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ABSTRACT

Average rough rice yields in 2004 for the systems rotation studies were 170 bu/acre;
the second highest mean grain yield since the study began in 1999. Differences in rough
rice yields were signiycant for the main effects of tillage, rotation, and variety, but not
for fertility. In 2004, the lowest rough rice yield (156 bu/acre) was in the continuous
rice rotation. This was the yrst year that continuous rice yielded less than rice planted
after wheat. Grain yields were highest in the rice-soybean and rice-corn rotations. For
the variety 6Cybonnetd, grain yields in the two rotations where rice was planted follow-
ing wheat were not signiycantly different than those obtained in standard rice-soybean
and rice-corn rotations. Consistently, equal or higher grain yields from the éstandard6
fertility treatment compared to the denhancedd fertility treatment support current recom-
mendations and suggest that higher N, P, and K rates may not result in increased grain
yields. Fertilizer-N uptake at the higher-N rate (150 Ib/acre) was lower in the continu-
ous rice rotation when compared to the rice-soybean rotation. No-till further decreased
fertilizer-N uptake in the continuous rice rotation; a result not found in the rice-soybean
rotation. No-till resulted in equal or increased soil-N uptake for both rotations indicat-
ing a potential nutrient beneyt from no-till production. Total N uptake was lower in the
continuous rice rotation compared to the rice-soybean rotation. Lower N uptake in the
continuous rice rotation may have contributed to reduced grain yields in that rotation.
Increasing phosphorus and potassium levels resulted in increased soil P and K levels but
were not associated with increased grain yields. There were no signiycant differences in
soil P and K levels in the no-till plots compared to the conventional-till plots.
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INTRODUCTION

Rice production has changed considerably in the past 10 years, partially due to
the availability of high-yielding varieties and improved production techniques. Farm
legislation has also inpuenced production by removing acreage restrictions. Concurrent
with these developments is an increasing concern that rice production is detrimental to
land and water quality. One way farmers can directly address these concerns is the use
of minimum or no-till rice production. This project was established with the following
objectives: 1) provide a set of management guidelines that farmers can use to assist
them in maintaining their proytability should they change their rotations, 2) explore
the potential of using short-duration rice, soybean, wheat, and corn varieties in a range
of crop rotations, 3) measure the effects of fertility levels and crop sequences on pest
and disease incidence in existing and new rotations, 4) explore the use of conservation
tillage in a range of rotations, 5) determine the feasibility of using corn in rice-based
cropping systems, and 6) test existing cropping systems models that include the crop
species used in this study.

PROCEDURES

Field #8 at the University of Arkansas Rice Research and Extension Center was
selected for this study and cut to a 0.15% slope in February 1999. This site had not been
regularly used for rice research because irrigation water was not readily available. Soil
at the site is referred to as a Stuttgart silt loam and classiyed as a yne, smectitic, thermic
Albaquultic Hapludalfs. Initial soil samples showed a pH range of 5.6 to 6.2 with a
carbon content averaging 0.84% and nitrogen 0.08%. Main rotation plots measuring 250
ft. x 40 ft. were laid out in a north-south direction. These plots were then divided (strip
across each replication) in half east-west with each side randomized as conventional or
no-till treatments. Each tillage treatment was then split (strip across each replication)
into a standard and high-fertility treatment. For rice, dstandard fertility consisted of a
single pre-pood N application of 100 Ib urea/acre plus 40 Ib/acre P,O, and 60 Ib/acre
K,O applied prior to planting. Rates increased to 150 Ib/acre N, 60 Ib/acre P,O., and 90
Ib/acre K,O for the éenhancedd treatment with application times remaining the same.
Two varieties of each crop species were planted in a continuous strip across the con-
ventional and no-till treatments. This design has not changed except when a speciyc
variety was either not available or was not resistant to a particular disease. The rice
varieties used in 2004 were 6Wellsdand Cybonnet for the full-season rotations and 6XL76
and 6Springo for the rice planted after wheat. In March, soil samples were collected for
fertility evaluations along with soil-strength measurements from selected plots. Irriga-
tion water applied to each rotation (conventional-till and no-till) was measured in one
replication with commercial pow meters. The following rotations that started in 1999
were continued: 1) continuous rice, 2) rice-soybean, 3) soybean-rice, 4) rice-corn, 5)
corn-rice, 6) rice (wheat) rice (wheat), 7) rice (wheat)-soybeans (wheat), 8) soybeans
(wheat)-rice (wheat), 9) rice-corn-soybeans, and 10) rice-corn (wheat)-soybeans. Those
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rotations containing standard full-season rice varietiesare 1, 2, 3,9, and 10. Short-season
rice varieties are used in rotations 6, 7, and 8.

All full-season rice plots were sown on 20 April 2004. Command herbicide was
applied at sowing with Permit and Clincher used following emergence for weed control.
Command rates were 1.33 pt/acre and 0.80 pt/acre in the no-till and conventional till
plots, respectively. An Almaco no-till plot drill was used with a 7.5-in. row spacing. The
seeding rate was 90 Ib/acre with Icon applied as a seed treatment. Phosphorus and K
were applied prior to sowing with a single pre-pood N application made prior to pood-
ing. P and K were incorporated in the conventional-till treatment and not in the no-till
treatment. Short-season plots were sown on 8 June 2004. An analysis of variance was
performed for each individual year and a Duncan means test used to test differences
within each year.

Collaboration was initiated in 2002 with the National Soil Tilth Laboratory, Ames,
lowa, to study N uptake using “N. This work continued through the 2004 season. Ni-
trogen uptake comparisons were made using “°N enriched urea (5 atomic percent °N)
fertilizer in éenhanceda fertility plots planted into Wells in the continuous rice and rice-
soybean rotations. Four metal rings 2 ft. in diameter were inserted into the appropriate
larger plots. When the rice plants had reached the 4- to 5-leaf growth stage, labeled N
was applied inside each ring at a rate of 150 Ib N/acre (same rate that was used in the
larger plots) at the same time the larger plots were fertilized. Each ring was pooded to a
depth of 2 to 3 in. water and maintained at this depth for a period of two weeks. At that
time, rubber stoppers were removed from the ring and pood water from the larger plot
allowed to maintain water depth inside the ring. No additional fertilizer was applied to
the larger plots after they were pooded. Plant and soil samples for N determination
were collected from rings throughout the growing season at 2 weeks following N ap-
plication, green ring, heading, and harvest. Soil bulk density samples were collected
two weeks after N application and powering. The N atom percentages of the plant
and soil samples were determined by continuous pow isotope ratio mass spectromety,
using a Fisons NA 1500 NC elemental analyzer coupled to a Finnigan Delta S mass
spectrometer. Plant Y leaf samples were collected from the larger treatment plots weekly
beginning at 2 weeks following N application and continuing to 50% heading. Nitrogen
content was measured in these samples. Plant samples collected at harvest were divided
into grain, leaf, and stem components for N analysis.

RESULTS AND DISCUSSION
Rice Grain Yields - 2004

Mean grain yield for all rotations was 170 bu/acre (Table 1). Grain yields were sig-
niycantly different for rotation main-effect comparisons with lowest yields (156 bu/acre)
in the continuous rice rotation. These results are consistent with previous years (Table 1).
There was a signiycant (16 bu/acre) increase in grain yield in the conventional-till when
compared to the no-till treatments (Table 1). Tillage treatments have been signiycantly and
consistently different in every year except 2003 when the Roundup problems occurred.
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Rotation differences were signiycant when comparing the continuous rice rota-
tion with the other rotation treatments. Grain yields were the second highest recorded
to date for the continuous rice rotation (156 bu/acre) yet remained signiycantly lower
than the other rotations. For the yrst time, grain yields for rice sown after wheat were
similar to rotations using a full-season rice. This change is attributed to the selection
of short-duration rice varieties and a relatively cool summer. Unfortunately, the variety
used in these rotations (XL7) is no longer available. As more short-duration varieties
become available these rotations will be more attractive.

The full-season variety LaGrue was replaced with Cybonnet in 2004. This change
was made because LaGruets popularity had declined. Cybonnet was selected as a re-
placement because of its dwarf character and high grain quality. Mean grain yield over
all treatments for Cybonnet was 144 bu/acre, approximately 23 bu/acre less than Wells.
Weather conditions were conducive for high grain quality in 2004, thus, there were no
differences in the milling quality of these varieties.

There were no differences in grain yields when comparing fertility treatments.
These results are much the same as in previous years and indicate that there is no gain
in increasing P and K fertility levels over those recommended (éstandardd treatment).
There is some evidence that rotation differences are closely associated with N uptake,
suggesting that different approaches to N-fertility management might be needed for
different rotations.

Plant Nutrient Uptake and Soil Nutrient Levels

Data on N uptake were collected in 2002, 2003, and 2004 using *°N as described
earlier. For purposes of this report, study leaders will present data collected at maturity
in 2002. Roundup damage in 2003 resulted in confusing mid-season results, but 2004
data are similar. Results for fertilizer-N uptake (Fig. 1) show a reduction in fertilizer-N
uptake in the continuous rice rotation regardless of tillage treatment. For the continuous
rice rotation, there was a reduction in plant-N uptake in the no-till plots when compared
to the conventional till plots. Plant leaf-N concentration (results not presented) showed
atrend of increased decline in the Y leaf-N concentration in the continuous rice rotation
compared to the rice-soybean rotation.

Soil-N uptake showed the same trend as fertilizer-N uptake where N uptake was
lower in the continuous rice rotation when compared to the rice-soybean rotation (Fig.
2). Soil-N uptake for the continuous rice rotation was higher in the no-till treatment;
opposite that of the fertilizer-N uptake trend. Both rotations had a non-signiycant trend
of higher soil-N uptake in the no-till treatment when compared to conventional tillage.
These results suggest a possible beneyt from no-till through additional N being supplied
in the no-till system; a result that could lead to decreased N-fertilizer use.

Total plant- N uptake was lower in the continuous rice rotation when compared
to the rice-soybean rotation and there were no differences between tillage treatments
within each rotation (Fig. 3). Increased N uptake in the no-till treatment did not result
in higher grain yields. Researchers believe decreased fertilizer-N uptake in the con-
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tinuous rice rotation when compared to the rice-soybean rotation contributes to lower
grain yields and that increases in soil-N uptake in the no-till plots do not impact yields
because that uptake occurs later in the growing season.

Soil nutrient data collected in 1999, 2000, 2001, and 2002 show a trend of in-
creasing P and K levels in the éenhancedd fertility plots when compared to dstandardd
fertility plots (Figs. 4 and 5). This increase has not resulted in increased grain yield. A
consistent lack of yield increases using elevated or éenhancedd fertility supports current
fertilizer recommendations, which are the éstandardé treatment.

SIGNIFICANCE OF FINDINGS

Results summarized in this paper indicate that, over a yve-year period, there was
no signiycant increase in rice yields when N, P, and K fertilizer levels were increased
at approximately 25% over recommended levels. Rice grain yields were highest when
rice was rotated with soybeans or corn. No-till resulted in overall reduced grain yields
in all rotations. The amount yields are reduced by no-till varies with rotation, fertility,
and variety. Highest no-till grain yields were obtained in the rice-soybean rotation, using
standard fertility and the variety Wells. Rotation and tillage greatly inpuence fertilizer-
and soil-nitrogen uptake. Total N uptake was lower in the continuous rice rotation when
compared to the rice-soybean rotation. No-till increased soil-N uptake in both rotations
thus indicating a potential to reduce N applications in no-till rice production.
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Table 1. Summary of full-season rice mean grain yield (bu/acre)

for treatment main effects in 1999, 2000, 2001, 2002, 2003, and 2004

in the long-term cropping systems study at the University
of Arkansas Rice Research and Extension Center, Stuttgart, Ark.

