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OBJECTIVES AND EXPERIMENTS:

1. Investigate the crop-environmental interactions affecting yield and quality at a range of
soil and grain moisture levels during grain maturation.

2. Evaluate milling quality stability of prominent California public varieties and advanced
breeding lines.

3. Determine whether there are measurable water savings when rice fields are drained at
different times after 50% heading as compared to the conventional drain time.

4. Assess seasonal occurrence of storage insects and evaluate current management
practices in relation to observed infestation patterns.

MATERIALS AND METHODS

Field experiment.

Rice varieties M202, M205, and M206 were planted in a series of hydraulically isolated
basins at the RES; each basin was equipped with water intake and drain outlets (Figure
1). The individual drains and the physical separation of the experimental plots allowed
for discrete drain times to be imposed without compromising soil water status from the
lateral movement of water between basins. Irrigation water was supplied from a common
feeder ditch. Field preparation, fertility and pest management will follow standard RES



procedures. Seeds will be dry planted onto a prepared seedbed at a rate of 150 Ib/a and
irrigation water brought to a depth of 3 to 4 inches during germination and stand
establishment. The experiment was planted on June 5. One hundred ten pounds per acre
of nitrogen as aqgua ammonia, 50 Ib/acre of potassium and 50 Ib/acre of phosphorus were
applied preplant. The experiment was top dressed with an additional 20 Ib/acre N as
ammonium sulfate 50 days after seeding. A low fertilization was selected because the
experiment was planted late, June xx.
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Figure 1. Map of the experimental field at the Rice Experiment Station in 2009.

Each variety was subjected to four drain treatments: 12, 16, 20, and 24 days after 50%
heading (DAH, Table 1). Fifty percent heading was determined by cutting all plants in
five randomly located one-foot squares per basin and counting the total of plants and
those with emerge heads (panicle stem visible, Table 2). Daily counts ensured when the
first heads were visible in each plot and continued until all heads were clear of the boot.
Days to 50% heading did not vary within variety, therefore drain dates were uniformly
imposed on all plots of a given variety.

Table 1. Days after planting (DAP) to 50% heading for M202, M205, and M206.

Variety 50% heading (DAP) Date
M202 89 Sept 1
M205 90 Sept 2
M206 86 Aug 29




Environmental conditions were measured from four weeks prior to the first harvest and
continued through the final harvest date on November 4. Recording relative humidity
and leaf wetness sensors were deployed at canopy level in all plots. In each basin soil
moisture probes (Decagon Embb) were installed at 6 inches below the soil surface. To
quantify any between basin differences in plant microenvironment as influenced by drain
time during the grain ripening period, the experimental site was equipped with a two
meteorological station that measure air temperature, relative humidity, and dew point.
Single kernel moisture measurements was taken every morning and late afternoon to
track the diurnal fluctuation in MC starting when kernel reached 26% moisture content
and continuing for until the end of the harvest period.

Harvest and sample collection at the RES.

All basins were harvested on October 22, 26, 29, and November 4. Three or five, 175
square feet plots were harvested from each basin with an Almaco plot combine. Plot
grain weights were measured in the combine. Single grain moisture content was
determined on samples from each harvested plot (Kett PQ510). Samples were dried with
non-heated air to final moisture content of 13 to 14%. Yields are standardized to 14%
moisture content and reported on a per acre basis. A 500g subsample was husked
(Yamamoto FC-2K) and milled (Yamamoto VP-32T) and whole kernel percentage was
measured using a machine grader (Foss Tectator Graincheck).

On-farm samples

M-202, M-205 and/or M-206 samples were collected at the statewide varieties trials near
Butte City and Natomas. Plots were harvested at several dates to obtain a range of
HMCs. Samples were threshed, dried and evaluated with same procedure described for
the RES experiment.

STORAGE INSECT MONITORING

Facility description

Two rice storage facilities, located in Richvale, Butte County, and Arbuckle, Colusa
County, were surveyed. The Arbuckle facility also mills rice.

Richvale. A flat bed storage warehouse was surveyed. The warehouse contained = 20
million Ibs of rough rice (a mixture of Calrose varieties). Rice was put in storage in early
October 2008 and held until early July 2009. Before being removed from the warehouse,
rice was fumigated with aluminum phosphide (Phostoxin). All surrounding areas were
treated with B-cyfluthrin (Tempo) in April, June and July 2009.

Arbuckle. Two types of storage buildings, a flat bed storage warehouse and a silo, were
surveyed. The warehouse contained = 45.5 million lbs of rough rice (a mixture of Calrose
varieties). The silo contained = 8 million lbs of rough rice (varieties M-401 and M-402 in
a 50/50 mix). Rice was put in storage in November 2008 in both the warehouse and silo.



