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Undergraduate students in the Bumpers College of
Agricultural, Food and Life Sciences are being educated to
seek solutions to today’s societal and food production chal-
lenges by applying proper scientific method and research
protocols. Public support of higher education enables stu-
dents to pursue research projects—both quantitative and
qualitative—with their faculty mentors. Sixty faculty mem-
bers presently serve as mentors to students to assist them
with their research agendas. Most, but not all, such projects
are designed to meet the requirements of an honors thesis in
the Bumpers College Honors Program. Whether in the
Honors Program or not, students who take advantage of research opportunities gain scien-
tific and professional skills that can strengthen their contributions to society. Conducting a
research project and authoring the results add value to their university education.

The Bumpers College encourages student research by awarding undergraduate research
grants, including the Carroll Walls Undergraduate Research Fellowship, which provides a
grant of $1,000. We awarded 9 Undergraduate Research Grants in the fall of 2003.

DISCOVERY provides a reporting outlet for our student scientists that empowers them
to bring the research process to fruition. Being published in DISCOVERY does not super-
sede publication elsewhere; this journal provides a forum for students and faculty to share
their results and findings in a citable publication.

The 17 articles in this fifth annual volume of DISCOVERY cover a wide range of topics.
They explore production issues in rice, soybean, swine, poultry, silage, green beans, and
blackberries. Topics also include research on wetlands, soils, cognitive processes, and aca-
demic performance. We are proud to present these articles as examples of the research
accomplishments of our undergraduate students.

I heartily congratulate the student authors on their accomplishments and extend thanks
to their faculty mentors and to the editors who reviewed their manuscripts. Thanks also to
the Honors Committee for providing a structured program that encourages our students to
step up to today’s challenges.

Gregory J. Weidemann, Dean 
and Associate Vice President for Agriculture

Gregory J. Weidemann

Letter from the Dean
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Effect of pig weaning age and 
commingling after the nursery
phase on humoral and behav-
ioral indicators of well-being
and on growth performance

Sarah C. Arthur*, Mari E. Davis†, Jason K. Apple§, and Charles V. Maxwell‡

* Sarah C. Arthur is a junior majoring in agricultural education.
† Mari E. Davis is a post-doctoral associate in the Department of Animal Science.

§ Jason K. Apple, faculty sponsor, is an associate professor in the Department of Animal Science.

‡ Charles V. Maxwell, faculty co-sponsor, is a professor in the Department of Animal Science.

ABSTRACT

Two hundred and sixteen pigs were weaned at 14 or 21 d of age to determine the effect of wean-
ing age and commingling after the nursery phase on growth and behavior of pigs in a wean-to-
finish facility. Pigs were divided into older and younger age groups and allotted 12 pigs/pen with
nine replications of each group. At the end of the nursery phase (d 34 after weaning), one-half of
the pigs in each group were removed and commingled for the grower/finisher phase and the
other half remained in their original pens. Beginning at weaning (d 0), pigs were monitored via
camera surveillance following weaning, commingling, and on d 65 after weaning. While in the
nursery phase, older pigs had greater gain and feed intake than younger pigs, however, younger
pigs were more efficient throughout the nursery phase than older pigs. Toward the end of the
grower/finisher period, younger pigs had greater gain, feed intake, and gain:feed than older pigs
and reached a common weight 4 d sooner. Younger pigs spent more time standing or moving
during the nursery phase than older pigs. Immediately following commingling, the younger,
unmixed pigs spent more time feeding. However on d 65 after weaning, the older, commingled
pigs and younger, unmixed pigs spent more time feeding than older, unmixed pigs and younger,
commingled pigs. In conclusion, younger pigs grew slower than older pigs during the nursery
phase; however, younger pigs gained more during the finishing period. Additionally, weaning age
and commingling influenced feeding behavior during the grower/finisher period.

Undergraduate Research Articles

                   



INTRODUCTION

Pigs produced in conventional intensively managed
swine production systems are routinely weaned as early
as 21 d of age and as early as 10 to 14 d of age in off-site
segregated early weaning systems. The industry average
weaning age is about 17 d. Although there are no restric-
tions on weaning age in the U. S., the practice of wean-
ing at an age earlier than 21 d is discouraged in some
countries and prohibited in others. Recent studies have
shown that early-weaning and removal of pigs to an iso-
lated site for rearing can reduce the potential for disease
transfer from the dam. Pigs reared in isolation after
weaning have been reported to have reduced immuno-
logical stress (Johnson, 1997), resulting in a substantial
improvement in growth and efficiency of feed utilization
compared with those reared in conventional farrow-to-
finish systems (Williams et al., 1997). Similarly, com-
mingling pigs following the nursery phase is a common
management practice in the swine industry, and impos-
es an additional social stress upon the young pig. The
advent of wean-to-finish facilities has potentially allevi-
ated commingling after the nursery phase. However, the
wasted space of placing weanling pigs in pens with space

allowances for market hogs has led to the practice of
double-stocking pens at weaning and later moving half
of the pigs to another pen (DeDecker et al., 2002), again
introducing a commingling stress.

Many food-service companies have come under
scrutiny from animal-rights and animal-welfare organi-
zations over the humane care and use of the meat ani-
mals from which their products are derived. However, it
is inherently difficult to measure an animal’s well-being
in a manner consistent with quantitative science. Stress
is typically measured by evaluating changing levels of
serum cortisol as an indicator of activation of the hypo-
thalamic-pituitary-adrenal axis in response to a defined
stressor (Dantzer and Mormede, 1983). Although corti-
sol levels have consistently been reported to elevate in
response to stress, the very act of obtaining the blood
sample intrinsically alters cortisol response (McGlone et
al., 1993). It has been suggested that immunological
evaluations such as the neutrophil:lymphocyte ratio in
the blood may be a more reliable measure of stress than
is cortisol concentration (Gross and Siegel, 1983; Stull et
al., 1999).

It is imperative that industry decisions in this country
are based on studies determining the well-being and
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MEET THE STUDENT-AUTHOR

I am a 2001 graduate of Springdale High School where I
was active in National Future Farmers of America. I raised
and showed all types of livestock, including sheep, chickens,
horses, and rabbits, for local and state-level competitions.
With my experience in livestock production, I began my
undergraduate career at the University of Arkansas in fall
2001 and began to pursue my degree in the Department of
Agricultural and Extension Education, studying agricultur-
al education and communication. At that time, I began
working at the Swine Research Facility in Savoy and in the
Swine Nutrition Laboratory for Dr. Charles Maxwell in the
Department of Animal Science. While working in the
Department of Animal Science, I have worked on several
swine nutrition and immunology research trials and gained
valuable skills such as cell culture techniques and immuno-
logical assay procedures. In 2002, I applied for a Dale
Bumpers Undergraduate Research Grant and later that year
I began working on this project. With the help of Dr.
Maxwell and Dr. Jason Apple I have developed an interest in
this field of study and plan on pursing a career in the swine
industry upon graduating in fall 2005.

Sarah C. Arthur

        



health effects as well as effects on pig performance. Data
to support production systems, such as wean-to-finish
practices, are lacking, and the effect of these systems on
pig well-being has not been evaluated. The objective of
this study was to determine the impact of age at weaning
and of rearing pigs in the same pen in an all-in-all-
out/wean-to-finish facility versus commingling pigs
after the nursery phase.

MATERIALS AND METHODS

A group of gilts farrowing over a 10 d period pro-
duced 30 litters, which were weaned when the average
age was approximately 17 d of age. Pigs were divided into
equal age groups representing the older (21 d of age) and
younger (14 d of age) group of pigs (108 pigs in each
group). On the day of weaning, the pigs were divided
based on weight within age groups and randomly allo-
cated to pens in a double-stocked wean-to-finish facility,
with a total of nine replications of each age group for the
nursery study. At the completion of the nursery phase
one-half of the pigs in each age category were removed
from the double-stocked pens and re-randomized based
on weight and commingled for the growing-finishing
component of the study. One-half of the pigs remained
in original wean-to-finish pens. This arrangement of
treatments permitted evaluation of the effects of wean-
ing age in pigs double-stocked in a wean-to-finish facil-
ity as well as effects of post-nursery commingling on
well-being and performance.

On the day of weaning, the pigs were moved from the
farrowing room and distributed to their assigned pen.
Pigs were offered ad libitum access to a Phase I nursery
diet for 14 d after weaning and a Phase II diet for an
additional 20 d. At the completion of the nursery period,
the pigs were started on the growing-finishing study.
Pigs were fed a four-phase diet with transition from
starter to grower I, from grower I to grower II, and from
grower II to finisher occurring when the mean weight of
each block reached 45, 68, and 90 kg. All diets met or
exceeded NRC (1998) requirements for all nutrients and
were formulated to simulate diets typical of those used
in the swine industry. The study was terminated when
the lightest block reached an average weight of 104 kg.

Beginning at weaning, after pigs had been allotted to
their respective pens, pigs in four pens/treatment were
monitored with mounted camera surveillance equip-
ment for 24 hours to observe initial behaviors following
weaning. Time-lapse videos were viewed at a later date in
2-h increments (one AM hour and one PM hour), and
the following behaviors were recorded: 1) acts of aggres-
sion (head-to-head and head-to-tail body knocks, tail-
biting, ear-chewing, pushing and aggressive circling); 2)

feeding; 3) drinking; 4) lying; 5) moving; and 6) belly
nosing. The duration of time spent by each pig engaged
in these behaviors was recorded and percentages of time
were calculated based on the 2-h observation. This was
replicated on days 7, 14, and 27 post-weaning.
Monitoring was continued on day 35 (after commin-
gling at the end of nursery phase), 38, 44 and 65 of the
growing-finishing period. Plasma samples were
obtained on days 0, 2, 7, 13, 27, 37, 42, and 56 to meas-
ure lymphocyte:neutrophil ratio.

Pigs were weighed as each block reached the project-
ed weight for each phase. Feed disappearance from each
pen self-feeder was calculated as the difference between
feed added and feed weighed back for each period.
Gain:feed ratios for each period were calculated.

Performance and behavioral data were analyzed as a 2
X 2 factorial with two weaning ages and two post-nurs-
ery management systems, with pen as the experimental
unit. Neutrophil:lymphocyte and behavioural data were
analyzed using the PROC MIXED analysis of SAS.
Growth performance data were analyzed using GLM
procedures of SAS (1988).

RESULTS AND DISCUSSION

During the nursery phase of the experiment, pigs
weaned at 21 d of age had greater (P < 0.01) average
daily gain and average daily feed intake during Phase 1,
Phase 2, and in the overall nursery period than did pigs
weaned at 14 d of age (Table 1). Pigs weaned at 14 d of
age were more efficient (P < 0.01) than pigs weaned at 21
d of age during Phase 2 of the nursery and throughout
the overall nursery period (Phases 1-2), (Table 1). At the
beginning of the experiment, body weight was greater (P
< 0.01) when pigs were weaned at 21 d of age compared
to pigs weaned at 14 d of age, and as expected, the older
pigs continued to be heavier (P < 0.01) throughout the
nursery period; however, the difference in body weight
increased from 2.15 kg at the initiation of the experi-
ment to approximately 6.50 kg at the end of the nursery
period.

During the growing/finishing phase of the experi-
ment, ADG, ADFI, and gain:feed did not differ between
pigs weaned at 21 d of age or those weaned at 14 d of age
during Starter, Grower I, or Finisher phases (Table 2).
However, during the Grower II, pigs weaned at 14 d of
age had greater (P < 0.05) ADG, ADFI, and gain:feed;
and greater (P < 0.01) ADG and gain:feed in the overall
growing/finishing period than did pigs weaned at 21 d of
age. The removal and commingling of one-half of the
pigs from each pen at the end of the nursery period and
re-sorting for the growing/finishing phase of the experi-
ment did not affect ADG, ADFI, gain:feed, or pig body
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weight. However, ADFI decreased during Phase 3 (P <
0.05) when pigs weaned at 21 d of age were mixed and
re-sorted compared to those that remained in original
pens, whereas there was no difference in ADFI of pigs
weaned at 14 d of age regardless of whether they were
commingled or remained in their original pens (interac-
tion, P = 0.08; Fig. 1). Mixing and re-sorting pigs follow-
ing the nursery phase of the study had no effect on the
number of days required for pigs to reach a common
market weight of 104 kg. However, age of pigs at wean-
ing did impact days-to-market, such that pigs weaned at
14 d of age reached a common weight of 104 kg four
days sooner than pigs weaned at 21 d (P < 0.05; Fig. 2).
There was no effect of weaning age or mixing after the
nursery phase on the neutrophil:lymphocyte  ratio on
any of the sampling day (data not shown).

The lower growth rate during the nursery period of
pigs weaned at 14 d of age compared to older pigs con-
flicts with data from other studies that report either an
improvement in ADG of early-weaned (10 d) pigs com-
pared to late-weaned (30 d) pigs (Hohenshell et al.,
2000), or no effect of weaning age on rate of the growth
in the overall nursery period (Dritz et al., 1996). To our
knowledge, this is the first experiment to report that
early-weaned pigs overcame a deficit in body weight at
the end of the nursery period to reach a common mar-
ket weight in fewer days than pigs weaned at 21 d of age.
Others have reported no effect of weaning age when
evaluating overall gain from birth to market weight
(Hohenshell et al., 2000) and no difference in BW when
comparing early- and late-weaned pigs at a common age
(Dritz et al., 1996).

Pigs weaned at 21 d of age spent a greater (P < 0.05)
percentage of time lying down on the day of weaning
(day ,0 post-weaning) than pigs weaned at 14 d of age.
Although the percentage of time spent standing or mov-
ing did not differ between pigs of different weaning ages
on any observation day during the nursery period, pigs
weaned at 14 d of age spent a greater (P < 0.05) percent-
age of time standing or moving during the overall nurs-
ery phase than pigs weaned at 21 d of age (Table 3).
Although there were no differences in the percentage of
time that pigs weaned at either age were engaged in
aggressive behavior on any of the sampling d, the fre-
quency of aggressive behavior was greater (P < 0.05) at
weaning (day 0) than on any other observation d.
During the growing/finishing period, the effect of wean-
ing age and post-nursery commingling on feeding
behavior was dependent upon the day of observation
(weaning age x mixing x date interaction, P < 0.05; Fig.
3). During the growing/finishing period, pigs that were
weaned at 14 d of age and remained unmixed after the
nursery period spent a greater (P < 0.05) percentage of

time engaged in feeding activity than 21 d-old pigs that
were mixed, or mixed pigs regardless of weaning age.
The percentage of time spent feeding did not differ
among pigs of either weaning age or post-nursery mix-
ing treatment on d 38 or d 44 post-weaning; however, on
d 65 post-weaning, pigs that were weaned at 21 d of age
and mixed and pigs weaned at 14 d and unmixed exhib-
ited a greater (P < 0.05) proportion of time engaged in
feeding behavior than pigs in the other two treatments.

It is difficult to determine why the younger pigs per-
formed poorly during the nursery phase in this study.
Behavioral observations indicated that younger pigs
spent less time lying down on the day of weaning and
more time standing or walking during the overall nurs-
ery phase, suggesting that younger pigs were less apt to
settle into their new environment than older pigs. This
nervousness or curiosity toward the new environment
may have contributed to the lower weight gains observed
in young pigs in the nursery phase.

The results of this study show that management con-
ditions perceived as stressors, in this case weaning and
commingling pigs after the nursery period, do influence
behavior, and there is no indication from the results of
this study that neutrophil:lymphocyte ratio is quantita-
tive measure of immune or behavioral well-being in
pigs. In the present study, neutrophil-to-lymphocyte
ratios were similar among pigs regardless of weaning age
or mixing treatment. To further compound the difficul-
ty in measuring immune response or behavior as indica-
tors of welfare, there were very few differences in behav-
ioral responses between pigs weaned at different ages or
between pigs mixed after the nursery phase and those
that remained unmixed, and immune responses were
inconsistent depending upon the age of the pig at wean-
ing. Whereas the results of this study raise interesting
questions about the effect of management environments
and stressors on subsequent performance and health of
pigs weaned at varying ages, no measure of growth per-
formance, immunity, or behavior was found to conclu-
sively measure a pig’s welfare in response to wean-to-fin-
ish management schemes.

In conclusion, the results of this study indicate that
weaning age affects growth performance in a wean-to-
finish facility as well as behavioral and immunological
responses to weaning and commingling after the nursery
phase. Weaning pigs at an early age results in a less
immunologically developed pig compared to pigs
weaned later, and this may contribute to the benefits of
early weaning with respect to an overall improvement in
gain and days to a common weight. However, manage-
ment strategies should be further explored to optimize
these benefits without the detrimental effects on health,
as observed during the nursery period in this study.
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Table 1. Average daily gain (ADG), average daily feed intake (ADFI), and gain:feed of pigs in response to 
weaning age during the nursery period.

Weaning age, d
Variable 14 21 SE P-value
ADG, (g)

Phase 1 262 383 15.3 <0.001
Phase 2 487 612 14.7 <0.001
Phase 1-2 397 521 13.9 <0.001

ADFI, (g)
Phase 1 273 410 15.9 <0.001
Phase 2 617 876 29.1 <0.001
Phase 1-2 474 689 24.1 <0.001

Gain:feed
Phase 1 0.92 0.94 0.01 0.095
Phase 2 0.77 0.70 0.01 0.001
Phase 1-2 0.81 0.76 0.01 0.001

Weight, (kg)
Initial 4.52 6.67 0.26 <0.001
Phase 1 8.17 12.06 0.45 <0.001
Phase 2 18.39 24.92 0.72 <0.001
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Table 3. Summary of behavioral data (presented as percentage of time engaged in each respective behavior) collected
during the overall nursery phase from pigs weaned at either 14 or 21 d of age.

Age at weaning, d
Observation, % 14 21 SE P=
Lying 36.1 46.1 4.00 0.130
Standing/moving 30.1 22.6 2.23 0.054
Drinking 1.7 2.5 0.47 0.255
Feeding 11.2 9.1 1.69 0.399
Aggression 2.9 2.1 0.61 0.387

Table 2. Average daily gain, average daily feed intake, and gain:feed of pigs in response to weaning age 
during the grower/finishing period.

Weaning age, d
Variable 14 21 SE P-value
ADG, (kg)

Starter 0.76 0.77 0.02 0.593
Grower I 1.01 0.98 0.02 0.258
Grower II 1.04 0.86 0.02 <0.001
Finisher 0.88 0.86 0.04 0.719
Overall 0.91 0.87 0.01 0.005

ADFI, (kg)
Starter 1.56 1.61 0.03 0.199
Grower I 2.43 2.30 0.05 0.075
Grower II 2.76 2.59 0.06 0.040
Finisher 3.03 2.88 0.08 0.190
Overall 2.26 2.30 0.04 0.509

Gain:feed
Starter 0.49 0.48 0.01 0.396
Grower I 0.42 0.43 0.01 0.360
Grower II 0.38 0.33 0.01 0.003
Finisher 0.29 0.30 0.01 0.757
Overall 0.40 0.38 0.01 0.003
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Fig. 1. Effect of mixing and age at weaning on average
daily feed intake of pigs (ADFI) during Grower II of the

growing/finishing period (interaction, P = 0.08; 
a,b P< 0.05).

Fig. 2. Effect of mixing and age at weaning on the
number of d for pigs to reach 230 lb. Effect of weaning

age; P < 0.05.
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Method analysis of laboratory
measures of stream sediment
and water phosphorus 
equilibrium

Anna L. Erickson*, Stephanie M. Williamson†, and Brian E. Haggard§

ABSTRACT

Elevated phosphorus concentrations in aquatic ecosystems of northwest Arkansas prompted an
investigation of the effects of sample preparation and extraction methods on laboratory meas-
ures of sediment-phosphorus interactions. Two streams of contrasting phosphorus (P) concen-
trations were selected to determine the effect of using a CaCl2 solution instead of filtered stream
water, refrigerated or dried sediments instead of fresh wet sediments, and vortexing the suspen-
sions instead of shaking them. Sediment equilibrium P concentration (EPC0) and P buffering
capacity (K) were used to determine differences in extraction methods. EPC0 and K from extrac-
tions using fresh sediments and a CaCl2 solution matching the electrical conductivity of the
stream water were not significantly different from extractions using fresh sediments and filtered
stream water. However, using dried sediments instead of fresh, wet sediments in the extraction
procedure affected EPC0 and K estimation. In the P-enriched system, sediment extractions using
refrigerated sediments or vortex mixing of the sediment-slurry suspension produced EPC0 and K
estimates that were significantly different than estimates from fresh, wet sediment and filtered
stream-water extractions. Overall, method analysis of laboratory measures of stream sediment
and water P equilibrium suggested that in low-P-concentration streams, estimates varied little
whereas in high-P streams the method of extraction was more important.

* Anna L. Erickson will graduate in May 2005 with a degree in biological engineering.

† Stephanie M. Williamson, faculty sponsor, is a program technician II in the Department of Biological Engineering.

§ Brian E. Haggard, faculty sponsor, is an adjunct assistant professor in the Department of Biological Engineering.
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INTRODUCTION

Elevated phosphorous (P) concentrations in aquatic
ecosystems have become one of the greatest water-qual-
ity concerns in northwest Arkansas. Phosphorus is
essential for plant nutrition and is a crucial nutrient in
aquatic ecosystems, often limiting algal growth.
Phosphorus originates from a variety of sources, partic-
ularly municipal wastewater-treatment plants (WWTP)
and runoff from urban and agricultural landscapes. An
abundant amount of P acquired in a stream or lake can
stimulate excess algal growth, accelerating the natural
process of eutrophication. Accelerated eutrophication
results in a decline in water quality, as well as economic
losses such as limiting irrigation withdrawals, reducing
aesthetic value and recreational activities, and increasing
drinking water-treatment costs (USGS, 1999).

The effects of increasing P concentrations in aquatic
ecosystems may occasionally be altered by the role of
benthic sediments (Haggard et al., 1999). Streambed
sediments can regulate P concentrations in the water
column by adsorbing and desorbing soluble inorganic P
(Meyer, 1979). Differences in experimental design and
laboratory methods have significantly affected laborato-
ry measures of sediment-P interactions (; Fox, et al.,
1989; Klotz, 1988; Meyer, 1979; 1971Popova, 2000;
Taylor and Kunishi). These cited studies have investigat-

ed a variety of different factors in the extraction process.
One of the more common laboratory experiments is

a series of extractions to determine the sediment equilib-
rium-P concentration (EPC0). Sediment EPC0 is the dis-
solved inorganic P concentration in the water column
when there is no net sediment adsorption or desorption
of PO4 from the water column; EPC0 may also indicate if
sediments act as a sink or source of P for the water col-
umn (Taylor and Kunishi, 1971). Differences in EPC0 are
often related to particle size, surface-to-volume ratio of
sediments, and sediment-to-solution ratio (Klotz, 1988;
Meyer, 1979; Taylor and Kunishi, 1971). Although not
affected by temperature changes, EPC0 may increase
with a decrease in solution pH (Fox, et al., 1989; Klotz,
1988; Meyer, 1979). The effect of extraction time was
minimal, and 1 hour equilibration period provided a
useful approximation of EPC0 (Taylor and Kunishi,
1971). Air drying and the speed the sediments are shak-
en during the extractions likely affect laboratory meas-
ures of sediment-P interactions (Meyer, 1979; Srivastava,
1998).

The objectives of this study were to 1) investigate the
effect of varying extraction methods as well as 2) sample
handling, storage, and drying on sediment EPC0 estima-
tion and P buffering capacity in two streams of contrast-
ing dissolved-P concentrations.
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MATERIALS AND METHODS

Study Sites
Two contrasting streams and catchments located in

the Ozark Plateau of northwestern Arkansas—Columbia
Hollow Watershed and Mud Creek Watershed—were
selected for this study. The Mud Creek sampling site is a
small urban tributary with relatively low soluble-P con-
centrations and external-P inputs from urban nonpoint
sources. The Columbia Hollow sampling site is a slight-
ly larger catchment with greater soluble-P concentra-
tions and external-P inputs originating from urban and
agricultural nonpoint sources and a WWTP approxi-
mately 3 km upstream in Decatur, Ark.

Stream Water and Sediment Collection
Stream water and bottom sediments were collected

from three lateral transects perpendicular to stream flow
at the Columbia Hollow and Mud Creek sampling sites.
Three water and sediment samples (A, B, C) were col-
lected from each stream, with A representing the most
upstream transect and C being the most downstream
transect. Stream water was collected in 1 L acid-cleaned
polyethylene bottles at each site. The stream water was
refrigerated in the dark until return to the laboratory
where the water samples were filtered through a 0.45 µm
nylon membrane into clean 1 L polyethylene bottles.
Two 20 mL aliquots were also collected at each transect
in a syringe and filtered through a 0.45 µm nylon mem-
brane. One of the filtered aliquots was acidified to pH <2
using concentrated HCl and used for measuring dis-
solved-P concentration. Sediments from the top 10 cm
of the streambed were collected using a shovel at each
site. Sediment samples were stored in plastic bags and
refrigerated until return to the laboratory. The sedi-
ments were then sieved, and the fraction less than 4.76
mm was used in the proceeding extractions.

Extraction Procedures
A series of five extraction methods were conducted

on the sediments collected at the two streams to deter-
mine the effect of solution chemistry and sample han-
dling, storage, and drying on sediment-P interactions.

Sediment-P interactions were evaluated by determin-
ing sediment EPC0 and P buffering capacity. The
amount of P sorbed per gram of sediment was regressed
against the initial P concentration where EPC0 was cal-
culated as the x-intercept of this relation (Klotz, 1985;
Taylor and Kunishi, 1971). The amount of P adsorbed is
the difference between the initial soluble-P concentra-
tion in the solution mixed with sediments and the final
soluble-P concentration after 1 h of shaking. The slope
of this linear relationship between P sorbed and initial P
concentration was also calculated to determine the

amount of P that may be desorbed or adsorbed per unit
increase in initial P concentration. This slope (K) may be
interpreted as a measure of the ability of stream sedi-
ments to buffer increasing P concentrations, with greater
slopes suggesting greater P buffering capacity (Bache
and Williams, 1971).

The prototypical extraction procedure consisted of
weighing approximately 25 g of fresh wet sediment into
250 mL Erlenmeyer flasks. One-hundred mL of filtered
stream water was then added to the Erlenmeyer flasks.
Sediment slurries were spiked with a series of P addi-
tions resulting in the ambient concentration increasing
by 0, 0.5, 1, 2, and 5 mg/L. The flasks were shaken for 1
h at 100 oscillations/minute. Subsequently, an aliquot
from the sediment slurry was filtered through a 0.45 µm
nylon membrane and then acidified to pH <2 using con-
centrated HCl. The remaining sediment slurry was
poured into pre-weighed aluminum pans and dried for
48 hours at 80ºC in order to determine the amount of
dry sediments. The acidified, filtered aliquot was used to
determine the final soluble reactive P (SRP) in the sedi-
ment slurry. SRP was determined using the Skalar
SanPlus continuous flow analyzer and the ascorbic acid
reduction method in which ammonium molybdate and
potassium (K) antimony tartrate react in an acidic medi-
um with reactive PO4 molecules to form an antimony-
phospho-molybdate complex, which is reduced to a
blue-colored complex by ascorbic acid (APHA, 1992).
The EPC0 and K estimates of the prototypical extrac-
tions were compared to the estimates from four other
extractions that differed from the prototypical extrac-
tions by one variable.

The effect of solution chemistry was determined by
comparing EPC0 and K from extractions using a solution
of CaCl2 instead of filtered stream water. The CaCl2 solu-
tion was made by diluting 1 M CaCl2 with deionized dis-
tilled water so that its electrical conductivity was equiv-
alent to that of the filtered stream water from each sam-
pling site.

Sample handling effects were ascertained by vortex-
ing the flasks for 3 sec every 10 min for 1 h instead of
shaking the samples as described in the prototypical
extraction.

Comparison of sample storage effects was completed
by refrigerating the sediments for approximately 24 h
and completing the prototypical extractions as defined
above.

The effect of drying was determined on sediments by
drying fresh, wet sediments for 48 hours at 80ºC and
then completing extractions. The amount of dried sedi-
ments added to the 250 mL Erlenmeyer flasks was equal
to the dry-matter percentage (approximately 17 g). This
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quantity kept the ratio of the amount of sediment-to-
solution volume relatively similar.

Simple linear regressions were used to define the x-
intercept (EPC0) and slope (K) when the slope was sig-
nificantly different than zero (P < 0.1). Differences in
EPC0 and K for each treatment were evaluated using a
one-way analysis of variance (ANOVA) and means sepa-
ration was determined using least significant difference
(LSD) (Statistix 7.1 Analytical Software). The EPC0 and
K means of the prototypical extraction were compared
to the results of the other methods to observe any differ-
ences (P < 0.1).

RESULTS AND DISCUSSION

These two streams had drastically different concen-
trations of dissolved P (T-test, T = 2.92, p < 0.001); aver-
age SRP concentration in Mud Creek and Columbia
Hollow was 0.03 mg/L and 1.00 mg/L, respectively (Fig.
1). The municipal WWTP discharging into Columbia
Hollow increased SRP concentration 30-fold compared
to a stream without wastewater treatment-plant effluent.
This effect has been observed in many northwest
Arkansas streams receiving effluent discharges from
municipal WWTPs (Haggard et al., 2001).