Year
Treatment 1999 2000 2001 2002 2003° 2004
All
All 195 140 137 159 166 170
Tillage
Conventional NA 149 @ 143 a 168 a 153 178 a
No-till NA 131 b 131 b 151 b 153 162 b
Rotation
Continuous rice NA 159 b 145b 132 d 138 156 b
Rice-soybeans NA 198 ab 164 a 174 ab 173 187 a
Rice-corn NA 205 a 165 a 165 bc 176 177 a
Rice-corn-soybeans NA NA NA 180 a NA NA
Rice-corn (wheat)-soybeans NA NA NA 177 ab NA NA
Rice (wheat)-rice (wheat) NA 68 ¢ 130 b 134 d 146 156 b
Rice (wheat)-soybeans(wheat) NA 69 ¢ 131 b 154 ¢ 132 162 b
Fertility
Standard 198 138 a 135 a 156 a 159 168 a
Enhanced 191 142 a 138 a 163 a 147 171 a
Variety
Wells 198 187 a 159 a 168 a 153 182 a
LaGrue 191 178 a 157 a 164 a 157 NA
Cybonnet NA NA NA NA NA 164 b
STG95L-28-045 NA 75 b 92 b NA NA NA
Early Lagrue NA 62 b NA NA NA NA
XL6 NA NA 68 ¢ NA NA NA
XL7 NA NA NA 150 b 148 158 b
Spring NA NA NA 138 ¢ 155 NA

cations to result in signiycant differences.

<

ent at the P=0.05 level of conydence.

Roundup damage resulted in 2 replications being dropped thus there were not sufycient repli-

Means within a fiYear and Treatment Factoro followed by different letters are signiycantly differ-

255



AAES Research Series 529

80 \

701 TILLAGE
%) Conventional
60 [] No-Til -

50 -
40

30~

Fertilizer nitrogen uptake (Ibs/a)

10 “
R-R R-Soy
Crop rotation
Fig. 1. Fertilizer nitrogen (N) uptake at harvest maturity measured
using N for conventional- and no-till rice grown in a continuous rice (RR)
or rice-soybean rotation (R-Soy) at the University of Arkansas Rice
Research and Extension Center in 2003 (bars indicate standard error).
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Fig. 2. Soil nitrogen (N) uptake at harvest maturity measured using
N for conventional- and no-till rice grown in a continuous rice (RR)
or rice-soybean rotation (R-Soy) at the University of Arkansas Rice
Research and Extension Center in 2003 (bars indicate standard error).
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Fig. 3. Total plant nitrogen (N) uptake at maturity measured using
N for conventional- and no-till rice grown in a continuous rice (RR)
or rice-soybean rotation (R-Soy) at the University of Arkansas Rice
Research and Extension Center in 2003 (bars indicate standard error).
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Fig. 4. Soil phosphorus levels (kg/ha) for the continuous rice
and rice-soybean (R=rice, S=soybeans) rotations
in conventional and no-till plots in 1999, 2000, 2001, and 2002.
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Fig. 5. Soil potassium levels (kg/ha) for the continuous rice and rice-soybean rotations in

conventional- and no-till plots in 1999, 2000, 2001, and 2002.
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2004 Rice Research Verification Program

J.W. Branson, C.E. Wilson, Jr., T.E. Windham, and J. Marshall

ABSTRACT

The 2004 Rice Research Veriycation Program (RRVP) was conducted on eleven
commercial rice yelds across the state. Counties participating in the program during
2004 included Arkansas, Craighead, Chicot, Desha, Independence, Lawrence, Lincoln,
Jackson, Mississippi, and Poinsett for a total of 608 acres. Grain yield in the 2004
RRVP averaged 171 bu/acre with a range of 142 to 192 bu/acre. All yelds were planted
in April and emerged without pushing. The 2004 RRVP average yield was 17 bu/acre
greater than the estimated Arkansas state average of 154 bu/acre. The highest-yielding
yeld was in Mississippi County with a grain yield of 192 bu/acre. The lowest-yielding
yeld was in Independence County and produced 142 bu/acre. Milling quality in the
RRVP was comparable with milling from the Arkansas Rice Performance Trials and
averaged 63/71.

INTRODUCTION

In 1983, the Cooperative Extension Service established an interdisciplinary rice
educational program that stresses management intensity and integrated pest management
to maximize returns. The purpose of the Rice Research Veriycation Program (RRVP)
is to verify the proytability of University of Arkansas recommendations in yelds with
less than optimal yields or returns.

The goals of the RRVP are: (1) to educate producers on the beneyts of utilizing
University of Arkansas recommendations to improve yields and/or net returns; (2) to
conduct on-farm yeld trials to verify research-based recommendations; (3) to aid re-
searchers in identifying areas of production that require further study; (4) to improve or
reyne existing recommendations which contribute to more proytable production; and
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(5) to incorporate data from RRVP into extension educational programs at the county
and state level. Since 1983, the RRVP has been conducted on 221 commercial rice yelds
in 33 rice-producing counties in Arkansas. The program has typically averaged about
20 bu/acre better than the state average. In 2004, the RRVP recorded an average yield
of 171 bu/acre (Table 1). This increase in yields over the state average can mainly be
attributed to intensive cultural management and integrated pest management.

PROCEDURES

The RRVP yelds and cooperators are selected prior to the beginning of the grow-
ing season. Cooperators agree to pay production expenses, provide expense data, and
implement university recommendations in a timely manner from planting to harvest. A
designated county agent from each county assists the RRVP coordinator in collecting
data, scouting the yeld, and maintaining regular contact with the producer. Manage-
ment decisions are made utilizing integrated pest management philosophy based on
current University of Arkansas recommendations. An advisory committee, consisting
of extension specialists and university researchers with rice responsibility, assists in
decision-making, development of recommendations, and program direction.

Counties participating in the program during 2004 included Arkansas, Craighead,
Chicot, Desha, Independence, Lawrence, Lincoln, Jackson, Mississippi, and Poinsett,
with a total of 608 acres enrolled in the program. Five varieties were seeded (6Wellso,
0Cocodried, 6Francisd, 6CL1610, and ¢Cheniered) in the eleven yelds. University of
Arkansas recommendations were used to manage the RRVP yelds. Management de-
cisions were based on yeld history, soil test results, variety, and data collected from
individual yelds during the growing season. Data collected included components such
as stand density, weed populations, disease infestation levels, insect populations, plant
dry-matter accumulation, temperature, rainfall, irrigation amounts, dates for speciyc
growth stages, grain yield, milling yield, and grain quality.

RESULTS AND DISCUSSION
Yield

The average RRVP yield was 171 bu/acre with a range of 142 to 192 bu/acre (Table
1). The RRVP average yield was 17 bu/acre more than the estimated state yield of 154
bu/acre. The 2004 RRVP average was 1 bu/acre less than the programés highest yield of
172 bu/acre set in 2003 (Table 1). The highest-yielding yeld was seeded with Wells in Mis-
sissippi County and yielded 192 bu/acre. Two yelds, Mississippi and Craighead counties,
exceeded 190 bu/acre. The lowest-yielding yeld was also seeded with Wells in Independence
County. A signiycant amount of the prepood nitrogen in Independence County was lost
due to inadequate pood conditions. Field size, soil type, and irrigation capacity resulted in
parts of the yeld losing the pood and nitrogen escaping the soil. Plant analysis at 0.5-in.
internode elongation showed that parts of the yeld were signiycantly deycient in nitrogen.
Rice panicle blast was also present in this yeld and contributed to the low yield.
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Milling data were recorded on all of the RRVP yelds. The average milling yield
for the eleven yelds was 63/71 (i.e., head rice / total white rice) with the highest mill-
ing yield of 68/74 occurring in Chicot County (Table 1). All yelds milled greater than
55/70, which is considered the standard used by the rice milling industry. The lowest-
milling yeld was seeded with Wells in Independence County and milled 56/68 (Table
1). Part of the reason for low head-rice yield in Independence County was rice panicle
blast. The average milling in 2004 was 6% higher than the 2003 average of 57/70. The
increase of head rice in 2004 may be attributed to the mild temperatures experienced
during grain yllI.

Planting and Emergence

Dry weather in March and April allowed all RRVP yelds to be planted in the
optimal time frame. All of the yelds were planted from 6 April through 5 May (Table
2). Eighty percent of the Poinsett County location had to be replanted due to a poor
stand following an 8-in. rain received four days after planting. An average of 101 Ib/
acre was seeded in the RRVP yelds (Table 2). Seeding rates were determined with the
Cooperative Extension Service RICESEED program for all yelds. Rainfall in late April
and early May allowed all of the yelds to emerge without pushing for germination or
herbicide activation. An average of 12 days was required for emergence. Stand density
ranged from 9 to 26 plants/ft’, with an average of 19 plants/ft’.

Irrigation

Well water was used to irrigate nine of the eleven yelds in the 2004 RRVP. Chicot
and Independence counties were irrigated with surface water. Four of the eleven yelds
used multiple inlet (MI) irrigation (Arkansas, Independence, Mississippi, and Poinsett).
Flow meters were used in all of the yelds (except Lawrence County) to record water
usage throughout the growing season and compare MI to conventional pooding. An
average of 24.4 acre-in. of water was used across both irrigation methods (Table 2).
The yelds with Ml irrigation averaged 21.2 acre-in. of water compared to 26.5 acre-in.
for yelds using conventional pooding. Research suggests MI reduces water usage by
approximately 25%; however, in 2004 only a 20% reduction was observed. The aver-
age water usage from the conventional method was less in 2004 compared to RRVP
records over the last few years. This reduction in irrigation may be attributed to the
above-average rainfall received from May through July. Chicot, Desha, and Jackson
counties received an average of 18 in. of rainfall during this period and Mississippi
County received more than 24 in. of rain (Table 2).

Fertilization

Nitrogen recommendations were based on a combination of factors including
soil texture and variety requirements. Mid-season nitrogen was applied at 100 Ib of
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urea/acre across all varieties with the exception of Poinsett County (Table 3). Poinsett
County received an additional 75 Ib/acre of urea at mid-season due to varying plant
growth stages following replanting.

Phosphorus (P) was applied in all of the RRVP yelds based on soil test results
(Table 3). Diammonium phosphate (DAP; 18-46-0) was blended with the prepood
nitrogen in Desha, Jackson, and Lincoln counties. The DAP was applied prepood
rather than preplant to minimize P being tied up by the soil to allow as much P uptake
as possible from the DAP. Potassium and P were blended and applied in Arkansas,
Craighead, Independence, and Lawrence counties as a preplant application. In Missis-
sippi County, DAP was inadvertently applied even though the soil test results did not
recommend a P application.

Zinc (Zn) was applied in Arkansas, Craighead, and Lawrence counties. The soil
test in Craighead County did not call for a Zn treatment; however, the Zn levels were
marginal and the yeld did have a history of Zn problems. A seed treatment was ap-
plied and no Zn deyciency was observed during the growing season. Granular Zn was
applied to the four yelds and no Zn deyciency was observed during the year (Table
3). The average cost of fertilizer across all yelds was $57.49 which does not include
application costs (Table 4).

Weed Control

In 2004, the average herbicide cost was $48.09 (Table 4). All yelds utilized Com-
mand for early-season grass control with the exception of Chicot County (Table 5).
Heavy rain immediately following planting in Chicot County delayed the Command
application and resulted in Stam and Facet being applied postemergence. Two yelds
(Desha and Jackson counties) did not require a postemergence herbicide application for
grass weed control. In both yelds, weed pressure was light and Command was activated
in a timely manner resulting in excellent and very inexpensive grass weed control.

