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Summary

Using dairy manure on agricultural soils requires an accurate
analysisof nutrientsand manure sampling strategies. The objectives
of this study were to: determine the variability of total Kjeldahl
nitrogen (TKN), water content and temperatureinfour typesof dairy
manure; estimate the effect of sampling location and depth on TKN
content; calculate the sample size; and correlate the TKN content in
a composite sample with the average of individual samples.

Dairy manure samples were collected from 19 manure pilesin
seven counties in New Mexico. Samples were taken from five
locations and two depthsin each pile.

Total Kjeldahl nitrogen content of dairy manuredid not dependon
the type of manure handling (pile) and ranged from 0.53% N to
2.83% N for al piles and types of manure. The 95% confidence
interval for each type of manure ranged from 1.51 to 2.53% N for
fresh manure, from 0.09 to 2.02% N for composted manure, from
0.99t0 1.89% N for stockpiled manure, and from 0.28t0 3.02% N for
wash solids. Sample depth and samplelocation in amanure piledid
not significantly affect the TKN content of the sample.

For an accurate determination of the TKN content of manureina
manure pile, aminimum of seven samples should be collected and
composited from a variety of locations and depths of fresh manure
and 30 samples should be collected from stockpiled manure. A
minimum of two samples should be collected and composited from
an aerobically composted manure pile.

1Graduate Student, Department of Agronomy and Horticulture; 2Assistant Professor,
Extension Plant Sciences; 3Professor, Soil Science, Department of Agronomy and Horti-
culture; “Associate Professor, University Statistics Center, New Mexico State University.



INTRODUCTION

The New Mexico dairy industry has generated tremendous
amounts of manure as aresult of a172% increase in production
(Bethard, 1998). The total number of cows has tripled since
1987, and manure disposal asan organic fertilizer hasincreased
in agricultural soils (USDA, 1997; Dickerson, 1999; Skaggs et
al., 1999). Additionally, dairy manure compost is being applied
to soils as a nutrient source (Walker, 1999). Thus, manure
sampling strategies must be designed to evaluate the nutrient
content of manure.

Nitrogen (N) requires critical attention because of itsimpact
on crop productivity and water quality. Total Kjeldahl nitrogen
(TKN) can be an accurate predictor of total N content, because
theinorganic N content in manure generally isvery small when
compared to the total N content (Paul and Beauchamp, 1993;
Eghball, 2000). Total Kjeldahl nitrogen is a wet oxidation
procedure used to determine the organic N present as NH, in
soils, plants, and organic residues, such as dairy manure. Also,
TKN analysis can include a pretreatment of the sample to
convert NO,;-N and NO,-N to NH,, and thus have a total N
analysis (Bremner, 1996).

Total N content in dairy manure depends on feed inputs, age of
the cows, age of the manure, environmental conditions, manure
handling systems, manure storage, and land application methods
(Brady and Weil, 1996; Rieck et al,1996). According to amanure
analysis program conducted by the University of Maryland, the
averagetotal N content was 2.4% for 400 samplesof dairy manure
collected from 1985t0 1990 (Brady and Weil,1996). Sweeten et al.
(1982) reported that the N content of 23 TexasHigh Plainsfeedlots
ranged from 1.16 to 1.96%. They also reported N concentrations of
2.2% for cattle manure, 2.37% for beef feedlots, 2.13% for dairy
corrals, and 1.72% for adairy manure stockpilein Arizona. Zhang
and Hamilton (1998) reported values from 1.29 to 1.93% N for
feedlot manure. Iversen et al. (1997) found 1.2% N in samples of
composted dairy manure.

The composition of manure changesfromthetimeit isexcreted
tothetimeit is applied to the field. Scraping, weathering, decom-
position, and handling can change the N content. Safley et al.
(1984) concluded that TKN values were much lower for scraped

dairy manure than for fresh manure. The scraped manure varied
from 2.27 to 5.16% N, whereas fresh manure varied from 2.68 to
7.73% N in samples collected from seven farmsin North Carolina.