The amount of P adsorbed and the initial SRP con-
centration for the transects at the Mud Creek tributary
displayed significant linear relationships for all EPC0

methods (simple linear regression, r2 > 0.94, p < 0.01).
The EPC0 estimation of the fresh sediments was only sig-
nificantly different from extractions using dried sedi-
ments (ANOVA LSD, p = 0.01) whereas it was similar to
the extractions using refrigerated sediments and extrac-

tions using the vortex-mixing technique, as well as the
extractions using a CaCl2 solution (Table 1). The
increase in EPC0 of the dried sediments may be account-
ed for by the release of P from microbes destroyed by
desiccation (Srivastava, 1998). Phosphorus sorption in
sediments that contain inhibited microbial growth was
less than P sorption in fresh sediments (Haggard, et al.,
1999; Klotz, 1985; Meyer, 1979). The buffering capacity
(K), however, was only affected by the mixing technique
where vortexing instead of shaking resulted in a greater
K (ANOVA LSD, p = 0.01).

At Columbia Hollow, extractions involving the dried
sediments and the vortexing technique did not display a
significant linear relationship (p > 0.1) (Table 1).
Estimated EPC0 from extractions using refrigerated sed-
iments with filtered stream water and from extractions
using fresh sediments and a CaCl2 solution was not sig-
nificantly different from the prototypical extractions.
When comparing K, only the extractions using fresh sed-
iments and a CaCl2 solution were not significantly differ-
ent from the extractions using fresh sediments and fil-
tered stream water whereas the extractions with refriger-
ated sediments were significantly different (ANOVA
LSD, p = 0.01).

Some discrepancies were observed between EPC0 and
K when sediments were vortexed, refrigerated, or dried,
especially in the high-P concentration stream. Overall,
EPC0 and K estimates were statistically similar between
methods using fresh sediments and either filtered stream
water or a CaCl2 solution with a conductivity similar to
that of the stream. An increase in the concentration of a
CaCl2 solution may decrease sediment EPC0 (Klotz,
1988), and a previous study at Columbia Hollow sug-
gested that using a CaCl2 solution of similar conductivi-
ty to that in the stream produced significantly reduced
sediment EPC0 estimates (Popova, 2000). Due to these
effects of solution chemistry, EPC0 estimation using fil-
tered stream water and fresh sediments would best
measure the sediment-phosphorus interactions.

EPC0 estimation of the extractions using fresh sedi-
ments and filtered stream water was compared to the
SRP concentration in the water column at each stream to
determine whether the sediments act as a sink or source
of P or are in equilibrium with the water column. At the
Mud Creek tributary, there was no significant difference
in EPC0 and the SRP concentration of the water column
so the sediments were most likely in equilibrium with
the stream. However, at Columbia Hollow, sediments
were probably acting as a source of P because sediment
EPC0 was greater than the SRP concentration in the
water column (ANOVA LSD, p = 0.01). Sediment EPC0

Fig 1. Mean (± standard deviation) SRP
concentrations for Mud Creek and Columbia Hollow.
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Fig. 1. Mean (± standard deviation) SRP
concentrations for Mud Creek and Columbia Hollow.
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at Mud Creek was much less than at Columbia Hollow
(Fig. 2). Contrarily, K was much greater for Mud Creek
compared to that observed from the Columbia Hollow
sediments. Thus, the Mud Creek sediments have a
greater ability to buffer increasing P concentrations in
the water column, possibly because this stream does not
receive any municipal WWTP discharge. Based on these
results, it is suggested that fresh, wet sediments and fil-
tered stream water should be used when evaluating sed-
iment-P interactions, especially in phosphorous-
enriched streams.
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Table 1. EPC0 and K means for the Mud Creek Tributary and Columbia Hollow
Treatment EPC0 mean Heterogeneous K mean Heterogeneous

Watershed groups based on EPC0 groups based on K
Mud Creek Trib. Dried sediments 0.117 1 0.298 2, 3
Mud Creek Trib. Refrigerated sediments 0.086 1, 2 0.240 3
Mud Creek Trib. Live sediments 0.007 2, 3 0.268 2, 3
Mud Creek Trib. Vortexed sediments 0.004 3 0.378 1
Mud Creek Trib. CaCl2 solution -0.046 3 0.328 1, 2

Columbia Hollow Refrigerated sediments 2.864 1 0.224 1 
Columbia Hollow Live sediments 2.824 1 0.106 2
Columbia Hollow CaCl2 solution 3.656 1 0.088 2
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Fig 2. EPC0 and K from extractions using filtered stream water
and fresh, wet sediments from Columbia Hollow (bottom) and
Mud Creek tributaries (top).

Fig. 2. EPC0 and K from extractions using filtered stream water and fresh, wet sediments from Columbia Hollow
(bottom) and Mud Creek (top) tributaries. 

       



Laboratory-scale evaluation of
incandescent and compact 
florescent lamps for poultry
house lighting

Leanne M. Gabriel* and Donald M. Johnson†

ABSTRACT

This laboratory-scale study compared 1000- and 2000-h rated 60W incandescent lamps and
6000-h rated 60W-equivalent compact florescent lamps over 6000 h of simulated broiler-house
operation. The four original 1000-h incandescent lamps were replaced 22 times and the four
2000-h incandescent lamps were replaced 14 times. None of the four compact florescent lamps
failed during the 6000-h experiment, although one was broken due to human error. Both types
of incandescent lamps had significantly higher (p < .0001) mean illuminance (lx) than did the
compact florescent lamps. The compact florescent lamps used significantly less (p < .0001)
power (W) and had significantly higher (p < .0001) efficiency (lx/W) than the incandescent
lamps. Despite a higher initial purchase price, the total cost (purchase + replacement + electri-
cal) of operating compact florescent lamps was approximately 36% lower than the total cost of
operating either type of incandescent lamp over the 6000 h period. The results of this study indi-
cate that even at a least-cost price for electricity ($0.04/kW/h), growers can reduce total broiler-
house lighting costs by replacing incandescent lamps with compact florescent lamps.
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INTRODUCTION

The 1997 Census of Agriculture reported that
Arkansas had 3,106 broiler farms and produced slightly
more than one billion broilers annually (14.9% of the
U.S. total). Nationally Arkansas ranked second, only
slightly behind Georgia, in the number of broilers pro-
duced (USDA, 1999).

According to Boucher and Gillespie (2002), electrici-
ty is the single largest direct expense for Georgia contract
broiler growers, representing 26% of total direct expens-
es. The researchers estimated that operating a single
16,000-ft2 (1,486 m2) broiler house would require 20,556
kW/h of electrical energy per year, at a total cost of
$1850 (at $0.09 / kW/h). While a majority of the electri-
cal energy in a broiler house is used to power ventilation
equipment, Czarick and Lacy (1997) indicated that pro-
ducers can significantly reduce electrical costs by making
relatively simple and inexpensive changes to their light-

ing systems.
One recommended change was the use of florescent

lamps for broiler house lighting (Czarick and Lacy,
1997). Florescent lamps are more efficient than incan-
descent lamps in converting electricity into visible light.
According to Darre (2000), florescent lamps produce 50
– 59 lumens per watt (lm/W), while incandescent lamps
produce 8 – 24 lm/W. Since compact florescent lamps
draw less current and have the same Edison-base as do
incandescent lamps, no modifications to wiring or fix-
tures are required in order for growers to use compact
florescent lamps in broiler houses. In addition, dimma-
ble compact florescent lamps, which would be required
for certain lighting schedules, are now available
(Washington State University, 2003). Thus, the use of
compact florescent lamps has the potential to decrease
electrical use and expenses in broiler production.

Incandescent lamps produce visible light (380 to 780
nm) by passing electric current through a tungsten fila-
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ment, heating it to incandescence at approximately
2620°C. Incandescent lamps are widely available and
inexpensive to purchase; however, incandescent lamps
are the least efficient of all lamps and have the shortest
expected service life (Bern and Olsen, 2002). Compact
florescent lamps produce visible light when electricity
excites mercury-vapor contained in a glass tube. The
excited mercury-vapor emits ultraviolet radiation
which, in turn, strikes phosphor crystals on the inside of
the glass tube, producing visible light. Compared to
incandescent lamps, compact florescent lamps have a
longer service live and are more efficient; however they
are more expensive to purchase (Bern and Olsen, 2002).

Lewis and Morris (1998) reviewed the scientific liter-
ature to assess the effects of various artificial light
sources on poultry. They found that there were no dif-
ferences in growth, food utilization, mortality, or live
bird quality between broilers grown using incandescent,
florescent, or high-pressure sodium lamps.

Despite this potential savings and the lack of docu-
mented adverse effects, Dr. Susan Watkins, University of
Arkansas Extension Poultry Specialist, estimated that
fewer than 25% of Arkansas growers use compact flores-
cent lamps in their broiler houses (personal communi-
cation, 14 May 2004). The purpose of this study was to
conduct a laboratory-scale evaluation of incandescent
and compact florescent lamps and compare them on
measures of service life, illuminance, power use, efficien-
cy, and cost of operation.

MATERIALS AND METHODS

Twelve molded plastic lamp holders (120V AC) were
wired in parallel on a 121.9-cm x 243.8-cm x 1.9-cm
thick sheet of exterior grade plywood using Type NM
12-2 WG cable. Four of each of three types of 60-W
rated lamps were installed in the lamp holders: (a) 1000-
h incandescent, (b) 2000-h incandescent, and (c) 6000-h
compact fluorescent. All of the lamps were produced by
the same manufacturer and were purchased at the same

retail outlet. An Intermatic T101 (Intermatic Inc.,
Spring Grove, IL) mechanical clock-timer was installed
in series with the electrical source and was set to energize
the lamps for 23-h each day, with a 1-h off period. An
SC100A split-core AC current sensor (Pace Scientific,
Mooresville, NC) and an XR440 data logger (Pace
Scientific, Mooresville, NC) were connected to a com-
puter running Pocket Logger (v3.15A) software (Pace
Scientific, Mooresville, NC) to monitor and verify on-off
conditions and total “on time.” Circuit current was
logged every 0.25 h. For safety, the circuit was protected
by a portable ground-fault circuit interrupter.

After each 250-h period of operation, the circuit was
de-energized and the electrical consumption (W) and
light output (lx) of each lamp were measured and
recorded (Fig. 1). Each lamp was placed in a 30.5-cm x
30.5-cm x 48.3-cm long light-tight box constructed from
1.9-cm thick plywood. The interior of the box was
painted with flat, black latex paint. A LS-100 light sen-
sor (Pace Scientific, Mooresville, NC) was installed in the
center of the fixed end of the box and was connected to
the XR440 data logger and computer. The removable
end of the box was fitted with a 120V AC molded plastic
lamp holder connected to a 61-cm long power cord
wired through a Lutron DW-6060 digital watt meter
(Lutron Electronic, Taipei, Taiwan). The distance
between the light sensor and the bottom of the lamp
base was 36.2 cm.

Lamps that failed were replaced at each 250-h interval
and the electrical consumption and light output of the
replacement lamp were measured and recorded along
with the measurements for the lamps still functioning.
One compact florescent lamp was accidentally broken
after 3000 h of operation and was not replaced. The
experiment continued, with a full set of readings being
taken every 250 h, until a total of 6000 h of operation
was reached. Due to time constraints, the experiment
was terminated after 6000 h of total operation; however,
the three intact florescent lamps were still functioning
after 10,000 h of operation.
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RESULTS AND DISCUSSION

Over the 6000 h of operation, the four original 1000-
h incandescent lamps were replaced 22 times for a total
(original plus replacements) cost of $6.96. The four
original 2000-h incandescent lamps were replaced 14
times for a total cost of $8.86. None of the 6000-h rated
compact florescent lamps were replaced during the 6000
h of operation. The total purchase cost for the four com-
pact florescent lamps was $27.92.

Analysis of variance (ANOVA) indicated there was a
significant difference in the mean illuminance (lx) for
the tree types of lamps, F(2, 72) = 29.43, p ≤ .0001, R2 =
0.45. The Tukey HSD test revealed that the mean illumi-
nance for both types of incandescent lamps was signifi-
cantly higher than for the compact florescent lamps
(Table 1). The compact florescent lamp had a mean illu-
minance 4.9% less than the 1000-h incandescent lamp.

Fig. 2 shows the mean illuminance for the two types
of incandescent lamps and the compact florescent lamps
at the start of the experiment and at each 250-h meas-
urement interval. For the florescent lamps, the mean
illuminance at 6000 h (1445 lx) was 2.7% less than the
initial illuminance (1485 lx). The correlation between
hours of operation and mean illuminance (r = -.90)
explained 81% of the variance in illuminance for the flo-
rescent lamps.

There was a significant difference in electrical power
use (W) for the three types of lamps, F (2, 72) = 2631.58,
p ≤ .0001, R2 = 0.99. Both types of incandescent lamps
used significantly more electrical power than did the
compact florescent lamp (Table 1).

There was a significant difference between the effi-
ciency (lx/W) of the three types of lamps, F (2, 72) =
698.17, p ≤ .0001, R2 = 0.95. The compact florescent
lamp was more efficient than either type of incandescent
lamp (Table 1).

Finally, the average total cost (purchase + replace-
ment + electrical) to operate one unit of each type of
lamp for 6000 h was estimated. According to Ozarks
Electric Cooperative Corporation, the price of electrical
energy for broiler houses ranges from approximately
$0.04 to $0.09 per kW/h, depending on the customer’s
total demand and load-use pattern (J. Fitzgerald, per-
sonal communication, 12 May 2004). The lowest electri-
cal rate of $0.04 per kW/h was used in all calculations to
produce the most conservative estimate of cost differ-
ences between the three types of lamps.

As shown in Table 2, 6.5 of the 1000-h incandescent
lamps, 4.5 of the 2000-h incandescent lamps, or one
compact florescent lamp would be required in order to
operate one lamp holder for 6000 h. However, purchas-

ing the required number of either type of incandescent
lamp would be less expensive than purchasing a single
compact florescent lamp. The compact florescent lamps
were more energy efficient, resulting in an estimated
electrical cost savings of almost $11 per 6000 h of oper-
ation, when compared to the incandescent lamps. The
total cost to purchase and operate a compact florescent
lamp for 6000 h was approximately 36% less than of the
total cost of purchasing and operating either type of
incandescent lamp.

While compact florescent lamps cost more to pur-
chase than incandescent lamps, the overall cost (pur-
chase + replacement + electrical) of operating a compact
florescent lamp for 6000 h was 36% less than the overall
cost of operating either type of incandescent lamp. This
was due to the lower electrical energy use and the high-
er efficiency of the compact florescent lamp.
Considering that cost estimates were made based on a
conservative electrical energy cost of $0.04/kW/h and
that the florescent lamps were still operating after 10,000
h, the present study likely underestimates the potential
economic advantage of compact florescent lamps.

The compact florescent lamps produced slightly less
(4.9%) mean illuminance than did the incandescent
lamps. However, this finding may be somewhat mislead-
ing considering the experimental procedures used.
Failed incandescent lamps were replaced at 250-h meas-
urement intervals and the replacement lamps were
measured and included in the mean illuminance. Thus,
under conditions of actual use and replacement, the
compact florescent lamps may well produce a higher
mean illuminance than the incandescent lamps.

This laboratory-scale study indicates that compact
florescent lamps provide a clear cost reduction when
compared to incandescent lamps. The findings are con-
sistent with those of Czarick and Lacy (1997). Producers
should seriously consider replacing broiler house incan-
descent lamps with compact florescent lamps.
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Table 1. Illuminance, power use, and efficiency for three types of 60-W rated lamps
Efficiency

Illuminance (lx) Power (W) (lx/W)
Lamp M z y SD M z y SD M z y SD

1000-h incandescent 1546A 41.47 58.71A 2.84 26.39A 1.09

2000-h incandescent 1531A 45.38 58.12A 3.00 26.43A 0.98

6000-h florescent 1470B 15.91 13.17B 1.55 113.56B 16.43
z Mean of the 250-h interval means
y Means in the same column with different letters are significantly different (P ≤ .05) by the Tukey HSD test
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Fig. 2. Mean illuminance (lx) for the three types of lamps at 250-h measurement intervals

Table 2.  Estimated total cost to purchase and operate one of each type of lamp for 6000 h    
Lamp Electricity

Number Cost kW/h Total cost
Lamp usedz ($) used Cost ($)y ($)
1000-h incandescent 6.5 1.74 352.26 14.09 15.83

2000-h incandescent 4.5 2.22 348.72 13.95 16.17

6000-h compact florescent 1.0 6.98 79.02 3.16 10.14
z Total lamps (original + replacement) used / 4 lamp holders
y Based on an electrical cost of $0.04 per kW/h
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Impact of dietary changes 
on hepatic homocysteine 
metabolism in young broilers

Fauna M. Ganson*, Padmakumar B. Pillai†, and Jason L. Emmert§

ABSTRACT

Information regarding the impact of sulfur amino acids (SAA) on hepatic homocysteine (Hcy)
flux through the various metabolic pathways competing for Hcy in young broilers is lacking. An
experiment was conducted to evaluate the impact of varying levels of dietary methionine (Met),
choline, and betaine on hepatic Hcy flux in young broiler chickens. A standard starter basal diet
was fed to chicks until 8 d of age; 12 experimental diets were given from 8-22 d. The experimen-
tal basal diet contained deficient levels of Met and cysteine (Cys); supplemental Met (0, 0.08, 0.16,
and 0.24%) was added to the basal diet in combination with isomethyl levels of choline (0 or
0.25%) or betaine (0 or 0.28%). The 12 dietary treatments were replicated with three pens con-
taining five chicks each (15 birds per treatment). Weight gain and feed efficiency increased (P <
0.05) with Met addition and were maximized with the addition of 0.16% digestible Met. No sig-
nificant interactions (P > 0.05) with choline or betaine addition were noted for weight gain, feed
intake, or feed efficiency, but numerical improvements for these variables were observed with the
addition of choline and betaine to the Met-deficient basal diet. Analysis of liver tissue indicated
that folate-dependent remethylation of Hcy predominated over betaine-dependent remethyla-
tion. Further, folate-dependent remethylation of Hcy appeared to be impacted by dietary choline
and betaine levels, whereas betaine-dependent remethylation appeared to be more impacted by
dietary SAA levels.

* Fauna M. Ganson is a senior in the Department of Poultry Science.

† Padmakumar Pillai is a research specialist in the Department of Poultry Science.

§ Jason L. Emmert, faculty sponsor, is an associate professor in the Department of Poultry Science.

 



INTRODUCTION

Methionine (Met) is a critically important amino acid
for poultry, and there is a multi-million dollar industry
for Met supplements, including DL-Met, which is a rela-
tively inexpensive supplement. Compounds involved in
sulfur amino acid (SAA) metabolism, including choline
and betaine, may also be used as supplements to poultry
diets, which further increases the value of this market.
Methionine is the first-limiting amino acid in typical
commercial poultry diets fed in the United States and
has important metabolic roles that include initiation of
protein synthesis, synthesis of polyamines, and donation
of a methyl group to dozens of compounds.

Enzyme activity and SAA studies suggest that dietary
modifications, specifically varying levels of Met, impact
remethylation of homocysteine (Hcy; Emmert et al.,
1996), which lies at a branch point in SAA metabolism
(Fig. 1). Cysteine (Cys) can be synthesized from Met via
transsulfuration of Hcy; alternatively Hcy may be
remethylated (forming Met) by betaine-homocysteine
methyltransferase (BHMT) or methionine synthase. In
chickens and pigs, BHMT is found primarily in the liver

with trace amounts of activity in the kidney (Emmert et
al., 1996; Emmert et al., 1998), and hepatic BHMT levels
of chicks and swine appear to be impacted by variation
of dietary Met (Emmert et al., 1996; Emmert et al.,
1998). These studies also showed that variations of
dietary Cys impact hepatic BHMT activity, especially
when levels of dietary choline and betaine are increased.
Remethylation of Hcy may be further impacted by high
intake of choline or betaine, the necessity to conserve
Met, and/or the necessity to dispose of excess Hcy.

Previous data suggested that when dietary Met and
Cys levels are adequate, BHMT contributes to a relative-
ly small proportion of Hcy remethylation in the chick
(Emmert et al., 1996). Conversely, it has been suggested
that BHMT is an important regulator of cellular Met lev-
els when chicks are given diets containing deficient or
excess levels of Met (Emmert et al., 1996; Saunderson
and MacKinlay, 1990), but these conclusions have been
based on enzymatic activity data rather than actual Hcy
flux. Our objective was to investigate the impact of
dietary changes (varying amounts of Met, choline, and
betaine) on growth performance and hepatic Hcy
remethylation in young broiler chickens.
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MATERIALS AND METHODS

The University of Arkansas Institutional Animal Care
and Use Committee approved all design and housing pro-
cedures. A 24-h photoperiod was maintained throughout
the experiment, and water and experimental diets were
freely available. Broiler chicks were obtained from a local
hatchery, placed in floor pens that contained pine wood
shavings, hanging tube feeders, and plasson waterers, and
fed a standard starter diet (Table 1). At 8 d of age, chicks
were weighed, wing-banded, and randomly placed in bat-
tery pens in an environmentally controlled room at the

University of Arkansas Poultry Research Farm.
Experimental diets (Table 1) were given from 8-22 d of
age; the diets were similar to those used in preliminary
research to assess BHMT activity (Emmert et al., 1996).
Experimental diets were fortified to meet or exceed NRC
(1994) recommendations, with the exception of Met and
Cys. Supplemental DL-Met, choline, and betaine were
added in varying combinations at the expense of corn-
starch (Table 2). The experiment contained 12 dietary
treatments that were replicated with three pens containing

five chicks each. At assay termination, chicks and feed were
weighed so that weight gain, feed intake, and feed efficien-
cy could be calculated.

A stable isotope technique used by Storch et al. (1988,
1991) and van Gueldner et al. (1999) was utilized (with
slight modifications). At assay termination, birds were
killed by carbon dioxide asphyxiation, and liver tissue was
collected and immediately frozen in liquid nitrogen.
Tissue samples were stored at -80°C prior to analysis. Sub-
samples of tissue were weighed and homogenized, then
suspended in potassium buffer. After centrifugation, des-
ignated amounts of Hcy and a stable isotope of betaine
were added to the supernatant alone or in different combi-
nations and incubated for 0 to 10 min. Addition of 2 ml of
2 N HCl terminated the reactions at the appropriate time,
and the solutions were subjected to liquid chromatogra-
phy-mass spectrometry (LC-MS) analysis. Results of LC-
MS analysis were used to estimate Hcy flux. In our assay
Met generated through BHMT has a higher atom mass
unit than Met generated through Met synthase (153 a.m.u.
versus 150 a.m.u.); Met remethylated through betaine-
and folate-dependent pathways is thus distinguishable.

The experiment was analyzed as a completely random-
ized design, and the General Linear Models (GLM) proce-
dure of SAS® was used to conduct one-way ANOVA on all
data. Differences among treatment means were estab-
lished using the least-significant difference multiple-com-
parison procedure.

RESULTS AND DISCUSSION

Weight gain and feed efficiency increased (P<0.05)
with Met addition (Table 3). The experimental basal
diet yielded a gain of 428 g and a feed efficiency of 582
g/kg; weight gain and feed efficiency were maximized
with the addition of 0.16% DL-Met. This is surprising
considering that the addition of 0.16% DL-Met to the
basal diet gave a value that appears to fall below the Met
and Cys requirements for broilers of this age (NRC,
1994). However, similar observations have been previ-
ously noted in our laboratory (unpublished data).

Choline and betaine addition did not significantly
impact growth performance (P>0.05; Table 3).
However, choline and betaine additions yielded numeri-
cal improvements in weight gain and feed efficiency
when added to the basal diet that was deficient in Met
and Cys (data not shown). These data agree with previ-
ous research in broilers showing that there was little
growth response to choline or betaine addition to a diet
significantly deficient in Met and Cys (Emmert and
Baker, 1997; Emmert et al., 1996).

Figure 2 illustrates native (formed via Met synthase)
and enriched (formed via BHMT) Met formation. Flux
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Table 1. Starterz and experimental diets.y
Ingredient Starter diet Experimental diet
Corn 58.75 55.78
Soybean meal 28.80 ----
Poultry byproduct meal 5.00 ----
Peanut meal ---- 32.10
Soybean oil ---- 6.00
Poultry fat 4.00 ----
Dicalcium phosphate 1.49 2.00
Limestone 0.96 1.00
NaCl 0.44 0.40
Vitamin mix 0.20x 0.20v

Trace mineral mix 0.10w 0.15v

Choline Cl (60%) ---- 0.12
DL-methionine 0.19 ----
L-lysine•HCl 0.07 ----
Amino acidsu ---- 1.44
Cornstarch ---- to 100
z Fed until day 8 posthatching
y Diet supports maximum growth when fortified with Met and

Cys (Emmert and Baker, 1997).  The diet contained 0.23%
digestible Met and 0.25% digestible Cys, and was fed from 8
to 22 d posthatching.

x Provides per kilogram of diet:  vitamin A, 9,900 IU; cholecal-
ciferol, 3,300 ICU; vitamin E, 13 IU; vitamin B12, 0.013 mg;
riboflavin, 6.6 mg; niacin, 66mg; d-pantothenic acid, 16.5 mg;
choline, 660 mg; menadione, 1.1 mg; folacin, 1.1 mg; thi-
amin, 1.1 mg; pyridoxine, 3.3 mg; d-biotin, 0.11 mg; Se, 0.20
mg; ethoxyquin, 125 mg

w Provides per kilogram of diet:  Mn (MnSO4•H20) 100 mg; Zn
(ZnSO4•7H20) 100 mg; Fe (FeSO4•7H20) 50 mg; Cu
(CuSO4•5H20) 10 mg; I (Ca(IO3)2•H2O) 1mg.

v Han and Baker (1993)
u Included crystalline lysine, threonine, valine, isoleucine, and

tryptophan
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of Hcy through BHMT was not substantially impacted
by betaine, choline, or SAA level. Rather, Met-synthase 
was more responsive than BHMT to dietary changes in 
choline and betaine levels as well as more responsible for
regulating Hcy levels in birds fed deficient or excess lev-
els of SAA.

Figure 3 illustrates the relative BHMT contribution to
Met synthesis. It has been previously estimated from
data with rats and humans that there is an approximate-
ly equal distribution of Hcy remethylation via Met syn-
thase or BHMT (Finkelstein and Martin, 1984; Mudd et
al., 1970). However, in this study, BHMT contribution
typically ranged from 16.3% to 38.0%, with the excep-
tion of the diet containing 0.16% DL-Met addition and
no choline or betaine; under these conditions the BHMT
contribution was 48.3%. This was the only time that
BHMT remethylation approached 50%, which suggests
that BHMT and Met synthase contribution is only
equivalent in broilers when SAA levels are adequate and
there is not an excess of choline or betaine.

In conclusion, we found no significant correlation
between growth and the means of remethylation. In
contrast to previous assumptions based on enzyme
activity, Met synthase appears to be more active in the
young broiler than BHMT. Moreover, these data suggest
that Met synthase may play a more active regulatory role
in maintaining hepatic Met levels of broilers fed diets
containing deficient or excess SAA.
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Table 2.  Description of dietary treatments.z
Supplemental Supplemental Supplemental 

Treatment met choliney betainey

(%) (%) (%)
1 0 0 0
2 0 0.25 0
3 0 0 0.28
4 0.08 0 0
5 0.08 0.25 0
6 0.08 0 0.28
7 0.16 0 0
8 0.16 0.25 0
9 0.16 0 0.28
10 0.24 0 0
11 0.24 0.25 0
12 0.24 0 0.28
z Experimental diet contained 0.23% digestible methionine and

0.25% digestible cysteine, representing approximately 60%
of the digestible SAA requirement.

y Choline and betaine additions were isomethyl.
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Fig. 1.  Metabolism of sulfur amino acids, choline, and betaine.  Numerals indicate the following enzymes: 
1) methionine adenosyltransferase; 2) various enzymes; 3) S-adenosylhomocysteine hydrolase; 4) cystathionine

synthase; 5) cystathionine lyase; 6) N5,N10-methylenetetrahydrofolate reductase; 7) methionine synthase; 
8) choline dehydrogenase; 9) betaine aldehyde dehydrogenase; 10) betaine-homocysteine methyltransferase.

Table 3.  Impact of dietary treatment on growth performance.z
Gain Feed intake Gain:feed

Supplement % n (g) (g) (g/kg)
Methionine 0 9 428cy 736b 582c

0.08 9 533b 810a 660b
0.16 9 573a 802a 715a
0.24 9 561ab 810a 692ab

Pooled SEMx 13.3 13.2 16.6
Choline 0 24 532 797 666

0.25 12 508 774 655
Pooled SDx 37.2 35.3 53.6
Betaine 0 24 516 783 657

0.28 12 540 803 673
Pooled SD 37.2 35.3 53.6
Main effects

Methionine P < 0.0001 P < 0.0001 P < 0.0006
Choline P = 0.08 P = 0.08 P = 0.54
Betaine P = 0.07 P = 0.13 P = 0.43

z Values are means of three replicate pens containing five chicks.
y Means within columns (within supplement) lacking a common superscript differ (P < 0.05).
x SEM = standard error of the mean; SD = standard deviation.



DISCOVERY VOL. 5, FALL 200426

0

1

2

3
4

5

6

7

8

9

10

No addition

+ Choline

+ Betaine

Met/Cys
def.
(Def.)

+ 0.08%
Met

(Marg.)

+ 0.24%
Met

(Excess)

+ 0.16%
Met

(Adeq.)

Met/Cys
def.
(Def.)

+ 0.08%
Met

(Marg.)

+ 0.24%
Met

(Excess)

+ 0.16%
Met

(Adeq.)