Jackson County had the most inexpensive weed control program at $23.77/acre
(Table 4). Command was applied preemergence and provided excellent control of grass
species. The main broadleaf weed was yellow nutsedge and was controlled using Permit
at 1 oz/acre applied prepood.

Lincoln and Mississippi counties had the most expensive weed control programs
at $63.18 and $55.59, respectively (Table 4). Command at 1.5 pt/acre was applied to
both yelds, but failed to provide season-long control of grass. Clincher was applied at 15
oz/acre in both yelds for the control of grass weed species (Table 5). Permit was applied
in Mississippi County for the control of yellow nutsedge, which in part explains the
higher-than-average herbicide cost. Storm was applied at 1.5 pt/acre in Lincoln County
for the control of hemp sesbania and morningglory species. Aim controls these weeds
equally as well as Storm for less money per acre, but windy conditions and adjacent
soybean yelds prevented an Aim application.
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Disease Control

Summers in Arkansas are usually deyned by hot and dry weather. This was not
the case in most of the RRVP yelds in 2004. A prolonged wet and cool June and July in
many areas resulted in seven of the eleven yelds being treated for sheath blight (Table
6). In some cases sheath blight was a problem late when the rice was starting to head.
Quadris was used in Craighead and Lawrence counties due to the problem occurring
so late in the season and a reduced rate of 6.4 oz/acre was used and provided excellent
control of the disease. Stratego was used in Lincoln County due to sheath blight and a
yeld history of kernel smut. The yeld was seeded with Francis rice, which is susceptible
to kernel smut. In Mississippi County, the full label rate of Stratego (19 oz/acre) was
used because the treatment had to be applied early in the season due to the aggressive
movement of the disease. In both cases Stratego provided excellent control of both
diseases. Disease monitoring studies were established in yve of the RRVP yelds to
evaluate various varieties across the state.

Insect Control

One of the RRVP yelds was treated for rice water weevil in 2004 (Desha County;
Table 6). Weevil traps were placed in the RRVP in cooperation with Dr. John Bernhardt
and Tony Richards. The traps and thresholds are being developed as a more accurate way
of scouting for weevils as compared to the leaf-scarring method. Most of the varieties
being grown in Arkansas today would require an average of 40 weevils/trap to require
treatment. Desha County was treated with Karate at 1.8 oz/acre 7 days following pood
establishment. Weevil numbers were as high as 150/trap. Karate provided excellent
weevil control and no root damage was observed during the year. Rice stinkbug levels
never reached treatment thresholds in any of the RRVP yelds. This is in contrast to at
least 50% of the RRVP being treated for stinkbugs in 2002 and 2003.

Economic Analysis

This section provides information on the development of estimated production
costs for the 2004 RRVP. Records of operations on each yeld provided the basis for
estimating these costs. The yeld records were compiled by participating county exten-
sion faculty, the coordinator of the RRVP, and the producers for each yeld. Presented in
this analysis are speciyed operating costs, speciyed ownership costs, and total speciyed
costs for each yeld (Table 7). Break-even prices for the various cost components and
returns above speciyed expenses at the average 2004 price are also presented.

Speciyed operating costs are those expenditures that would generally require
annual cash outlays and would be included on an annual operating-loan application
(Tables 4 and 7). Actual quantities of all operating inputs were used in this analysis.
The average of the actual per-unit prices paid by cooperating producers was used to
calculate costs.
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Fuel and repair costs for both machinery and irrigation equipment were calculated
by Extension models based on averages. Therefore, the producersbactual machinery costs
may vary from the machinery cost estimates that are presented in this report. However,
the producerds actual yeld operations were used as a basis for calculations and his equip-
ment size and type were matched as closely as possible. Speciyed operating costs for
the eleven RRVP yelds ranged from $186.63/acre for Jackson County to $347.69/acre
for Poinsett County with an overall average of $260.41/acre (Table 7).

Land costs incurred by producers participating in the RRVP would likely vary
from land ownership, cash rent, or some form of crop-share arrangement. Therefore,
a comparison of these divergent cost structures would contribute little to this analysis.
For this reason, a 25% crop-share rent was assumed to provide a consistent standard for
comparison. This is not meant to imply that this arrangement is normal or that it should
be used in place of existing arrangements. It is simply a consistent measure to be used
across all RRVP yelds. The average break-even price needed to cover total speciyed
costs including an assumed 25% crop share was $1.83/bu (Table 7).

Table 7 includes estimated returns per acre above Total Speciyed Operating Costs
and Total Speciyed Costs. Costs for risk, overhead, and management are not included.
Since land agreements are so variable, it is difycult to ygure land costs. However, a break-
even price that takes land in consideration is included and ranged from $70.54/acre in
Poinsett County to $315.08/acre in Jackson County with an average of $237.70/acre.

On-Farm Research

Research was conducted in many of the veriycation yelds in 2004. Disease-
monitoring tests were planted in yve yelds across the state. This provides researchers
with information on how varieties perform under various environmental conditions and
different soil types. Hybrid yields ranged from 177 to 243 bu/acre. Wells and Francis
also performed well with yields ranging from 168 to 207 bu/acre. Seeding-rate stud-
ies were also planted in one of the veriycation yelds. These studies are established to
determine the optimal seeding rate for various varieties. Data from this study suggest
that seeding rates may be reduced to as little as 67.5 Ib/acre without sacriycing yield.
Wells was reduced when the seeding rate was dropped to 45 Ib/acre. Zinc studies were
conducted in 3 RRVP yelds to determine the need for Zn on clay soils. No responses
were observed in 2004.

Infrared Photography

Infrared photographs were taken during the growing season of each yeld in the
program. While several patterns were observed that could be related to certain yeld
conditions (e.g., water-management problems and cold-water areas), it is still necessary
to figround-trutho what is observed in the photographs. While the photos may indicate
a potential problem and how widespread it is in the yeld, the ability to diagnose a
speciyc problem is not possible. However, there may be potential uses for this new
technology in the future.
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SIGNIFICANCE OF FINDINGS

Data collected from the 2004 RRVP repect the general trend of increasing rice
yields and above-average returns in the 2004 growing season. Analysis of this data
showed that the average yield was higher in the RRVP compared to the state average
and the cost of production was equal to or less than the Cooperative Extension Service-
estimated rice production costs. The average net returns were enough to cover land and

all production costs.

Table 1. Variety, soil series, previous crop,
acreage, yield, and milling yield for 2004 RRVP.

Previous Milling

County Variety Soil series crop Acres Yield yield*
(bu/acre)

Arkansas Wells Dewitt silt loam Soybean 90 180 68/73
Chicot Cocodrie Perry clay Corn 53 176 68/74
Craighead 1 Francis Fountain silt loam Soybean 14 191 56/71
Craighead 2 Cheniere Fountain silt loam Soybean 14 178 63/72
Desha Wells Sharkey clay Soybean 45 177 65/72
Independence  Wells Dundee silt loam Corn 67 142 56/68
Jackson Wells Dundee silt loam Soybean 33 175 61/70
Lawrence Wells Hillemann silt loam Soybean 156 167 65/73
Lincoln Francis Sharkey clay Soybean 32 172 62/71
Mississippi Wells Sharkey clay Soybean 68 192 64/75
Poinsett CL161 Sharkey clay Soybean 36 150 60/67
Average 58 171 63/71

* Head rice / total white rice.
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Table 2. Stand density, irrigation, seeding rate,
and important dates during the 2004 season.

Stand Total Seeding Planting Emergence Harvest
County density Rainfall  Irrigation Rain + Irr rate date date date
(plants/ft®) (in.) (acre-in.)  (Ib/acre)

Arkansas 13 11.7 25.2 36.9 103 4-14 4-28 9-10
Chicot 18 18.0 22.3 40.3 78 5-1 5-12 9-12
Craighead 1 17 14.0 35.0 49.0 100 4-6 4-21 9-15
Craighead 2 9 14.0 35.0 49.0 100 4-6 4-20 9-17
Desha 20 20.0 21.0 41.0 112 4-20 5-10 9-16
Independence 23 18.0 22.0 40.0 104 4-15 4-23 8-24
Jackson 26 16.0 21.4 37.4 103 4-15 4-24 8-24
Lawrence 21 21.0 NA NA 99 4-8 4-23 9-6

Lincoln 21 135 25.2 38.7 110 4-23 5-3 9-17
Mississippi 15 24.5 18.1 42.6 112 4-16 4-25 9-2

Poinsett 21 17.2 19.2 36.4 95 5-5 5-20 9-21
Average 19 17.1 24.4 41.1 101 e e e

Table 3. Soil test results from RRVP yelds and fertility recommendations.

Nitrogen rate Total Fertilizer

County pH P K Zn Urea (45%)° N Rate P-K-zn’
------- (Ib/acre) ------ (Ib/acre)

Arkansas 7.5 27 99 14 23-230-100 158 60-90-20
Chicot 6.1 20 605 4.4 300-100 180 60-0-0
Craighead 1 7.2 49 199 5.6 23-230-100 158 40-60-5
Craighead 2 6.8 44 221 5.3 23-230-100 158 40-60-5
Desha 7.4 18 358 4.8 300-100 180 46-0-0
Independence 5.3 72 204 4.9 260-100 162 74-111-0
Jackson 6.0 20 266 17.2 230-100 149 23-0-0
Lawrence 5.7 16 124 3.6 230-100 149 20-90-5
Lincoln 7.1 20 452 4.9 300-100 180 46-0-0
Mississippi 5.8 67 322 7.2 27-300-100 192 69-0-0
Poinsett 6.6 39 293 6.5 300-150 202 60-0-0

* Flushed at 2 leaf, prepood, and midseason.
' P,0,-K,0-Zn includes seed treatments.
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Table 4. Selected variable input expense from 2004 RRVP yelds.”

Variety/ Input
County hybrid Fertilizer Herbicides Fungicides Insecticides Irrigation
($/acre)
Arkansas Wells 60.80 33.53 1.50 0 40.57
Chicot Cocodrie 59.80 45.12 13.07 0 35.90
Craighead 1 Francis 57.42 54.13 12.28 0 56.35
Craighead 2 Cheniere 57.42 54.13 17.28 0 56.35
Desha Wells 55.20 43.54 0.00 6.08 33.81
Independence  Wells 59.38 53.59 0.00 0 35.42
Jackson Wells 44.40 23.77 0.00 0 34.45
Lawrence Wells 51.4 51.15 12.28 0 57.96
Lincoln Francis 55.20 63.18 19.00 0 40.57
Mississippi Wells 66.00 55.59 20.90 0 29.14
Poinsett CL161 65.00 51.34 29.56 0 30.91
Average 57.45 48.09 11.44 0.55 41.33

* Does not include all variable costs, such as drying, hauling, equipment repair, etc.
* Includes cost for material and application costs for each variable.

Table 5. Herbicide rate and timings for 2004 RRVP yelds.”

