected outcome is to compare poultry litter, a

cheaper alternative fertilizer option, to inorganic fertilizer on wheat.
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Research Methodology:

This research project examined 3 fertilizer treatments on 1 wheat cultivar during the

2021-2022 growing season. This project was executed with the help of Toluca Grain and Hay

located in Lawndale (Toluca), North Carolina. The wheat was planted on November 6, 2021 and

harvested on June 18, 2022. The wheat was sown using a 15-foot John Deere 1590 seed drill at a

depth of 1 inch and seeding rate of 120 pounds per acre. Information about the FS855 cultivar

that was planted in this study is listed in Figure 1.

The trial plot was located on the upper end (approximately 60 feet from the edge) of a

23.87 acre commercial wheat field (Fig. 2). This field has a long history of  no-till small grain

and soybean rotation as well as previous applications of poultry litter and inorganic fertilizers

depending on the year. There were 3 replications of the treatments: 1) non-fertilized control, 2)

poultry litter fertilized, and 3) conventional inorganic fertilizer. The control and poultry litter

plots measured 30 feet wide and 200 feet long, corresponding to the litter truck spreading width

(30 feet). The inorganic fertilizer plots were 80 feet wide and 200 feet long to accommodate the

fertilizer truck spreading width. Each treatment was separated by a 5-foot buffer.

A baseline soil sample was collected on November 3, 2021 prior to planting to determine

fertilizer recommendations (based on 80 bu. wheat production): as well as to evaluate the

nutrient levels in the field before treatments were added. After the wheat had germinated and

initiated fall tillers, but before spring growth had begun, the first tissue samples were collected

on February 1, 2022. This was the baseline tissue sample. All of the above ground portion of the

plant was cut and placed into a bag, the amount was about as big as a softball, 3.8 inches in

diameter. Also on February 1, 2022, the poultry litter and inorganic fertilizer was applied. The

control group did not receive nutrient additions at this time. The poultry litter was spread at a rate
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of 3 tons per acre. The litter composition analysis is shown in Figure 3 (combination of sample

003 and 004). The inorganic fertilizer blend was applied at 559 pounds per acre and

compositional analysis is shown in Figure 4.

A top dress fertilizer application was made to the whole field, including the control

treatment plots on February 12, 2022. This consisted of a dry granular application of 60 units of

urea and 15 units of sulfur per acre. On March 5, 2022 an application of 6 fl oz/A Aproach Prima

fungicide (cyproconazole + picoxystrobin), 0.75 oz Quelex herbicide (halauxifen-methyl +

florasulam) with 2 pints of surfactant to 100 gallons of water was applied. The second collection

of tissue samples occurred on March 7, 2022. Each plot was sampled by cutting approximately

40 plants in each plot, taking the entire above ground portion. At this point the wheat was in

stage Feekes 5/tillering.

The final tissue samples were collected on April 14, 2022 during the flag leaf/Feekes 8

stage of wheat growth. Approximately 30-40 flag leaves including ⅔ of the plant/stems were

collected in each plot. The wheat was harvested on June 18, 2022 using a John Deere 9550

combine with a 18 foot header. One pass through the middle of each plot was made, this area was

calculated to be 0.08 acres. The harvested wheat was placed into a weigh wagon where each

sample was weighed. A small portion of the samples were collected out of the weigh wagon

from each plot and taken to a local grain elevator where the moisture and test weight was

recorded using a certified grain scale. Soil samples were collected for each treatment

(replications of the same treatments combined) after the harvest on June 21, 2022 to determine

what nutrients remained in the soil for the next crop according to fertilizer treatment. Data was

entered into Agricultural Research Manager version 2022.2 (Gylling Data Management,
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Brookings, SD), analyzed using analysis of variance with mean separations determined using

Fisher’s LSD (P≤0.05).
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Figure 1. Information on the FS855 wheat cultivar used in this study.
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Figure 2. USDA print out field where project was conducted (3).
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Figure 3. Poultry litter nutrient analysis for what was used in this study.
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Figure 4. Inorganic fertilizer blend nutrient analysis for what was used in this study.
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Figure 5A and 5B. Wheat March 3, 2022 in control treatment plot.

Figure 6. Tissue sample collection on April 13, 2022.
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Figure 7. Poultry litter (red) and inorganic fertilizer (blue) sections of this study April 13, 2022.

Figure 8A and 8B. Control treatment of wheat plot May 14, 2022.
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Figure 9. Wheat plot on June 13, 2022 just prior to harvest.

Figure 10. Wheat harvest showing weigh wagon and combine used to evaluate yield on June 18, 2022
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Figure 11. Samples collected for test weight and moisture measurements at harvest on June 18,

2022.
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Results and Discussion

Crop yield and quality is what most farmers care about and there was no statistical

difference between the treatments regarding yield and moisture content, but there was a small

difference in test weight with the inorganic fertilizer treatment being significantly lower than the

other treatments (Figure 12 and 13). One factor that could have caused this was a higher lodging

rate in the inorganic fertilizer than the other treatments (data not shown). This lodging could

potentially be from the wheat being further developed during growth (not physically noticed) and

being damaged more during a late frost in April. This lodging is also hypothesized to have

caused the lower test weight in this treatment. The control treatment had higher yield than

expected. This could be because the control plots were physically placed between the other

treatments which could have resulted in runoff of nutrients into the control plot even with the

5-foot buffer between plots.  More likely, however, is that the history of litter application and

frequency of soybean crops in the field resulted in significant mineralizable N.

The first tissue samples (tillering nutrients, Figure 14) indicate significant variability

among the treatment plots. Nitrogen content within leaves was higher in inorganic fertilizer plots

than the poultry litter and the control treatment. Phosphorus and potassium levels were relatively

higher in the litter treatment samples over the control and inorganic fertilizer treatments.

Examining the flag leaf tissue samples (Fig. 15), the litter treatment samples seem to have the

highest overall concentrations. Nitrogen content was lower in the control group as expected but

not significantly different between the litter and inorganic fertilizer plots. The litter treatment

was relatively higher once again in phosphorus and potassium levels compared to both the

control and inorganic fertilizer treatments.
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Soil samples after the plots were harvested indicated  higher recommendations for

nutrients in the control treatment plots and the inorganic fertilizer plots regarding phosphorus and

potassium (Fig. 16). There was no recommendation for phosphorus to the land to which poultry

litter was applied.
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Figure 12. Yield, weigh, test weight, and moisture results

Figure 13. Yield data graph (similar letters do not indicate a significant difference at

p=0.05)
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Figure 14. Tillering sample results (similar letters do not indicate a significant difference

at p=0.05)
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Figure 15. Flag leaf sample results (similar letters do not indicate a significant difference

at p=0.05)
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Figure 16. Soil samples collected after harvest (1-control, 2-litter, 3-inorganic fertilizer)
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Conclusions

Inorganic fertilizer and poultry litter are two common wheat fertilizer options used in

North Carolina. With the increased price of conventional inorganic fertilizer, poultry litter is

being considered and used as a cheaper alternative. In our study, there was no statistical

difference in yield between using poultry litter and inorganic fertilizer. As for nutrients, there

was a higher level of phosphorus and potassium in the litter treatments and a higher level of

these nutrients in the ground after harvest as well. The late frost that occurred during April 2022

could be a reason why the inorganic fertilizer plots did not have a higher yield but this cannot be

known without further examinations. Both poultry litter and inorganic fertilizer seem to have

shown consistent nutrient uptake and yield results during this study. Poultry litter seems to be a

promising alternative to just using inorganic fertilizer as a fertilizer option for wheat production.
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