Native Met change Enriched Met change

d

b

a
b

d

c
d

c
d

c
d

d

a

d

c
d

b
c

b
c

a
b
c

a
b
c

a
b
c

a
b
c

c c c c

a
a
b

cP
ea
k 
A
re
a 
(d
iv
id
ed

 b
y 
10
,0
00
,0
00
)

Fig. 2. Formation of enriched and native methionine.  The data represent the amount of methionine formed by
remethylation via methionine synthase (native methionine) or BHMT (enriched methionine).  Data were generated

by subtracting the 0 incubation time peak area (from LC-MS analysis) for enriched or native methionine from the 10
minute incubation peak area (values were then divided by 10,000,000).  Superscripts denote differences (P< 0.05)

as measured within the type of methionine formation (native or enriched).
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Factors associated 
with student grades in
Animal Physiology I

Margo D. Hale* and Charles F. Rosenkrans†

ABSTRACT

Students and faculty alike would like to know what factors are related to success in college cours-
es. The purpose of this study was to evaluate factors that relate to a student’s success in Animal
Physiology I (Phys I), an upper-level animal science course at the University of Arkansas. Student
data were confidentially collected and coded. Data collected were student high school grade point
average (HSGPA); composite ACT score; English, reading, math, and science subscores on the
ACT; and student grades in English composition I and II, college algebra, chemistry, biology,
microbiology, animal physiology II, and reproductive physiology. Prematriculation performance
confirmed that students with higher HSGPA and (or) ACT scores had better grades in animal
physiology I. However, ACT subscores were not more informative than the ACT composite score.
Performance in prerequisite courses (chemistry and biology) was significantly related to student
grades in Animal Physiology I. Student grades in related courses indicated the same results, that
is, students that do well in high school tend to have better grades in college, including in Animal
Physiology I.

* Margo Hale graduated 8 May 2004 with a major in animal science.

† Charles Rosenkrans, faculty sponsor, is an associate professor in the Department of Animal Science.
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INTRODUCTION

There have been a number of studies conducted to
predict the success of incoming or currently enrolled
students. These predictions of success have been based
on performance on standardized tests, grades in intro-
ductory courses, and high school academic performance
(Buschena and Watts, 2001). Prematriculation factors
such as high-school grade point average (HSGPA) and
American College Testing (ACT) score are strong predic-
tors of academic performance (Garton et al., 2001). It
stands to reason that students who have high HSGPA
also tend to have higher GPA in college, which is posi-
tively correlated with college course success
(Golembiewski et al., 1998; Krockover et al., 1987).
Martin (1989) found that upper-level agriculture cours-
es normally build on knowledge gained in previous
courses. Therefore, success in previous courses should
have an impact on performance in upper-level courses.

Our hypothesis was that specific prematriculation
items and prerequisite course grades would be good pre-
dictors of performance in Animal Physiology I. Specific
objectives of this study were to determine: 1) the rela-
tionship between prematriculation performance and let-
ter grade earned in Animal Physiology I (Phys I), 2) if
performance in prerequisite courses influenced success
in Phys I; and 3) if performance in Phys I influenced per-
formance in subsequent courses.

MATERIALS AND METHODS

Records for students (n = 169) enrolled in Phys I dur-
ing the fall semesters of 2000, 2001, and 2002 were
extracted from the University of Arkansas’ database. The
following information was collected from each student’s
record: HSGPA, ACT composite and subsection scores,
semester course load while enrolled in Animal
Physiology I, term GPA, cumulative GPA, academic
major, and course grade for 11 courses. The course
grades evaluated were: Animal Physiology I (Phys I),
Principles of Biology (BIOL 1543), Fundamentals of
Chemistry (CHEM 1074), University Chemistry II
(CHEM 1123), Introductory Animal Science (ANSC
1003), Composition I (ENGL 1013), Composition II
(ENGL 1023), College Algebra (MATH 1203), General
Microbiology (MBIO 2013), Animal Physiology II
(ANSC/POSC 3042), and Fundamentals of
Reproductive Physiology (ANSC 3433). Principles of
Biology and Fundamentals of Chemistry or University
Chemistry II are prerequisites for Animal Physiology I.

Letter grades were converted into numerical func-
tions for ease of calculation. An “A” was assigned the
number 4, “B” 3, “C” 2, “D” 1, and “F” 0. Eighteen of the
169 transcripts examined were either withdrawals or
incompletes in Animal Physiology I and were removed
from further data analysis. It should also be noted that
the grading scale for Phys I was 92% and greater–A,

28

MEET THE STUDENT-AUTHOR

I am a 2000 graduate of Springdale High School. In May
2004, I completed my B.S. degree in animal science, gradu-
ating magna cum laude. I also graduated with Honors
Distinction for completing the Dale Bumpers Honors pro-
gram. While at the U of A I was a Chancellor’s Scholar,
Arkansas Distinguished Governor’s Scholar, and a Coca-
Cola Scholar. I was also selected for Mortar Board and the
National Society of Collegiate Scholars.

I worked in Dr. Charles Rosenkrans’ Animal Physiology
Lab for two years. During that time I worked on numerous
research projects, conducted lab tests, and compiled a great
deal of data. The project I chose for my Honor’s Project was
very different from the projects I had worked on in the lab.
I conducted an educational study, looking at factors that
determine success in an animal physiology course. This
project was conducted under the guidance of Dr. Charles
Rosenkrans, my faculty mentor. I am  returning to the U of
A in the fall to enter the M.S. degree program in agricultur-
al and extension education.Margo D. Hale

 



THE STUDENT JOURNAL OF THE DALE BUMPERS COLLEGE OF AGRICULTURAL, FOOD AND LIFE SCIENCES

82%-91%–B, 72%-81%–C, 62%-71%–D, and 61% and
lower–F. The other courses were graded on the scale of
90% and greater–A, 80-89%–B, 70-79%–C, 60-69%–D,
and 59% and lower–F. Data were analyzed using the
CORR, FREQ, and GLM procedures of the SAS system.
Means separation was accomplished by using the Tukey
adjustment within the LS means option. Data are pre-
sented as least-squares means.

RESULTS AND DISCUSSION

In order to get a better understanding of our evaluat-
ed population, factors such as course load, term GPA,
and cumulative GPA were evaluated to determine their
relationship with grades in Animal Physiology I (Phys I).
These values along with prematriculation scores are pre-
sented in Table 1. Mean course load (number of hours in
which the student was enrolled during the semester they
took Phys I) was 12.82 hours. Course load was correlat-
ed with Phys I grade (r = 0.26; P < 0.001). Mean separa-
tion of course load revealed no difference between the
load of A through D students; however, students earning
an F in Phys I were enrolled in fewer hours. Mean term
GPA was 2.83, and mean cumulative GPA was 3.04; both
were correlated with Phys I grade (r ≥ 0.77; P < 0.0001).
The high correlations between Phys I grade and GPA
were expected considering Phys I grade was a compo-
nent of GPA calculations.

The two prematriculation indicators used in our
analyses were HSGPA and ACT scores. Mean high school
GPA was 3.40 and was correlated (r = 0.35; P < 0.0001)
with Phys I grade. As shown in Table 1, students earning
an A in Phys I had a greater (P < 0.05) high school GPA
than students earning a C or D. Composite ACT score
average was 23.7 (on a scale of 36) and was correlated (r
= 0.36; P < 0.0001) with the Phys I grade. As shown in
Table 1, students earning an A in Phys I had higher (P <
0.001) composite ACT scores than students earning a C
or D in Phys I. Similar results were found with the ACT
subsection scores.

The second objective was to determine if perform-
ance in prerequisite and related core courses is related to
Animal Physiology I grades. The University of Arkansas
Catalog of Studies lists two prerequisites for Animal
Physiology I. Those prerequisites were Principles of
Biology (BIOL 1543) and University Chemistry II
(CHEM 1123) or Fundamentals of Chemistry (CHEM
1074). To assess this objective, the letter grade students
earned in the collateral classes were used as the main
effect and Phys I grade as the response variable. Each of
the selected classes was analyzed independently.

The BIOL 1543 grade was correlated with Phys I
grade (r = 0.59; P < 0.0001). Sixty-four percent of the

students who earned an A in BIOL 1543 made an A in
Phys I. All of the students who earned an A in Phys I
made either an A or B in BIOL 1543. Means separation
by BIOL 1543 letter grade is presented in Table 2.

Letter grade earned in CHEM 1123 or 1074 was cor-
related with Phys I grade (r ≥ 0.61; P < 0.01). All of the
students who made an A in Phys I made an A, B, or C in
CHEM 1123, with 73% of them making either an A or B.
Of the students who failed CHEM 1123 (received an F)
60% of them made a D or F in Phys I, with the highest
grade received in Phys I being a C. Fifty-six percent of
those that made an A in CHEM 1074 made an A in Phys
I, and 89% made and A or B. Means separation based on
chemistry grades is presented in Table 2.

Means separation for grades in additional selected
classes is presented in Table 2. Grade in Phys I was cor-
related with MBIOL 2013 grade (r = 0.36; P < 0.0001).
Seventy-three percent of the students who made an A in
Phys I made an A or B in MBIO 2013. Seventy percent of
the students who made a D in MBIO 2013 made a D in
Phys I. College algebra grade was correlated with grade
for Phys I (r = 0.41; P < 0.0001). Eighty-seven percent of
those making an A in Phys I made either an A or B in
MATH 1203. There was a correlation between ANSC
1003 grade and Phys I grade (r = 0.53; P < 0.0001). Sixty-
one percent of the students who made an A in ANSC
1003 made an A in Phys I, 42% of the students who
made a B in ANSC 1003 made a B in Phys I, and all of
those who made a D in ANSC 1003 made a D in Phys I.
The strong relationship between ANSC 1003 and Phys I
grade may be due to the fact that the same instructor
taught both classes.

The third objective of this study was to determine the
relationship between performance in Phys I and the per-
formance in subsequent courses. The two subsequent
courses evaluated were Animal Physiology II
(ANSC/POSC 3042) and Fundamentals of Reproductive
Physiology (ANSC 3433).

Grade in Phys I was correlated to grade in
ANSC/POSC 3042 (r = 0.76; P < 0.0001) and to grade
earned in ANSC 3433 (r = 0.83; P < 0.0001). Eighty-
seven percent of those students who earned an A in Phys
I made an A in ANSC/POSC 3042. Ninety-four percent
of those students who made an A in Phys I made an A in
ANSC 3433, and all of them made an A or B.

We consistently found that higher-ability students,
based on prematriculation data, tend to excel in most
college courses. Those with high HSGPA and (or) ACT
usually had high scores in college courses. This is consis-
tent with other studies, where it was found that previous
academic performance was the most significant predic-
tor of collegiate academic performance (McKenzie and
Schweitzer, 2001). The number of hours enrolled in the
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semester the student took Phys I was lower for students
ultimately earning an F in Phys I. That observation could
be due to the U of A policy that restricts the number of
hours a student may enroll in when they are at risk of
academic suspension. Those low enrollment hours also
could be associated with students working extensively at
jobs outside of school.

It was interesting to note that students making an A
in biological and physical sciences tended to have higher
average grades in Phys I than students who made an A in
composition or math courses. In addition, it is notewor-
thy that students who failed biology, microbiology,
introductory animal science, or composition courses did
not choose to enroll or complete Phys I. Furthermore,
very few students who earned a D in composition or
introductory animal science enrolled in Phys I. Those
courses are not usually considered “weed-out” classes;
however, they appear to eliminate some of the students.

The results of the study supported the hypothesis that
prematriculation performance, prerequisite course per-
formance, and performance in related courses would be
correlated with performance in Phys I. Success in Animal
Physiology I implies previous and subsequent scholastic
success.
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Table 1. Least-square means of prematriculation and term items as distributed by letter grade earned in 
Animal Physiology I

Animal Physiology I grade
Item A B C D F
Number of students 40 46 43 16 6
Course load 14.3az 13.8a 13.5a 13.1a 8.8b
Term GPA 3.73a 3.29b 2.71c 1.87d 0.97e
Cumulative GPA 3.68a 3.23b 2.84c 2.47d 1.89e
High School GPA 3.65a 3.51ab 3.30bc 3.10c 3.18ac
ACT Scores
Number of students 34 37 32 15 6
Composite 25.7a 24.1ab 22.3b 21.9b 22.5ab
English 26.3a 24.7ab 23.0b 21.9b 22.0ab
Math 23.7a 22.7ab 21.0ab 20.0b 19.5ab
Science 25.0a 23.6ab 21.5b 22.7ab 23.3ab
z Means with different letters differ (P < 0.05) when adjusted using the Tukey method.

Table 2. Least-squared means of Animal Physiology I grade as distributed by letter grade earned in selected courses
Selected course grade (n)

Course A B C D F
Biology 3.58az (39)z 2.78b (50) 2.10cd (52) 1.56d (13) - (0)
Fund. Chemistry 3.83a (9) 3.33a (7) 2.50ab (8) 1.60b (5) 2.00ab (2)
Univ. Chemistry II 3.64a (12) 3.42a (30) 2.64b (37) 2.14bc (14) 1.00c (5)
Intro. Animal Sci. 3.48a (31) 2.23b (33) 2.06b (16) 1.00ab (1) - (0)
Composition I 3.06a (58) 2.42b (61) 1.89b (30) 2.00ab (2) - (0)
Composition II 3.18a (54) 2.38b (68) 2.04b (29) 2.00ab (3) - (0)
College Algebra 2.92a (54) 2.73ab (37) 2.09bc (37) 1.88bc (10) 0.67c (5)
Microbiology 3.26a (30) 2.89a (38) 2.68ab (34) 2.05b (21) - (0)
z Means with different letters differ (P < 0.05) when adjusted using the Tukey method.
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Evaluation of post-harvest 
disease resistance in 
blackberry genotypes

John-Paul Kidd*, John R. Clark†, Patrick Fenn§, and Barbara Smith‡

ABSTRACT

Forty-nine blackberry genotypes (19 cultivars and 30 breeding selections) were evaluated for
post-harvest fruit-rot resistance in June and July 2003. Fully mature, undamaged berries were
harvested on two dates for each genotype at the University of Arkansas Fruit Substation,
Clarksville. After transporting in chilled coolers back to the Plant Pathology Department in
Fayetteville, two replications of 10 berries of each genotype were placed in a high-humidity
chamber for 3 d (21-23°C; 16-h daylength). This provided a total of four replications for each
entry across the two harvest dates. Natural inoculum from the field provided the post-harvest
pathogens, and no additional inoculations were conducted. Berries were evaluated after 3 d in the
chambers for the presence of postharvest rot. If rot was present, then a rating scale of 1 to 3 (1-
very little mycelial growth present; 3=berry totally covered by mycelia) was used to quantify rot.
The fungal growth was examined visually and microscopically to identify the causal pathogen.
There was a wide range of post-harvest fruit-rot responses among the genotypes. The cultivars
with the least rot were ‘Kiowa’, ‘Triple Crown’, and A-1689, with 80%, 73%, and 60% of berries
free of any rots, respectively. Botrytis cinerea was identified on all berries that had any presence of
rot and was the most important pathogen that contributed to berry decay. Colletotrichum spp.
was found less frequently on rotted berries. Results indicate that substantial fruit-rot resistance
existed among genotypes and variation for resistance could likely be used in breeding. Botrytis
cinerea is the primary pathogen to target in post-harvest fruit-rot breeding resistance at this study
location.

* John-Paul Kidd is a senior majoring in horticulture.
† John R. Clark is a professor in the Department of Horticulture.
§ Patrick Fenn is an associate professor in the Department of Plant Pathology.
‡ Barbara Smith is a research plant pathologist, U.S. Department of Agriculture, Agricultural Research Service, Poplarville, Miss.
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INTRODUCTION

Blackberry (Rubus subgenus Rubus) production is
important in Arkansas, other states in the U.S., and
many countries around the world. The University of
Arkansas is one of the leading establishments in the
world for blackberry improvement. Thirteen cultivars
have been released from the Arkansas program through
2004.

Although blackberries are resistant to most diseases,
fruit rots do occur in some years. Recent observations
made by Dr. Barbara Smith, USDA-ARS, indicated that
fruit-rot occurrence varied in blackberry genotypes.
The development of post-harvest disease- resistant vari-
eties of blackberries is now becoming more of a focal
point for researchers due largely to the expansion of
shipping of blackberries. Botrytis cinerea, the fungus
causing gray mold, is likely the primary disease causing
post-harvest rot of ripe blackberries (John R. Clark, per-
sonal communication). It is the most important

pathogen affecting blackberry production and market-
ing worldwide (Jarvis, 1962). Since previous research on
the susceptibility of small fruits to Botrytis has been
focused primarily on raspberries and strawberries, there
are practically no publications related to the genotypic
variance of blackberries and their related levels of resist-
ance or susceptibility to post-harvest pathogens.

The fungicides that can be used to control Botrytis are
recommended to be applied to berries three or four
times a season. These materials are expensive and may
be ineffective in wet seasons (Jarvis and Hargreaves,
1973). The mediocre disease control and a rise in public
concern of the health hazards associated with fungicides
has prompted the scientific community to search for
alternative, perhaps more effective, means of disease
control. Scientists are attempting to improve the effec-
tiveness of disease control through genetic resistance in
order to reduce fungicide dependency. If cultivars can
be developed that have both good gray mold resistance
and high-quality berries, the marketing of fresh fruit to
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places distant from the centers of production could
expand and production costs be reduced.

The main objectives of this research project were to
evaluate multiple blackberry genotypes for resistance to
post-harvest decays and to confirm which pathogen
causes these losses. Then, if differences could be estab-
lished, these may provide insight into the genetic vari-
ability of fruit-rot resistance and could also be useful in
identifying resistance for use in breeding.

MATERIALS AND METHODS

Berries were harvested from 49 blackberry genotypes
growing at the University of Arkansas Fruit Substation,
Clarksville. The genotypes selected for evaluation
included 13 Arkansas-developed cultivars, six cultivars
developed elsewhere, and 30 breeding selections. The
plants sampled were sprayed once with an application of
liquid lime-sulfur at bud-break in March for anthrac-
nose control. Berries were not washed after being picked.
All inoculum provided was that which occurred natural-
ly on the berries from the field. Samples were collected
from late May to late July, 2003. Twenty fully ripe berries
with no visible signs of disease or injury were selected at
two harvest dates for each genotype. The berries were
transported to the Plant Pathology Department at the
University of Arkansas, Fayetteville, in coolers. The
berries were then divided into two groups of 10 berries
and placed into separate small trays lined with dry paper
towels. These trays were then placed onto large black
flats (six trays per flat). These flats were then placed into
inverted, clear propagation domes that were lined with
moist paper towels to keep the relative humidity near
100% without the fruit being in direct contact with
moisture. The flat was then covered with another clear
dome and sealed with tape to provide a tight, high-mois-
ture chamber. The clear cover allowed observation of
fruit-rot development without opening the container.

Fruit was incubated at 21°C-23°C in a room with a 16
h day (Smith et al., 1996). This environment provided
optimal conditions for disease development on the
fruits. Berries were rated for fruit rot 3 d after beginning
of incubation. Number of berries with no rot present
was recorded, and those with fruit rot were rated on a
scale of 1-3—a value of 1=very little mycelial growth and
3=berry totally consumed by fungal growth. Evaluation
of the fungi causing the fruit rot was determined by visu-
al examination. The main fungi that were expected to be
seen were Botrytis cinerea and Colletotrichum spp.,
(Barbara J. Smith, personal communication). However,
the fruits were examined for other pathogens and their
presences were recorded. A microscope viewed at 40x
was used to identify and differentiate the pathogens.

After all ratings were completed, the data were analyzed
by analysis of variance using SAS (release 8.2) Proc GLM
program. Mean separation was by LSD (P=0.05).

RESULTS AND DISCUSSION

There was a wide range of responses for the geno-
types for all variables measured. None of the genotypes
evaluated displayed a complete resistance to any of the
post-harvest rots (Table 1). The genotypes with the
highest resistance to fruit rots expressed as the percent-
age of fruit without evidence of rot included ‘Kiowa’
(80%), Navaho (72%), Triple Crown (60%), and A-1689
(60%). Of the 49 genotypes evaluated, 27 numbered
selections rated only from 0% to 60% for fruit free of
rot. Breeding selection A-2117 was the only genotype
evaluated that had 0% fruit free of rot, showing the
greatest susceptibility to postharvest fruit decay.

Results of the pathogen identification indicated that
Botrytis contributed more than the Colletotrichum to
total rot of the berries. Botrytis was observed on berries
of all genotypes in the study (Table 1), while
Colletotrichum was found on 40 of 49 genotypes (data
not shown). However, the percentage of berries with
Colletotrichum was much lower that Botrytis. Thus,
Botrytis can be assumed to be the primary causal
pathogen of the post-harvest rot. Other pathogens
found were Rhizopus spp. and Pestalotia. Although their
presences were recorded, their occurrences were too
minute to contribute to fruit decay of any importance.

The fruiting season in which this research was con-
ducted had an unusual amount of rain, and this could
have affected some of the fruit responses. However, this
climate should have contributed to even stronger
pathogen pressure on the fruits.

These data are from a single season, thus repeated
observations for additional years would be advantageous
to verify the year-to-year stability of the fruit-rot resist-
ance responses. This would allow the identification of
superior genotypes for breeding and increasing the fruit-
rot resistance genes.

The evaluation method used appeared to work very
well in that the fruits had a very stable environment for
pathogen development, and also the natural inoculum
appeared to be uniform enough among genotypes and
sample dates to provide a good pathogen pressure.

These data may prove helpful to growers who have
high occurrences of fruit rots. Growers with high occur-
rences of these fruit rots can see that growing more
resistant genotypes on their farms and avoiding growing
others with high occurrences of fruit rots could lead to
higher profits and lower production costs.
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Genotype % berries with no rotsz Average Botrytis ratingy

Kiowa 80  ax 0.2  t
Navaho 72  ab 0.4  tu
Triple Crown 60  a-c 0.7  q-u
A-1689 60  a-c 0.5  s-u
A-1844 52  b-d 0.6  r-u
Apache 47 c-e 0.8  o-t
A-2005 45  c-f 0.6  r-u
Chester 45  c-f 0.7  p-u
A-830 45  c-0f 0.9  l-t
A-2035 42  c-g 0.8  o-t
A-1905 42  c-g 0.9  m-t
A-2255 37  c-h 1.0  k-t
Arapaho 37  c-h 0.8  o-t
A-2179 35  d-i 0.9  n-t
A-1790 32  d-j 1.0  j-s
A-1942 30  d-k 1.3  e-q
Cherokee 27  e-l 1.3  e-q
Illini Hardy 27  e-l 1.1  h-r
Darrow 26  e-m 1.4  b-n
A-1981 25  e-m 1.3  e-q
A-2047 25  e-m 1.2  f-q
A-2078 23  e-n 1.1  i-s
A-2091 23  e-n 1.4  c-o
A-2241 22  f-n 1.2  f-q
A-2143 20  g-n 1.2  g-r
A-2212 20  g-n 1.3  d-p
Shawnee 20  g-n 1.6  b-k
A-2151 15  h-n 1.6  a-k
A-2141 15  h-n 1.8  a-e
Humble 15  h-n 1.8  a-f
Choctaw 12  i-n 1.9  a-d
A-2095 12  i-n 1.5  b-m
A-2156 12  i-n 1.3  e-q
A-2064 12  i-n 1.5  b-l
A-2009 12  i-n 1.5  b-m
A-2221 10  j-n 1.3  d-p
A-2200 10  j-n 1.6  a-j
APF-15 10  j-n 1.3  c-o
Chickasaw 10  j-n 1.5  b-k
Prime-Jan 10  j-n 1.6  a-k
Prime-Jim 7  k-n 2.2  a
A-2046 7  k-n 1.7  a-i
A-2177 6  k-n 1.7  a-g
Cheyenne 5  l-n 1.6  b-k
Rosborough 5  l-n 2.0  ab
Comanche 3  l-n 2.0  ab
A-2150 2  mn 1.6  a-h
A-1695 2  mn 1.8  a-f
A-2117 0  n 1.9  a-c
z The average number of berries out of a 10-berry sample which showed no post-harvest rot after 3-d incubation, based on four

samples rated.
y The average disease rating of a 10-berry sample where Botrytis was the primary pathogen on a disease severity scale of 1= very

little mycelial growth; 3 = berry totally consumed by fungal growth; based on four samples rated.
x Means not followed by the same letter differ significantly (P≤ 0.05) as determined by LSD.

Table 1. Post-harvest fruit-rot severity occurrence from causal pathogens on 49 blackberry genotypes following 
incubation of fruits at 21-23°C for 3 d, 2003, Fayetteville, Ark. Breeding selections designated with “A” in the genotype

identification are not available in commerce.
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A comparison of recently
introduced instruments for
measuring rice flour viscosity

Nettie K. Mathis*, Linfeng Wang†, and Terry J. Siebenmorgen§

ABSTRACT

The Rapid Visco-Analyser (RVA) and the Micro Visco-Amylograph (MVA) were compared in
measuring the viscosity properties of rice flours. A total of 72 rice samples were procured from
three cultivars harvested at two locations and three moisture contents and separated into thin,
medium, and thick kernel-thickness fractions. A fast and a slow heating rate was used in the pro-
cedure for both instruments. Cultivar, kernel thickness, and harvest location affected rice viscos-
ity. The RVA viscosity profiles using a fast heating rate were best correlated with those of the
MVA using a slow heating rate. The RVA slow heating rate resulted in lower final viscosities than
those using the MVA because of the spindle structure of the RVA. For both the RVA and the
MVA, greater rice flour peak viscosities and less trough and final viscosities were obtained with a
slow rather than a fast heating rate.

* Nettie Mathis is a senior majoring in food science.

† Linfeng Wang is a postdoctoral associate in the Department of Food Science.

§ Terry J. Siebenmorgen, faculty sponsor, is a professor in the Department of Food Science.
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INTRODUCTION

The processing performance of cereal grains, such as
rice, is often estimated by measuring the viscosity of
pastes made by adding a specified amount of water to
flours produced by grinding the grains. Instruments for
measuring paste viscosity are typically equipped with a
spindle positioned inside a rotating cup. During a test,
the paste in the cup is heated to 95°C at a certain rate,
held at 95°C for a specified duration, and then cooled to
50°C. During this temperature regime, the starch in the
slurry swells, reaches a peak viscosity, breaks down, and
then increases again (Fig. 1).

The viscosity properties of cereal starches and flours
have traditionally been measured using the Brabender
Viscoamylograph. This instrument requires a large sam-
ple, 50 g, and an extended measuring duration of
approximately 2 h. In an effort to reduce the sample size
and shorten the testing duration, the Rapid Visco-
Analyser (RVA) was developed. The RVA uses only 3 g of
sample and requires about 12 min to conduct a test
(Voisey et al., 1977; Wrigley et al., 1996). Similar starch
pasting properties were reported from both instruments
(Chang et al., 1998). However, Thiewes and Steeneken
(1997a) found that the Brabender Viscoamylograph was
better than the RVA in discriminating the pasting prop-
erties of native and modified starches. It was reported

that these two instruments had similar pasting profiles
for starches (the purified carbohydrates from flours), but
different profiles for wheat flours (Deffenbaugh and
Walker, 1989). The concentration of starch paste also
produced differences in the Brabender Viscoamylograph
and the RVA measurements (Thiewes and Steeneken,
1997a). Despite these limitations in using the RVA, it has
largely replaced the more sensitive Brabender
Viscoamylograph due to the smaller sample size and
shorter operating duration.

The Micro Visco-Amylograph (MVA) is a recently
introduced instrument that operates on the principle of
the Brabender Viscoamylograph. It uses about 12 g of
rice flour and requires about 15 to 40 min for a complete
test. Suh and Jane (2003) compared the MVA to the RVA
using corn, potato, wheat, and tapioca starches. They
found that the MVA breakdown viscosity was less, but
the setback viscosity was greater than that measured by
the RVA. The differences were explained by the differ-
ences in spindle structures of the two instruments. No
studies were found that quantified the performance of
the MVA to that of the RVA when using rice flour, the
typical medium for conducting rice viscosity tests. As
such, this study compared the pasting properties meas-
ured by the RVA to those of the MVA using a broad
range of rice flour samples.

MEET THE STUDENT-AUTHOR

I transferred to the University of Arkansas in fall 2003 to
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MATERIALS AND METHODS

Two long-grain rice cultivars, Francis and Wells, and
a long-grain hybrid, ‘XL8 Clearfield’ (‘XL8CF’), were
harvested in 2003 from both Lodge Corner, Ark., at har-
vest moisture contents of 24.3-24.9%, 18.1-18.5%, and
14.5-15.8% and Essex, Mo., at HMCs of 21.8-25.0%,
18.6-20.0%, and 15.5-17.8%. The HMC was measured
using an individual kernel moisture meter (Shizuoka
Seiki CTR 800E, Japan). The rough rice was transferred
from the field to the Rice Processing Laboratory at the
University of Arkansas on the same day as harvest. The
rough rice was dried on a tarp at room temperature to a
moisture content of 12.5% and was fractionated into
thin, medium, and thick fractions using a commercial-
scale Carter-Day grader (Seedburo Equipment Co.,
Chicago, Ill.) equipped with two cylindrical screens that
had 1.88 and 2.03 mm rectangular slot widths, respec-
tively. Rough rice was first placed inside the rotating
2.03 mm screen; retained rice comprised the ‘thick’ frac-
tion while rice passing through the slots was fed onto the
smaller screen. The same procedure with this screen
produced the medium (retained kernels) and thin
(passed through kernels) fractions. The separation pro-
cedure for each fraction was repeated to ensure a thor-
ough separation. An unfractionated rice sample served
as a reference. Thus, a total of 72 lots (three cultivars x
two harvest locations x three harvest moisture contents
x four thickness fractions) were used for this study.
Subsamples of each lot were cleaned using a grain clean-
er (MCI Kicker Grain Tester, Mid-Continent Industries,
Inc., Newton, Kan.). Rough rice sub-samples (150 g)
were hulled with a Satake paddy husker (Satake
Engineering Co., Ltd., Tokyo, Japan) to produce brown
rice, which was milled for 30 s in a laboratory mill
(McGill No. 2, Rapsco, Brookshire, Texas). The resultant
milled rice was separated into head rice and brokens
using a sizing device (Seedburo, Chicago, Ill.). The head
rice was ground into flour using a cyclone mill (UDY
Corporation, Fort Collins, Colo.) equipped with a 0.5
mm screen.