A representative sample of manure must be collected from a
manure pileto obtain anaccurate N content for that pile. Therefore,
determining a sample size per pile is necessary to avoid a large
number of samples and reduce the cost of analysis. Iversen et a.
(1997) concluded that 17 subsampleswererequired to characterize
abeef manure stockpilefor total N content in order to achieve 95%
confidencewith 10% probableerror. Great variability wasfoundin
the inorganic forms of N. They proposed to base N availability
estimates from manure solely on total N with aregular program of
soil testing.

Thelack of information about N content and samplesizeper pile
of dairy manurein New Mexico motivated the present study. The
objectives wereto: determine the TKN content in different types
of dairy manure, and to determine whether sampling location and
depth have a significant effect on the N content within manure
piles; estimatethe average TKN content for selected typesof dairy
manurein New Mexico with a95% confidenceinterval; calculate
the number of sampleswithinapilerequiredto adequately estimate
TKN content for each manure type; and determine if the TKN
content in acomposite sampleis correlated with the average TKN
content of individual samples taken from each manure pile.



MATERIALS AND METHODS

Manure samples were collected in July 1998 from dairies and
farms in Bernadillo, Chaves, Dofia Ana, Eddy, Lea, Quay and
Socorro counties (fig.1). These counties have a total of 144,000
cows that represented 71% of the dairy cows in New Mexico
(USDA, 1997). Eleven dairy farms were selected at random and
represented 7% of all dairy farmsin New Mexico (Bethard, 1998).
A total of 19 pilesof dairy manureweresampled fromthefollowing
types: fresh manure that was scraped weekly inside the pen;
stockpiled manure that was stored at least six months outside the
pen; aerobically composted dairy manure; and wash solids that
included solids screened from the wastewater system prior to
entering aliquid storage lagoon.

Figure 1. Map showing sampling locationsin New M exico.

Manure Sampling

Thenumber of samplescollected per pileof manurevaried from
six to 21 according to the manure type and the pile shape (table 1).
Two general pile shapes were sampled, round and rectangular. In
addition to the sampling scheme described below for round and
rectangular piles, composite sampleswerecollected from each pile
to adepth of 12 in. The temperature of each manure pile was also
measured at each side of the pile with a 1 yd Rheostat compost
thermometer.

Manure samples were taken from the north, east, south, west,
and from the top of the round piles. At each location within apile,
one sample was taken from a shallow depth (0-12 in.) and another
from adeep depth (12-40in.). A total of 10 sampleswere collected
per pile. Infour fresh pilesfrom Lea County (table 1), only shallow
samples could be taken because the manure was too wet and
compacted to sample at greater depths.

The lengths of rectangular and windrow piles were approxi-
mately 100 yd with widthslessthan 3 yd. Windrow pileswereless
than 2 yd. tall, while rectangular piles were greater than 2 yd. in
height. Rectangular and windrow piles were sampled in the same
way asround piles. Samplesweretaken from two sides, either east
and west or north and south. Five samples from each side at two
depths (0to 12 in. and 12 to 40in.) were collected for atotal of 20
samples. Additionally, a composite sample from the 0 to 12 in.
depth was collected from the same sides of each pile.

The samples were stored in plastic bags and placed in a cooler
with ice for transportation to the soil microbiology laboratory,
whereupon the sampleswere stored in afreezer until analysis. The
water content of the manure samples was determined gravimetri-
cally by drying at 150°F until constant weight. The water content
in the manure samples was calculated as:

Water content (%) = ((wet wt. - dry wt.) / (wet wt.)) * 100

Dried samples were finely ground and sieved (40 mesh) for
chemical analysis. Manure sampleswere digested withH,SO, and
analyzed for TKN using a colorimetric technique (Technicon
Instruments Corporation, 1974) with the Technicon Autoanalyzer
Il (Technicon Instruments Corporation, Tarrytown, N.Y.).