Arkansas PRE: Command (0.8 pt) POST: Facet (0.38 Ib) Aim (1.6 0z)

Chicot POST: Facet (0.5 Ib) Stam (4 qt)

Craighead 1 PRE: Glyphosate (1 gt) Command (0.8 pt) POST: Facet (0.5 Ib) Permit (1 0z)
Craighead 2 PRE: Glyphosate (1 gt) Command (0.8 pt) POST: Facet (0.5 Ib) Permit (1 0z)

Desha PRE: Command (1.5 pt) POST: Aim (1.6 oz) Permit (1 0z)

Independence PRE: Command (0.8 pt) POST: Facet (0.5 LB) Stam (4 qt)

Jackson PRE: Command (0.8 pt) POST: Permit (1 0z)

Lawrence PRE: Command (0.8 pt) POST: Aim (1.6 oz) Stam (4 gt) Permit (1 0z)

Lincoln PRE: Command (1.5 pt) POST: Clincher (15 oz) Storm (1.5 pt)

Mississippi PRE: Command (1.5 pt) POST: Clincher (15 0z) Permit (1 0z)

Poinsett PRE: Command (0.8 pt) Newpath (4 0z) POST: Newpath (4 0z) Blazer (0.5 pt)

* All rates are on a per-acre basis

Table 6. Fungicide and insecticide applications in 2004 RRVP yelds.

County Fungicide Rice water weevil Rice stink bug
Arkansas e
Chicot 4ozlacre Tit e
Craighead 1 6.4 oz/acre Quadris - e
Craighead 2 9 oz/acre Quadris e e
Desha e 1.85 oz/acre Karate -
Independence e o
Jackson e
Lawrence 6.4 oz/acre Quadris - e
Lincoln 16 oz/acre Stratego === e
Mississippi 19 oz/acre Stratego ~ ==ee- e
Poinsett 34 oz/acre Quilt e e
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Short-term Impacts of
Land Leveling on Soil Physical
and Biological Properties In a Clayey Aquert

K.R. Brye

ABSTRACT

Land leveling is considered a water-conservation practice, but is also a severe
soil disturbance. The objective of this study was to determine the short-term effects of
deep-cut land leveling on physical and biological properties of a clayey soil in northeast
Arkansas. Relatively deep-cut land leveling resulted in signiycantly lower sand and
silt contents and signiycantly higher clay contents and soil bulk densities in the top
4 in. (10 cm). Land leveling also resulted in signiycantly lower soil fungal biomass
concentrations and fungal-to-bacterial biomass ratios, but signiycantly higher soil
bacterial biomass concentrations in the top 4 in. The results of this study demonstrate
the signiycant, potentially negative impacts relatively deep-cut land leveling can have
on soil physical and biological properties in a clayey soil. Further, the time required
for restoration and/or re-equilibration of soil properties to ranges that do not adversely
affect crop production is yet unknown.

INTRODUCTION

In the recent Farm Bill, the United States Congress re-authorized substantial
ynancial assistance in the form of government subsidies to farmers willing to adopt
water-conservation practices (USDA, 2002). Land leveling, a relatively common agri-
cultural practice in the south-central United States currently and in recent decades, is
considered a water-conservation practice. Land leveling creates a slight, but uniform,
slope gradient to facilitate more even distribution of irrigation water and is routinely
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performed in yelds where crops such as rice (Oryza sativa L.) and soybean [Glycine
max (L.) Merr.] are grown.

Though recognized and subsidized as a water-conservation practice, land level-
ing is a severe soil disturbance. Nearly the entire equilibrium among soil physical,
chemical, and biological properties is disrupted during the process of land leveling. For
example, land leveling can expose highly acidic subsoil, which becomes the primary
rooting medium for subsequent crops, with the likely possibility for development of
nutrient deyciencies as well as toxicities (Brye et al., 2004a,b,c). Land leveling can also
result in hard-pan migration towards the soil surface that can decrease the volume of
soil a subsequent crop is grown in by as much as 25% (Brye et al., 2005). Ascertaining
the degree to which soil properties change, both in magnitude and spatially, and how
a subsequent crop will respond to altered and potentially more variable soil properties
will improve management capabilities to ensure maximal or near-maximal production
from graded yelds. Therefore, the objective of this study was to determine the short-
term effects of deep-cut land leveling on physical and biological properties of a clayey
soil in northeast Arkansas.

PROCEDURES
Site Description and Experimental Design

A12-acre (4.9-ha) yeld, previously cropped to soybean, on Sharkey clay soil (very-
yne, smectitic, thermic Chromic Epiaquert) at the Northeast Research and Extension
Center (NEREC), Keiser, Ark., that was scheduled to be land-leveled in spring 2004
was chosen as the study site. Prior to land-leveling, two 197-ft (50 m) wide by 395-ft
(100 m) long study areas were established parallel to one another and separated by 98
ft (25 m) within approximately one-half of the yeld to be land-leveled. Each study area
contained a 50-point grid system with sampling points spaced evenly 10 m apart.

Study Site Manipulations

Land-leveling activities began on 18 April and were completed on 20 April 2004.
Following initial land-leveling activities, the entire yeld was disked and land-planed
numerous times to reduce soil clod size to an approximate diameter of <2 cm.

Measurements and Sample Collection

Immediately prior to (17 April) and following land leveling (29 and 30 April),
relative elevation was measured and soil samples were collected from the top 4 in. (10
cm) at each of the 50 grid points in each study area to characterize elevational and soil
physical and biological property changes as a result of land leveling. Elevational changes
were measured using a laser level and stadia rod. A single 4.8-cm-diameter soil core
was collected from the 0- to 4-in. depth within an 8-in. (20 cm) radius surrounding each
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grid point, oven-dried at 70AC for 48 hr, and weighed for bulk-density determination.
The soil-core sampling chamber was beveled to the outside to minimize compaction
upon sampling. Oven-dry soil was subsequently crushed and sieved to pass a 0.08-in.
(2-mm) mesh screen for particle-size analysis using the hydrometer method (Arshad et
al., 1996). A second set of samples consisting of 10, 0.8-in. (2-cm)-diameter soil cores
was collected and composited from the 0- to 4-in. depth from within an 8-in. radius
surrounding each grid point. Samples were kept cool and sent to the Soil Foodweb (Soil
Foodweb, Inc., Corvallis, Ore.) for total fungal (Ingham and Klein, 1984) and bacterial
(Babiuk and Paul, 1970) biomass determinations.

Statistical Analyses

Paired t-tests were performed to determine the effect of land leveling on soil
bulk density, particle-size fractions, bacterial and fungal biomass concentrations, and
fungal-to-bacterial biomass ratios (Minitab Version 13.31, Minitab Inc., State College,
Pa.). Linear correlations were performed between pre- and post-leveling soil properties.
Homogeneity of variance was also evaluated using Levenefs test (Minitab).

RESULTS AND DISCUSSION
Soil Physical Properties

Land leveling, whether shallow or deep, represents a signiycant and severe form
of soil disturbance (Brye et al., 2004a). The immediate disruption of a previous quasi-
equilibrium that land-leveling activities impart on the soil can have lasting negative
effects on soil properties (Brye et al., 2003, 2004a, 2005) and crop production, par-
ticularly for rice and soybean (Brye et al., 2004b,c), that are not easily reversed with
additional fertilizers.

In this study, land leveling resulted in an average elevational change of -0.35
ft, ranging from +0.19 (i.e., a yll) to -0.95 ft (i.e., a cut), across the two study areas.
Consequently, land leveling signiycantly affected the magnitude and spatial variability
of selected soil physical and biological properties.

On average, land leveling resulted in signiycantly less (P < 0.05) sand and silt,
and signiycantly more (P < 0.001) clay, in the top 4 in. of both study areas (Table 1).
However, the surface soil texture did not change dramatically. Increasing the soil surface
clay content will likely decrease the soil surface hydraulic conductivity and inyltration
capacity, which will not be an issue for rice production, but would likely be a major
water-management issue for soybean if grown in rotation with rice since soybean is a
crop that is relatively sensitive to water-logging and prolonged soil wetness (Grifyn and
Saxton, 1988; Scott et al., 1989; Oosterhuis et al., 1990; Scott et al., 1990; Linkemer
et al., 1998). Depending on the study area, land leveling also resulted in signiycantly
greater variability in sand, silt, and clay percentages (Table 1).

In addition to altering soil-particle size distributions, land leveling resulted in
signiycantly higher (P < 0.001) average soil bulk densities in the top 4 in. in both study

271



AAES Research Series 529

areas (Table 1). Increased soil bulk density occurs as a result of soil compaction and
compaction has been shown to negatively affect seedling emergence capability, soil
water storage, crop water-use efyciency, crop growth characteristics, yield, nutrient
uptake, and root development and distribution (Brye et al., 2005). In this study, the
resulting higher soil bulk densities following land leveling did not exceed what would
be considered root-limiting (i.e., 1.6 g cm®). Similar to soil particle-size distributions,
land leveling resulted in signiycantly greater variability in soil bulk density in one study
area, but not the other (Table 1).

Pre-leveling soil bulk density, sand, silt, and clay percentages, bacterial biomass
concentration, and fungal-to-bacterial biomass ratio in one study area or both were
signiycantly positively correlated (P < 0.05; 0.31 < r < 0.66) with their post-leveling
values. This result indicates that a soil property in a given location that was particularly
high in magnitude prior to land leveling retained a relatively high magnitude and that
a soil property in a given location that was particularly low in magnitude prior to land
leveling retained a relatively low magnitude following land leveling. This result also
indicates that the immediate effects of land leveling may be predictable. Pre-leveling
fungal bacterial biomass concentration was not correlated with post-leveling values in
either study area indicating that the changes in fungal biomass induced by land level-
ing are unpredictable.

Soil Biological Properties

Soil microorganisms are important for maintaining good soil tilth due to their role
in decomposition of organic matter and nutrient cycling and storage, and potentially
represent a very sensitive biological marker (Turco et al., 1994). Since the combined
populations of fungi and bacteria represent a large fraction of the total soil microbial
biomass, changes in land management or disturbance of the soil proyle from land
leveling should be repected in the population ratio of soil fungi and bacteria (Bardgett
et al., 1996).

Similar to soil physical properties, land leveling signiycantly altered the magni-
tudes and variability of selected soil biological properties. In this study, land leveling
resulted in signiycantly lower (P < 0.001) fungal biomass concentrations and lower
fungal-to-bacterial biomass concentration ratios in both study areas (Table 1). In addi-
tion, bacterial biomass concentrations were signiycantly higher (P < 0.001) following
land leveling in one study area, but not the other (Table 1). Similar to soil physical
properties, land leveling resulted in signiycantly greater variability in soil biological
properties following land leveling, with the exception of the fungal-to-bacterial biomass
concentration ratio at one location, in which land leveling resulted in signiycantly lower
variability (Table 1).

SIGNIFICANCE OF FINDINGS

Soil physical, chemical, and biological properties collectively affect crop produc-
tivity. The results of this study demonstrate the signiycant potentially negative impacts
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relatively deep-cut land leveling can have on soil physical and biological properties in
a clayey soil. The time required for restoration and/or re-equilibration of soil properties
to ranges that do not adversely affect crop production is yet unknown. Further research
is necessary to ascertain potential long-lasting effects of land leveling and their impacts
on subsequent crop production. In addition, further research is necessary to evaluate
potential soil-management practices, such as deep-tillage and poultry litter, that may
facilitate expeditious recovery of soil properties following land leveling.
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Evaluation of Several Indices
of Potentially Mineralizable Soil
Nitrogen on Arkansas Silt Loam Rice Soils

J.T. Bushong, R.J. Norman, W.J. Ross, N.A. Slaton, and C.E. Wilson, Jr.