Viscosity properties of the rice flour samples were
determined using both a Rapid Visco-Analyser (RVA-4
Series, Newport Scientific Pty., Ltd., Warriewood, NSW,
Australia) at a rotational speed of 160 rpm following
AACC method 61-02 (AACC, 2000) and a Micro Visco-
Amylograph (C. W. Brabender Instruments, Inc., South
Hachensack, N.J.) at a rotational speed of 250 rpm. For
the RVA, a paste was prepared by mixing 3 g of rice flour
(12% moisture content basis) with 25 mL of distilled
water. Two heating rates were used with the RVA: (1) a
fast heating rate in which the flour slurry was heated to

95°C at 11.8°C/min, held at 95°C for 2.5 min, and cooled
to 50°C at 11.8°C/min; and (2) a slow heating rate in
which the slurry was heated from 50°C to 95°C at a rate
of 3.0°C/min, held at 95°C for 10 min, and cooled to
50°C at 3°C/min. For the MVA, 11.7 g of rice flour (12%
moisture basis) was mixed with 105.3 mL of distilled
water. Two heating rates were used: (1) a fast heating
rate in which the flour slurry was heated from 50°C to
95°C at 7.5°C/min, held at 95°C for 2.5 min, and cooled
to 50°C at 7.5°C/min (7.5°C/min heating rate was cho-
sen instead of the 11.8°C/min used with the RVA
because the MVA could not maintain more than a
7.5°C/min heating rate); and (2) the slow heating rate
was the same as used with the RVA. The fast and the
slow heating rates were designed for the RVA and the
MVA, respectively. To study the effects of the heating
rates on rice-flour pasting properties, both fast and slow
heating rates and similar test durations were applied to
both the RVA and the MVA. A typical pasting profile is
shown in Fig. 1. The peak viscosity (PV), trough (TR),
breakdown (BD), final viscosity (FV), setback (SB), peak
time (PTime), and pasting temperature (PTemp) were
recorded for each viscosity determination. Data were
analyzed using the Statistical Packages for the Social
Sciences (SPSS v10, SPSS Inc., Chicago, Ill.) statistical
analysis package to determine correlation coefficients.

RESULTS AND DISCUSSION

Thickness distributions of rough rice samples
The thickness fraction distributions of rough rice

samples are shown in Fig. 2. The ‘Francis’ and the
‘XL8CF’ medium fractions were dominant, comprising
approximately 60 to 80% of the total mass. Wells was
generally a thicker-kernel cultivar in that approximately
45% to 72% of the total mass was represented in the
thick fraction, compared to only 7.6% to 22.3% in the
‘Francis’ and ‘XL8CF’. The thick fraction mass percent-
age of ‘Wells’ from Lodge Corner increased as the HMC
increased, however, the changes of the thick fraction
mass percentages of ‘Wells’ from Essex were not as signif-
icant as those from Lodge Corner (Fig. 2). The thin frac-
tions of all cultivars were less than 17% of the total
rough rice mass. The medium fractions usually
increased, while the thick fractions decreased as the
HMC decreased, except those of ‘XL8CF’ from Lodge
Corner. The variations in the thin fraction mass of the
three cultivars with the HMC did not follow a consistent
pattern.

Comparison of peak viscosity by variety
As indicated in Fig. 1, there are many components of

a viscosity profile that can be used to characterize the
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rheological properties of rice flour. The PV is the most
common of these and is focused on in this discussion.

Regardless of whether the RVA or the MVA was used,
‘Francis’ variety had the greatest PV of all cultivars, fol-
lowed by ‘Wells’, then ‘XL8CF’. The average PVs of
unfractionated rice flour samples for ‘Francis’, ‘Wells’,
and ‘XL8CF’ were 242, 227, and 207 RVU, respectively, as
measured by the RVA. When measured by the MVA, the
average PVs of the unfractionated samples for ‘Francis’,
‘Wells’, and ‘XL8CF’ were 627, 592, and 544 BU, respec-
tively. There were greater differences in viscosity as
measured by the MVA; however, this could be due in
large part to the numerical magnitude differences in the
instrument values. Overall, the trend in viscosity differ-
ences among cultivars, as seen in the unfractionated
samples, was followed in each of the thickness fractions
as well for both instruments.

Comparison of peak viscosity by kernel thickness
The PVs of ‘Wells’ rice flour samples harvested at

three MCs from Lodge Corner and Essex measured at
two heating rates using the RVA and the MVA are shown
in Fig. 3a and 3b, respectively. Overall, PV increased
with rice kernel thickness. While there were some devi-
ations, the rate of increase was generally linear; the aver-
age increase in PV from the thin to thick kernel fraction
was 21 RVU for the RVA and 38 BU for the MVA. The
average PVs for the unfractionated, thin, medium, and
thick rice kernel fractions of ‘Wells’ across harvest loca-
tions, HMC, and heating rates were 239, 218, 232, and
247 RVU using the RVA and 582, 569, 575, and 600 BU
using the MVA, respectively.

‘Francis’ and ‘XL8CF’ PV trends were similar to those
of ‘Wells’ in that PVs linearly increased with thickness
fraction. ‘Francis’ thick fractions had the highest average
PV, 257 RVU and 646 BU as measured by the RVA and
the MVA, respectively. The thin fractions of ‘Francis’ had
the lowest PVs of 230 RVU and 598 BU for the RVA and
the MVA, respectively. The average PVs of the ‘XL8CF’
thin, medium, and thick fractions across harvest loca-
tion and HMC using the RVA and MVA were 202, 208,
and 210 RVU and 528, 538, and 543 BU, respectively.

Peak viscosities of the samples harvested at Lodge
Corner were slightly greater than those from Essex; this
was true for both viscosity measurement instruments
(Fig. 3a and b). However, of perhaps greater significance
in PV trends between Lodge Corner and Essex was the
variability in PVs across the three harvest MCs. For both
instruments, the spread in PV values from high to low
HMC was much greater for the Lodge Corner than Essex
samples (Fig. 3a and b). The reason for these location
effects may be due to kernel thickness distribution dif-
ferences between Lodge Corner and Essex (Fig. 2). The
kernel thickness distributions of ‘Wells’ at Lodge Corner

were much more variable across HMC than at Essex.
The ‘Wells’ medium and thick fractions, which com-
prised well over 90% of the rough rice sample mass,
from Essex changed much less than those from Lodge
Corner. These thickness distribution differences could
in turn be due to different environmental conditions
between the two locations, particularly differences dur-
ing the grain-filling period (Yoshida and Hara, 1977;
Fujita et al., 1984).

Theoretically, the unfractionated PVs should be sim-
ilar to the weighted average PVs of the thin, medium,
and thick fractions. About 70% of the mass fraction-
weighted average PVs were similar to the unfractionated
PVs, indicating that the variability in PV among culti-
var/harvest locations/HMC lots was attributed to kernel
thickness. However, the rest of the weighted average PVs
were either less than or greater than the unfractionated
PVs. This may have been caused by the milling practice
in that thin kernels in an unfractionated bulk are often
less severely milled than if separated prior to milling
(Chen and Siebenmorgen, 1997). As such, the degree of
milling may not have been uniform across thickness
fractions. This difference in milling produces different
degrees of milling, which has been shown to affect PV
(Wang et al., 2004).

Effects of heating rates on viscosity properties
The rate at which rice flour paste was heated during

viscosity measurement affected PV in both the RVA and
the MVA (Fig. 3a and b). For each instrument, the slow
heating rate consistently produced a greater PV than the
fast rate used for that instrument; this observation held
across all thickness fractions. The average difference of
the ‘Wells’ PV between the 3.0 and 11.8°C/min rates used
with the RVA was 15 RVU, while the average difference
between the 3.0 and 7.5°C/min for the MVA was 46 BU.
The average differences in PVs between the slow and fast
heating rates of the unfractionated, thin, medium, and
thick kernel fractions of ‘Wells’ using the RVA were 14,
14, 18, and 10 RVUs, respectively. Similar trends were
observed with the MVA; the average differences were 75,
61, 101, and 80 BU, respectively, between the slow and
fast heating rates. These results did not agree with those
of Deffenbaugh and Walker (1989). Their results with
the RVA and the Brabender Viscoamylograph showed that
wheat flours had greater PVs with faster heating rates.

The PV differences between fast and slow heating
rates of samples harvested from Essex were not as large
as those harvested from Lodge Corner. This finding def-
initely indicates a location effect, but the fundamental
reason as to why the difference in heating rates was
greater at Lodge Corner than at Essex is unknown.

The RVA viscosity profiles (Fig. 4a) showed that for
the slow heating rate, the FVs (the viscosity measured
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when the final paste temperature reached 50°C) were less
than the PVs (Fig. 3a), whereas with the fast heating rate,
the FVs were equal or exceeded the PVs (Fig. 3a). For the
MVA, the FVs exceeded the PVs for both slow and fast
heating rates. However, the fast heating rate produced
greater FV values than the slow heating rate. ‘Wells’
unfractionated FVs using the RVA fast and slow heating
rates were 232 and 183 RVU, respectively, and those
using the MVA fast and slow heating rates were 799 and
650 BU, respectively. The lower FVs obtained using the
slow heating rates were due to the additional shearing
applied by the spindle to the flour paste during the
longer holding duration at 95°C, which related to gelati-
nized starch shear-thinning behavior (viscosity decreas-
es with shearing) and temperature dependence
(Sandhya-Rani and Bhattacharya, 1989). The shear-
thinning behavior of the rice samples using the fast and
slow heating rates was also observed by the differences in
the TR (the lowest viscosity during the 95°C holding
period). The average TRs of the rice samples using slow
and fast heating rates were 82 and 113 RVU for RVA and
307 and 381 BU for MVA, respectively. The fast heating
rate applied less sustained shearing action to the flour
paste than the slow heating rate because of the shorter
test duration using the fast heating rate and shorter
holding period at 95°C. Thiewes and Steenehen (1997b)
also pointed out that less shearing would apply to starch
paste using the RVA fast heating rate. The less FV than
PV observed using the RVA slow heating rate might be
due to the spindle design of the RVA. Different starch
viscosity profiles were also observed by Thiewes and
Steeneken (1997b) and Suh and Jane (2003) using differ-
ent heating rates, and both explained that the spindle
structure could cause viscosity profile changes. The
spindle design for the MVA is much different than the
RVA; the RVA spindle has a larger surface area than that
of the MVA. The severe shearing may affect the gel for-
mation of the flour paste during the cooling period,
resulting in lower FVs.

Comparison of the MVA and the RVA performances by
using different heating rates

A direct comparison of RVA to MVA viscosity values
could not be made since the units for the two instru-
ments are different. In an effort to compare perform-
ance of the two instruments, however, a correlation
analysis was conducted. For this analysis, ‘Wells’ was
used to compare the PV, TR1, BD, FV, SB, PTime, and
PTemp of the two heating rates.

The RVA fast and the MVA slow heating rates had
greater correlation coefficients of 0.89, 0.68, 0.70, 0.49,
0.13, 0.47, and 0.68 for PV, TR1, BD, FV, SB, PTime,
PTemp, respectively, than other pairs of RVA and MVA
heating rates (Table 1). The highest correlation observed

was for PV, and the lowest was for SB. Deffenbaugh and
Walker (1989) reported that the pasting profiles meas-
ured by using the Brabender Viscoamylograph and the
RVA were similar; however, the correlation coefficient
(r=0.89) was not high enough to interchange the instru-
ments.

Conclusion
Overall, the MVA and the RVA showed similar PV

trends. The PVs of the rice flours increased with kernel
thickness and were affected by cultivar, harvest MC, and
location. The slow heating rate for both RVA and MVA
resulted in greater PVs and less TRs and FVs than the
fast heating rate for all rice flour samples. The highest
correlations between the RVA and the MVA were for
PVs, while the lowest correlation was for SBs. Although
the rice flour PVs using the RVA and the MVA produced
similar trends, the correlations were not high enough for
the instruments to be used interchangeably.
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Table 1. Correlation coefficients of rice-flour pasting propertiesz measured by the Rapid Visco-Analyser (RVA) and the
Micro Viaco-Amylograph (MVA) using fast (11.8°C/min for RVA and 7.5°C for MVA) and slow (3°C/min) heating rates.

PV TR BD FV SB PTime PTemp
RVA fast vs. MVA fast heating rate
PV 0.81***y

TR1 0.32
BD 0.60**
FV 0.23
SB ---
Ptime 0.34
PTemp 0.77***
RVA fast vs. MVA slow heating rate
PV 0.89***
TR1 0.68***
BD 0.70***
FV 0.49**
SB 0.13
Ptime 0.47
PTemp 0.68***
RVA slow vs. MVA fast heating rate
PV 0.80***
TR1 0.39
BD 0.77***
FV 0.35
SB 0.19
Ptime 0.38
PTemp 0.14
RVA slow vs. MVA slow heating rate
PV 0.80***
TR1 0.26
BD 0.70***
FV 0.34
SB 0.16
Ptime 0.51*
PTemp 0.12
z ***p<0.0001, **p<0.001, *p<0.05;
y PV=peak viscosity, TR=trough, BD=breakdown, FV=final viscosity, SB=setback, Ptime=peak time, Ptemp=pasting temperature.
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Effects of vegetation removal
on native soil quality in eastern
Arkansas

Lorena Moreno* and Kristofor R. Brye†

ABSTRACT

Aboveground vegetation removal practices, such as cutting and baling and burning, can both
positively and negatively affect a prairie ecosystem. Burning can stimulate growth and species
diversity, but removing vegetation and the nutrients it contains without equal replenishment of
those nutrients could cause a steady decline in available soil nutrients. The objective of this study
was to evaluate the effects of vegetation removal techniques in a native tallgrass prairie in east-
central Arkansas. Soil samples were collected from the top 10 cm in each soil mapping unit that
existed in each of three prairie areas that differed by the amount of time since aboveground veg-
etation had been removed by cutting and baling (i.e., 0, 6, and 24 years). Soil samples were ana-
lyzed for bulk density, particle-size distribution, organic matter, pH, electrical conductivity (EC),
and extractable nutrients. Bulk density and EC were highest in the prairie area in which vegeta-
tion removal by cutting and baling still occurs at the present, but organic matter was highest in
the prairie area in which cutting and baling ceased in 1998 (i.e., 6 years prior). Soil pH was high-
est in the prairie area in which cutting and baling ceased in 1980 (i.e., 24 years prior). No con-
sistent trends among the three prairie treatments existed for extractable soil nutrients. The
results of this study indicate that common prairie management practices in the Grand Prairie
region of east-central Arkansas significantly affect soil physical and chemical properties. Prairie
management practices need to be considered carefully to insure long-term sustainability and
proper ecosystem functioning.

* Lorena Moreno is a junior in the Department of Crop, Soil, and Environmental Sciences.

† Kristofor R. Brye, teacher and faculty mentor, is an assistant professor in the Department of Crop, Soil, and Environmental
Sciences.



INTRODUCTION

Most of the land surface in the mid-southern United
States was at one time covered by tallgrass prairie
(Samson and Knopf, 1994). This type of landscape also
existed in east-central Arkansas in an area known as the
Grand Prairie, which occupies an area of roughly
481,000 ha in five counties in east-central Arkansas. The
soils underlying the Grand Prairie developed in alluvial
sediments laid down by periodic flooding of the
Mississippi River (Fielder et al., 1981). The establish-
ment over geologic time of relatively drought-tolerant
prairie vegetation likely influenced soil development and
altered soil physical, chemical, and biological properties
until relative equilibrium was achieved.

In the present, several practices are commonly con-
ducted to manage native prairies and prairie restora-
tions. These management practices include removal of
aboveground vegetation by cutting and baling and also
by burning. In the Grand Prairie region of eastern
Arkansas, prairie vegetation is frequently cut, baled, and

removed from the site for use as bedding for the few ani-
mal-farming operations that exist in the Delta.
However, cutting and baling removes nutrients stored in
the aboveground dry matter and prevents nutrient recy-
cling to the soil. Burning aboveground prairie vegeta-
tion generally stimulates growth by promoting quicker
soil warm-up, easier seedling emergence, and species
diversity (Brye et al., 2002). However, as with cutting
and baling, burning also prevents recycling of nutrients
back to the same soil from which they were extracted in
a landscape context noted for the severe fragmentation
of native prairies that has occurred since the introduc-
tion and proliferation of mechanized agriculture (Brye
et al., 2002).

Therefore, the objective of this study was to evaluate
the effects of vegetation removal on native soil quality in
the Grand Prairie region of eastern Arkansas. We
hypothesized that annual removal of aboveground vege-
tation by cutting and/or burning has significantly slowed
the accumulation of soil organic matter. More specifi-
cally, we hypothesized that the prairie area that had veg-
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etation removal by cutting and baling cease in 1980
would have more organic matter in the top 10 cm than
the other prairie areas and that soil chemical properties
would generally follow the same trend as organic matter;
thus the prairie area in which vegetation removal by cut-
ting and baling ceased in 1980 would have higher
extractable nutrients and EC than the prairie area that is
still currently cut and baled. We hypothesized that bulk
density would be lowest in the prairie area that had veg-
etation removal by cutting and baling cease in 1980 and
highest in the prairie area that still has the aboveground
vegetation removed by cutting and baling.

MATERIALS AND METHODS

Site Description
The Konecny Prairie Natural Area is a 20.2-ha tract of

native tallgrass prairie in Prairie County, Arkansas,
located within the region known as the Grand Prairie.
The Konecny Prairie Natural Area was established in
1976 when the land was acquired by the Arkansas
Natural Heritage Commission (ANHC, 2004). The
Konecny Prairie resides on the Mississippi Alluvial Plain,
which consists of soils that have developed in alluvial
sediments laid down over geologic time by periodic
flooding of the Mississippi River (Fielder et al., 1981).
Vegetation within the Konecny Prairie is a mix of tall
grasses—including big bluestem (Andropogon gerardii),
little bluestem (Schizachyrium scoparium), indiangrass
(Sorghastrum nutans), and switchgrass (Panicum virga-
tum)—and numerous forbs including several coneflow-
ers (Echinacea spp.), black-eyed susan (Rudbeckia hirta),
and goldenrod (Solidago spp.).

The Konecny Prairie has three distinct sections that
differ in the number of years since vegetation has been
removed annually by cutting and baling (i.e., haying) in
the Fall. Approximately 4 ha of prairie vegetation were
cut and removed annually until 1980 (referred to as
Prairie-1980). Approximately 10.1 ha of prairie vegeta-
tion were cut and removed annually until 1998 (referred
to as Prairie-1998). Approximately 6.1 ha of the prairie
still have vegetation removed annually by haying
(referred to as Prairie-current). All three sections are
burned in the spring on a semi-annual basis. The slope
is < 1% across the entire Konecny Prairie Natural Area.

Soil Sampling Scheme
Four different silt-loam soils [i.e., the Stuttgart (Typic

Natrudalf), Loring (Typic Fragiudalf), Calloway
(Glossaquic Fragiudalf), and Crowley/DeWitt (Typic
Albaqualf) series] are mapped within the Konecny
Prairie boundaries (Fielder et al., 1981). Two sets of soil
samples were collected from the 0- to 10-cm depth at 15-
m intervals along a 60-m transect (i.e., at 0, 15, 30, 45,

and 60 m) through each soil series mapped within each
of the three prairie sections. One soil sample consisted
of a 4.8-cm diameter core collected with a slide hammer,
in which the sampling chamber is beveled to the outside
to minimize compaction upon sampling. This soil was
oven dried at 70°C for 48 hr and weighed for bulk den-
sity determination. A second set of soil samples consist-
ed of 10, 2-cm diameter soil cores that were collected
and composited from the 0- to 10-cm depth at each
point along each transect, oven dried at 70°C for 48 h,
and crushed and sieved to pass a 2-mm mesh screen for
soil chemical property determination.

Laboratory Analyses
Soil cores collected for bulk density determination

were crushed and sieved to pass a 2-mm mesh screen.
Percentages of sand, silt, and clay were determined for
dried, sieved soil by a standard hydrometer method
(Arshad et al., 1996).

Soil pH, electrical conductivity (EC), extractable soil
nutrients, and soil organic matter were determined for
the dried, sieved composite soil samples. Soil pH and EC
were measured with an electrode on a 1:2 (w/v) soil-to-
water paste. Soil subsamples were extracted with
Mehlich-3 extractant solution (Tucker, 1992) in a 1:10
(w/v) soil-to-extractant solution ratio and analyzed for
extractable soil nutrients (i.e., P, K, Ca, Mg, Na, S, Fe,
Mn, Zn, and Cu) by inductively coupled argon-plasma
spectrophotometery. Organic matter was determined by
weight-loss-on-ignition (LOI; Schulte and Hopkins,
1996).

Data Manipulations and Statistical Analysis
Extractable nutrient concentrations were multiplied

by measured bulk density values to express extractable
nutrients on a mass-per-land-area basis.

Analysis of variance was used to evaluate treatment
differences [i.e., among the three prairie areas that had
cutting and baling cease at different times (1980, 1998,
and current); SAS Version 8.1, SAS Institute, Inc., Cary,
N.C.]. The number of observations per sampled prairie
area differed somewhat. There were 15, 20, and 10 total
observations for the Prairie-1980, Prairie-1998, and
Prairie-current treatments, respectively. Treatment
means were separated by Fisher’s least significant differ-
ence at the 5% level.

RESULTS AND DISCUSSION

Bulk density in the top 10 cm was significantly (P <
0.05) higher in the prairie area that still currently has
vegetation cut and baled each fall than in the prairie area
in which vegetation removal by cutting and baling
ceased in 1980 (Table 1). This result was expected
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because vehicular traffic from the cutting and baling
activities that still occur in the Prairie-current treatment
likely has caused some degree of soil compaction where-
as the Prairie-1980 treatment has had little to no vehic-
ular traffic since 1980 to cause compaction. However,
bulk density in the prairie area in which vegetation
removal by cutting and baling ceased in 1998 was statis-
tically similar to that in the other two prairie areas.

There were no consistent treatment effects on soil
chemical properties in the top 10 cm (Table 1). Soil pH
was significantly (P<0.05) higher in the Prairie-1980
treatment than in the other two prairie areas, in which
soil pHs did not differ. Soil EC was significantly (P<
0.05) higher in the Prairie-current treatment than in the
other two prairie areas, in which soil EC did not differ.
Extractable K, Zn, and Cu contents did not differ among
prairie treatments. However, extractable P and Fe con-
tents were significantly (P<0.05) higher in the Prairie-
current treatment than in the other two prairie areas, in
which extractable P and Fe contents did not differ.
Extractable Ca and Mn contents did not differ between
the Prairie-1980 and Prairie-current treatments but were
significantly (P<0.05) higher in the Prairie-1998 treat-
ment. Extractable S contents did not differ between the
Prairie-1998 and Prairie-current treatments but were
significantly (P<0.05) higher in the Prairie-1980 treat-
ment. Extractable Mg and Na contents were significant-
ly (P<0.05) higher in the Prairie-1980 than in the
Prairie-1998 treatment.

Similar to the effects on soil chemical properties, the
effects of annual removal of aboveground vegetation by
cutting and baling and/or burning on soil organic mat-
ter were also inconsistent (Table 1). In the prairie area in
which cutting and baling ceased in 1980 (Prairie-1980),
soil organic matter by LOI averaged 4.6% in the top 10
cm. The prairie area that is still cut, baled, and burned
(Prairie-current) had an average soil organic matter con-
centration of 4.4%, which did not differ significantly
from Prairie-1980. However, soil organic matter in the
top 10 cm, which averaged 5.2%, was significantly high-
er (P < 0.05) in the prairie area in which cutting and bal-
ing ceased in 1998 (Prairie-1998) than in the other two
prairie areas.

The results of this study differed somewhat from our
hypotheses. We expected to find the highest organic
matter concentration in Prairie-1980 because vegetation
removal by cutting and baling had ceased 18 years prior
to that in Prairie-1998, but Prairie-1998 actually had sig-
nificantly higher organic matter than the other two
areas. The location of the Prairie-1998 area, which is sit-
uated between the Prairie-1980 and Prairie-current
areas, may have been less impacted by fragmentation
than the other two areas. The Prairie-1998 area likely

received more redistributed ash after burning took place
each Spring than did the other two areas; thus more
organic material was likely recycled back into the
Prairie-1998 area than was recycled back into the other
two areas (Brye et al., 2002). In addition, woody plants
were more abundant in the Prairie-1998 area than in the
other two areas, which may have resulted in unequal bio-
mass production within the three areas. Since the entire
Konecny Prairie Natural Area is surrounded completely
by agricultural lands, anthropogenic factors, such as
drifting of applied herbicides, could have also con-
tributed to unequal biomass production among the
three areas, in particular, slightly less biomass produc-
tion in the two areas, Prairie-1980 and Prairie-current,
that are located on either side of the Prairie-1998 area.

Bulk density differences also differed somewhat from
our hypothesis. We expected bulk density to vary
inversely with soil organic matter such that the treat-
ment with the highest organic matter would have the
lowest bulk density. However, this was not the case for
the treatments evaluated in this study. Overall, vegeta-
tion removal by cutting and baling followed by burning
affected native soil quality in the Grand Prairie region of
eastern Arkansas in a variety of ways.
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Table 1. Summary of soil physical and chemical properties after different years of vegetation
removal followed by burning at the Konecny Prairie Natural Area in Prairie County, Ark.

Soil property Prairie-1980z Prairie-1998y Prairie-currentx

Physical properties

Sand (%) 23.9 (1.4)aw 25.4 (0.9)a 21.3 (1.3)a

Silt (%) 63.1 (1.7)a 67.4 (0.8)b 67.7 (0.7)b

Clay (%) 15.1 (1.6)a 7.2 (0.9)b 11.0 (1.4)c

Bulk density (g cm-3) 1.04 (0.02)a 1.08 (0.01)ab 1.10 (0.02)b

Organic matter (%) 4.6 (0.1)a 5.2 (0.1)b 4.4 (0.3)a

Chemical properties

pH   4.9 (0.1)a 4.7 (<0.1)b 4.6 (0.1)b

EC (dS m-1) 0.09 (<0.01)a 0.08 (<0.01)a 0.12 (<0.01)b

Extractable P (kg ha-1) 11.4 (0.9)a 11.5 (0.5)a 15.8 (0.8)b

Extractable K (kg ha-1) 64.0 (1.9)a 59.9 (2.4)a 65.1 (2.1)a

Extractable Ca (kg ha-1) 237 (24)a 148 (15)b 210 (22)a

Extractable Mg (kg ha-1) 34.9 (2.7)a 23.9 (1.8)b 28.4 (2.1)ab

Extractable S (kg ha-1) 32.8 (0.7)a 41.7 (1.0)b 43.6 (2.1)b

Extractable Na (kg ha-1) 43.5 (1.9)a 30.5 (1.8)b 36.7 (4.2)ab

Extractable Fe (kg ha-1) 198 (7.7)a 180 (8.7)a 236 (13)b

Extractable Mn (kg ha-1) 154 (12)a 122 (9.1)b 165 (7.7)a

Extractable Zn (kg ha-1) 0.9 (<0.1)a 0.8 (0.1)a 0.9 (0.1)a

Extractable Cu (kg ha-1) 1.5 (0.1)a 1.5 (<0.1)a 1.6 (0.1)a

z n = 15 observations per soil property for the Prairie-1980 treatment
y n = 20 observations per soil property for the Prairie-1998 treatment
x n = 10 observations per soil property for the Prairie-current treatment
w Different letters next to mean (" standard error) values within the same row are significantly different at the 5% level.



Soybean seed yield and quality
under an ultra-short-season
production system

Lorena Moreno*, Tetsuaki Ishibashi†, Pengyin Chen§, and Patrick Fenn‡

ABSTRACT

Drought is a major yield-limiting factor for soybean [Glycine max.] in the southern U.S.A. The
ultra-short-season production system (USSPS), which uses maturity group (MG) 00 through I
cultivars planted in April in Arkansas, may minimize severe yield reduction by drought since this
system allows growers to harvest soybeans before severe drought occurs. The objective of this
study was to evaluate yield potential and seed quality of Northern MG 00 through I soybean cul-
tivars in a mid-South environment. Average yields of MG 00, 0 and I were 2954, 3585, and 3782
kg ha-1, respectively, under irrigated conditions. Average yield under dryland production was sig-
nificantly lower than that under irrigated production. However, some cultivars yielded signifi-
cantly higher than the Arkansas state average (1881 kg ha-1). Infection by seedborne fungi was
minimal for all cultivars. Average germination rates under irrigated and non-irrigated produc-
tion were 71, 71, and 68% for MG 00, 0, and I, respectively. There were large genotypic variations
for seed yield and germination rate, suggesting cultivar selection is important for MG00 through
I cultivars to be successful under the USSPS. These results show the potential of USSPS to 
produce a profitable crop in 79 to 100 d in the mid-South under both irrigated and dryland
conditions.
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INTRODUCTION

Soybean is generally grown as a full-season crop or a
second crop in double-cropping systems in the southern
U.S. Farmers in the mid-South usually grow maturity
group (MG) IV, V, and VI cultivars planted in May
through early July. These full-season cultivars bloom, set
pods, and initiate or complete pod-fill from mid-July to
early September. Drought is common from mid-July to
early September in the mid-South (Scott et al., 1998),
thus, soybean yield is greatly reduced in the mid-South.