Number

Sample
Depth

Sample

Shape

Pile

Pile

Name

Type of
Manure

District

Table 1. Type and shape of dairy manure piles and sampling scheme.

County

11
11
11
11
11

a+

Round
Round
Round
Round
Round
Round
Round

Stabo

Stson

Bernardo

Socorro

Stvimix
Frestar
Stvium

Stockpiled

Fresh
Fresh

Stockpiled
Stockpiled
Stockpiled

Albuquerque

Mesquite
Mesquite
Mesquite
Mesquite

Bernalillo
Dofla Ana
Dofia Ana
Dofia Ana

11
11
21
21
21
20
11
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Windrow
Windrow
Windrow
Rectangle
Round
Round
Round
Round
Round
Windrow
Round
Round

Frevista
Sthaf
Stnat
Conat
Wanat
Stber
Stvaca
Frelowl
Frelow2
Fremid
Frehigh
Corag
Stragl
Strag2

Composted
W. Solids

Stockpiled
Composted
Stockpiled
Stockpiled

Fresh
Fresh
Fresh
Fresh

Stockpiled
Stockpiled
Stockpiled

East Grand Plains
Mountain States

Midway
Hobbs
Hobbs
Hobbs
Hobbs

East Grand Plains
Clovis

Cottonwood

East Grand Plains
Clovis

Clovis

Dofia Ana
Eddy
Chaves
Chaves
Chaves
Chaves
Chaves
Lea
Lea
Lea
Lea
Quay
Quay
Quay

One sample depth from 0-12 inches.

Two sample depths, from 0-12 inches and 12-40 inches; b =

+q=

Statistical Analysis

Statistical analyseswere performed usingthe GLM procedureof
the Statistical Analysis System (SAS, 1997). The pile averages of
TKN, water content, and temperature were analyzed manure type
using a completely randomized design. Because the manure piles
did not have the same number of samples, locations and depths, an
analysisof variancea sowasconducted separately for each manure
type to determine the effect of location and depth on the variables
measured. This separate analysis could not be performed for wash
solids, because only one pile was sampled. The TKN, water
content, and temperature means were compared using Fisher's
L east Significant Difference (L SD). The correlation between com-
posite samples and the average of the individual samplesfrom the
same pile was estimated for TKN and water content.

A 95% confidenceinterval was cal culated about the mean TKN
for each manure type, using the pooled estimate of the variance
from the combined analyses of manure types.

Sample size (n) per pile for future studies was calculated for
each manure type using the coefficient of variation (CV) esti-
mated from the separate manure analyses. Student’ st-statistic (t)
wasset at 2.26 (t.025, 9) and the probableerror (p) wasset at 0.10,
similar to Iversen et al. (1997). The sample sizes were computed

accordi ng to:
n= tZ(C
p2

In addition to the sample size computations, the effect of
increasing the number of samples per pile on the within pile
standard error was illustrated by plotting the estimated standard
error against sample size for each manure type. This estimated
standard error (SE) was calculated as:

E=_3S
vn

Where Sis the estimated standard deviation within piles.




RESULTS AND DISCUSSION

Manure TKN Content

When the average TKN content for each pile was analyzed
statistically for al manure types, TKN content was not different
(p=0.18) among manuretypes(table2). Whenthefresh, stockpiled
and composted manureswereanalyzed separately, samplelocation
within piles of manure, sample depth, and the interaction of
location by depth had no detectable effect on TKN content. How-
ever, thevariability of TKN content among pileswassignificant for
al three types of dairy manure. This analysis could not be per-
formed for washed solids as only one pile was sampled. These
resultssuggest that the TKN content ismoreinfluenced by manure
handling (pile) than manuretype or location and sampling depthin
the pile.

Theaveragesample TKN content for each manuretypeisgiven
(table 3). The composted manure sampl e averagewasthelowest of
the four manure types in our study. Failure to detect a difference
among the manure types may be a result of having sampled only
two compost piles and one wash solids location. In part, the low
TKN content of composted manure can be attributed to loss of N
throughvolatilization during thecomposting process. Eghball et al.
(1997) found that N loss during composting ranged from 19t0 42%
and was related to the initial manure N content.