ABSTRACT

A nitrogen (N) soil test that predicts N mineralization in rice soils has long
eluded researchers. Over the years numerous methods have been proposed, but no one
method has been widely accepted. Incubation indices have been shown to be the most
reliable methods for predicting N mineralization and are often used as standards in
mineralization studies. The objective of this study was to compare proposed analyti-
cal methods for predicting N mineralization with the NH,"-N mineralized after a 14 d
anaerobic incubation on Arkansas silt loam rice soils. The proposed methods were: i.)
acid oxidation, ii.) ultraviolet absorbance of NO, reduced and unreduced soil extracts,
and iii.) diffusion of amino sugar-N using the Illinois Soil N Test. Linear regression
models revealed that the acid oxidation procedure, the ultraviolet absorbance of NO,
unreduced soil extracts, and the diffusion of amino sugar-N using the Illinois Soil N
Test all accurately predicted the NH, -N mineralized after a 14 d anaerobic incubation.
In conclusion, if the 14 d anaerobic incubation procedure is a reliable indicator of N
uptake in rice, then it can be assumed the aforementioned methods should accurately
predict N mineralization in the yeld.

INTRODUCTION

A reliable N soil test that accurately predicts N mineralization in rice soils has
long been sought. Currently, N fertilizer recommendations are based upon crop/cultivar
need, soil texture, and/or previous crop and do not take into account the N mineralized
from the soil organic fraction. Not taking into account the N mineralization of the soil
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organic fraction can lead to over- and under-N fertilization. It is known that under-
fertilizing with N can decrease rice grain yields, however, over-fertilizing with N can
decrease yields due to increases in disease, mutual shading, and lodging. In addition,
over-fertilizing with N increases fertilizer and application costs and could potentially
contaminate nearby surfacewater and groundwater.

Over the years, numerous methods have been proposed, but no one method has
been widely accepted. Biological or incubation studies have been shown to have the
highest correlation with N uptake in yeld studies, however, the time needed for incuba-
tion does not lend them to be practical for soil testing use. Wilson et al. (1994a) observed
that a 14 d anaerobic incubation accurately predicted N uptake in greenhouse-grown rice.
Other researchers have evaluated quick analytical procedures that utilize some form of a
chemical reaction to predict N mineralization. Procedures of interest are acid oxidation
(Stanford and Smith,1978; Wilson et al., 1994a,b), ultraviolet (UV) absorption of soils
extracted with a mild salt (Fox and Piekielek 1978; Hong et al., 1990), and diffusion
of amino sugar-N (Mulvaney et al., 2001; Khan et al., 2001).

The objective of this study was to compare the aforementioned analytical methods
for predicting N mineralization with the NH,"-N mineralized after a 14 d anaerobic
incubation utilizing Arkansas silt loam rice soils.

PROCEDURES

Sixteen silt-loam soil samples were collected from the rice-growing region of
Arkansas (Table 1). Samples were initially oven-dried and crushed to pass a 2-mm
sieve. The anaerobic-incubation (Al) procedure, which acted as the standard in this
study, was carried out by incubating the soils anaerobically for 14 d at 40AC. After
incubation, the NH,"-N concentration was determined using steam distillation tech-
niques. The acid oxidation (ACOX) was conducted according to the modiyed method of
Stanford and Smith (1978) proposed by Wilson et al. (1994a,b). The diffusion of amino
sugar-N method was conducted according to the Illinois Soil N Test (ISNT) proposed
by Khan et al. (2001). The UV methods were conducted by extracting the soil with 1
M KCI. Absorbance values of NO, unreduced extractions were then measured at 260
nm (NU260). Absorbance values of NO, reduced extractions, which were reduced ac-
cording to Norman and Stucki (1981), were also measured at 210 nm (NR210) and 260
nm (NR260). Simple linear regressions were utilized to determine which method most
accurately predicted the NH,"-N mineralized after a 14 d anaerobic incubation.

RESULTS AND DISCUSSION

For all analytical methods evaluated, signiycant relationships were observed
with the anaerobic incubation procedure (Table 2). However, some methods performed
better than others. The ACOX method performed the best of all methods evaluated, by
displaying a coefycient of determination of 0.83 (Fig. 1). The NU260 method performed
fairly well with a coefycient of determination of 0.63 (Fig. 2). However, the NR210
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and the NR260 methods displayed unacceptably low coefycients of determination (R’
= 0.48 and 0.38, respectively). This may be attributed to the reducing agent not giving
a consistent blank. It was observed that the ISNT method also accurately predicted
anaerobic incubation values with a coefycient of determination of 0.71 (Fig. 3).

SIGNIFICANCE OF FINDINGS

If the concentration of NH,"-N mineralized after a 14 d anaerobic incubation is a
reliable indicator of N uptake in yeld-grown rice, then it can be assumed that the ACOX,
NU260, and the ISNT methods for predicting N mineralization should accurately predict
N mineralization in the yeld.
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Table 1. Characterization of 16 soils utilized.

Soil Series pH Organic C Total N NH,"-N NO, N
(gkg) --oromee s (mg/kg) --------
1 Dewitt 6.2 12.2 0.9 3.38 0.35
2 Dewitt 6.1 11.2 0.8 2.29 0.23
3 Dewitt 6.2 11.0 0.9 1.79 0.16
4 Dewitt 6.3 10.7 0.9 0.98 0.16
5 Tichnor 5.9 13.0 1.2 3.28 0.61
6 Tichnor 55 135 1.2 3.46 1.09
7 Calhoun 6.2 15.8 1.0 2.42 0.84
8 Calloway 7.5 13.2 0.9 3.82 0.98
9 Muskogee 6.8 11.7 0.8 4.86 0.16
10 Commerce 6.3 14.4 1.2 6.55 0.75
11 Commerce 6.8 12.2 1.0 3.64 0.18
12 Henry 6.0 12.3 14 8.66 0.50
13 Calhoun 6.9 5.0 0.8 5.67 0.24
14 Dewitt 7.5 6.0 0.9 7.98 0.31
15 Dewitt 7.1 2.7 0.7 1.82 2.99
16 Pembroke 6.2 14.8 15 13.88 0.21
Table 2. Linear regression equations for 5 analytical methods
compared to NH,"-N mineralized after a 14 d anaerobic incubation.
Model P value R’ Slope Intercept
Al vs. ACOX <0.0001 0.83 2.00 -46.05
Al vs. NU260 0.0002 0.63 317.46 44.29
Al vs. NR210 0.0030 0.48 613.86 41.51
Al vs. NR260 0.0109 0.38 1371.94 49.00
Al vs. ISNT <0.0001 0.71 0.64 -16.56

% Al = anaerobic incubation; ACOX = acid oxidation method; NU260 = unreduced soil extracts
measured at 260 nm; NR210 = reduced soil extracts measured at 210 nm; NR260 = reduced
soil extracts measured at 260 nm; and ISNT = lllinois Soil N Test.
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Ammonia Volatilization and Grain
Yield by Delayed Flood Rice Utilizing
Conventional and Conservation Tillage Practices

B.R. Griggs, R.J. Norman, C.E. Wilson, Jr., and N.A. Slaton

ABSTRACT

Conservation tillage has become increasingly popular among Arkansas rice grow-
ers, and no research has been conducted to determine the inpuence this tillage practice
has on ammonia (NH,) volatilization loss, especially when the permanent pood is not
achieved in a timely manner. Field studies were conducted in 2000 and 2001 on a clay
and silt loam soil utilizing both stale-seedbed and conventional tillage practices. Urea
and ammonium sulfate (2 atom % °N ) were applied 14 days prepood and urea 1 day
prepood at four rates. Ammonia volatilization was measured for 21 days and plant and
soil samples were collected for total dry matter, fertilizer and total N uptake at 50%
heading, and grain yield at physiological maturity. During 2000, NH, volatilization was
greatest on the silt loam soil (22%) compared to the clay soil (14%) when urea was ap-
plied 14 days prepood with no signiycant differences between tillage practices. In 2001,
NH, volatilization of urea-N applied to stale-seedbed rice (32%) was signiycantly greater
compared to conventional-till rice (24%) on the silt loam soil. During both years and at
both locations, losses via NH, volatilization from ammonium sulfate were <7%. When
urea-N was applied 14 days prepood, grain yields were signiycantly lower compared
to urea applied 1 day prepood or ammonium sulfate applied 14 days prepood.

INTRODUCTION

Conservation tillage practices have become increasingly popular in southern U.S.
rice culture due to the cost savings and pexibility in planting that they afford growers.
However, little research has been conducted to assess nitrogen (N) efyciency or ammonia
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(NH,) volatilization losses in conservation-till rice. Nitrogen fertilizer is typically applied
to delayed pood rice in two applications with 75 to 150 Ib N/acre applied prepood at
the 4- to 5-leaf stage, followed by 30 to 60 Ib N/acre applied between panicle initiation
and differentiation, depending on variety, soil, and previous crop. When rice is grown
utilizing a stale-seedbed tillage system where a substantial amount of weedy residue is
present, an additional 10 Ib N/acre of fertilizer is currently recommended in Arkansas
to compensate for N lost via NH, volatilization and to accommodate decomposition of
the residue (Slaton, 2001). Urea is the N-fertilizer source generally preferred by growers
compared to ammonium sulfate because urea is less expensive and application costs
are lower due to the higher N analysis of urea. However, urea-N is more susceptible to
losses via NH, volatilization than ammonium sulfate (Mikkelsen, 1987). Commercial
rice yelds require from a few days to a few weeks to achieve a permanent pood, de-
pending upon the pumping capacity and size of the yeld (Slaton, 2001). In situations
where a permanent pood cannot be achieved in a timely manner, urea-N may remain
at or near the soil surface where signiycant N losses via ammonia volatilization can
occur. The objectives of this study were to determine the inpuence of tillage, N source,
N rate, and application time on NH, volatilization losses, and subsequent differences
in grain yields of rice grown on a silt loam and clay soil.

PROCEDURES

The yeld experiment was conducted at two locations, the Southeast Research
Extension Center (SEREC), Rohwer, Ark., on a Perry clay (very yne, smectitic, thermic
Chromic Epiaquerts), and at the University of Arkansas Rice Research Extension Center
(RREC), Stuttgart Ark., on a Dewitt silt loam (yne, smectitic, thermic Typic Albaqualf),
during the 2000 and 2001 growing seasons. \Weeds were controlled in the stale-seedbed
rice with a single application of RoundupE at a rate of 1.0 Ib ai/acre a few weeks prior to
planting. 6Cocodriedrice was drill-seeded into both conventional-tilled and stale-seedbed
soils on 1 May 2000 at the SEREC and on 17 May 2000 and 6 June 2001 at the RREC,
at a rate of 110 Ib/acre with 7-in. row spacing. Micro-plots containing four rows of rice
were established by driving galvanized steel collars approximately 6 in. into the soil
just prior to fertilizer-N application to prohibit lateral movement of fertilizer-N with the
pood water. Urea and ammonium sulfate were broadcast by hand at rates of 0 (control),
75, 150, and 225 Ib N/acre 14 days prior to pooding and urea 1 day prior to pooding.
The 14-day prepood applications were made on 16 May in 2000 at the SEREC and 6
June 2000 and 26 June 2001 at the RREC. The N-fertilizer sources were “°N-labeled
urea (46% N, 2.365 atom % °N in 2000 and 2.67 atom % °N in 2001) and ammonium
sulfate (21% N, 2.413 atom% “°N in 2000 and 2.32 atom °N% in 2001).

Ammonia volatilization was measured for 21 days following the 14-day prepood
N-fertilizer application for the 150 Ib N/acre rate at both the RREC and the SEREC.
Two rows of rice were hand-harvested at physiological maturity on 14 August 2000 at
SEREC and on 24 August 2000 and 11 September 2001 at RREC for grain yields.
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In 2001, research plots at the SEREC received in excess of 5.2 in. of rainfall
during a single rainfall event 6 days after the 14-day prepood N-fertilizer application.
Consequently, the plots were essentially pooded at that time and ammonia volatilization
ceased. This also negated the 1-day prepood application of urea onto dry soil. Because
of the aforementioned, the site was abandoned and no data were collected from the
SEREC location in 2001.