Recently, soybean farmers in the mid-South have
begun to plant MG III or IV cultivars in April or early
May. This system is called the early soybean production
system (ESPS), and it attempts to avoid the severe effect
of drought on yield by completing the drought-sensitive
growth stages before the drought occurs (Heatherly,
1999). However, yield from the ESPS is often unstable
since MG III and IV cultivars usually do not mature
until mid-August to early September in Arkansas.
Reduced seed quality was also reported because of hot
and humid conditions in Arkansas during the reproduc-
tive stages (Mayhew and Caviness, 1994).

Soybean yield may be improved by better matching of
crop development with periods having sufficient soil
moisture. A crop that matures before mid to late July is
required to routinely avoid drought in the mid-South.
This may be achieved by April plantings of MG 00
through I cultivars. We call this system an ultra-short
season production system (USSPS). This system was
tested in Arkansas and Missouri in 2000 and 2001, and
high yield potentials of MG 00 through I soybean culti-
vars were observed in a 75 to 95-d growing season under
irrigated condition (Ishibashi et al., 2003). Since critical
reproductive development occurs when rainfall is likely
to be more available, the USSPS may be capable of pro-
ducing high yield under non-irrigated conditions. No
research has been conducted on seed quality traits such
as germinability and fungal seed infections for MG 00
through I soybean cultivars under the USSPS.
Therefore, the objectives of this study were to estimate
yield potential of MG 00 through I soybeans under the
USSPS in irrigated and non-irrigated conditions, and to
determine the quality of seed harvested from the USSPS.

MATERIALS AND METHODS

Field experiments were conducted at Fayetteville,
Ark. in 2002 and 2003. A total of 174 MG 00 through I
soybean cultivars were planted on the 25 of April in both
2002 and 2003 under irrigated and non-irrigated condi-
tions. Three replications of each cultivar were planted.
The soils were classified as Johnsburg slit loam (fine-
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silty, mixed, active, mesic Aguic Fragiudoll). Seeds were
treated with Apron Maxx (Syngenta. Greensboro, NC)
(fungicide): (R)-[(2,6-dimethylphenyl)-methoxyacetyl-
amino-propinic acid methyl ester], and planted with a
grain drill at a rate of 80 seeds per m2. The seven-row
plots were 6 m long with 0.2 m between rows. A sprin-
kler irrigation system was used to irrigate the plots once
for MG 00 cultivars and twice for MG 0 and I cultivars
with 50 mm of water each time. Fertilizer, herbicide, and
insecticide were applied as needed and based on
Arkansas soybean production recommendations.

Seed yields of 5 to 7 rows from each plot were har-
vested with a plot combine and adjusted to 13% mois-
ture. Plant height was measured at harvest maturity
(R8) from soil surface to the tip of the main stem.
Maturity was calculated as number of days from emer-
gence (Ve) to harvest maturity (R8). The best 14 soy-
bean cultivars from each MG were selected and standard
germination tests were conducted using two 50-seed
samples from each plot. Seeds were evenly placed in
rolled germination paper and incubated at 25°C for 7 d
(AOSA, 1988). The number of germinated seeds was
counted and converted into germination percentage.

An agar plate assay was used to evaluate phomopsis
seed infection. Fifty randomly chosen seeds were surface
disinfected by soaking in 0.5% NaOCl solution for five
minutes and rinsed with sterile deionized water for 2
min. Five disinfected seeds were placed on a petri dish
containing potato dextrose agar medium with strepto-
mycin, Danitol (Valent USA Corporation, Germantown,
Tenn.)(nematicide, miticide)[ alpha-cyano-3phenoxyl-
benzyl 2,2,3,3 tetramethyl cyclopropanecarboxylate],
and acidified to pH 4.8 with lactic acid. Seeds in petri
dishes were incubated at 25°C under light for 9 d. Fungi
were identified based on colony morphology. Number
of seeds infected by Phomopsis longicolla (Phomopsis
seed decay), Alternaria spp., Cercospora kikuchii (purple
seed stain), and Fusarium spp. were counted.

All field experiments were conducted with a random-
ized complete block design with three replications. The
statistical software JMP 5.0.1 (SAS institute) was used
for all data analyses (Windows NT v5.1).

RESULTS AND DISCUSSION

Seed Yield and Agronomic Traits
On average, MG 00 soybeans yielded 2954 and 1674

kg ha-1 under irrigated and non-irrigated conditions,
respectively (Table 1). The growing season for MG 00
was the shortest with 87 and 82 d from emergence in
Arkansas for irrigated and non-irrigated conditions,
respectively. Plants of MG 00 cultivars were shorter than
MG 0 and I cultivars, having an average height of 52 cm.

The University of Arkansas Cooperative Extension
Service Soybean Research Verification Program
(SRVP)(2001) has managed 166 full-season irrigated
and 36 non-irrigated fields for maximum productivity
from 1982 to 2001. The average yields for these fields
were 3245 and 1881 kg ha-1 for irrigated and non-irrigat-
ed experiments, respectively. Although the average yield
of MG 00 soybeans under the USSPS was lower than that
of full-season soybeans from SRVP, some cultivars yield-
ed significantly higher than full-season soybeans. The
best MG 00 cultivar yielded 3765 kg ha-1 with a single
irrigation, whereas the best cultivar under non-irrigated
conditions yielded 2536 kg ha-1.

Yield potential and plant height increased as days to
maturity increased (Table 1). Thus, MG 0 and I cultivars
showed greater yield potential than MG 00 cultivars.
Yields were 3585 kg ha-1 in 92 days and 3782 kg ha-1 in 96
days for MG 0 and I, respectively, under irrigation (Table
1). These average yields were higher than averages of
full-season soybeans reported in SRVP and were
achieved with two irrigation applications. However,
yields from non-irrigated plots were low. It should be
pointed out that there were significant genotypic varia-
tions for yield and height for MG 00 through I cultivars.
This indicates the importance of cultivar selection for
successful production of MG 00 through I soybeans
under the USSPS. Moreover, significant positive correla-
tion (r = 0.72) was found between seed yield and plant
height (data not shown), indicating that plant height
could be used as a selection criterion for high yield.

Physiological maturity (R7) occurred 5 to 7 d before
R8 (data not shown) on average. MG 00 cultivars
reached R7 by mid-July and MG 0 and I cultivars
reached R7 in late July. Thus, these cultivars were capa-
ble of completely avoiding August drought and MG 00
cultivars could even avoid a late July drought at this loca-
tion. The potential of the USSPS to produce a profitable
crop in three months has important implications as
water supplies become more limited in the mid-South.

Seed Quality
In general, seed-infecting fungi were low for MG 00

through I cultivars (Table 2). On average, over 80 and
75% of seeds were considered to be clean (without fun-
gal infections) for irrigated and non-irrigated condi-
tions, respectively (Table 2). Alternaria seed infection
was the most prominent among all seed diseases
observed in this study. Since it is hot and humid during
the summer months in the mid-South, there is a concern
about seed germinability as well as seed infection.
Sinclair (1982) recognized phomopsis seed decay as a
major cause of low seed germination, especially in the
southern U.S. In addition, 32% and 39% germination
for MG III and MG IV soybeans, respectively, under
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non-irrigated conditions  (Mayhew and Caviness, 1994)
was observed. They concluded that poor germination
was associated with infection by P. longicolla. On aver-
age, 79, 77, and 65% germination was observed from
seeds of MG 00, 0, and I cultivars, respectively, under
irrigated conditions (Table 3). Better germination of
MG 00 through I cultivars may have been due to a much
shorter exposure to hot and humid conditions than was
the case for MG III or later MGs. Generally, germination
was lower in non-irrigated plots except for MG I. There
were large genotypic variations for seed germination
rate, ranging from 30 to 96% (data not shown), indicat-
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Table 2.  Average percentages and ranges of fungal infections for maturity group (MG) 00, 0, and I soybeans
under irrigated and non-irrigated conditions in 2002 and 2003.

MG

classification Mean Range Mean Range Mean Range Mean Range

MG 00 0.4 0.0 - 2.0 1.8 0.0 - 6.7 6.2 0.0 - 16.0 79 46 - 94
MG  0 0.7 0.0 - 3.3 2.0 0.0 - 5.3 4.1 0.0 - 12.0 82 46 - 95
MG  I 0.2 0.0 - 1.3 2.9 0.0 - 11.3 4.0 0.0 - 16.0 83 51 - 95

MG 00 0.3 0.0 - 2.7 0.9 0.0 - 4.7 4.9 0.7 - 19.3 81 35 - 97
MG  0 0.2 0.0 - 7.0 0.9 0.0 - 4.7 5.1 0.0 - 30.0 76 39 - 97

MG  I 0.4 0.0 - 7.0 1.1 0.0 - 4.0 6.5 0.0 - 22.0 70 37 - 94

Irrigated

Non-irrigated

Phomopsis (%) Cercospora (%) Alternaria (%) Pathogen free (%)

Table 3.  Average seed quality rating and seed germination rate under irrigated and

non-irrigated conditions for maturity group (MG) 00 through I cultivars in 2002 and 2003.

MG and
Year

Seed Seed Seed Seed

Quality 2 Germination Quality Germination

MG 00-2002 2.3 71 2.6 65

MG 00-2003 2.7 86 3.2 61

2-year average 2.5 79 2.9 63

MG 0-2002 2.2 73 2.9 55

MG 0-2003 2.6 80 3.3 72

2-year average 2.4 77 3.1 64

MG I-2002 2.9 67 3.1 62

MG I-2003 2.9 62 3.5 79

2-year average 2.9 65 3.3 71
2Seed quality was visually estimated and rated 1 = very good to 5 = very
poor.

 irrigated  non-irrigated

Irrigated

z

z good
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Assessment and restoration 
of a neighborhood wetland
invaded by exotic plant species

Ryan J. Neal*, Kimberly R. Payne†, Lorena Moreno§, Graham Duffy‡,

Jonathan Peck‡‡, and Mary C. Savin and Pengyin Chen§§

ABSTRACT

The University of Arkansas Crop, Soil, and Environmental Sciences (CSES) Club adopted a local wet-
land in the spring of 2002 through the Fayetteville Parks and Recreation Department. This project
has allowed students to interact with local community and governmental organizations as well as
other academic departments within the university. Students have gained valuable laboratory and
field experience through characterizing hydric soils, identifying bird and plant species, and analyzing
water quality, soil nutrients, and microbial biomass. Under the main goal of restoring the wetland,
the club has outlined both short and long-term objectives including soil and water assessments;
removal of two invasive species—Lonicera japonica and Festuca arundinacea; revegetation of native
species to provide wildlife habitat and forage; establishment of trails and educational signs; and com-
munity outreach. To facilitate removal of the invasive species, the club is experimenting with manu-
al removal, implementing physical barriers to prevent plant photosynthesis, and working with city
officials to obtain permission for selective use of herbicides. The adoption of the wetland has provid-
ed a catalyst for the CSES Club to organize, rebuild itself, and achieve its goals.

*    Ryan Neal will graduate in December 2005 with a B.S. in environmental, soil, and water sciences.

†   Kimberly R. Payne will graduate in August 2004 with a B.S. in environmental, soil, and water sciences.

§ Lorena Moreno will graduate in December 2005 with a B.S. in environmental, soil, and water sciences.

‡   Graham Duffy will graduate in August 2004 with a B.S. in environmental, soil, and water sciences.

‡‡ Jonathan Peck will graduate in May 2005 with a B.S. in environmental, soil, and water sciences.
§§  Mary C. Savin and Pengyin Chen, faculty mentors and sponsors, are assistant professors in the Department of Crop, Soil,
and Environmental Sciences.
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INTRODUCTION

In the spring of 2002, the Crop, Soil, and
Environmental Sciences (CSES) Club at the University
of Arkansas adopted the wetland in Bryce-Davis Park
through the Fayetteville Parks and Recreation
Department. The wetland is located on the west side of
Fayetteville in a public park adjacent to a residential sub-
division. The east side of the park contains a playground,
a sheltered picnic area with park benches, and a basket-
ball court. The west side of the park contains the wet-
land, which has been overrun with Japanese honeysuck-
le (Lonicera japonica) and tall fescue (Festuca arundi-
nacea). The club is working in conjunction with the city
to remove the invasive species and restore the wetland
with native vegetation.

Wetlands serve many functions for the environment
such as improving water quality, recharging groundwa-
ter, cycling nutrients, sequestering carbon, supporting
food production, and providing critical habitat for many
wildlife species. The four primary objectives of the club
in regard to the wetland in Bryce-Davis Park are: 1)
remove invasive species from wetland; 2) provide oppor-
tunities for experiential learning; 3) facilitate student
research; and 4) encourage outreach by linking students
with their community. In order to accomplish these
objectives the club has been interacting with many
organizations to restore the wetland. After two years of
hard work, the club has taken many steps toward accom-
plishing these goals.
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Jonathan Peck

I was born in Little Rock, Ark. I grew up in Morrilton, Ark., where I graduated
from high school in 1998. I am an environmental, soil, and water sciences major
and my expected graduation is May 2005. I enjoy outdoor activities such as
hunting, fishing, and boating.

 



MATERIALS AND METHODS

Experiential Learning
Working in the wetland has given students the chance

to experience first-hand many of the principles taught
within the CSES Department. This type of experiential
learning is made possible through “wetland workdays”
held several times throughout the university’s fall and
spring semesters. During these workdays, various spe-
cialists from within and outside the department have
volunteered to share their expertise in a variety of sub-
jects such as wetland delineation, soil and water analysis,
weed control, bird identification, and habitat assessment.

Initially, to confirm the area as a wetland, plant, soil,
and hydrological characteristics were investigated using
Army Corp of Engineers and Natural Resources
Conservation Service guidelines. Students evaluated the
area and searched for wetland boundaries. Plant and soil
scientists from within the CSES Department instructed
students to research 1) the presence/absence of
hydrophytic vegetation; 2) whether or not the soil had
gleyed coloring which would indicate anaerobic condi-
tions or water-logging; 3) any redoxomorphic features in
the rhizosphere; and 4) the presence/absence of standing
water or hydrologic indicators suggesting previously
flooded conditions. Gathering this information allowed
students to make reasonable conclusions as to where the
transition between the upland and wetland occurred.

Following these initial field sessions, students con-
ducted targeted sampling and lab analysis of soil-quality
parameters. Soil samples collected in April 2003 were
analyzed for properties including pH (1:10 soil:water
ratio), moisture (following oven-drying at 105°C), total
carbon and nitrogen (C & N, by combustion), Mehlich
III-extractable phosphorus (P, analyzed by inductively
coupled plasma spectroscopy), microbial biomass (using
the chloroform-fumigation-extraction method), and
dissolved organic C (extracted by 0.5 M K2SO4 and ana-
lyzed on a total organic C analyzer) and inorganic N
(extracted at a 1:10 soil:extract ratio in 2M KCl and ana-
lyzed colorimetrically on a auto-nutrient analyzer, Table
1). Samples were collected at two-meter intervals on
multiple transects within the wetland. Water-quality
studies were conducted in the spring of 2002 to deter-
mine the nutrient status (N, P) and the possible presence
of hydrocarbon contaminants (data not shown).

In order to assess the wetland’s importance as a natu-
ral habitat, a graduate student in ornithology at the uni-
versity joined the club during one of the wetland work-
days in April 2003 to catalog the many species of birds
using the wetland as a source of forage and habitat
(Table 2). The data collected will assist students in mon-

itoring how restoration efforts affect birds using the wet-
land in Bryce-Davis Park.

RESULTS AND DISCUSSION

Restoration
Restoration is the main goal for working in the wet-

land, but it is expected to be a long process since manu-
al removal of invasive plants is time consuming.
However, the club is proceeding by clearing away inva-
sive species in “sections”. The Parks and Recreation
Department has enhanced visibility of the wetland by
removing mounds of soil that had been pushed in front
of the wetland during the construction of a drainage
ditch around the neighborhood. The club has planted
native species in these cleared areas (Table 3).

Additionally, several plots have been set aside with the
reintroduction of native grasses for the long-term evalu-
ation of restoration on below-ground ecology and nutri-
ent cycling (see related article in this issue of Discovery).
In addition to the club’s work, a class in the Landscape
Architecture Department constructed an observation
deck, allowing the community to observe and appreciate
the wetland ecosystem.

Research opportunities
There are many facets of this wetland that provide

opportunities for students to conduct individual and
group research projects with the help of advisors.
Acquiring field and laboratory experience and establish-
ing relationships with professors outside of class are
some of the many benefits students receive by perform-
ing research. Along with conducting research come
opportunities for undergraduate students to present
projects at local and national scientific meetings and to
publish their findings in scientific journals. Group
research projects involve investigating alternative meth-
ods of removal for L. japonica. In the summer and fall of
2003 the club used a tarp to block sunlight and prevent
photosynthesis to the plants of L. japonica. Club mem-
bers have also been interacting with the city to evaluate
the benefits and hazards of herbicide use and inquire
about the selective use of Rodeo Roundup®. In addition,
a controlled burn option was discussed with the
Fayetteville Fire Department, the Parks and Recreation
Department, Forest Service, and Nature Conservancy. It
was concluded that this would not be an economical option.
To date, manual removal has been most extensively used,
but this method is very labor and time intensive.

Currently the most extensive individual research
project involves evaluation of the soil microbial commu-
nity and the effects of invasive species on the nutrient
availability in soil. Initial results were presented in fall
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2003 by a student member of the club at the American
Society of Agronomy’s (ASA) national annual meeting
in Denver, Colo. Plans are to continue this project to
evaluate long-term effects of revegetation with native
grasses on nutrient availability in soil undergoing
restoration. Other students who attended the ASA
meeting presented a poster entitled “Continued
Assessment and Rehabilitation in Neighborhood
Wetland” and, for the second consecutive year, received
second place in the ASA Student Club Poster Contest.
Students were able to attend the meeting thanks to vari-
ous fundraising events conducted by the club, including
the sale of seed kits to local FFA chapters for education-
al purposes; contributions from the Registered Student
Organization for ASA registration fees; and largely
thanks to the generosity of the CSES Department.

Outreach
A final objective for the wetland is to encourage com-

munity involvement in the restoration process and
enjoyment of the wetland at Bryce-Davis Park. In this
effort, students have conducted neighborhood surveys
to determine residents’ responses to restoration efforts.
A trail is being constructed that will provide Fayetteville
residents a way to more fully experience this valuable
ecosystem. Additionally, a local Boy Scout troop assisted
with restoration efforts by revegetating an area adjacent
to the observation deck with native grasses. These exam-
ples of outreach and the continuation of the restoration
process promote connections with the citizenry, city
officials, and other organizations to accomplish mutual
goals and provide unique opportunities to establish rela-
tionships within and beyond the university.

Future Plans
In order to restore the wetland at Bryce-Davis Park,

the club plans to continue investigating various removal
techniques and revegetating with native plants. Students
in the club will also continue to have opportunities to
conduct their own individual research projects.
Conducting research is a vital component of the adop-
tion of the wetland. Other long-term goals include con-
ducting annual assessments of wildlife populations as
the club attempts to promote native plant and wildlife
diversity. Outreach goals will be expanded so that this
wetland can serve as an outdoor classroom for people of
all ages for education on the importance of wetlands in
the environment. This may be accomplished by the
establishment of a nature trail, with signs along the trail
informing visitors of wetland benefits and aiding them
in identifying native plants and wildlife.
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Table 1. Soil properties of the wetland in Bryce-Davis Park
in Fayetteville, Ark. in April, 2003 (n = 11)

Standard 
Soil property Mean deviation
Dissolved organic 

carbon (C, µg g-1) 35.25 18.78
Inorganic nitrogen 

(N, µg g-1) 3.99 2.81
Mehlich-III extractable 

phosphorus (µg g-1) 20.48 8.74
Microbial biomass C (µg g-1) 115.50 50.44
Microbial biomass N (µg g-1) 12.48 10.00
Microbial biomass C:N 13.04 14.64
Moisture (g g-1) 0.44 0.18
pH 6.10 0.60
Soil C:N ratio 12.73 0.38
Total C (%) 2.72 0.75
Total N (%) 0.21 0.06

Table 2. Bird species identified in the Bryce-Davis Park wetland in
Fayetteville, Ark., in April 2003

Scientific name Common name
Actitis macularia Spotted sandpiper
Agelaius phoeniceus Red-winged blackbird
Butorides virescens Green heron
Cardinalis cardinalis Northern cardinal
Carduelis tristis American goldfinch
Carpodacus mexicanus House finch
Cyanocitta cristata Blue jay
Erithacus rubecula Robin
Gallinago delicata Wilson's snipe
Geothlypis trichas Common yellowthroat
Hirundo rustica Barn swallow
Poecile carolinensis Carolina chickadee
Quiscalus quiscula Common grackle
Seiurus noveboracensis Northern waterthrush
Thryothorus ludovicianus Carolina wren

Table 3. Native plant species reintroduced into the wetland at Bryce-Davis Park in
Fayetteville, Ark., by the Crop, Soil, and Environmental Sciences Club in 2003

Scientific name Common name Plant type Wetland indicator status
Campsis radicans Trumpet creeper Vine Facultative
Amorpha canescens Lead plant Shrub ND1

Callicarpa sp. Beauty berry Shrub ND
Cephalanthus occidentalis Buttonbush Shrub Obligate wetland
Lindera Spicebush Shrub ND
Ilex deciduas. Possum haw Shrub Facultative wetland
Carpinus caroliniana Blue beech Tree ND
Panicum virgatum Switchgrass Grass Facultative
Sorghastrum Indian grass Grass ND
Andropogon gerardii Big bluestem Grass Facultative
Schizachyrium scoparium Little bluestem Grass Facultative upland
1 ND=wetland indicator status not determined
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Effects of thinking-aloud pair
problem solving on the 
troubleshooting performance 
of undergraduate students 
in a power technology course

Michael L. Pate*, George W. Wardlow†, and Donald M. Johnson§

ABSTRACT

A randomized post-test-only experimental design with a counter-balanced internal replication was
used to determine the effects of thinking-aloud pair problem solving (TAPPS) on the troubleshoot-
ing performance of college students in a power technology course. The experimental results were
stable across two troubleshooting tasks. Students who participated in the pair problem solving
groups were significantly more successful (p ≤ .05) at troubleshooting engine faults than were stu-
dents in the control groups. Among students who successfully completed the troubleshooting tasks
across both groups, there were no significant differences in time required for completion. These
findings indicate that the use of pair problem solving may be an important step in the development
of metacognitive skills among students in technological troubleshooting.

* Michael L. Pate graduated in December 2003 with a B.S. in agricultural education, communications and technology.

† George W. Wardlow is a professor in the Department of Agricultural and Extension Education.

§ Donald M. Johnson is a professor in the Department of Agricultural and Extension Education.

 



INTRODUCTION

All students, including those enrolled in colleges of
agriculture, will encounter problems of increasing tech-
nological complexity over the course of their lives. The
ability to effectively and efficiently solve these problems
will become increasingly important. How efficient are
undergraduate agriculture students in solving techno-
logical problems?  Are problem-solving strategies overt-
ly used by students in courses?  Are there teaching and
learning practices that enable students to more effective-
ly solve technical problems? 

The theoretical framework for this study was built
around metacognition, technical troubleshooting as a
specialized problem-solving process, and the thinking-
aloud pair problem-solving approach as a mechanism to
promote cognitive self-awareness and monitoring.
Relevant literature from each of these areas was reviewed
to inform this study.

Metacognition
According to Sternberg (1983), metacognitive skills

are the executive thinking skills used by individuals to
develop strategies for problem resolution. Flavell (1976)
described metacognition as “the active monitoring and
consequent regulation and orchestration of these [cog-
nitive] processes in relation to… some concrete goal or
objective” (p. 232). Berardi-Coletta, et al. (1995) stated
that metacognition is “an active reflective process that is
explicitly and exclusively directed at one’s own cognitive
activity. It involves the self-monitoring, self-evaluating,
and self-regulation of ongoing tasks” (p.206).

Technical Troubleshooting
According to Holyoak (1995),“A problem arises when

we have a goal—a state of affairs we want to achieve—
and it is not immediately apparent how the goal can be
achieved” (p. 118). Given this definition of a problem,
problem solving is simply the process of finding the best
solution that allows movement from the present state to
the goal state (Gobert and Simon, 1996).
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Halpern (1984) further described the dimensions of
problem solving by stating that problems have an anato-
my consisting of (a) the initial state; (b) the goal state;
and (c) the problem space, which contains all of the pos-
sible paths whereby one can move from the initial state
to the goal state. According to Halpern (1984), the key
to effective problem solving is the ability to recognize and
select the most efficient solution path from the myriad
of potential solution paths present in the solution space.

MacPherson (1998), indicated that technical trou-
bleshooting is a special category of problem solving.
Morris and Rouse (1985) posited that three skill sets are
essential in technical troubleshooting: (a) the ability to
make tests, (b) the ability to replace or repair faulty com-
ponents, and (c) the “ability to employ some kind of
strategy [italics in original] in searching for the source”
of the fault (p. 504). Jereb (1996) emphasized the
importance of strategy in troubleshooting, when he stat-
ed that, “The question of how to come from a given
starting situation to a desired end situation is usually the
essence of each technical problem” (p. 2). This is con-
gruent with the work of Halpern (1984) who indicated
that the key component of the problem-solving process
was the ability to recognize and select the most efficient
solution path from among all possible paths. Morris and
Rouse (1985) concluded that identifying and employing
an effective strategy was the most difficult skill set for
troubleshooters to develop.

Thinking-Aloud Pair Problem Solving
One strategy of interest to educators who seek to

improve the acquisition of problem solving strategies is
the “thinking aloud” technique. Lochhead and
Whimbey (1999) discussed this technique and Narode,
et al. (1987), labeled it “pair problem solving” and
described the process. The technique focuses on having
students express their thoughts aloud while engaging in
problem-solving activities in order to externalize the
thinking process. This “thinking aloud” gives the speak-
er, and a student partner as a “listener,” oral feedback on
what is understood and what is only vaguely processed.
These authors claim that thinking aloud in pairs allows
for the creation of new ideas by allowing the speaker to
listen to what is said in a way that cannot occur when
s/he is working quietly and alone.

Some researchers have found the thinking-aloud pair
problem solving (TAPPS) process to be an effective strat-
egy in teaching students to think, while others have
found different results. Johnson and Chung (1999) con-
ducted a study on the abilities of college students to
troubleshoot electronics problems in an aviation tech-
nologies program. These authors noted that trou-
bleshooting is a series of cognitive processes that
requires combining or managing acquired information

with existing knowledge. In this quasi-experimental
study, they found that thinking aloud significantly
improved troubleshooting abilities. Thinking-aloud pair
problem-solving subjects performed at significantly high-
er levels than a comparison group in their ability to rec-
ognize faults and to locate specific faults, and in their abil-
ity to correctly evaluate faulty hypotheses they generat-
ed.

Hogan (1999) conducted a study on the thinking-
aloud technique and its impact on collaborative scientif-
ic reasoning among eighth-grade science students.

Thinking-aloud subjects gained in metacognitive
knowledge about collaborative scientific reasoning but
their performance on problem solving was not signifi-
cantly different than those who didn’t verbalize their
thoughts. An earlier study by Flaherty (1975) on overt
verbalization and practice in problem solving among
high school students found results similar to those of
Hogan. This begs the question, “Does thinking-aloud
pair problem solving (TAPPS) improve the trou-
bleshooting abilities of students?”

The purpose of this study was to determine if the
TAPPS technique improved student success at trou-
bleshooting common problems in small spark-ignition
engines, compared with the traditional work-alone tech-
nique. The hypotheses tested were as follows:

Ho1: In an engine electrical system troubleshooting
task, there will be no differences in success rate or comple-
tion time between the experimental and control groups.

Ho2: In an engine air/fuel delivery system trou-
bleshooting task, there will be no differences in success
rate or completion time between the experimental and
control groups.

MATERIALS AND METHODS

This study utilized a post-test only control group
design (Campbell & Stanley, 1966) with counter-bal-
anced internal replication. Thirty students in a college
course on small power technology during the spring
2003 semester comprised the subjects in the study.
Students were randomly assigned to two groups: experi-
mental or control.

Identical small spark-ignition engines were prepared,
each with the identical fault to their primary electrical
system, for each subject in the study. No clues were
given, even about the general engine system in which the
fault existed, only that the fault was not an internal com-
ponent fault. Subjects in the control group were asked to
work alone to troubleshoot their respective engines, iden-
tify the fault, repair the fault, and test run the engine.

The experimental group participated in the TAPPS
treatme



sented with an engine and asked to complete the same
task. They were assigned a thinking-aloud partner who
encouraged them to verbalize their thought processes as
they completed the troubleshooting task using such
statements and questions as, “What are you doing now?”
and “Tell me what you are thinking.” Subjects in both
groups were audio recorded to insure reliability of the
data. Whether or not they were successful at trou-
bleshooting the problem and the time to completion
were recorded on a written instrument as measures of
the major dependent variables.

While the TAPPS students did have a fellow student
to prompt them to talk aloud during the problem solv-
ing process, the thinking aloud partner was specifically
instructed to only prompt the student to verbalize their
thought processes as they attempted to solve the prob-
lem. The partner could not assist the problem solver in
any other way such as by offering clues or asking leading
questions about the specific problem.

For the second round of the study, the groups were
reversed. The subjects in the control group became the
experimental group, and the experimental group
became the control group. The engines were returned to
working order and a new fault in the air/fuel delivery
system was created in each engine. The subjects in the
experimental group completed the troubleshooting
activity with a thinking-aloud partner, and the control
group completed the task without the aid of a thinking
partner. Again, each subject was audio recorded and
their success and completion times were recorded.

The test for differences between groups on the nomi-
nal dependent variable, task completion (successful or
unsuccessful), was the Chi-square test of association.
Independent t-tests were used to determine if there were
significant differences in completion times between suc-
cessful students in the experimental and control groups.