The TKN content in all pilesvaried from 0.53% (10.6 Ib N tont
manure) to 2.83% (56.4 1b N ton™t manure) on adry weight basisand
from 0.43 to 2.06% (4.3 t0 20.6 kg N ton! manure) on awet weight
basis (table 4). Water content in manure dilutes the TKN content.
Thesevaluesareintherangeof N content reported by Sweeten et al.
(1982) and Zhang and Hamilton (1998) for similar manure types.
The variation detected in the present study may be related to the
different ages of manure, handling systems, and moisture content
during storage.

Thisinformation could be useful to estimate the manure appli-
cation rate, if mineralization rates, soil test nitrogen, and crop
reguirements are known. Deficiencies can be corrected with inor-
ganicfertilizer. Inthisway, nutrients can be managed for optimum
crop production and environmental protection.

Table2. Analysisof variancefor the effectsof typeof manurepile,
sample location and sample depth on the TKN, water
content, and temper atur e of manure samples.

Sour ce of Total Kjeldahl Water

Variation Nitrogen Content Temperature*
Manure Type** NS * NS
Sample Locationl NS NS *
Sample Depth' NS NS na
Location * DepthT NS NS na

*+Temperature was compared at only one depth (0-12 inches).

++From the statistical analysis on pile means for all manure types.

** Gignificant at the 0.01 probability level.

fiAnalyzed separately for each manure type (stockpiled, fresh and composted).
naNot analyzed.

Table3. Mean values and standard errors of four types of dairy
manures collected at 11 farmsin New M exico.

Type of TKN (%) Water (%) Temp. (°F) Piles
Manure Mean SE. Mean SE. Mean SE. Sampled
Fresh 2.07 a 026 337b 35 117 a 34 6
Wash Solids  1.65a 064 464b 85 147a 84 1
Stockpiled 142a 020 190a 2.7 126 a 2.8 10
Composted  1.06 a 045 252ab 6.0 1lla 0.0 2

*Within columns, means followed by the same letter are not significantly different
(P>0.05) according to Fisher's protected LSD test.

Water Content and Temperature

Water content differed among manuretypes (p<0.01) but not by
location within the pile or depth for any of the manure types
(p>0.05) (table 2). Wash solids had the greatest water content and
the stockpile manure the lowest (table 3). Water content among
piles of manure was highly variable and ranged from 6 to 46%
(table 4).

Temperature was not different among manure types, but it was
affected by samplelocationwithin stockpiles(tables2and 3). High
temperaturesin thefresh, wash solids, and stockpiled manurepiles
indicate that active, thermophilic decomposition was occurring.



Table4. Water content and total Kjeldahl nitrogen (TKN) for all The composted manure piletemperatureiscloser totheambient air

manure piles. temperature because decomposition had already occurred.
TKNT TKNTT
Type of Water TKN* TKN** Content Content Variation of TKN Content and Sample Size
Manure Content Dry Basis Wet Basis Dry Basis Wet Basis
_____________________ e m oo - IbNtorl manure- - - - FigureZShowsthatas;hesamplesizeincrease;,t_hestandard
error decreases. For stockpiled and fresh manureswithin each pile,
Stockpiled 225 132 1.02 26.4 205 this standard error decreases and remains between 0.05 and 0.1,
goctpi:z g?g ;-gg C2>-c7)2 gg-g ﬁi when the sample size islarger than five samples. The sample size
ockni _ _ _ _ _ L .