The experimental design was a randomized complete block with a split-plot 3
(application time / N source) by 4 (N rates) factorial arrangement with four replications.
The main plot consisted of two tillage practices (conventional and stale-seedbed). Dif-
ferences among means were compared by using the Fisherds protected least signiycant
difference (LSD) procedure at the 0.05 probability level.

RESULTS AND DISCUSSION
Ammonia Volatilization

Losses via NH, volatilization on the clay soil at the SEREC were greatest when
urea was applied 14 days prepood to the stale-seedbed rice, but were not signiycantly
different from conventional till (Fig. 1A). Cumulative NH, volatilization losses from
urea-N showed signiycant gradual increases with time for both stale-seedbed and con-
ventional-tilled rice until the permanent pood was applied on 30 May. Approximately
11% of the applied urea-N was lost via NH, volatilization during the yrst 14 days after
fertilizer application. Unlike the silt loam soil at the RREC, NH,volatilization did not
cease on the clay soil after the pood was applied (Fig. 1A and 1B). This most likely
indicates that on the clay soil the pood water does not incorporate the N fertilizer as
readily or as deeply as on a silt loam soil. Total NH, volatilization losses from urea-N
at the end of the 21 days averaged 14% regardless of tillage practice utilized. When
ammonium sulfate was applied 14 days prepood, losses via NH, volatilization followed
the same trend as those for urea, but to a lesser degree. Losses of ammonium sulfate-N
from stale seedbed rice were not signiycantly greater than those from conventional-
tilled rice and averaged >4% of the applied N when the pood was applied and 7% 1
week later.

In 2000 at the RREC, urea-N lost via NH, volatilization was greatest during the
yrst 7 days, accounting for over 17% of the applied N regardless of tillage practice
utilized (Fig. 1B). When the pood was established 7 days later, 19% of the urea-N had
been lost via NH, volatilization with little additional loss afterwards. WWhen compared to
N losses via NH; volatilization at the SEREC (Fig. 1A), 5% more of the applied urea-N
was lost at the RREC due at least in part to the higher buffer capacity of the clay soil
and warmer temperatures when measurements were taken at the RREC. Total losses
of ammonium sulfate-N via NH; volatilization averaged 1.4% of the applied N regard-
less of whether applied to stale-seedbed or conventional-tilled rice and had essentially
ceased between 3 and 7 days after application. When compared to losses of ammonium
sulfate-N from the clay soil at the SEREC (7% of applied N), NH, volatilization losses
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at the RREC (1.4% of applied N) were much less and can most likely be attributed to
the lower soil pH at the RREC (4.9) compared to the pH at the SEREC (6.6) as well as
continued NH, volatilization after pood application at the SEREC.

In 2001 at the RREC, continuous late spring rains resulted in a later planting date
(6 June) and greater daily high temperatures, which resulted in greater urea-N losses
during the yrst 3 days after fertilizer application (Fig. 1C). After day 7, losses of urea-N
via NH, volatilization from stale-seedbed rice increased signiycantly until the permanent
pood was applied, while volatilization losses from conventional-tilled rice showed no
further signiycant increases after day 7. This may indicate that some of the applied urea
landed on weedy residue where it would not be in contact with the soil, be buffered by
the soil CEC after hydrolysis, or be incorporated into the soil with the poodwater. Total
NH, volatilization losses from urea-N applied to the stale-seedbed (31% of applied N)
were signiycantly greater compared to when urea was applied to a conventional-tilled
soil (25% of applied N). The majority of N loss from ammonium sulfate in 2001 via NH,
volatilization occurred by day 3, after which there were no further signiycant increases.
Total N losses from ammonium sulfate accounted for 5% of the applied N regardless
of whether applied to stale-seedbed or conventional-tilled rice

Grain Yields

Differences in grain yield between stale-seedbed and conventional-tilled rice
were not statistically signiycant (data not shown). However, the N rate T N source/ap-
plication time interaction was statistically signiycant at the SEREC in 2000 and at the
RREC in 2000 and 2001 (Table 1). Grain yields repected trends observed from fertil-
izer and total N uptake inpuenced by NH, volatilization with the greatest grain yields
at the SEREC and RREC in 2000 measured when urea was applied 1 day prepood and
ammonium sulfate was applied 14 days prepood, which were not statistically differ-
ent. When urea was applied 1 day prepood and ammonium sulfate 14 days prepood,
grain yields increased signiycantly with additional N up to the 150 Ib N/acre rate,
after which continued increases were not statistically signiycant. Grain yields were
signiycantly lower when urea was applied 14 days prepood compared to urea applied
1 day prepood and ammonium sulfate applied 14 days prepood. This lower yield is a
result of greater NH, volatilization and subsequent lower fertilizer and total N uptake
when urea was applied 14 days prepood. As a result, signiycant increases in grain yield
with increased N were recorded up to the 225 Ib N/acre rate when urea was applied
14 days prepood, indicating that yield potentials had not yet been maximized. When
the N rate was increased to 150 and 225 Ib N/acre, grain yields from urea applied 14
days prepood were not signiycantly different from grain yields for ammonium sulfate
applied 14 days prepood or urea applied 1 day prepood at the 75 and 150 Ib N/acre
rates, respectively. This signiyes that the application of higher rates of urea-N was
compensating to a limited degree for the N losses attributed to NH, volatilization when
urea was applied 14 days prepood.
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Greater losses via NH, volatilization in 2001 compared to 2000 for urea and am-
monium sulfate applied 14 days prepood (Fig. 1B and 1C) resulted in lower N uptake
(data not shown) and thus, overall lower grain yields in 2001 for these treatments at the
75 and 150 Ib N/acre rates (Table 1). Otherwise, the grain yields at the RREC in 2001
exhibited similar trends to what was observed in 2000. Grain yields from urea applied
1 day prepood tended to not be signiycantly greater compared to ammonium sulfate
applied 14 days prepood. In addition, grain yields from both urea applied 1 day prepood
and ammonium sulfate 14 days prepood increased signiycantly with additional N up
to the 150 Ib N/acre rate, after which there was no continued response to additional N.
Similar to at the RREC and SEREC in 2000, grain yields from urea applied 14 days
prepood were signiycantly lower than those for both urea applied 1 day prepood and
ammonium sulfate applied 14 days prepood and continued to increase signiycantly up
to the 225 Ib N/acre rate. This indicates that the effect of N losses via NH, volatilization
that resulted in the lower N uptake and ultimately lower yield when urea was applied
14 days prepood can be compensated for with additional urea-N application, but large
amounts of N may need to be applied. The most prudent compensation would be to
use ammonium sulfate or Agrotain if a permanent pood cannot be attained in a timely
manner (Norman et al., 2004).

SIGNIFICANCE OF FINDINGS

Ammonia volatilization was greatest on the silt loam soil compared to the clay soil
and the majority of N losses occurred within the yrst 7 to 10 days after urea application.
In order to minimize NH, volatilization losses, it is critical that the permanent pood
be applied within 3 days after urea application. If a silt loam yeld cannot be pooded
in less than 3 days, then additional urea-N will be necessary to compensate for NH,
volatilization losses or an alternative N source less susceptible to NH; volatilization,
such as ammonium sulfate or Agrotain, should be utilized. When urea was applied to a
clay soil, NH, volatilization was slower and this should allow the grower 7 to 10 days
to establish the permanent pood before losses exceed 10% of the applied N. However,
as evidenced in this study, NH; volatilization did not appear to necessarily cease when
the permanent pood was applied to the clay soil, indicating that the fertilizer N may not
be incorporated deeply enough. Further research is necessary to determine the depth
to which fertilizer N is incorporated with the poodwater on clay soils. If a substantial
amount of the fertilizer N remains within the top 0.5 in. or so of the soil, it may diffuse
into the poodwater or into the oxidized zone at the soil-water interface where it would
be subject to NH, volatilization or nitriycation/denitriycation, respectively.
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Fig. 1. Cumulative NH, volatilization losses from urea and ammonium sulfate (AS) applied
to stale seedbed and conventional-till rice 14 days prepood at a rate of 150 Ib N/acre at
the SEREC in 2000 (A) and the RREC in 2000 (B) and 2001 (C).
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A Comparison of Helena Chemical’s Two
CoRoON Liquid N Sources to Urea for Use at
Midseason in Drill-Seeded, Delayed-Flood Rice

R.J. Norman, C.E. Wilson, Jr., and N.A. Slaton

ABSTRACT

Studies were conducted in 2002 and 2003 to compare Helena Chemicalfs two
CoRoN liquid N sources, HM9310 and HMO0108, applied at low rates to the standard
N rate and source, urea, normally used at midseason in rice. Rice-yield response to
midseason N was only observed at the lowest prepood N rates applied in 2002 and
2003. Neither of the experimental N sources, HM9310 or HM0108, applied at 10 or 20
Ib N/acre at midseason produced rice grain yields equivalent to those produced when
45 or 60 Ib N/acre as urea were applied at midseason with the lowest prepood N rates.
Only once was a noticeable yield increase above the control observed with a CoRoN
liquid-N source. It is difycult to measure a grain yield response when only 10 or 20
Ib N/acre are applied at midseason on the currently grown rice varieties that do not
respond that well to midseason N. The fact that rice varieties typically take up 150 to
200 Ib N/acre to produce maximum grain yields would suggest that an application of
only 10 or 20 Ib N/acre would just be too small to have much of an impact even if all
of the N applied at midseason was taken up. One should be reminded that urea applied
at midseason is taken up with a 65 to 80% efyciency, and if urea is applied at a 40 or
60 Ib N/acre rate and another N fertilizer is applied at 10 or 20 Ib N/acre rate, it cannot
compete even if taken up by the rice with an unattainable 100% efyciency.

INTRODUCTION

If an adequate rate of prepood-N is applied and managed correctly, no additional
N applications are required at midseason to reach maximum grain yield potential with
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the current rice varieties being grown. If additional N fertilizer is required it is rec-
ommended it be applied at midseason, between beginning internode elongation (IE)
and 0.5-in. IE. Urea is the N source used for midseason N application and the prior
recommendation in Arkansas was to apply 60 Ib N/A in one or two applications at
midseason (this has been recently changed to apply 45 Ib N/acre in a single applica-
tion at midseason). The N applied at midseason is taken up in about 4 days with a 65
to 80% efyciency. Study leaders are always looking for new N sources that can make
N use by rice more efycient. Helena Chemical has two experimental N sources for use
at midseason under the trade or company name of CoRoN, i.e. HM9310 and HM0108,
that they hope can be applied at much lower rates than urea at midseason and result in
equivalent or greater rice grain yields. The objective of this study was to compare the
two CoRoN liquid N sources, HM9310 and HM0108, to the standard N source, urea,
normally used at midseason in rice.