RESULTS AND DISCUSSION

Prior to testing the null hypotheses, student pre-test
scores were analyzed to determine if differences existed
between the two student groups on their knowledge of
basic engine principles and operating theory. No signif-
icant differences were found, t (28) = 1.35, p = .19. Thus,
pre-existing differences between groups on level of sub-
ject matter knowledge were not assumed to be a con-
founding factor in this counter-balanced design.

Table 1 presents descriptive statistics on student per-
formance in the electrical troubleshooting task, by
group. Students using the TAPPS technique (experi-
mental group) had a significantly higher success rate
than did those students who did not use the TAPPS tech-
nique (control group), χ2 (1)= 5.56, p ≤ .02. Therefore,

the first part of Ho1, positing no relationship between
group and task outcome, was rejected. Using the effect
size descriptors proposed by Rea and Parker (1992), the
magnitude of the phi coefficient (φ= .50) indicated that
there was a relatively strong association between group
and task outcome.

For those students successfully completing the elec-
trical troubleshooting task, there was no significant dif-
ference between groups in the mean time (minutes)
required, t (19) = -.34, p ≤ .74. Therefore, the second
part of Ho1, positing no relationship between group and
completion time, was not rejected.

Table 2 presents descriptive statistics on student per-
formance on the fuel/intake task by group. Students
using the TAPPS technique had a significantly higher
success rate than did those students who did not use the
TAPPS technique, χ2 (1) = 4.54, p ≤ .03. Therefore, Ho2,
positing no relationship between group and task out-
come, was rejected. Using the effect size descriptors pro-
posed by Rea and Parker (1992), the magnitude of the
phi coefficient (φ= .39) indicated that there was a mod-
erate association between group and task outcome.

For those students successfully completing the elec-
trical troubleshooting task, there was no significant dif-
ference between groups in the mean time (minutes)
required, t (16) = -.45, p ≤ .66. The second part of Ho1,
positing no relationship between group and completion
time, was not rejected.

For both iterations of the study, significantly higher
proportions of the subjects in the experimental treat-
ment groups (thinking-aloud pair problem solving) suc-
cessfully completed the troubleshooting tasks. Effect
sizes ranged from moderate to relatively strong. This
finding indicates that students engaged in troubleshoot-
ing small spark-ignition engine faults are more likely to
be successful if they overtly verbalize their cognitive
problem-solving processes. This supports assertions by
researchers who indicate that the thinking-aloud process
assists the problem solver in avoiding skipping steps in
reasoning, skipping over important information, or
being unaware of getting bogged down in a component
of the problem (Heiman & Slomianko, 1987).

However, successful small-gasoline-engine trou-
bleshooters who participated in the thinking-aloud pair
problem solving (TAPPS) group were not significantly
different in the time it took to complete the tasks com-
pared to successful troubleshooters in the control group.
Thus, it can be concluded that the time required to elic-
it metacognitive skills through verbalization does not
adversely affect time for completion. No differences in
time required for task completion, coupled with higher
success rates for the TAPPS group, indicate that the
TAPPS process yields a higher efficiency rate at technical
troubleshooting.
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Table 1. Student performance on the electrical troubleshooting task by group.
Task outcome

Successful Unsuccessful Minutes to completionz

Group n % n % M SD
Control (n = 12) 5 41.7 7 58.3 33.6 19.8
Experimental (n = 18) 16 88.9 2 11.1 30.9 13.6
z based only on students with a successful task outcome

Note:  χ2 (1)= 5.56, p ≤ .02

Since the control-group subjects in the replication
were thinking-aloud participants (experimental group)
in the first round of the study and were largely success-
ful in task completion by using overt verbalization, one
might assume that the subjects would transfer these
skills to their second-round troubleshooting task. This
does not appear to be the case. It seems that while stu-
dents can successfully use problem solving skills when
externally prompted, they do not appear to do so when
the external prompt is removed.

Further research should be conducted to validate
these results. Additionally, if thinking-aloud pair prob-
lem solving results in more efficient troubleshooting
through the elaboration of thought processes, research is
needed to determine strategies to invoke these processes
when the external prompt is removed. This would allow
students to exhibit true metacognive skills and to
become successful, independent problem solvers. More
specifically, educators may be able to overtly teach these
skills to students.
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Table 2. Student performance on the fuel/intake troubleshooting task by group.
Task outcome

Successful Unsuccessful Minutes to completionz

Group N % n % M SD
Control (n = 18) 8 44.4 10 55.6 33.0 18.3
Experimental (n = 12) 10 83.3 2 16.7 29.1 18.5
z based only on students with a successful task outcome

Note:  χ2 (1) = 4.54, p ≤ .03
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Microbial biomass and nitrogen
availability under the invasive
plant species Lonicera japonica
and native grasses in 
wetland soil

Kimberly R. Payne*, Mary C. Savin†, and Peter J. Tomlinson§

ABSTRACT

Invasive plants decrease aboveground biodiversity and suitable wildlife habitat. Wetlands are espe-
cially valuable ecosystems because they provide habitat, floodwater control, and function as filters for
urban runoff. Wetland soils also act as sinks for nutrients. This characteristic reduces levels of excess
nutrients often found in adjacent aquatic systems. The importance of soil functions in wetlands
necessitates further investigation of the effects of invasive species on belowground nutrient pools.
Approximately 75% of a small neighborhood wetland located in Fayetteville, Ark., has been invaded
by Lonicera japonica. The effects of L. japonica and its replacement with native grasses on soil micro-
bial biomass and nutrient pools were evaluated. Eight plots were established in April 2003. Four were
left vegetated with the invasive species L. japonica while the other four were revegetated with trans-
plants of five native grass species: Andropogon gerardii, Schizachyrium spp., Sorghastrum nutans,
Panicum virgatum, and Tripsacum dactyloides. Soil samples were taken three times over the growing
season, once prior to the removal of L. japonica and twice after transplanting occurred. Microbial
biomass, soil carbon and nitrogen, Mehlich III- extractable phosphorus, pH, moisture content, and
inorganic nitrogen were analyzed and significance was tested using a one-way ANOVA test (P <0.05).
Temporal changes in the inorganic N pool and pH were significant. However, data showed no sig-
nificant differences between treatments for any of the properties tested, suggesting that data need to
be collected for more than one growing season before significant changes may be observed following
revegetation.

* Kimberly R. Payne will graduate with a B.S.A. in environmental, soil, and water sciences in August 2004.

† Mary C. Savin, faculty mentor and sponsor, is an assistant professor in the Department of Crop, Soil, and Environmental
Sciences.

§ Peter J. Tomlinson, graduate student mentor, is an M. S. graduate candidate in the Department of Crop, Soil, and
Environmental Sciences.

 



INTRODUCTION

Invasive plant species are considered to be a problem
because they out-compete native vegetation, effectively
reducing plant diversity. This reduction in diversity
leads to a reduction in wildlife habitat and forage.
Native plant species are beneficial to native wildlife
because these two groups have co-evolved. Thus, native
plant species most likely provide associated wildlife with
the best resources. While biodiversity is not ranked as
high as resilience and adaptability when determining
ecosystem health, it is still used as a major indicator of
ecosystem health (Schläpfer et al., 1999). The underly-
ing assumption is that the greater the number of species
that live in an area, the more productive and efficient the
ecosystem. Studies monitoring the effect of plant diver-
sity on nutrient retention have resulted in positive corre-
lations (Schläpfer and Schmid, 1999). Schwartz et al.
(2000) found that higher levels of diversity led to more

durable and sustainable ecosystems. Stable, diverse
ecosystems were resilient and able to “spring back” from
changes within the environment more readily than
ecosystems with low diversity of species. Thus, an
understanding of how invasive plant species change an
environment could enhance understanding of why
diversity is better for stability.

Damage to ecosystems by invasive plant species can
sometimes be measured economically; for instance, the
annual cost in the United States associated with the loss-
es due to invasive plant species and measures imple-
mented to control these invasive plants is approximately
$25,000,000 (Pimentel et al., 1999). While pasture and
food crop producers absorb the majority of this cost, the
Bureau of Land Management also spends millions of
dollars trying to control invasive species (Bureau of
Land Management, 2004). Although much is known
about the interactions among plants, crops, and wildlife,
and although progress is being made, an effective pro-
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gram for preventing the spread of invasive plants
appears to be far from reach. In 1999, President Bill
Clinton created the Invasive Species Council, whose
duties include preventing the spread of invasive species
and restoring areas disturbed by invasive plants
(“Invasive Species,” 1999).

One example of an invasive species is Lonicera japon-
ica. Lonicera japonica is an invasive plant vine found
throughout eastern North America, including Arkansas,
that out-competes native vegetation by producing
expansive root systems and dense aboveground stands,
with which native plants may be unable to compete for
sunlight (Nuzzo, 1997). Lonicera japonica is able to out-
compete other plants above- and belowground by pro-



the chloroform. After a fumigation period (24 h), chlo-
roform was removed by evacuating the air within the
desiccator six times for 3 min each. Fumigated soils were
then extracted as described for unfumigated samples.
Total organic carbon (TOC) was measured using a
Rosemount Analytical Inc. DC-190 High Temperature
TOC Analyzer (Tekmar-Dohrmann, Cincinnati, Ohio).
Microbial biomass N was determined using persulfate
oxidation as described by Cabrera and Beare (1993).
Biomass C and N were each calculated as the difference
between fumigated and unfumigated values.

Inorganic N
Moist soil (1g) was extracted at 1:10 (wt:vol) ratio

with 2M KCl. Extracts were shaken (1 h) and solutions
were filtered through Whatman #40 filter paper and
stored at 4°C until further analysis. Colorimetric analy-
sis of ammonium concentrations (NH4

+, modified
Berthelot reaction) and nitrate concentrations (NO3

-,
cadmium reduction) were conducted on a Skalar auto-
nutrient analyzer (Norcross, Ga).

Soil pH
Moist soil (1 g) was mixed with double deionized

water (10 ml) and allowed to sit (1 h). The pH was then
recorded using a calibrated, combination pH electrode
(VWR Scientific Products, Westchester, Penn).

Statistical Analysis
A one-way analysis of variance test (P<0.05) was con-

ducted on both treatments for all sampling times for
each of the properties evaluated.

RESULTS AND DISCUSSION

Gravimetric Water Content
There were no significant differences in gravimetric

water content between treatments or sampling times.
Mean values for gravimetric water content ranged from
0.27 to 0.36 g water g-1 soil for all sampling dates.

Total C and N and Mehlich III-Extractable P
Initial levels of total soil C and N and Mehlich III-

extractable P did not show significant differences
between treatments. Soil C levels ranged between 2.30
and 2.56%. Assuming soil organic matter is twice the
amount of soil carbon (Brady and Weil, 2002), the soils
were approximately 5% organic matter. While this
might be considered high in surface agricultural soils, it
is not a high amount for wetland soils. Histosols can
have organic matter contents greater than 20% (Brady
and Weil, 2002). Saturated soils tend to have greater
accumulation of organic matter than upland soils.
Lonicera japonica prefers soil that is not completely
inundated by water for extended periods of time (Nuzzo,
1997). Thus, L. japonica surrounds the wetland but has

not penetrated the wettest areas. Background soil N lev-
els were not significantly different between treatments
and were in the range of 0.16 to 0.20 percent. Soil C:N
ratios typically fall between 8:1 to 15:1 for surface soils
(Brady and Weil, 2002). The soil C:N ratios of the two
treatments were not significantly different and ranged
between 13:1 and 15:1. Mehlich III-extractable P levels
were not significantly different between treatments and
ranged from 12.04 to 16.99 µg P g-1.

Microbial Biomass C and N 
Microbial biomass C ranged from 124 to 199 µg C g-1

soil, and microbial biomass N values were between 11
and 31 µg N g-1 soil for all sampling dates and treatments
(Table 1). Microbial biomass C:N ratios were calculated
to be in the range of 7:1 - 14:1 (Fig. 1). Assuming that
C:N ratios for bacteria are 3:1 - 5:1 and C:N ratios for
fungi are 5:1 - 15:1, these ratios indicate that fungi were
the dominant biomass (Sylvia et al., 1998). There were
no significant differences between treatments or among
sampling dates for microbial biomass C, N, or C:N
ratios.

Inorganic Nitrogen 
No significant difference in the inorganic N pool (Fig.

2) was found between April and October. However,
inorganic N levels increased between April and June and
decreased between June and October. Most of the inor-
ganic N pool was attributed to NH4

+, which ranged from
1 - 12 µg N g-1 soil. Nitrate was low throughout the
growing season and no significant changes were meas-
ured among sampling dates. The NO3 pools ranged
from 0.5 - 1.5 µg N g-1 soil.

Soil pH
As with inorganic N, pH increased between April and

June and decreased between June and October (Fig. 3).
No significant differences between treatments were
observed for any sampling date.

It is necessary to study soil microbial interactions
with higher plants in order to understand ecosystem
processes on a functional level (Wardle, 2002). For
example, many papers have been published in soil sci-
ence that report different nitrogen mineralization under
different vegetation regimes (as cited in Wardle, 2002).
Scientists have been evaluating plant-soil-microbe inter-
actions in order to determine if there is a link between
microbial communities and invasive plant species. Plant
species’ effects on microorganisms are thought to be
caused by differences in the organic compounds that are
excreted by plant roots (Marschner et al., 2001). Plants
influence soil microbial communities by either increas-
ing activity by carbon substrate addition (root exudates)
or decreasing activity by depleting nutrients and
resources from the soil (Wardle, 2002).
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Kourtev et al. (2002) analyzed the soil microbial com-
munities under three species of plants: two invasive and
one native species. Microbial communities were found
to be different under native and invasive species, and the
greatest differences in community structure and func-
tion were found in the rhizosphere soil (i.e., the soil
located in close proximity to the root zone) suggesting
that plants have a direct effect on soil microbial commu-
nities (Kourtev et al., 2002). Erhenfeld et al. (2001) sug-
gested that the establishment of invasive species causes
changes in the structure and function of the soil biota.
They proposed that understanding the changes that
occur within the soil microbial communities could
explain how invasive plants change their surroundings
and grow at such alarming rates.

Recently in a 10-week study, the growth rate of
Centaurea maculosa, an invasive plant species in North
America, was compared in four soils from its native
region and six from North America, before and after soil
sterilization (Callaway et al., 2004). The results showed
sterilization of the native soils caused an average increase
of 166% in total plant biomass, whereas sterilization of
the foreign North American soils caused only a 24%
increase in total plant biomass (Callaway et al., 2004).
These results indicate soil microorganisms play a role in
controlling the growth rate of higher plants. Callaway et
al. (2004) state that once a plant invades an area, it often
experiences positive relationships with soil biota due to
a lack of effective soil pathogens, whereas in its native
habitat negative relationships with soil biota occur.
Callaway et al. (2004) suggested that this might be the
reason invasive plants are so successful.

In contrast to the immediate effects on plant growth
in the study by Callaway et al. (2004), differences
between treatments were not observed in this study dur-
ing the first growing season. Labile nutrient pools—
microbial biomass C and N and inorganic N—were cho-
sen for evaluation because they are dynamic pools that
respond in the short-term to changes in the environ-
ment. Microbial biomass can serve as an indicator of
soil health, which is essential for a productive ecosystem.
However, the results of this study may not be surprising.
The sampling times may have been too soon after trans-
planting for changes within the soil to be apparent. The
native grasses had been planted for less than a month at
the June sampling time and less than 4 months at the
October sampling. The roots of the L. japonica were not
removed from the soil and may need to be degraded
before changes are observed. The Kourtev et al. (2001)
experiment was carried out on plots where native plants
stands were already well established.

The results from the current study indicate that

changes caused by the native grasses during the first year
of stand development may not have been significant
enough to indicate modifications within the bulk soil
nutrient pools. Thus, soil sampling and analysis for the
aforementioned parameters will continue in 2004, hav-
ing allowed time for some root degradation and estab-
lishment of the native plant community. In addition to
monitoring microbial biomass and nutrient cycling,
soil-microbial community composition will be exam-
ined using polymerase chain-reaction amplification and
denaturing gradient gel electrophoresis techniques.
These techniques will allow us to examine the changes
within soil communities at a greater level of resolution
to determine if diversity within targeted soil communi-
ties changes with respect to vegetation cover even if the
total microbial biomass does not change. This study
found that significantly measurable changes due to
revegetation might not occur within a single growing
season. We suggest that data need to be collected for at
least another year before differences among treatments
may be observed.
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Table 1. Mean values (standard deviation) of soil microbial biomass carbon (C) and nitrogen (N) in wetland soil 
growing Lonicera japonica and soil plots revegetated with five native grass species in the combined months of 

April, June, and October, 2003 (n = 4)
Treatment Microbial biomass C (µg g-1) Microbial biomass N (µg g-1) 
Lonicera japonica 152.09 (10.51)a1 18.56 (2.96)a

Native grasses 171.82 (40.96)a 19.89 (10.26)a
1Different letters within column indicate significant differences between treatments and among sampling dates (P < 05)

Fig. 1. Mean values of microbial biomass carbon-to-nitrogen (C:N) ratios for wetland soils growing Lonicera japonica
and five native grass species in April, June, and October, 2003 (n = 4); error bars represent one standard deviation.
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Fig. 2. Mean concentrations of inorganic nitrogen (N),
ammonium (NH4+), and nitrate (NO3-) in wetland soil
growing Lonicera japonica and native grass species in
April, June, and October, 2003 (n = 4). Error bars rep-

resent one standard deviation. 

Fig. 3. Mean values (standard deviation) of soil pH in
wetland soil plots growing Lonicera japonica and five

native grass species in April, June, and October, 2003
(n = 4). Error bars represent one standard deviation.     
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ABSTRACT

The northern fowl mite (NFM), Ornithonyssus sylviarum, is a commonly occurring external parasite
of chickens. Primarily, caged layers have the greatest incidence of this mite, with bird unrest,
unthriftiness and lowered production as some of the adverse effects of the infestation. In the current
study, birds with natural NFM infestations were randomized into five treatment groups, placed in
individual cages in treatment-specific batteries (all in one room), and evaluated for 28 d for infesta-
tion quantification by way of index scoring and feather digest. No treatments were 100% effective in
eliminating all life stages of the mite. Tetrachlorvinphos in combination with dichlorvos (RAVAP
E.C.® Boehringer Ingelheim) was the most effective with consistently negative post-treatment index
scores and the greatest decrease in mite life stages (eggs, larvae, and nymphs/adults). Malathion dust
(Hi-Yield® Voluntary Purchasing Groups, Inc.) and 10% garlic oil were next in level of effectiveness,
with significant (P < 0.05) post-treatment reductions in both index scores and mite life-stage popu-
lations. Permethrin (Permectrin II® Boehringer Ingelheim) provided the least control of the infes-
tations, with no significant reductions in index scores and only slight reduction in the abundance of
life stages after treatment.
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INTRODUCTION

Commercial chickens are parasitized by a number of
organisms. The incidence of the parasites, as well as
their degree of impact on production, varies greatly
between production types and segments. Arthropods
that adversely impact poultry production can be catego-
rized as ectoparasites (mites, lice, bedbugs, fleas, soft
ticks, black flies, mosquitoes, etc.) and premise pests
(darkling beetles, a variety of flies, moths, cockroaches,
mud “daubers”, etc.). An excellent discussion of the
offending organisms that coexist with poultry (exclud-
ing internal parasites) has recently been published
(Axtell, 1999) and should be reviewed for additional
information. In regard to ectoparasites (order: Acarina),
the Northern Fowl Mite (Ornithonyssus sylviarum)
(Canestrini and Fanzago) has emerged as the most
important “permanent” ectoparasite of poultry in the
U.S.A. This status, coupled with the fact that it is an
omnipresent offender at the University of Arkansas
Department of Poultry Science research farm (personal
communication; Nicholas Anthony), prompted the cur-
rent investigation into the effectiveness of various acari-
cidal compounds against natural Northern Fowl Mite
infestations.

MATERIALS AND METHODS

Birds
All study birds (female, white leghorn) were obtained

from the University of Arkansas Department of Poultry
Science research farm. At the time of acquisition, all
birds were healthy, 30 weeks of age, and verified to be
naturally infested with Northern Fowl Mites (NFM) by
visual inspection of the vent area. Once obtained, they
were immediately transported to the battery cage facility
at the U of A Parasitology/Physiology Unit for acclima-
tion.

Housing and Bird Maintenance
Birds were housed in stainless steel battery cages, one

bird per cage, for both acclimation and study conduct.
Each cage was 38cm wide, 50cm  deep and 50.cm high.
Water was provided ad libitum via an automatic-nipple
watering system. Feeding was according to NRC
(National Research Council) and industry standards.
Dropping pans were cleaned and provided with new lin-
ing paper on a daily basis. All batteries were in one, envi-
ronment-controlled room that was also cleaned on a
daily basis. Batteries were 2m apart.
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NFM Infestation Quantifications
Index scoring
Infestations were inspected at the vent area with 3X

magnification and quantified  by way of index scoring
similar to a system detailed elsewhere (Williams and
Berry, 1980). For the current study, index scores and
estimated total bird/mite populations were 0 (no mites),
1 (1-50 mites), 2 (51-1000 mites), 3 (1001-25000 mites),
4 (25001-100,000 mites), and 5 (> 100,000 mites).

Feather digest
Feather digest for mite quantification was conducted

according to a procedure by Mullens, et. al. 2000.
During inspection, a representative feather was selected,
extracted, and placed in a sealed container. The total
contents of the container were then submersed in 10%
KOH and brought to a transient boil. The resultant
digest was then washed over a number 400 sieve (aper-
ture of 40 microns) and the residue collected into 1000
ml with water. A count of the mite life stages was then
made either by stereomicroscopic viewing of the entire
1000 ml, or by viewing representative aliquots until 500
specimens were counted. Photographs of characteristic
specimens identified and counted in this study are in
Fig. 1.

Study schedule
On the day of initial treatment (day 0, after 7 d of

acclimation), the birds were index scored, ranked by the
score, and evenly allocated to treatment-specific batter-
ies, with five birds per battery. In addition, feathers were
obtained for digest immediately prior to treatment.
Index scores were obtained on study days 0, 7, 14, 21, and
28. Feather digests were conducted on study days 0, 14
and 28. Treatments were given on study days 0 and 14.

Treatments
The treatment groups and respective treatments were

as follows:

Treatment 1 – Control, no treatments or facsimile
Treatment 2 – Permethrin (Permectrin ® Boehringer

Ingelheim), given as a spray at the rate of 15 mls per
bird

Treatment 3 – A preparation of tetrachlovinphos
with dichlorvos (RAVAP E.C. ® Boehringer
Ingelheim), given as a spray at the rate of 30 ml per
bird

Treatment 4 – Garlic oil, given as a 10% solution in a
spray deliver, at the rate of 22.5 ml per bird

Treatment 5 – Malathion (Hi-Yield ®), given as a 5%
dust to cover thoroughly

Statistics
Index scores and digested feather, mite life-stage

counts were analyzed for differences amongst days by

way of analysis of variance (PROC GLM of SAS; SAS
Inst. Inc., Cary, N.C.). For mite stages, data were trans-
formed to the log 10 of (X + 1) prior to analysis. When
means (within treatment, amongst days) were found to
be different at a level of probability ≤ 0.10, they were sep-
arated using the PDIFF option of the LSMEANS pro-
gram of PROC GLM.

RESULTS AND DISCUSSION

Data obtained in this study are presented on a treat-
ment group-by-day of study basis for index scores, par-
asite eggs, parasite larvae, and parasite nymphs com-
bined with adults in Tables 1-4, respectively. Regarding
index scores, control and permectrin values did not
change significantly during the study although there was
reduction in the permectrin group following each treat-
ment. Significant post-treatment reductions were seen
for garlic oil, malathion, and RAVAP, with values for the
latter two treatments of 0.0 (no live mites seen) at vari-
ous points in time during the study.

Regarding parasite egg numbers per representative
feather, control levels remained high throughout the
study, but reductions were evident for each acaricidal
group, albeit not statistically evident for garlic oil or per-
mectrin (Table 2). A tendency for reduction (P< 0.10)
was seen for malathion and a significant reduction (P<
0.05) was seen with RAVAP.

Northern Fowl Mite larvae counts did not vary
amongst days for the control birds (Table 3). Levels of
larvae were reduced for all acaricidal-treated groups
post-treatment; numerically for garlic oil, at the proba-
bility level of < 0.10 for permectrin, and significantly
(P< 0.05) for both malathion and RAVAP. Reductions
were most pronounced for the RAVAP treatment group,
in which group the only negative counts of the study
were seen (day 28).

Levels of nymphs and adults combined, were very
similar to those seen for larvae (Table 4). Control num-
bers remained high throughout, and post-treatment
supressions were seen for each acaricide. Only
malathion and RAVAP-treated birds experienced signifi-
cantly reduced populations after treatment (P< 0.05).
Garlic oil and permectrin provided some control, but
only for garlic oil was the reduction somewhat statisti-
cally evident (P < 0.10).

According to the latest insecticide/acaricide recom-
mendations for Arkansas (U. of A. Cooperative
Extension Service publication MP 144), treatments that
can be applied directly to caged layers include carba-
mates (carbaryl dust, wettable powders and emulsifiable
concentrates); organic phosphates (malathion, tetra-
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chlorvinphos and dichlorvos); and synthetic
pyrethroids. At the time of this study, use of the carba-
mate products was being discontinued due to residue
and toxicity concerns, leaving only the synthetic
pyrethoids and organic phosphates as indicated treat-
ment for NFM infestations. In addition to the above,
garlic oil also was evaluated in this study due to promis-
ing results reported elsewhere (Birrenkott et al, 2000).

Therefore, of the products available for direct treat-
ment of birds with NFM infestation, only the organic
phosphate preparations of malathion dust (Hi-Yield ®
Voluntary Purchasing Groups, Inc.,) and tetrarchlorvin-
phos in combination with dichlorvos (RAVAP E.C. ®
Boehringer Ingelheim) provided excellent acaricidal
activity as evidenced by low index scores and mite, life
stage populations post-treatment. The synthetic
pyrethroid preparation of Permectrin II (® Boehringer
Ingelheim) and a 10% solution of garlic oil provided
some reductions in mite populations (stages and index
scores) but no reductions that could be considered truly
effective or that would provide infestation control in the
field.
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Table 1. Mean NFM index scores for each treatment group by day of study.
Day of study

Treatment 0 7 14 21 28
Control 3.5 3.5 3.5 4.0 4.8
Garlic oil 3.6a 1.7b 1.3b 1.0b 1.3b

Malathion dust 3.6a 0.0c 0.0c 0.6b,c 1.4b

Permectrin II 3.4 2.0 2.8 2.0 2.4
RAVAP E.C. 3.4a 0.0b 0.0b 0.0b 0.7b

a,b,c Means on the same line with unlike superscripts are significantly different (P < 0.05).

Table 2. Geometric means for O. sylviarum eggs per digested/representative feather for each 
treatment group x study day combination.

Study day
Treatment 0 14 28
Control 1437 1115 1349
Garlic oil 822 208 47
Malathion dust 1205x 87y 112y

Permectrin II 2029 492 419
RAVAP E.C. 814a 53b 3b

x,y Means on the same line with unlike superscripts are different (P< 0.10).
a,b Means on the same line with unlike superscripts are significantly different (P< 0.05).
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Table 3.  Geometric means for O. sylviarum larvae per digested/representative feather for each treatment group x study
day combination.

Study day
Treatment 0 14 28
Control 236 71 742
Garlic oil 103 7 26
Malathion dust 530a 8b 25b

Permectrin II 590x 22y 89y

RAVAP E.C. 187a 6b 0b

x,y Means on the same line with unlike superscripts are different (P < 0.10).
a,b Means on the same line with unlike superscripts are significantly different (P < 0.05).

Table 4.  Geometric means for O. sylviarum nymphs and adults (combined) per digested/representative feather for each
treatment group x study day combination.

Study day
Treatment 0 14 28
Control 862 1078 4712
Garlic oil 1048x 167y 168y

Malathion dust 1392a 62b 89b

Permectrin II 1534 419 490
RAVAP E.C. 684a 24b 2z

x,y,z Means on the same line with unlike superscripts are different (P < 0.10).
a,b Means on the same line with unlike superscripts are significantly different (P < 0.05). 

Fig. 1. Lifestages of the Northern Fowl Mite, Ornithonyssus sylviarum (40x)
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Aerobic stability of heat and
orchardgrass round-bale silage

Robert T. Rhein*, Wayne K. Coblentz†, Charles F. Rosenkrans, Jr.§,

and D. Wayne Kellogg‡

ABSTRACT

In Arkansas, silage is typically stored as balage in long rows of round bales wrapped in plastic film.
It is important to evaluate the aerobic stability of this fermented forage when it is exposed to air,
especially during the winter months when most of it is fed to livestock or sold as a cash crop. Two
types of forage, orchardgrass (Dactylis glomerata) and wheat (Triticum aestivum), were harvested in
May 2002 and stored as balage. Twenty-one bales of each balage type were unwrapped and exposed
to air on 10 Dec. 2002 for 0, 2, 4, 8, 16, 24, or 32 d to evaluate aerobic stability. For both orchardgrass
and wheat balage, final bale weight, dry matter (DM) content, and pH were not affected (P > 0.05)
by exposure time. Across both balage types, DM recoveries were ≥97% for all bales, indicating that
both types of balage were very stable when exposed to air. Concentrations of neutral detergent fiber
(NDF) and 48-h ruminal in situ digestibility were not affected (P > 0.05) by exposure time for either
balage type. Concentrations of N were greater (P = 0.045) for orchardgrass balage exposed to air for
16 d or longer compared to balage sampled at exposure (d 0), but this response was not observed (P
> 0.05) for wheat balage. These results suggest that the balage evaluated in this trial was very stable
after exposure to air for up to 32 d. This should allow for considerable flexibility with respect to
feeding, transport, and marketing of balage during winter months without significant aerobic dete-
rioration.