Stockg“ o o1 053 043 106 Jye estimation varied from two to 30 samples among manure types
Stockpiled 180 185 152 37.0 303 (table 5). _ L
Stockpiled 338 0.77 051 15.4 10.2 Thestockpiled and fresh manureshad large standard deviations,
Stockpiled 131 2.26 1.96 450 39.1 probably reflecting the haphazard method of piling the manureand
Stockpiled 6.1 136 127 271 254 lack of mixing. In contrast, the composted manure had a small
ggg::p::z g% égi 3'51;1 igg ig"l‘ standard deviation that reflects mixing during the composting
thp 251 111 0.83 21 16.6 process. Figure 2 shovysthat as samplesizeincreases, the standard
Fresh 26 1.89 128 378 255 error for composted piles decreases below 0.03, when the sample
Fresh 37.1 1.92 121 383 24.1 size is larger than three. The small variation of TKN content in
Fresh 340 2.59 171 517 341 composted manure suggests the use of asmall sample size (n=2).
Fresn 877 255 159 508 sL7 These results suggest that 30 samples per pile is adequate for
Fresh 359 2.39 153 47.8 306 ) :
Compost 391 123 075 206 150 stockpiled manure and seven samples_for fresh manureto achieve
Compost 11.2 0.89 0.79 178 15.8 arepresentativesamplewith 95% confidence. However, thesample
Wash Solids 46.4 1.65 0.88 329 17.7 sizecould besmaller for composted manurethanfor stockpiled and

o ‘ fresh manure, because standard errors in composted manure are
*Dry basisisfromlaboratory analysis: relatively constant at small sample sizes (fig. 2). The sample size

+Wet basis: TKN (%) = dry N (%) - ((dry N (%) * moisture(%))/100)
TDry basis: TKN (Ib/ton) = dry TKN (%) * 10 * 907/454
TMwet basis: TKN (Ib/ton) = wet TKN (%) * 10* 907/454
Table5. Confidence intervals, standard deviations, and sample
sizefor manure sampled at 11 farmsin New M exico.

Confidence TKN

Type Number Interval Mean Standard  Sample Size
of Manure  of Piles (95%)* (%) Deviation Estimation
Stockpiled 10 0.99, 1.85 142 0.35 30
Fresh 6 1.51,2.63 2.07 0.22 7
Composted 2 0.09, 2.02 1.06 0.06 2
Wash Solids 1 0.28, 3.02 1.65 0.72 =

All Piles 19 1.60

+10.025, 15-1

++Only one manure pile was sampled.

10 11



estimated in this study (30 samples) is larger than the 17 samples
reportedby Iversenetal. (1997) for total N contentindairy manure.

Composite Sample

A strong linear relationship (r=.92) was found between the
composite sample and the average of individual samples for the
TKN content (fig. 3). These datasuggest that TKN obtained inthe
compositesamplecoveredtheN content variability in each manure
pile. A similar linear response (r=.93, p<.01) was found for the
correlation between the composite samples and the average of
individual samples for water content. These findings clearly sug-
gest that, for TKN analysis, using a composite sample instead of
several individual samplesof amanure pile may reduce the cost of
chemical analysis and the time for sample collection.
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Figure 2. Standard error of thetotal Kjeldahl nitrogen (TKN) asa

function of the sample sizein three types of dairy manure.
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r=0.92
p<0.0001

Mean TKN (%)
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Mean Water Content (%)

Water Content (%) in Composite Samples

Figure 3. Relationship between the water content and TKN
measured in composite samples and the average calculated with
individual samples of dairy manure.
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CONCLUSIONS

TKN content of dairy manure did not depend on the type of
manure handling (pile) and ranged from 0.53% N to 2.83% N for
all pilesandtypesof manure. The confidenceinterval for eachtype
of manureat 95% confidencerangedfrom 1.51t02.53% N for fresh
manure, from 0.09t02.02% N for composted manure, from0.99to
1.89% N for stockpiled manure, and from 0.28t0 3.02% N for wash
solids. Sample depth and sample location in amanure pile did not
significantly affect the TKN content of the sample.

To accurately determine the TKN content of manure in a
manure pile, aminimum of seven samples should be collected and
composited from avariety of locationsand depths of fresh manure,
and 30 samples are needed for stockpiled manure. A minimum of
two samples should be collected and composited from an aerobi-
cally composted manure pile.
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