PROCEDURES

The studies were conducted during the 2002 and 2003 growing season on a
DeWitt silt loam (Typic Albaqualfs) at the University of Arkansas Rice Research and
Extension Center (RREC) near Stuttgart Ark. The cultivars chosen for use in the study
were the high-yielding, long-grain 6Wellsdin 2002 and 6Cocodriedin 2003. The rice was
seeded at 110 Ib/acre in nine row plots (7-in. spacing) of 15 feet in length. The rice was
grown upland until the 4- to 5-leaf growth stage and then a permanent pood (2- to 4-in.
depth) was established and maintained until maturity. A randomized complete block
experimental design with four replications was utilized in both years. The prepood-N
rates applied as prilled urea were 45 and 90 Ib N/acre in 2002 and 60 and 120 Ib N/acre
in 2003. The prepood-N was applied to a dry soil surface the day before pooding in
both years. The midseason-N treatments applied in 2002 were: i) no midseason N; ii)
prilled urea applied at 60 Ib N/acre in a single application at 0.5-in. IE; iii) HM9310
applied at 10 Ib N/acre in two applications at 0.5-in. IE and 0.5-in. IE + 7 days; and
iv) HM0108 applied at 10 Ib N/acre in two applications at 0.5-in. IE and 0.5-in. IE +
7 days. The midseason-N treatments applied in 2003 were: i) no midseason N; ii) urea
applied at 10, 20 and 45 Ib N/acre in a single application at 0.5-in. IE; iii) HM9310
applied at 10 and 20 Ib N/acre in two applications at 0.5-in. IE and 0.5-in. IE + 7 days;
and iv) HM0108 applied at 10 and 20 Ib N/acre in two applications at 0.5-in. 1E and
0.5-in. IE + 7 days. The urea was applied as a solution at the 10 and 20 Ib N/acre rates
and prilled urea was applied at the 45 Ib N/acre rate in 2003. The compositions of the
CoRoN liquid-N sources used were: i) HM9310 contained 25% N with 2.475 Ib N/gal-
lon and weighed 9.9 Ib/gallon and ii) HM0108 contained 12% N and 12% potassium
with 1.284 Ib N/gallon and weighed 10.7 Ib/gallon. All liquid N sources were sprayed
with a handheld boom using CO, as a propellent. At maturity, 12 ft of the center four
rows of each plot were harvested, the moisture content and weight of the grain were
determined, and yields were calculated as bu/acre at 12% moisture. A bushel (bu) of
rice weighs 45 Ibs. Statistical analyses were conducted with SAS and mean separations
were based upon protected LSD where appropriate.
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RESULTS AND DISCUSSION

Studies were conducted in 2002 and 2003 comparing the two Helena Chemical
liquid CoRoN sources of N, HM9310 and HM0108, applied at midseason to the standard
N source, urea, normally used at midseason in rice.

In 2002, when no midseason-N was applied to the rice plots, the prepood-N
rates of 45 and 90 Ib N/acre produced grain yields of 134 and 165 bu/acre, respectively
(Table 1). The abnormally high native soil-N release in the yeld where the study was
located caused rice grain yields to peak when only 90 Ib N/acre was applied prepood
and thus, the midseason-N applications did not signiycantly increase rice grain yield
when this prepood-N rate was applied. Because no one ever knows exactly what the
native soil-N release will be in a given yeld, multiple prepood-N applications have to be
utilized to be sure an inadequate, early N uptake will be achieved to obtain a response
from midseason-applied N. In this study, the 45 Ib N/acre prepood-N application was
inadequate enough to obtain a response from midseason-N and enable reseachers to
evaluate and compare the different N sources applied at this time. When no midsea-
son-N was applied, the 45 Ib N/acre prepood-N application produced a rice grain yield
of 134 bu/acre. When the 45 Ib N/acre prepood-N application was followed with 60
Ib N/acre as urea, the grain yield increased to 152 bu/acre. However, when the 45 Ib
N/acre prepood application was followed at midseason with 10 Ib N/acre as HM9310,
the rice grain yield was only 131 bu/acre and thus did not change signiycantly from the
134 bu/acre obtained when no midseason-N was applied. Conversely, when the 45 Ib
N/acre prepood application was followed at midseason with 10 Ib N/acre as HM0108,
the rice grain yield increased to 143 bu/acre. Consequently, neither of the experimental
N sources applied at 10 Ib N/acre at midseason produced rice grain yields equivalent to
those produced when 60 Ib N/acre as urea were applied at midseason. However, HM0108
did increase rice grain yields when only 10 Ib N/acre was applied at midseason and
this is quite intriguing since so little N was applied. It could be due to the potassium in
the product if potassium was limiting in this soil; yet, so little potassium was applied
it is difycult to believe it would cause a yield increase since potassium is taken up in
the same quantities as N.

In 2003, when no midseason-N was applied to the rice, the prepood-N rates of 60
and 120 Ib N/acre produced grain yields of 179 and 204 bu/acre, respectively (Table 2).
When 60 Ib N/acre were applied prepood, urea, HM9310 and HM0108 applied at 10 and
20 Ib N/acre at midseason did not signiycantly increase rice grain yields compared to
when no N fertilizer were applied at midseason. Only when 45 Ib N/acre were applied
as urea at midseason did rice grain yield signiycantly increase compared to the control
when 60 Ib N/acre were applied prepood. Grain yield increased from 179 bu/acre to 192
bu/acre when 45 Ib N/acre were applied at midseason with the prepood-N rate of 60 Ib
N/acre. When 120 Ib N/acre were applied prepood, none of the midseason treatments
signiycantly increased rice grain yields. On the contrary, grain yields either signiy-
cantly decreased or showed a trend to decrease when midseason-N was applied with
the 120 Ib N/acre prepood application. It appeared that as midseason-N rate increased,
rice grain yields decreased when 120 Ib N/acre were applied prepood. It is typical that
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grain yields decrease when the N rate used to reach maximum yield is exceeded and
yields continue to further decrease as more N is applied. It is difycult to measure a grain
yield response when only 10 or 20 Ib N/acre are applied at midseason on the currently
grown rice varieties that do not respond that well to midseason-N. Currently grown rice
varieties typically take up 150 to 200 Ib N/acre to produce maximum grain yields and
an application of only 10 or 20 Ib N/acre is just too small to have much of an impact
even if all of the N applied at midseason is taken up. One should be reminded that urea
applied at midseason is taken up with a 65 to 80% efyciency, and if urea is applied at
a 45 Ib N/acre rate and other N fertilizers are applied at a 10 or 20 Ib N/acre rate, they
cannot compete even if they are taken up with an unattainable 100% efyciency.

The two CoRoN N sources studied in Arkansas were also studied in 2003 in the
rice-producing states of Louisiana, Mississippi, Missouri, and Texas. Application of
the two CoRoN sources at midseason at the rates of 10 and 20 Ib N/acre failed to sig-
niycantly increase rice grain or milling yield in any state including Arkansas (Walker
et al., 2004).

SIGNIFICANCE OF FINDINGS

Studies were conducted in 2002 and 2003 to compare Helena Chemicalés two
CoRoN liquid-N sources, HM9310 and HMO0108, to the standard N source, urea, nor-
mally used at midseason in rice. Rice yield response to midseason-N was only observed
at the lowest prepood-N rates applied in 2002 and 2003. Neither of the experimental
N sources, HM9310 or HMO0108, applied at 10 or 20 Ib N/acre at midseason produced
rice grain yields equivalent to those produced when 45 or 60 Ib N/acre as urea were
applied at midseason with the lowest prepood-N rates.
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Table 1. Comparison of CoRoN HM9310 and HM0108 to urea as
N sources for midseason N application to Wells rice in 2002
at the Rice Research and Extension Center near Stuttgart, Ark.

Midseason N rate Prepood N rate
Midseason N source 0.5-in. IE* 0.5-in. IE+7d 45 Ib N/acre 90 Ib N/acre
------------ (Ib N/acre) ------------ ------ (grain yield, bu/acre) ----

None 0 0 134 165
HM9310 5 5 131 158
HM0108 5 5 143 164
Urea prills 60 0 153 159
LSDy0s) 9.1

C.V. (%) 4.4

* |E = internode elongation.

Table 2. Comparison of HM9310 and HM0108 to urea as N sources
for midseason N application to Cocodrie rice in 2003
at the Rice Research and Extension Center near Stuttgart, Ark.

Midseason N rate Prepood N rate
Midseason N source 0.5-in. IE* 0.5-in. IE+7d 60 Ib N/acre 120 Ib N/acre
------------ (Ib N/acre) ------------ ------ (grain yield, bu/acre) ----

None 0 0 179 204
HM9310 5 5 184 196
HM9310 10 10 181 184
HMO0108 5 5 183 190
HMO0108 10 10 182 191
Urea solution 10 0 183 196
Urea solution 20 0 176 193
Urea prills 45 0 192 190
LSD g5 10.2

* |E = internode elongation.
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RICE CULTURE

Grain Yield Response of Eight New Rice
Cultivars to Nitrogen Fertilization

R.J. Norman, C.E. Wilson, Jr., N.A. Slaton, D.L. Frizzell,
M.W. Duren, D.L. Boothe, K.A.K. Moldenhauer, and J.W. Gibbons,

ABSTRACT

The variety x nitrogen (N) fertilizer interaction study determines the proper N-
fertilizer rates for the new rice cultivars across the array of soil and climatic conditions
which exist in the Arkansas rice-growing region. 6Cheniered, 0Cybonnetd, 6Medarks,
6Springd, and the RiceTec hybrids Clearyeld 6XL86, 6XP 71006, 6XP 7160, and 6XP 7230
were the new rice varieties evaluated for N-fertilizer response in 2004. Cheniere and
Medark required 90 to 120 Ib N/acre to achieve maximal grain yield when grown on
silt loam soils and 150 to 180 Ib N/acre when grown on clay soils. Cybonnet and Spring
required 120 to 150 Ib N/acre to achieve maximal grain yield when grown on silt loam
soils and 150 Ib N/acre when grown on clay soils. All of the N fertilizer applied to
the aforementioned rice varieties was applied prepood, except 45 Ib N/acre applied at
beginning internode elongation. The RiceTec hybrids usually achieved maximal grain
yields when 90 Ib N/acre were applied prepood and 0 to 30 Ib N/acre were applied at
late boot (LB). Occasionally, the RiceTec hybrids required 120 Ib N/acre applied pre-
pood to reach maximal grain yield and this usually occurred when they were grown on
a clay soil. The LB N application of 30 to 60 Ib N/acre seldom resulted in a grain yield
increase, but this is typical in Arkansas. The LB N application is recommended on the
hybrids, mainly to minimize lodging and secondly to increase rice grain yield.

INTRODUCTION

Amajor strength of the rice-soil fertility research program has been the delineation
of N-fertilizer response curves for promising new rice cultivars. This study measures
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the performance of the new cultivars under varying N-fertilizer rates on clay and silt
loam soils and determines the proper N-fertilizer rates for new cultivars across an array
of soils and climatic conditions that exist in Arkansas. Promising new rice selections
from breeding programs in Arkansas, California, Louisiana, Mississippi, and Texas
as well as those from private industry are evaluated in this study. Eight rice cultivars
and experimental varieties were studied in 2004. Four of the eight new cultivars and
experimental varieties studied in 2004 are hybrids developed by RiceTec. RiceTec
Clearyeld XL8 is a hybrid variety tolerant to the broad-spectrum herbicide imidazoli-
none (Newpath). The other three RiceTec hybrids studied can obtain exceptional grain
yields with similar amounts of N fertilizer compared to conventional cultivars. Cheniere
and Cybonnet are new long-grain, semi-dwarf cultivars released from the Louisiana
and Arkansas programs, respectively. Medark is a medium-grain, semi-dwarf variety
released from the Arkansas program and Spring is a new long-grain rice variety that
matures very early.