* Robert T. Rhein will graduate in May 2004 with a degree in animal science.

† Wayne K. Coblentz, faculty sponsor, is an associate professor of animal science.

§ Charles F. Rosenkrans, Jr. is a professor of animal science and Robert Rhein’s undergraduate academic advisor.

‡ D. Wayne Kellogg is a professor of animal science.

 



INTRODUCTION

Silage can be made from any forage that is harvested
with low dry matter (DM) content and stored under
anaerobic conditions. In this process, sugars are convert-
ed to lactic acid by lactic-acid producing bacteria that
were associated with the forage in the field. In the upper
South, silage is commonly made from cool-season for-
ages, such as alfalfa (Medicago sativa), orchardgrass, tall
fescue (Festuca arundinacea), annual ryegrass (Lolium
multiflorum), or various cereal-grains. Warm-season for-
ages that are ensiled commonly throughout the region
include corn (Zea mays), milo or sorghum-sudangrass
(Sorghum bicolor), and pearl millet (Pennisetum ameri-
canum). Historically, precision-chopped forages have
been fermented and stored in: 1) piles on the ground
covered with dirt or plastic; 2) horizontal trench or
bunker silos; 3) plastic bags or tubes that can be up to
150 m in length; and 4) upright silos made of metal or
concrete. Regardless of methodology, the ultimate goal is
to eliminate oxygen from the silage mass and maintain

these anaerobic conditions until the silage is fed to live-
stock. If silage is exposed to oxygen either during or after
the fermentation process is completed, aerobic deterio-
ration will ultimately occur. Common indicators of aer-
obic deterioration include mold development, sponta-
neous heating, DM loss, elevated pH, and reduced forage
quality.

The storage of harvested forages as fermented silage
has several advantages over storage as dry hay. A primary
consideration is associated with the unstable weather
conditions that often occur in the spring. Typical weath-
er patterns in April and early May are often rainy with
cool temperatures. This increases drying time and makes
it very difficult to achieve the level of dehydration neces-
sary for safe storage of dry hay. This level of dehydration
is approximately 80% DM for conventional rectangular
bales (Collins et al., 1987), but large round bales are
more prone to spontaneous heating (Montgomery et al.,
1986) and need to be drier (82 to 84% DM) for safe stor-
age. The negative consequences of baling hay before it is
adequately dried are widely known to producers, and
they include molding, spontaneous heating, undesirable
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changes in forage quality, and potential for spontaneous
combustion (Rotz and Muck, 1994). Producers are often
faced with the choice of baling hay before it is dried ade-
quately or risking damage to the wilting forage by rain-
fall events. When rainfall events occur prior to baling,
wilting forages suffer losses of plant sugars and other
water-soluble nutrients via leaching and prolonged or
reactivated plant or microbial respiration (Rotz and
Muck, 1994). Plant sugars are assumed to be completely
digestible by ruminants, and forage nutritive value is
therefore reduced. In contrast, forages harvested as silage
need only to be wilted to about 40% DM, which can be
achieved almost independent of the weather. Therefore,
forages conserved as silage can preserve plant nutrients
and partially avoid dependence on good drying weather.

Recently, an alternative approach has been developed
that allows small-sized producers to bale long-stem for-
ages in round-bale form and then wrap them in plastic.
The plastic wrap around these bales is essential to estab-
lish and maintain anaerobic conditions. This form of
storage, often called balage, has become very common in
northwest Arkansas. Balage is often stored in long rows
of bales that are wrapped with an in-line bale wrapper.
This is very convenient and efficient at harvest, but leads
to possible problems at feeding, especially when the bal-
age is marketed as a cash crop. Once a long row of balage
is opened, oxygen has access to the exposed silage and
aerobic deterioration can occur if the balage is not fed or
sold quickly. The longer the exposure time, the greater
the chance that forage quality will deteriorate. For small
producers with a very limited number of animals to feed,
exposure time can be weeks or longer. Producers inter-
ested in marketing balage as a cash crop often inquire
whether balage will remain stable during loading, trans-
port, and subsequent feeding operations at the buyer’s
facility. Currently, the aerobic stability of exposed balage,
particularly during winter months when most of this
product is fed or sold, remains unclear. Our objectives
were to evaluate the aerobic stability of orchardgrass and
wheat balage exposed to air during December and
January.

MATERIALS AND METHODS

Forages, Ensiling, and Storage  
On 6 and 7 May 2002, ‘Benchmark’ orchardgrass and

an unstated cultivar of soft-red winter wheat were har-
vested with a mower conditioner (Model 1411; Ford
New Holland, Inc., New Holland, Penn.) and allowed to
wilt to an appropriate DM concentration for ensiling as
balage. The orchardgrass was harvested at the heading
stage of growth, while the wheat was harvested at milk
stage. When the forages had been wilted to the desired

DM concentrations, they were raked into windrows with
a New Holland Model 258 side-delivery rake.
Immediately after raking, forages were packaged into 1.2
x 1.2-m round bales (Model XL604; Vermeer
Manufacturing Co., Pella, Iowa). Bales were hauled out
of the field and wrapped with six layers of plastic film
(Sunfilm; AEP Industries, Inc., Mt. Top, Penn.) on an in-
line bale wrapper (Reeves Manufacturing Ltd.,
Miscouche, PE, Canada). The bales were positioned in
rows on a concrete pad with each row containing only one
forage type. Bales remained there, undisturbed, until 10
Dec. 2002.

Exposure to Air
On 10 Dec. 2002, the plastic wrap covering each row

of at least 23 bales of wheat or orchardgrass balage was
cut and removed. The bales at the end of each row were
discarded. The 21 internal bales in each row were sam-
pled (Star Quality Samplers, Edmonton, AB, Canada) on
one side with an 0.45-m bale probe to determine the DM
content of the bales at the time of exposure. Bales were
blocked, based on position in the row, and designated for
a second sampling after either 0, 2, 4, 8, 16, 24, or 32 d of
exposure. Since these bales were to be evaluated over a
32-d period, holes created by the initial core sample were
filled with spray foam insulation to prevent air access
into the core of the bale.

Initial Bale Evaluation
At exposure (d 0), bales were removed from the con-

crete pad, weighed, and placed on individual wooden
pallets in an open-air pole barn. This method of stacking
allowed air space between bales and ensured equal air
exposure for all bales. Bale width and diameter were
measured, and the volume and DM density of each bale
were calculated. Bales exposed to air for 32 d were fitted
with thermocouple wires that were inserted into the core
of each bale in order to monitor changes in internal bale
temperature over time. Bale temperatures were taken
once daily with an Omega 450 AKT Type K thermocou-
ple thermometer (Omega Engineering, Stamford,
Conn.).

Final Bale Evaluation 
Each bale of both forage types was evaluated a second

time after 0, 2, 4, 8, 16, 24, or 32 d of exposure to air in
order to evaluate aerobic stability over time. On each
sampling date, three bales of each forage type were
removed from the barn and weighed. The bales were
core sampled on the opposite side of the bale from the
initial 0.45-m core sample taken on d 0. A portion of
each forage sample was dried under forced air at 50°C to
determine the final DM content of each bale; the other
portion was used to determine silage pH with a portable
pH meter (Model AP5, Denver Instruments, Arvada,

 



Col.). In addition, the three orchardgrass and wheat
bales sampled on each of the seven sampling dates were
appraised visually for mold and aerobic deterioration on
a scale of 1.0 to 5.0, where 1.0  = ideal and 5.0 = white
mold and/or other evidence of aerobic deterioration
covering the entire outside surface of the bale.
Increments of 0.25 were used during the evaluation
process.

Forage Nutritive Value
Dry forage samples were ground through a Wiley mill

(Arthur H. Thomas, Philadelphia, Penn.) fitted with a 1-
mm screen and subsequently analyzed for N, neutral
detergent fiber (NDF), and 48-hour ruminal in situ DM
disappearance. Analysis of NDF was conducted using
batch procedures outlined by ANKOM Technology
Corp. (Fairport, N.Y.) for an ANKOM200 Fiber
Analyzer. Total N for each silage sample was determined
by combustion (Elementar Americas, Inc., Mt. Laurel,
N.J.). Silage samples were incubated in the rumen of two
fistulated steers for 48 hours to provide an estimate of
digestibility for each forage (Turner et al., 2003). The
University of Arkansas Institutional Animal Care and
Use Committee approved surgical procedures for cannu-
lations and the subsequent care of the fistulated steers.

Statistics
Data were analyzed as a randomized complete block

design with three replications. Each balage type was
evaluated independently. Single-degree-of-freedom con-
trasts were used to evaluate the effects of exposure time
on each response variable. Contrasts included linear,
quadratic, and cubic effects of exposure time; in addi-
tion, all exposed bales (2, 4, 8, 16, 24, or 32 d) were com-
pared with bales sampled at exposure (d 0). Significance
was declared at P = 0.05.

RESULTS AND DISCUSSION

Initial Bale Characteristics 
Within balage type, no contrast differed (P > 0.05)

with respect to bale characteristics at the time of expo-
sure to air (Table 1). This was expected because silage
generally remains stable during storage unless the anaer-
obic environment is compromised. Generally, both
orchardgrass and wheat bales had virtually identical
measurements of diameter, width, and volume. This also
was expected since the bale size was pre-set electronical-
ly, and each bale was processed, wrapped in plastic, and
stored in an identical manner. Although balage types
were not compared statistically, the orchardgrass bales
were numerically heavier (674 vs. 459 kg) when the
silage plastic was removed. Part of the advantage in
weight observed for the orchardgrass balage was associ-

ated with DM content; the mean DM content for
orchardgrass at exposure was 8.0 percentage units lower
than for wheat (62.4 vs. 54.4%; Table 1). However, differ-
ences in bale weight between orchardgrass and wheat
bales were not explained entirely on the basis of differ-
ences in concentrations of DM. The DM density of
orchardgrass bales ranged from 202 to 235 kg/m3 com-
pared to only 165 to 187 kg/m3 for wheat. The DM den-
sity of the wheat bales was within the acceptable range
(150 to 190 kg/m3) for round-bale silage reported by
Savoie and Jofriet (2003), while the orchardgrass bales
were substantially denser. High bale or silage density is
known to be effective at reducing the permeability of the
silage mass to oxygen, thereby reducing subsequent
microbial respiration, elevated internal bale tempera-
tures, and DM loss (Pitt, 1990).

Internal Bale Temperatures
Generally, elevation of bale temperatures would be

expected in bales undergoing aerobic deterioration (Pitt,
1990), but there was relatively little temperature
response over the 32-d exposure period. One of the
wheat bales monitored for 32 d exhibited some increase
in internal bale temperature, but this response was not
observed until the bale had been exposed for at least 3
weeks. The elevated temperature in this specific wheat
bale was an exception  to the normal lack of response for
nearly all other wheat and orchardgrass bales. Internal
bale temperatures did fluctuate somewhat with changes
in ambient air temperature; however, this would be
expected, especially during a December and January
exposure period when the ambient air temperatures can
be very low.

It is not surprising that the bale exhibiting elevated
internal temperatures was comprised of wheat forage.
Orchardgrass bales were packaged at a substantially
higher DM density that should theoretically reduce per-
meability of the air and limit potential for heating via
respiration. Many cereal grains, including wheat, have
hollow stems, which results in a bulkier forage that is dif-
ficult to pack (Coblentz et al., 2001). This is reflected in
the lower DM density of wheat balage (Table 1), and the
increased likelihood of elevated internal bale tempera-
tures relative to orchardgrass balage.

Final Bale Characteristics
For both orchardgrass and wheat (Tables 2 and 3),

there were no changes (P > 0.05) in bale weight, concen-
tration of DM, or pH over the 32-d exposure period. All
recoveries of DM were ≥ 97% (Tables 2 and 3), which is
near complete recovery and suggests that both balage
types were very stable after exposure to air. The linear (P
= 0.011) and quadratic (P = 0.036) decreases in DM
recovery over the 32-d exposure period that were
observed for orchardgrass represented a very small range
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(97.3 to 100%) and were probably not biologically
meaningful. Similarly, the cubic (P = 0.034) response
observed over time for wheat balage comprised a similar
small range (97.0 to 100%) and also was probably of
limited importance. Visual mold scores were very low
(≤2.17) for all bales of both types, indicating the balage
was well preserved at exposure and showed little sign of
deterioration thereafter. No contrast was significant for
wheat (P > 0.05), but a cubic (P = 0.009) response over
exposure time was observed for orchardgrass. However,
visual mold scores for the orchardgrass balage were
extremely low, and the overall range was very narrow
(1.08 to 1.42).

Final Bale Quality
Exposure time had no effect (P > 0.05) on concentra-

tions of N, NDF, or digestible DM for either orchard-
grass or wheat balage (Table 4). Although not compared
statistically, orchardgrass balage had substantially higher
concentrations of N than did wheat balage (overall
means = 2.16 and 1.23%, respectively), but these differ-
ences are not related to the silage fermentation process.
Generally, the very limited responses over the exposure
period further indicate that these bales were very stable
after exposure to air during December and January.

Conclusion
Overall, this experiment showed that well-preserved

wheat and orchardgrass balages were very stable for
more than a month after exposure to air, and this could
provide considerable flexibility for feeding, transport,
and marketing during winter months without signifi-
cant aerobic deterioration. It is important to emphasize
that the exposure period occurred during the winter
months when temperatures were low. It should not be
inferred that aerobic stability would be the same during
other months when temperatures were substantially
warmer.

ACKNOWLEDGMENTS

Funding for this research project was provided
through the Bumpers College of Agricultural, Food, and
Life Sciences Undergraduate Research Grant Program.
The authors wish to express appreciation to Jim Turner,
Robin Ogden, John Rash, Brad McGinley, Karen
Anschutz, and Doug Galloway for their help and support.

LITERATURE CITED

Coblentz, W. K., K. A. Cassida, K. P. Coffey, and L. B.
Daniels. 2001. Forage quality characteristics of cereal
grain forages and mixtures with annual ryegrass for
hay and silage. Fact Sheet #FSA3063. Arkansas
Cooperative Extension Service, Little Rock, Ark.

Collins, M., W. H. Paulson, M. F. Finner, N. A. Jorgensen,
and C. R. Keuler. 1987. Moisture and storage effects
on dry matter and quality losses of alfalfa in round
bales. Trans. ASAE. 30:913-917.

Montgomery, M. J., A. Tineo, B. L. Bledsoe, and H. D.
Baxter. 1986. Effect of moisture content at baling on
nutritive value of alfalfa orchardgrass hay in conven-
tional and large round bales. J. Dairy Sci. 69:1847-
1853.

Pitt, R. E. 1990. Silage and hay preservation. Cornell
Univ. Coop. Ext. Bull. NRAES-5. Ithaca, N.Y.:
Northeast Regional Agricultural Engineering Service.

Rotz, C. A., and R. E. Muck. 1994. Changes in forage
quality during harvest and storage. Pages 828-868 in
Forage Quality, Evaluation, and Utilization. 13-15
April 1994, Nat. Conf. on Forage Quality, Evaluation,
and Utilization, G. C. Fahey, M. Collins, D. R.
Mertens, and L. E. Moser, ed. Univ. Nebraska,
Lincoln. ASA-CSSA-SSSA, Madison, Wisc.

Savoie, P., and J. C. Jofriet. 2003. Silage storage. Pages
405-468 in Silage Science and Technology. D. R.
Buxton, R. E. Muck, and J. H. Harrison, ed. ASA-
CSSA-SSSA, Madison, Wisc.

Turner, J. E., W. K. Coblentz, D. A. Scarbrough, R. T.
Rhein, K. P. Coffey, C. F. Rosenkrans, Jr., D. W.
Kellogg, and J. V. Skinner, Jr. 2003. Changes in nutri-
tive value of tall fescue hay as affected by natural
rainfall and moisture concentration at baling. Anim.
Feed Sci. and Technol. 109:47-63.

 



82

Table 1. Physical characteristics of orchardgrass and wheat balage opened on 10 Dec. 2002 and designated for exposure for 0, 2,
4,8, 16, 24, or 32 d. Within forage type, no contrastz evaluated was significant (P > 0.05).

Exposure time DMy Diameter Width Volume Weight (wet) DM Density
d % -------------- m ------------- m3 kg kg DM/m3

Orchardgrass
0 51.0 1.31 1.24 1.69 674 202
2 53.1 1.32 1.23 1.69 713 224
4 58.2 1.31 1.25 1.68 677 235
8 54.8 1.32 1.23 1.69 668 216
16 51.2 1.32 1.24 1.70 698 210
24 56.4 1.33 1.25 1.73 698 226
32 56.4 1.34 1.26 1.77 671 215
SEMw 4.81 0.02 0.015 0.050 17.5 14.4

Wheat
0 65.8 1.37 1.24 1.84 459 165
2 60.0 1.39 1.23 1.88 547 171
4 63.5 1.38 1.25 1.89 538 181
8 60.9 1.39 1.24 1.87 566 178
16 62.0 1.37 1.24 1.82 514 175
24 62.8 1.37 1.23 1.81 541 187
32 62.1 1.37 1.24 1.84 538 183
SEMw 3.89 0.013 0.015 0.046 62.2 11.9
z Contrasts for each forage type include: linear, quadratic, and cubic effects of exposure time, as well as a comparison of all exposed bales

(2, 4, 8, 16, 24, or 32 d) vs. bales sampled at exposure (d 0).
y DM, dry matter.
w SEM, standard error of the mean. 

Table 2. Characteristics of orchardgrass balage after exposure to air for 0, 2, 4, 8, 16, 24, or 32 d. 
Exposure time Bale weight (wet) Visual score DMz DM recovery pH
d kg % %
0 674 1.25 52.2 100.0 5.31
2 711 1.17 54.1 99.7 5.12
4 677 1.25 59.5 100.0 5.04
8 662 1.08 56.4 100.0 5.26
16 693 1.25 52.2 99.7 5.78
24 686 1.42 58.8 100.0 5.04
32 647 1.08 56.9 97.3 4.84
SEMy 17.9 0.075 4.82 0.57 0.305

Contrasts ---------------------------------------------------------- P > F ----------------------------------------------------------
linearx NSw NS NS 0.011 NS
quadraticx NS NS NS 0.036 NS
cubicx NS 0.009 NS NS NS
all exposed vs. 0-dv NS NS NS NS NS
z DM, dry matter
y SEM, standard error of the mean
x Linear, quadratic, or cubic effects of exposure time
w NS, nonsignificant (P > 0.05)
v Contrast of bales exposed for 2, 4, 8, 16, 24, and 32 d vs. bales evaluated immediately (d 0)
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Table 4. Final characteristics of nutritive value for orchardgrass and wheat balage exposed to air for 0, 2, 4, 8, 16, 24, or 32 d.
---------------------- Orchardgrass ----------------------------- ------------------------ Wheat ---------------------------

Exposure time N NDF Digestibility N NDF Digestibility
d --------------------------------------------------------------------- % of DM -------------------------------------------------------------------
0 1.96 65.0 78.2 1.28 66.2 73.6
2 2.16 65.3 78.7 1.25 63.6 76.2
4 2.15 67.3 77.8 1.22 64.2 75.5
8 2.18 67.5 78.4 1.27 62.2 76.0
16 2.24 67.4 77.9 1.20 65.3 74.8
24 2.30 65.3 80.5 1.14 61.4 76.2
32 2.15 66.3 79.6 1.22 64.9 75.5
SEMz 0.103 1.24 0.83 0.044 2.49 1.70

Contrasts ----------------------------------------------------------------------- P > F ----------------------------------------------------------------------
lineary NSx NS NS NS NS NS
quadraticy NS NS NS NS NS NS
cubicy NS NS NS NS NS NS
all exposed vs. 0-dw NS NS NS NS NS NS
z SEM, standard error of the mean.
y Linear, quadratic, or cubic effects of exposure time.
x NS, nonsignificant (P > 0.05).
w Contrast of bales exposed for 2, 4, 8, 16, 24, and 32 d vs. bales evaluated immediately (d 0).

THE STUDENT JOURNAL OF THE DALE BUMPERS COLLEGE OF AGRICULTURAL, FOOD AND LIFE SCIENCES 83

Table 3. Characteristics of wheat balage after exposure to air for 0, 2, 4, 8, 16, 24, or 32 d.
Exposure time Bale weight (wet) Visual score DMz DM recovery pH
d kg % %
0 459 1.17 64.8 99.3 5.37
2 550 1.33 58.2 98.7 5.39
4 532 1.42 63.8 98.3 5.41
8 557 1.08 59.2 97.0 5.15
16 517 1.33 61.3 99.3 5.35
24 535 1.33 65.8 100.0 5.52
32 505 2.17 64.8 98.0 5.60
SEMy 58.7 0.375 3.53 0.95 0.239

Contrasts ------------------------------------------------------- P > F -----------------------------------------------------------------
linearx NSw NS NS NS NS
quadraticx NS NS NS NS NS
cubicx NS NS NS 0.034 NS
all exposed vs. 0-dv NS NS NS NS NS
z DM, dry matter
y SEM, standard error of the mean
x Linear, quadratic, or cubic effects of exposure time
w NS, nonsignificant (P > 0.05)
v Contrast of bales exposed for 2, 4, 8, 16, 24, and 32 d vs. bales evaluated immediately (d 0)
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A survey into the prevalence
of parasitic helminths in 
broiler breeders

Anita Sarathi*, T.A. Yazwinski†, C. Tucker§, and J. Robins‡

ABSTRACT

A survey was conducted to determine the prevalence of helminth infections in spent broiler breed-
ers. Intestinal tracts from 10 birds from each of five farms were obtained and examined for parasite
identification and quantification. Heterakis gallinarum infections were the most common, followed
in order of decreasing incidence by Capillaria obsignata, Ascaridia galli, and Raillietina cesticillus.
Peak worm burdens for individual birds were 121 (A. galli), 535 (H. gallinarum), 215 (C. obsignata)
and 125 (R. cesticillus). Significant farm-to-farm variation in worm burdens was observed.

* Anita Sarathi is a junior pre-medical student in the Department of Animal Science.

† Tom Yazwinski is a professor in the Department of Animal Science and an adjunct professor in   
the Department of Poultry Science.

§ Chris Tucker is a research associate in the Department of Animal Science.

‡ Jennifer Robins is a graduate student in the Department of Animal Science.
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INTRODUCTION

The nematodes Ascaridia galli, Heterakis gallinarum,
Capillaria obsignata, and the cestode Raillietina cesticil-
lus are four of the most common helminths found to
infect chickens (Whiteman and Bickford, 1979). The
roundworm A. galli is the largest nematode in chickens.
Ascarids can cause economic losses due to lost feed effi-
ciency and lowered egg production (Ikeme, 1971). The
cecal worm, H. gallinarum, is thought to be relatively
harmless in the chicken. However, studies have shown
that Heterakis does cause both cecal and hepatic lesions
in the chicken (Riddell and Gajadhar, 1988) as well as
aids in the onset of “blackhead” disease in turkeys
(Madsen, 1962). Capillaria obsignata may cause the
most damage to the chicken’s performance of all the
nematodes (Taylor et al., 1993). Chickens infected with
C. obsignata become depressed, emaciated, develop diar-
rhea, and in the case of breeder hens, may develop a sec-
ondary Vitamin A deficiency which results in lowered
hatchability of eggs. The tapeworm, R. cesticillus, com-
petes with the chicken for nutrients from ingested feed,
and therefore can cause lowered feed efficiency and
weight loss (Reid et al., 1964). Very little is currently

known regarding the incidence and magnitudes of infec-
tions caused by the above helminths, especially in broil-
er breeders, and hence this current project was under-
taken.

MATERIALS AND METHODS

Sample Collection
Ten intestinal tracts from birds originating from each

of five broiler breeder farms were obtained from a local
processing plant. All tracts were obtained during the
months of April and May 2003.

Parasite Isolation and Quantification
Procedures followed for parasite isolation, identifica-

tion, and quantification are those that are currently rec-
ommended by the World Association for the
Advancement of Veterinary Parasitology (Yazwinski et
al., 2003). Briefly, each tract was incised lengthwise
(from gizzard to cloaca, including the ceca) and all con-
tents collected. Each tract was then soaked overnight in
water under refrigeration, and the resultant soak fluid
likewise collected. All collected materials were sieved
appropriately, and the residues stereo-microscopically
viewed for the parasite counts.
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Statistical Analysis.
All data (helminth counts) were analyzed by analysis

of variance procedures using SAS (SAS Inst, Inc. Cary,
NC) after transformation to the log (X+I) to reduce
variance. Means were separated by the t-test (P<0.05).

In determining significance of variation in parasite
incidences between farms, positive or negative infection
status of the intestinal tracts by each helminth was ana-
lyzed (compared) using the Fisher’s Exact Test from
PROC FREQ of SAS.

RESULTS AND DISCUSSION

Photographs of specimens of the four helminth
species found in this study are provided in (Fig. 1). The
incidences of the four parasite species, on a per farm
basis, are given in Fig. 2. Incidences of infection among
farms, varied significantly for C. obsignata (P < 0.03), A.
galli (P < 0.03), and R. cesticillus (P < 0.02). Incidences
of H. gallinarum infection were not different among
farms, with a high incidence (80 – 100%) on each of the
surveyed farms.

Geometric means (by farm) for the helminths are
given in Table 1. Infection magnitudes were consistent
with incidences. H. gallinarum was found to be the most
abundant helminth followed in magnitude by C. obsig-
nata, A. galli, and lastly, R. cesticillus. The three nema-
tode parasites appeared to develop similar patterns of
incidence and magnitude whereas R. cesticillus, the only
cestode parasite found, had the greatest infection levels
on a farm which ranked fourth out of the five farms for
nematode presence.

From the survey results, it is apparent that parasitic
helminth infections are common and of considerable
magnitude in commercial broiler breeders at the end of
their production period.

Given these findings, additional studies are currently
being formulated with the Arkansas poultry industry so
that several key questions might be answered:

1) At what point in the life of a broiler breeder are
helminth infections acquired? 

2) What infection levels (magnitude and incidence) are
developed in the life of the broiler breeder?  

3) Are the infection rates and magnitudes as seen in this
survey similar to those that the birds have main-
tained during their yearlong life span?

4) What is the economic/productivity significance of
commonly occurring helminthiasis in broiler breed-
ers (feed efficiency, reproduction, secondary health
considerations, etc.)? 

5) What can be done to curb the levels of helminthiasis
(husbandry, treatments, etc.)?

The helminths found in the current study have been
shown to be true pathogens yet very little is known con-
cerning their epidemiology and consequence (AAVP,
1986). Therefore, continued research in this area is indi-
cated.
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Table 1. Geometric means by farm for the helminths (and stages thereof if appropriate) in processed birds.
Helminth Farm

1 2 3 4 5
A. galli
2nd larval 0.4c 4.1a 1.2abc 3.7ab 0.7bc

3rd larval 0.2b 8.8a 3.8a 3.7a 0.2b

4th larval 0.0 1.2 0.5 1.3 0.6
Adult 0.4 0.2 0.3 0.3 0.2
TOTAL 1.2 b 16.1a 7.4a 9.1a 1.5b

H. gallinarum
larval 6.7 b 41.2a 6.2b 21.3a b 5.0b

Adult 37.8 a b 77.1a 38.1a b 80.3a 12.7b

TOTAL 55.6 a b 125.3a 51.9a b 105.9a 16.9b

C. obsignata 1.2 c 40.5a 8.5b 16.6a b 8.4b

R. cesticillus 4.5 a 0.3b 0.0b 0.0b 0.0b

a,b,c Means on the same line with different superscripts are different (P < 0.05).
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40x

Fig. 1. Specimens of the poultry helminths found in this study; A. Ascaridia galli, B. Heterakis gallinarum, C. Capillaria obsignata,
and  D. Raillietina cesticillus.

Fig. 2. Incidences of helminth infections by farm, May and June 2003
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Characterizing bean pod rot in
Arkansas and Missouri

Jeremey H. Taylor* and Craig S. Rothrock†

ABSTRACT

Green beans are an important crop grown for processing in both Arkansas and Missouri. Green
beans are harvested mechanically using non-selective picking fingers. Harvested beans are then
transported in bulk to processing plants that are located at various locations throughout the mid-
South. Thus, the crop is managed for high quality, avoiding pod blemishes caused by insects and
diseases. One of the consistent quality problems that affect Arkansas and Missouri green bean crops
is pod rot. Two of the causal agents of pod rot that have been reported by researchers and vegetable
companies alike are Pythium aphanidermatum and an unidentified Phytophthora sp. In this study, 15
growers’ fields were selected and soil samples (at planting), pod samples (at harvest), and environ-
mental data were taken from each field. Disease incidence for field sites ranged from 0 to 7.3%.
Pathogens associated with pod rot were Sclerotinia sclerotiorum, Rhizoctonia solani, a Phytophthora
sp., and Pythium spp. The two suspected causal agents for pod rot, Pythium and Phytophthora spp.,
were found in all but one of the 12 field sites assessed for pod rot. Pythium inoculum potential, as
determined by a baiting technique, was not a good indicator of pod rot incidence. In addition, soil
temperature and water were not associated with pod rot. Pods collected at harvest having symptoms
of pod rot were either in direct contact with the soil, senescing leaf tissue, or other diseased pods.

* Jeremey H. Taylor graduated in December 2003 with a B.S. in pest management.

† Craig S. Rothrock, faculty mentor, is a professor in the Department of Plant Pathology.

 



INTRODUCTION

In the central United States about 8900 ha of green
beans, Phaseolus vulgaris, are grown each year. The
processors of green beans require a large volume of
high-quality product annually. In order to achieve this
volume, crops must be harvested in a timely and eco-
nomic manner that maintains high quality. Thus, crops
are grown with little tolerance to insect damage or dis-
eases. Bean crops are mechanically harvested with
machines that use non-selective picking fingers which
allow for no separation of diseased pods from healthy
pods prior to transport. An increase in pod rot has been
reported in the last 5 years in several of Allen Canning
Company growers’ fields (William Russell, personal
communication). Some cultural practices that have
been associated with this increase of pod rot are closer
row spacings, consecutive plantings of snap bean, and
increased fertilizer rates.