PROCEDURES

Locations where the cultivar x N rate studies were conducted and corresponding
soil series are as follows: Lake Hogue, Poinsett County, Ark., Calhoun silt loam (Typic
Glossaqualfs); Northeast Research and Extension Center (NEREC), Keiser, Ark., Shar-
key clay (\Vertic Haplaquepts); Rice Research and Extension Center (RREC), Stuttgart,
Ark., DeWitt silt loam (Typic Albaqualfs); and the Southeast Research and Extension
Center (SEREC), Rohwer, Ark, Perry clay (Vertic Haplaquepts). The experimental
design utilized was a randomized complete block with six replications at all locations
for all the rice cultivars studied, except the RiceTec hybrids which had a randomized
complete block design with four replications. The split application scheme utilized
for all cultivars, except the RiceTec hybrids, was a two-way split application method
where the N fertilizer was split-applied at prepood and beginning internode elongation
(BIE) in the following total N (prepood N + BIE N)-rate splits: 0 (0+0), 60 (30+30),
90 (45+45), 120 (75+45), 150 (105+45), 180 (135+45), and 210 (165+45) Ib N/acre.
The studies on the two silt loam soils at Lake Hogue and the RREC received the 0 to
180 Ib N/acre fertilizer rates and the studies on the two clay soils at the NEREC and
SEREC received the 0 to 210 Ib N/acre N rates with the 60 Ib N/acre rate omitted. The
clay soils at the NEREC and SEREC received the higher N rate of 210 Ib N/acre and
had the low N rate of 60 Ib N/acre omitted, because the clay soils usually require more
N fertilizer compared to the silt loams to maximize grain yields of the rice cultivars.
The RiceTec hybrids had N fertilizer rates ranging from 90 to 210 Ib N/acre applied
in an assortment of split applications at prepood and late-boot (LB) with the prepood
application ranging from 90 to 150 Ib N/acre and the LB application ranging from 0
to 60 Ib N/acre . The rice was drill-seeded at a rate of 110 Ib/acre in plots 9 rows wide
(row spacing of 7 in.), 15 ft in length at all locations, except RiceTec hybrids which
were seeded at 35 Ib/acre. Plots were pooded at each location when the rice was at the
4- to 5-leaf stage and remained pooded until the rice was mature. At maturity, 12 ft of
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the center four rows of each plot were harvested, the moisture content and weight of the
grain were determined, and yields were calculated as bu/acre at 12% moisture. A bushel
(bu) of rice weighs 45 pounds (Ib). Statistical analyses were conducted with SAS and
mean separations were based upon protected LSD (p=0.05) where appropriate.

RESULTS AND DISCUSSION

Cheniere achieved a maximal grain yield on the silt loam soils at Lake Hogue and
the RREC when 120 Ib N/acre were applied (Table 1). Grain yields appeared to be stable
when more than the optimal N rate was applied to Cheniere at the RREC, but not at Lake
Hogue. The lower yields of Cheniere on the silt loam soil at Lake Hogue compared to
at the RREC were due to a poor stand from damage by grape colaspis. The poor stand
at Lake Hogue is also the reason for the higher variability in the data from this loca-
tion. When Cheniere was grown on the clay soils at the NEREC and SEREC, maximal
grain yield was not achieved until 180 Ib N/acre were applied and yields appeared to be
stable when 210 Ib N/acre were applied. Rice requiring about 30 Ib/acre more N when
grown on clay soils compared to silt loam is typical. The 2003 data indicated Cheniere
required 150 Ib N/acre to reach maximum grain yield on silt loam soils (Norman et al.,
2004) and the 2004 data indicate only 120 Ib N/acre ware required. Thus, another year
of data is required to solidify the proper N fertilizer rate for Cheniere.

Grain yields of Cybonnet maximized on the silt loam soils when 150 Ib N/acre
were applied at Lake Hogue and when 120 Ib N/acre were applied at the RREC (Table
2). Grain yields appeared to be stable when more than the optimal N rate was applied to
Cybonnet at the RREC, but not at Lake Hogue. The lower yields and larger variability
of the data on the silt loam soil at Lake Hogue compared to at the RREC were due to
a poor stand from damage by grape colaspis. When Cybonnet was grown on the clay
soils at the NEREC and SEREC, maximal grain yields were achieved when 180 and
150 Ib N/acre, respectively, were applied. The appropriate N rate for Cybonnet will be
in the 120 to 150 Ib N/acre range when grown on silt loam soils. The prepood-N rate
should be increased by 30 Ib N/acre when grown on clay soils.

Medark reached grain yields of over 200 bu/acre at two of the four locations
where it was studied and came within 11 bu/acre of this yield at the other two locations
in 2004 (Table 3). On the silt loam soils at Lake Hogue and the RREC, Medark grain
yields did not signiycantly increase when more than 150 and 120 Ib N/acre, respectively,
were applied. Grain yields of Medark did not signiycantly increase when more than
120 Ib N/acre were applied to the clay soils at the NEREC and SEREC. Grain yields of
Medark appeared to be quite stable when a higher N rate than that required to achieve
maximal grain yield was applied at all locations. This wide yield plateau over several
N fertilizer rates will make it more difycult to over-fertilize Medark. There was some
lodging of Medark at Lake Hogue because rains made it impossible to harvest at Lake
Hogue when the rice was mature. The data collected in 2004 coupled with those of
previous years indicate a proper N fertilization recommendation for Medark to reach
its full yield potential would be 135 Ib N/acre when grown on silt loam soils and 165
Ib N/acre when grown on clay soils.

297



AAES Research Series 529

The very-short-season Arkansas release, Spring, matures so much earlier than other
rice varieties that bird damage can skew the data in studies. In 2004, however, there was
no bird damage to Spring at any of the locations. Grain yields of Spring maximized on
the silt loam soils when 150 Ib N/acre were applied at Lake Hogue and when 120 Ib
N/acre were applied at the RREC (Table 4). The lower yields and larger variability of
the data of on the silt loam soil at Lake Hogue compared to at the RREC were due to a
poor stand from damage by grape colaspis. When Spring was grown on the clay soils
at the NEREC and SEREC, maximal grain yields were achieved when 180 and 150 Ib
N/acre, respectively, were applied. The 2004 data in conjunction with data collected in
previous years indicate the appropriate N rate for Spring will be in the 120- to 150-1b
N/acre range when grown on silt loam soils. The prepood-N rate should be increased
by 30 Ib N/acre when grown on clay soils.

RiceTects Clearyeld XL8 reached yields of over 200 bu/acre at all three sites in
2004 and produced a grain yield of 244 bu/acre at the RREC (Table 5). Clearyeld XL8
achieved statistically maximal grain yields when a single prepood application of 90 Ib
N/acre was applied at the RREC and Lake Hogue, and when a single prepood applica-
tion of 120 Ib N/acre was applied at the NEREC. The extra 30 Ib N/acre required at
prepood on the clay soil at the NEREC compared to on the silt loam soils at the RREC
and Lake Hogue is typical. The 150 Ib N/acre prepood-N rate was excessive on the
silt loam soils at the RREC and Lake Hogue and caused grain yields to decrease. The
lower yields of Clearyeld XL8 at Lake Hogue compared to the other two sites were
due to some grape colaspis damage. When an LB application of N was coupled with
the prepood rate that achieved statistically maximal grain yields, Clearyeld XL8 had
a tendency to slightly increase grain yields at the RREC and the NEREC but not at
Lake Hogue. This minimal yield increase with the LB application of N is commonly
what study leaders have observed in Arkansas. The LB application has been shown in
previous research in Arkansas to help with lodging on these very-high-yielding hybrids
especially when, due to muddy yelds, the rice cannot be harvested timely. No lodging of
Clearyeld XL8 was observed in 2004 at any of the research sites. The 2004 data along
with the 2003 data (Norman et al., 2004) indicate a sound N fertilizer recommendation
for Clearyeld XL8 would be to apply 90 Ib N/acre prepood on silt loam soils followed
by 30 Ib N/acre at LB to help with lodging and possibly get a little yield boost from
the LB application. When grown on clay soils Clearyeld XL8 will require an addition
30 Ib N/acre prepood to boost the prepood N rate to 120 Ib N/acre.

XP710 produced grain yields well over 200 bu/acre at all application rates and
timings studied at the three research sites, and at the RREC and NEREC produced
maximal numerical grain yields of 260 bu/acre or more (Table 6). There was some grape
colaspis damage at Lake Hogue in the area of the yeld where XP710 was located and
that is likely to blame for the lower yields at this location. Cultivar XP710 achieved
statistically maximal grain yields when a single prepood application of 90 Ib N/acre
was applied at all three research sites and numerically maximum yields on the silt loam
soils at the RREC and Lake Hogue. When 150 Ib N/acre were applied prepood, the grain
yield of XP710 declined compared to when 90 or 120 Ib N/acre were applied. The LB
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application of N showed no real beneyt to the grain yield of XP710, except when 60 Ib
N/acre were coupled with a prepood-N rate of 120 Ib N/acre at the NEREC. No lodging
of XP710 was observed in 2004 at any of the research sites. The 2004 data along with
the 2003 data (Norman et al., 2004) indicate a sound N fertilizer recommendation for
XP710 would be to apply 90 Ib N/acre prepood on silt loam soils followed by 30 Ib
N/acre at LB to help with lodging and possibly get a little yield boost from the LB ap-
plication. When grown on clay soils, the prepood-N rate for XP710 should be increased
by 30 Ib N/acre over the 90 Ib N/acre rate recommended on silt loam soils.

Cultivar XP716 had grain yields of over 250 bu/acre at the RREC, over 230
bu/acre at the NEREC, and over 200 bu/acre at Lake Hogue (Table 7). Cultivar XP716
achieved statistically maximal grain yields when a single prepood application of 90
Ib N/acre was applied on the silt loam soils at the RREC and Lake Hogue and when a
single prepood application of 120 Ib N/acre was applied on the clay soil at the NEREC.
However, although not statistically signiycant it was close; the 30 and especially the
60 Ib N/acre LB N application appeared to help the grain yield of XP716 when 90 Ib
N/acre were applied prepood at the RREC. The LB N application did not appear to
help the grain yield of XP716 at the other two sites. Although XP716 had lower yields
at Lake Hogue compared to the other two research sites, there was no grape colaspis
damaged observed in XP716 at this site. No lodging of XP716 was observed in 2004 at
any of the research sites. This was the yrst year XP716 was in the N fertilizer-response
studies and study leaders will need at least one year of data to make a sound N-fertilizer
recommendation, but with this one year of results, it appears XP716 should be fertilized
similarly to Clearyeld XL8 and XP710.

Cultivar XP723 produced grain yields over 230 bu/acre at the RREC and NEREC
and over 240 bu/acre at Lake Hogue (Table 8). Statistically maximal grain yields were
achieved by XP723 at all three of the research sites when 90 Ib N/acre were applied
prepood. The 120 Ib N/acre prepood N rate gave only a slightly higher numerical
grain yield at the RREC and NEREC. The LB application appeared to only result in a
noticeably higher numerical grain yield at the RREC when 30 Ib N/acre were applied
LB with the 90 Ib N/acre prepood-N rate. A surprising observation was made at the
NEREC; the LB application of 60 Ib N/acre caused some lodging of XP723 when ap-
plied with the 120 Ib N/acre prepood-N rate. The LB application has never aggravated
lodging in any of the other studies done by this team with RiceTec hybrids, and thus
the team believes this lodging result is an anomaly because no lodging of XP723 was
observed at the NEREC when 120 Ib N/acre were applied prepood with no LB N or a
30 Ib N/acre LB application. Additionally, when 150 Ib N/acre were applied prepood
to XP723 at the NEREC, lodging was a problem and increasing the LB application
from 30 to 60 Ib N/acre helped. This was the yrst year XP723 was in the N fertilizer-
response studies and the team will need at least one year of data to make a sound N
fertilizer recommendation, but with this one year of results it appears XP723 should
be fertilized similarly to the other hybrids studied in 2004.

299