Pod rot is caused by several soilborne pathogens. Dr.
John Damicone, Professor/Extension Plant Pathologist
at Oklahoma State University, reported that pod rot was
caused by at least two main casual agents, Pythium

aphanidermatum and a Phytophthora sp. Phytophthora
nicotianae var. parasitica is the cause of downy mildew
pod rot on snap bean, which has been reported in
Florida and North Carolina (Farr et al., 1995). However,
the Phytophthora sp. that is associated with pod rot in the
mid-South does not resemble P. nicotianae var. parasiti-
ca (John Damicone, personal communication). Diseases
that result from these pathogens on bean also include
seed rot and preemergence or postemergence damping-
off of seedlings (Hall, 1991). Other pathogens associat-
ed with symptoms of pod rot are Sclerotinia sclerotiorum
and Rhizoctonia solani (Hall, 1991).

Pythium and Phytophthora spp. are often called water
molds, being favored by wet conditions in soil or on
foliage (Erwin and Ribeiro, 1996). They grow as fila-
mentous hyphae that are similar in appearance to fungi
but these organisms are in the kingdom Stramenopila.
These two genera are cosmopolitan and species may
have a wide host range (Erwin and Ribeiro, 1996). Both
pathogens produce long-lived sexual spores, oospores,
and asexual structures and spores, sporangia and
zoospores, respectively. The sporangia may germinate
and infect directly similar to oospores or may produce
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zoospores, which are the motile form of the pathogen.
The zoospores, once released from the sporangium,
swim to the host, encyst, and form a germ tube to infect
the host (Ribeiro, 1978).

The study was designed to examine pod rot incidence
and causal agents on green beans in Arkansas and
Missouri. In addition, association of pod rot with field
history, cultural practices, soil inoculum potential, and
environment was examined.

MATERIALS AND METHODS

Fifteen field sites were selected that represented dif-
ferent cultivars and cultural practices used by growers
for the Allen Canning Company in Missouri and
Arkansas (Table 1). Histories of each field were docu-
mented based on fertility management, consecutive
years planted in snap bean, row spacing, irrigation, and
cultivars. In 12 of the 15 sites, environmental monitor-
ing systems were placed to take soil temperature and
water readings every 30 minutes.

A baiting technique was developed to examine
Pythium inoculum potential. Approximately 30 arbi-
trary soil cores (2.5 cm in diameter by 15.0 cm deep)
were taken along two diagonals from adjacent corners of
each field at planting. For the baiting technique, 10
grams of soil from a single field were placed in the bot-
tom of a plastic container (13.9 cm by 10.1 cm by 3.8
cm). A total of 150 mL of sterilized water was added to
the container. Finally, ‘Roma II’ bean pods were washed
in a 0.5 % NaOCl solution for 1.5 min, blotted dry on a
paper towel, cut into 1-cm sections, and 12 pieces placed
on a screen for 24 h in the dark. The screen was placed
over the soil to separate the soil from the pod sections.
Three plastic containers, serving as replicates, were run
per field. After 24 h, the 12 pod pieces from each con-
tainer were transferred to water agar plates and moni-
tored. Developing colonies were transferred from the
water agar plates to potato-dextrose agar (PDA) plates.
Once growth was established on PDA plates, cultural
characteristics were recorded. To determine which of
the cultures were virulent, a pathogenicity assay was
conducted. One flat, ‘Roma II’ bean pod was used for
every isolate that was suspected to be a Pythium or
Phytophthora spp. A 1-cm wound was made using a ster-
ilized scalpel at the bottom of the pod and inoculated by
placing a portion of a culture in the wound. The inocu-
lated flat beans were placed on wet paper towels in a
sealed container to maintain high humidity. The con-
tainers were placed in the dark at room temperature
(approximately 21°C) for 3 days at which time pods were
examined and measured for lesion length from the point
of inoculation.

Prior to harvest, each field was scouted and sampled.
In each field, 15 sample sites, arbitrarily selected but rep-
resenting the geographical layout of the field, were
inspected for diseased pods. At each site, 40 pods were
examined for a total of 600 pods per field. Diseased pods
were placed in individual bags to avoid contamination
and labeled by site. The diseased pods were taken back
to the Plant Pathology Department laboratory, rinsed
with deionized water, blotted dry with a paper towel, and
diseased pod tissue placed on P5ARP, a selective medium
for Pythium and Phytophthora (Jeffers and Martin,
1986), and water agar plates. Once growth had occurred,
cultures were transferred to PDA. From the PDA plates,
cultures were identified or a plug was transferred to corn
meal agar (CMA) for identification of Pythium and
Phytophthora isolates. In order to identify Pythium and
Phytophthora isolates, three strips were cut from a CMA
plate and placed in a Petri dish that contained sterilized
water and wheat (Triticum aestivum) leaves. Wheat
leaves were sterilized by autoclaving twice for 20 min at
24 h intervals. The plates were placed in the dark for 2
days. On the third day, slides were made from the wheat
leaves and isolates identified based on asexual and sexu-
al fruiting structures (Erwin and Ribeiro, 1996; Van Der
Plaats-Niterink, 1981). All Pythium and Phytophthora
isolates were tested for pathogenicity.

RESULTS AND DISCUSSION

Incidence of pod rot averaged 1.4 %, ranging from 0
to 7.3 %, across the 12 locations (Table 1). Three out of
the 15 fields were harvested prior to disease assessment.
In field sites JT5, JT9, and JT12, no diseased pods were
found (Table 1). A Phytophthora sp. was recovered from
pods in only one of the field sites whereas Pythium spp.
were isolated in seven of the 12 fields (Table 2). All but
one of the isolates from diseased pods, site JT4, were vir-
ulent (Table 2). Rhizoctonia solani was recovered from
diseased pods in four fields. In three of these fields, R.
solani was recovered from 25% or more of diseased pods
(Table 2). Sclerotinia sclerotiorum was recovered from
three fields, with this pathogen being isolated from 39 to
67% of diseased pods (Table 2). Speciation of Pythium
isolates resulted in at least two Pythium species, P. ulti-
mum, and P. aphanidermatum. All Phytophthora isolates
had similar appearance, including sporangium size, in
this study.

The results for the soil assays showed Pythium spp.
were detected in soil from all 15 fields (Table 2).
Pathogenicity tests resulted in virulent isolates from each
of the soil samples. Although inoculum was present in
each field, no association was found between inoculum
potential and disease incidence for the fields. No associ-
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Table 1. Field information and pod rot incidence.
Field Field Row Canopy Pod rot
designation Location historyy Cultivar spacing (m) Fertilityz cover (%) incidence(%)
JT1 Washington Co., Ark. 2 Roma II   0.91 0 86 0.7
JT2 Benton Co., Ark. >3 Roma II 0.91 1 89 3.0
JT3 Benton Co., Ark. >3 Roma II 0.91 1 88 0.7
JT4 Benton Co., Ark. 2 Nelson 1.02 1 82 2.0
JT5 Newton Co., Mo. 1 Roma II 0.91 2 93 0
JT6 Newton Co., Mo. 1 Nelson 1.02 1 61 1.3
JT7 Newton Co., Mo. >3 Roma II 0.91 1 100 7.3
JT8 Newton Co., Mo. >3 Roma II 0.91 1 79 2.7
JT9 Newton Co., Mo. >3 Nelson 0.91 1 100 0
JT10 Newton Co., Mo. >3 Nelson 0.91 2 86 1.3
JT11 Newton Co., Mo. 1 Roma II 0.91 2 96 1.7
JT12 Newton Co., Mo. >3 Roma II 1.02 1 81 0
JT13 Benton Co., Ark. >3 Nelson 0.91 2 0 -
JT14 Benton Co., Ark. >3 Roma II 0.91 1 0 -
JT15 Newton Co., Mo. >3 Nelson 0.91 2 0 -
y Number of consecutive years of bean production
z Level of N-fertility; 0 = below average, 1 = average, 2 = above average
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ations between the environmental data collected (soil
temperature and soil moisture) and incidence of pod rot
were observed.

While conducting this study, several observations
were made regarding the occurrence of pod rot. Pods
that had symptoms of pod rot were either in direct con-
tact with soil, dead or senescing leaf tissue, or other dis-
eased pods. ‘Roma II’ had greater pod rot and plants
tended to be more prostrate than with the cultivar
‘Nelson.’ Cultural practices, including row spacing, fer-
tilizer use, and canopy cover, did not consistently influ-
ence disease incidence. In fields that used irrigation, dis-
ease tended to be present more consistently.

In conclusion, the pathogens Pythium aphaniderma-
tum and Phytophthora sp. were found associated with
pod rot. Future research should be directed toward
examining cultural practices such as irrigation, row
spacing, tillage (conventional versus no-tillage), and fer-
tility to clarify their effect on disease. Furthermore,
plant architecture, including pod location, should be
investigated for the possibility of selecting a more erect
plant as opposed to having a plant with a prostrate
growth habit, as found for ‘Roma II’. Lastly, environ-
mental conditions that favor pod rot need to be deter-
mined. In this study, data were taken on soil moisture
and temperature only. Environmental data should
include air temperature, leaf wetness, and rain fall. The
clarification of factors important to pod rot develop-
ment will aid in the management of this disease through
plant genetics and changes in cultural practices.
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Table 2. Pathogen inoculum potential and pod rot pathogen recovery
Field Soil baiting of Pathogen recovery (%)
designation Pythium isolates (%)y Pythium Phytophthora Rhizoctonia Sclerotina

Total Virulent spp.(virulence)z sp. solani sclerotiorum
JT1 72 36 100 (1.0) 0 0 0
JT2 86 34 50 (4.2) 0 0 39
JT3 69 33 100 (4.0) 0 0 0
JT4 53 25 1 (0) 0 1 67
JT5 28 14 0 0 0 0
JT6 53 17 75 (2.0) 0 25 0
JT7 31 17 0 16 (1.2) 55 0
JT8 33 11 94 (2.0) 0 1 0
JT9 39 11 0 0 0 0
JT10 28 17 100 (2.1) 0 0 0
JT11 67 1 0 0 50 40
JT12 19 3 0 0 0 0
JT13 47 25 - - - -
JT14 42 22 - - - -
JT15 31 14 - - - -
y Isolation from three replicates of 12 pod sections each per soil sample; isolates were tested by a bean pod pathogenicity test for

virulence.
z Mean expansion of lesion from the point of inoculation after 3 days
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Propagation of thornless black-
berries utilizing adventitious
shoots from root cuttings

Ellen Thompson*, John R. Clark†, and Curt R. Rom§

ABSTRACT

Studies were conducted in early 2003 to determine the effect of root source and length on yield of
adventitious shoots from root cuttings and on subsequent plant yield for University of Arkansas-
developed thornless blackberries. In the first study, roots from ‘Arapaho’ and ‘Apache’ plants grown
in an aboveground bed containing commercial potting soil were compared to field-grown roots.
Bed-grown roots averaged 6.9 shoots per 15 cm root cutting while field grown roots averaged 3.4.
‘Apache’ produced more shoots/root cutting compared to Arapaho, (5.9 vs. 4.4 shoots/root cutting,
respectively). In a comparison of 15- vs. 30-cm-long root cuttings of ‘Apache’, ‘Arapaho’, and
‘Ouachita’, shoot yield of 30-cm roots was higher than that of 15 cm roots, but total yield of shoots
per root unit was not increased by the longer root cuttings. Rooting of adventitious shoots neared
100% in both studies, and resulting quality of plants from these shoots was very good. This minor
modification to the traditional method of planting root pieces to yield individual plants could lead
to a more efficient and productive yield of propagules. The use of adventitious shoots from root cut-
tings for blackberry plant propagation appears to be a viable method for nurserymen to consider.

*  Ellen Thompson graduated in May, 2004 with at B.S. in horticulture.

† John R. Clark, faculty co-sponsor, is a professor in the Department of Horticulture.

§  Curt R. Rom, faculty co-sponsor, is an associate professor in the Department of Horticulture.
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MEET THE STUDENT-AUTHOR

After graduating from Fayetteville High School, I spent
one year in Germany living with a family, working as an au-
pair, and travelling to 11 different countries. Upon my
return home, I entered the University of Arkansas and
received a B.S. degree in horticulture with a minor in
German in May 2004.

Over the course of my academic career, I was fortunate to
have the experience as an undergraduate teaching assistant
for the introductory-level horticulture class, travel to
Switzerland for an international horticultural internship,
and recently complete an undergraduate research project.
In early 2004, I received first place in a student paper pres-
entation competition hosted by the Southern-ASHS.

This undergraduate research project has been very influ-
ential in my decision to pursue graduate school. Not only
has it been good preparation for a master’s degree, I believe
that I have found my true passion: research on select fruit
crops. I am also becoming interested in extension work. A
goal of mine is to help bridge the gap between researchers
and growers. I look forward to graduate studies and plan to
continue travelling the world.

Ellen Thompson

INTRODUCTION

Traditional methods of blackberry (Rubus subgenus
Rubus Watson) propagation include tip layering, soft-
wood cuttings, root cuttings, and tissue culture
(Caldwell, 1984). While all successful, some methods
often require lengthy establishment and growing periods
and often do not meet virus-tested stock demands when
virus-tested stock plant material is limited or when
propagation must be conducted in enclosed structures
with very limited space. These methods are commonly
used due to familiarity and cost efficiency, and generally
the use of root cuttings is the most widely practiced type
of propagation for Arkansas-developed cultivars (John
R. Clark, personal communication). In general,
Arkansas-developed blackberries are very successful
under this method. However, a simple modification in
the use of root cuttings could lead to a more efficient
yield of propagules. The forcing of multiple adventi-
tious shoots and subsequently rooting them to produce
individual plants would allow propagators to yield more
plants from a single root cutting. This method has been
used in raspberry production as a successful means to
increase propagule yield (Jennings, 1988). Also, a nurs-

ery in Switzerland that propagates and grows University
of Arkansas-released cultivars has found this method to
be efficient for both raspberries and blackberries
(Markus Kobelt, Rhein-Baumschulen, Buchs,
Switzerland, personal communication).

Cultivar and source of root cuttings have been
regarded as possible reasons for variation in subsequent
plant stand and quality. Observations involving bed-
grown root cuttings indicated they varied in perform-
ance compared to field-grown root cuttings (Charles
Boyd, Cedar Valley Nursery, Centralia, Wash.). Arkansas
blackberry cultivars have been shown to vary in the per-
cent sprouting of root cuttings (Clark and Moore, 1999),
therefore, an evaluation of cultivar effects is needed in
the evaluation of root cutting feasibility for plant pro-
duction.
The objectives of our studies were to: 1) compare field-

grown roots to soil-less, bed-grown roots in adventitious
shoot production for two cultivars, and 2) determine if
root cutting length affects resulting adventitious shoot
number, plant size, and quality for three cultivars. Our
intent is to provide this information to blackberry nurs-
erymen as an alternative method to maximize propaga-
tion potential.
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MATERIALS AND METHODS  

Experiment I: Cultivar and Root Source Study   
Thirty field-grown roots of the thornless blackberry

cultivar Arapaho were collected from the University of
Arkansas Agricultural Research and Extension Center,
Fayetteville. The same number of ‘Apache’ roots was col-
lected from the University of Arkansas Fruit Substation,
Clarksville, all in December, 2002. The diameter of the
roots was measured and root pieces were cut to 15 cm
and placed in sealed, moist plastic bags in cold storage at
approx. 3°C. The average diameter of the bed-grown
roots was 2.4 mm while the field-grown roots averaged
4.7 mm. On 19 January 2003 (approximately one month
of storage), the root cuttings were removed from storage
and placed in drained, plastic tubs containing Promix®
soil-less potting mix (Sun-Gro Horticulture, Bellvue,
Wash.) to a depth of 6 cm. The roots were maintained
in the containers until mid-June. The containers were
kept in a greenhouse with a daily minimum temperature
of approx. 18°C and a daily maximum temperature of
approx. 25°C. Roots were placed in the containers in a
randomized complete block design of 10 replications,
with three roots of each cultivar/root source per replica-
tion. Adventitious shoots were removed each 7-10 d as
they emerged and length of shoots at removal was 3 to 5
cm. Harvested adventitious shoots were then stuck into
Jiffy® peat pellets (Jiffy Co., Batavia, Ill.) and placed
under an intermittent mist system until rooted.
Adventitious shoots generally rooted within 7 to 12 d.

Up to 10 rooted shoots were then potted in 10 cm
pots containing Promix® soil-less potting mix, main-
tained in the greenhouse, grown, and later evaluated for
quality in May 2003. Each 0.8 cubic-meter bag of pot-
ting media received 50 mL of Osmocote 14-14-14 (The
Scotts Co., Marysville, Ohio) per 0.03 cubic meter of soil
for fertilization. Data collected included 1) date of
adventitious shoot collection, 2) total number of adven-
titious shoots yielded, 3) plant establishment and sur-
vival percentage, and 4) overall resulting plant-quality
rating from 1 to 5; 1 = excellent plant health and growth
and 5 = poor plant health  and growth.

Experiment II: Cultivar and Root Length Study   
Field-grown roots of ‘Arapaho’ and ‘Ouachita’ were

collected from the same Fayetteville location, and
‘Apache’ from Clarksville in December, 2002. Roots of
each cultivar were cut into lengths of 15 and 30 cm and
placed in plastic containers in soil-less medium as
described in Study I. Roots were also evaluated for qual-
ity in May and all roots were maintained in the contain-
ers until mid-June. Roots and harvested adventitious
shoots received the same greenhouse treatments as in

Experiment I. The study was arranged as a randomized
complete block design with four replications of each
treatment combination, with three roots of each cultivar
and length per replication. Data collected were the same
as in Experiment I.

Data for both studies for shoot yield, plant survival,
and plant quality were analyzed by analysis of variance
using JMP (JMP, version 4, SAS Institute Inc. Cary, N.C.)
and treatment means were compared using t-tests
(P<0.05).

RESULTS AND DISCUSSION

Experiment I:  
There were significant effects for root source and cul-

tivar for adventitious shoot production per root cutting,
but not for the interaction of root source and cultivar.
‘Apache’ averaged 5.9 adventitious shoots per root, com-
pared to ‘Arapaho’ with 4.4 (Table 1). This observation
agrees with a study by Clark and Moore (1999), in which
adventitious shoot yield from ‘Apache’ root cuttings was
higher than that of ‘Arapaho.’ Bed-grown roots pro-
duced on average 6.9 adventitious shoots per root, sig-
nificantly greater than field-grown roots, which averaged
only 3.4 adventitious shoots per root (Table 1).
Adventitious root collection began approximately 4
weeks after placement of the roots in the medium.

Overall, adventitious shoot harvest was greatest in the
first 7 weeks of study after first-shoot emergence, but
was greatly reduced thereafter (Fig.1). For bed-grown
roots, there was a tendency for earlier shoot develop-
ment and subsequent adventitious shoot harvest partic-
ularly in the first 2 weeks after first emergence. Eleven
weeks after initial planting of roots, 75% of ‘Apache’ and
72% of ‘Arapaho’ bed-grown shoots had been harvested.
Field-grown adventitious shoot yield was also greatest in
the first 11 weeks of the study, however in comparison to
bed-grown sources, shoot development in field-grown
sources was somewhat delayed. Adventitious shoot yield
fell off greatly after the first 11 weeks after initial root
planting for both bed-grown and field-grown sources
(Fig. 1).

The percent survival for the adventitious shoots upon
removal from the root cuttings and placement under
mist neared 100% (data not shown), indicating near
complete success of rooting and subsequent plant sur-
vival using this method. Once potted, the plants grew
vigorously and did not show any signs of nutrient defi-
ciencies or further weaknesses. Quality ratings on result-
ing potted plants indicated excellent performance and
there were no differences among cultivars or root
sources (data not shown).
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Experiment II:  
There were significant effects for root length but not

cultivar in this study and the interaction of root length
and cultivar was not significant. Root length of 30 cm
for all three cultivars yielded a mean of 6.1 adventitious
shoots per root, while the average for 15-cm roots for the
three cultivars was 3.4 adventitious shoots per root
(Table 2). The overall plant yield, in a practical sense,
was not different in that longer roots simply yielded
about the same number of adventitious shoots as did
two of the shorter roots. Similar to Experiment I, adven-
titious shoot harvest was greatest in the first 11 weeks of
the study and did not appear to be affected by root
length or cultivar (data not shown). Cultivars showed
small numerical differences in shoot number, but none
were significant. Plant quality ratings showed slight
numerical differences for root length and cultivar, but
none were significant (data not shown). Overall plant
quality was very good for all cultivars and root lengths.

Conclusion
The major objective of our studies was to determine

if propagation of thornless blackberries utilizing adven-
titious shoots from root cuttings proved to be a more
efficient and higher yielding method than the tradition-
al root-cutting propagation commonly used in the
industry. We were equally interested in ensuring that
plant quality, using this propagation method, is as good
as that produced from other, more traditional methods.
The survivability of plants using this method was excel-
lent. Once the adventitious shoots rooted and were pot-
ted, they grew vigorously and could quickly be grown
into a marketable plant. This finding could be particu-
larly valuable to a nurseryman.

Using this method, the amount of root material need-
ed for an increased number of plants yielded per root
would be much less than the more common yield of one
plant per root cutting. This could be of particular value
if, for instance, nurserymen grew plants for root cuttings
in enclosed structures, such as beds in screenhouses that
excluded virus vectors, and subsequently used the roots

to force adventitious shoots. Growers using this method
could expect significantly higher adventitious shoot pro-
duction in the thornless cultivar ‘Apache’, although this
method is also useful for the other cultivars. Growers
could also expect to double adventitious shoot yields if
bed-grown roots were used. It is possible that field-
grown roots become more lignified, therefore yields are
less due to lack of undifferentiated root cells.

Further studies on this topic might include the evalu-
ation of rooting hormone on adventitious shoot produc-
tion. Evaluating the use of shorter bed-grown roots in
greater quantities and comparing the resulting number
of adventitious shoots may result in an even greater yield
of propagules.

The University of Arkansas released the first commer-
cial primocane-fruiting blackberry cultivar in early
2004. These unique plants, which produce fruit on cur-
rent-season canes (primocanes), rather than overwin-
tered, 2-year-old canes (floricanes), will likely be limited
to only tissue culture or root-cutting propagation.
Softwood-cutting propagation will likely not be feasible
due to primocane morphology being immediately in
flowering mode rather than vegetative mode during the
growing season. The use of adventitious shoots emerg-
ing from longer root cuttings could be a valuable
method of propagating these new cultivars, in that these
small shoots will be vegetative in growth and not in the
flowering mode at this juvenile stage. Further evaluation
of this technique will reveal the potential of this method
with these unique plants.
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Table 1.  Number of adventitious shoots per root resulting from bed- and field-grown roots of ‘Apache’ and ‘Arapaho’
blackberries.

Cultivar Bed-grown Field-grown Cultivar main effects
Apache 8.0 3.8 5.9az

Arapaho 5.8 2.9 4.4b     

Root source
main effects  6.9 Az 3.4 B
z Upper case letters represent a significant main-effect difference for root source; lower case letters represent a significant differ-
ence for cultivar (P<0.05).  The interaction of cultivar by root source was not significant in the data analysis.
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Table 2.  Number of adventitious shoots per root at two root lengths among three cultivars.    
Root length

Cultivar 15 cm 30 cm Cultivar main effects
Apache                            2.5 5.8   4.2 

Arapaho                         4.6                           5.3 5.0

Ouachita                          3.1                            7.2      5.2

Root length
main effects                  3.4 Az 6.1 B
z Upper case letters represent a significant difference among root lengths, (P<0.05).
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Fig. 1. Dates of adventitious shoot collection from ‘Arapaho’ and ‘Apache’ blackberry roots from 
bed- (BG) or field-grown (FG) sources.
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STYLE GUIDELINES

Discovery uses Scientific Style and Format: The Council of Biology Editors Manual for
Authors, Editors, and Publishers as its style manual. Refer to the latest available edition of the
CBE manual for any questions not covered in these guidelines. Refer to the Associated Press
Stylebook for state abbreviations.

For research in disciplines where professional journals use style guides that differ signif-
icantly from the CBE, please consult the Discovery managing editor for guidance. You may
also use this issue of Discovery as a style guide.

Writing style should be consistent with professional journals in the student’s discipline.
However, articles will be reviewed and read by people with varied backgrounds. Therefore,
authors should avoid scientific jargon and should use a style and vocabulary that can be
understood by any educated reader.

FORMAT

Report measurements in metric and other standard scientific units. Units or symbols that
are likely to be unfamiliar to a general readership should be defined.

Figures and tables must be submitted as electronic TIFF files. All figures should be gen-
erated by authors in the original charting software at 300 dots per inch (dpi) at a standard
figure width of 4 inches (select “constrain proportions” and height will default proportion-
ally), and exported or saved as TIFF files, if the original charting software offers a TIFF file
format. If not, save all figures, tables (and scanned photos) as TIFF files out of Adobe
PhotoShop or other similar software. Select the “Save for Mac” byte order option if available
in the original charting software “save as” function. If saving as TIFF files out of Adobe
PhotoShop, select the “Save as” function to access the TIFF file format and specify the “Save
for Mac” option in the byte order dialogue box. The size of figures will be adjusted by the
editor to fit the page layout. Tables are to be in helvetica 8 pt. plain with title only bolded
(footnote/table superscripts only in helvetica 6 pt. plain); look at prior DISCOVERY journals
for the correct typeface, table width, and horizontal rule (.05 width) styles.

Also include one copy of each figure camera-ready, printed black on white paper, with the
original hard-copy manuscript submission.

Microsoft Word is the preferred text format, although WordPerfect will be accepted.
Indicate footnotes using sequential superscript lowercase letters (z, w, x, etc.) Place table

footnotes at the bottom of the table. Footnotes used to clarify or annotate text should be
placed at the bottom of the page in which the reference appears.

Use a comma before the word and in a series: The U.S. flag is red, white, and blue.
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PARTS OF THE MANUSCRIPT

The title page should include the following:
• a concise, descriptive title
• authors’ first names, middle initials (if

any), and last names (faculty sponsor
should be listed as a coauthor)

• an abstract
• a footnote identifying each author by

classification and major for students;
rank and department for faculty and staff

• a footnote identifying faculty sponsor or
mentor

• a footnote acknowledging financial sup-
port and other assistance. Note support
by any companies or parties with a vest-
ed interest in the research results.

The Abstract summarizes the purpose, proce-
dures, and main findings in 250 words or less.

The Introduction states the purpose of the study, the
hypothesis, and pertinent background information.

The Materials and Methods section describes the
experimental design, materials used, statistical
analysis (required), and any other details needed
for another researcher to reproduce the study and
to confirm the validity of findings and conclusions.

The Results and Discussion section presents
appropriate data, but not all data, in text, tables,
and figures and places the findings in context with
other research in the field. The discussion empha-
sizes new and important aspects of the research and
conclusions that follow from them. Include impli-
cations and impact of the findings. Relate your
findings to observations of other studies. State new
hypotheses when warranted, but avoid unqualified
statements not completely supported by your data.

The Literature Cited section lists the complete
references corresponding to those cited in the text.
Within the text, references are indicated by (Last
Name, Year), e.g., (Jones, 2000) (Smith and Jones,
2000) (Brown et al., 2000) The complete citation is
listed at the end of the manuscript in alphabetical
order by the first author’s last name. Multiple cita-
tions of the same author are listed chronologically or
by order of reference in the text if dated the same year.

Journal references are written as follows:
Authors. Year. Title. Journal title. (month and date if

appropriate); volume:pages. As below, no italics,

(unless latin phrase or word, which requires italics):
Jones, G.R., W.F. Smith, and T.Q. Brown. 1999.

Seasonal nitrate content of tall fescue. Agronomy
J. 55(3):49-53.

Book references are written as follows:
Authors or editors. Year. Title. Publisher, Place of publi-
cation. As below, no italics, (unless latin phrase or
word, which requires italics):
Ryugo, K. 1998. Fruit Culture: Its Science and Art.

John Wiley and Sons, London.

Internet URL citations are written as follows:
Limon, T.A., R.S. Benz. 2000. Grains of the world.

Science on the Web. Prentice Hall. <http:www.sci-
web.com> Accessed Apr.17, 2000.

MANUSCRIPT SUBMISSION

Submit two copies of a printed manuscript on 8.5
x 11-in. paper, with double-spaced, 12-pt. text on one
side, and an electronic file on Zip 250 mb disk or as an
e-mail attachment to <cmromund@comp.uark.edu>.
Mail or deliver to Discovery, Communication Services
Unit, 110 AGRI, University of Arkansas, Fayetteville,
AR 72701.

Also submit a brief personal biography (refer to
past issues of DISCOVERY for style and length) and
phone the Communication Services office at (479)
575-5647 to arrange an appointment to have your
photo taken for the magazine. Include a cover letter
signed by a faculty sponsor or mentor and all authors.
Unless otherwise indicated, the editor will correspond
with the first author for revisions, approval of proofs,
etc. Note: First author (student) must include a cur-
rent and a forwarding e-mail address (or phone num-
ber) for contact outside the school year.

Length should be limited to about 2000 words, but
no minimum or maximum length is required.

REVIEW PROCEDURES

Papers will be reviewed by an editorial board,
which will decide as follows:

• Publish with minor revision
• Publish with acceptable revision
• Revise and resubmit
• Reject

Written comments of reviewers will be provided
to the author. When a paper is accepted “with revi-
sions,” the managing editor will approve a final draft
for publication.
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