Rice in the warehouse was fumigated with aluminum phosphide (Phostoxin) and then
removed in 24 July 2009. Rice in the silo was fumigated with sulfuryl fluoride (ProFume)
on 20 August 2009 and kept in storage. Insect activity in the silo is still being monitored.
All warehouses and silos, and all areas surrounding these buildings, were treated with B3-
cyfluthrin (Tempo) before grain was put in storage (August-September 2008).

Insect trapping

Three trap types were used in all facilities: pheromone traps, probe traps and dome traps
(Trece, Salinas, CA). Pheromone traps consisted of diamond shaped sticky traps
(Storegard II) baited with synthetic pheromone lures and were used to collect insects
flying over the grain mass. Insects monitored with pheromones were the Angoumois
grain moth (AGM), Sitotroga cerealella; the Indianmeal moth, Plodia interpunctella; and
the lesser grain borer (LGB), Rhyzopertha dominica. Lures were replaced every 4 weeks
and traps were replaced when needed. Probe traps (Storegard WB Probe II) consisted of
hollow 45 cm long plastic tubes with small openings on their surface and a removable tip
where insects that fall into the trap are collected. Probe traps were inserted completely
into the grain and used to collect insects moving in the grain mass. Dome traps (Storegard
Dome Trap) consisted of small pitfall traps baited with a food attractant that was replaced
every 4 weeks. They were used to collect insects moving around the grain.

Richvale facility

All traps were set up on 5 March 2009. Pheromone traps were set up in the SW and SE
corners of the warehouse, 6 ft above the grain mass, and in the center of the warehouse,
approximately 30 ft above the grain. Two probe traps were set up at the highest grain
surface level, in the center and the SW corner of the warehouse, and one at the lowest
grain surface level, at the SW corner of the warehouse. Two dome traps were set up
inside the warehouse, at the SW and NW corners, in a cement ridge next to the grain
mass. Three dome traps were also set up below the grain, inside tunnels used for aeration.
All traps were checked once a week from 13 March to 7 May. From 21 May to 6 July
traps were checked every two weeks. On 6 July traps were removed. Air temperature in
the warehouse was monitored throughout the sampling period.

Arbuckle facility

Warehouse: All traps were set up on 17 April 2009. Pheromone traps were set up in all
corners and center of the warehouse, 6 ft above the grain mass. Probe traps were inserted
into the grain at the same locations where pheromone traps were located. Two dome traps
were set up inside the warehouse, at the SW and NW corners, in a cement ridge next to
the grain mass. All traps were checked once a week from 24 April to 8 May. From 22
May to 24 July traps were checked every two weeks.

Silo: Traps were set up 17 April 2009. Pheromone traps were set up next to the entrance,
6 ft above the grain. A single probe trap was set up in next to the entrance. Traps were



checked once a week from 24 April to 8 May. Traps were checked every two weeks from
22 May to 20 August, when the silo was fumigated.

RESULTS & DISCUSSION — Drain Date Experiment

Grain Ripening

Within each variety, the rate of kernel drying (slope of the lines, Figure 1) was similar for
all drain date treatments. On average M202, M205, and M206 lost 1%, 0.6%, and 0.9%
per day once the kernel moisture (MC) dropped below 25%. There was a trend in all
varieties for the MC of the 24 DAH treatments to remain about 2 points higher than the
12 DAH. The 12 DAH treatments reached a target harvest MC of 20% 2 to 5 days
sooner than did the 24 DAH treatments (Figure 2). Time to reach harvestable MC for
M205 was most sensitive to drain time effects; the 24 DAH treatment delayed ripening
by 5 days as compared to the 12 DAH. M206 showed the least variability in kernel MC
in relation to drain date treatments. Surprisingly, there was not a striking affect of drain
date on the rate of kernel dry down or the time required to reach a harvestable MC. The
experimental site received 1.2 inches of rain on October 13.

Yield

Overall, the yields were low presumably in response to the late planting and the modest
levels of N fertilizer applied because of the delayed planting (Table 2). Yield of M206
showed the least sensitivity to delayed planting (88 cwt/a at 24 DAH) as compared to
M202 (79 cwt/a at 24 DAH) and M205 (78 cwt/a at 20 DAH). Yields of M206 in the
later drained plots were comparable to average yields in the vicinity of the RES. On the
whole, yields increased as the drain date was delayed. There was no apparent ‘leveling
off” of the yield trends suggesting that optimal drain date for maximum yield may be later
than 24 DAH. Comparing yield between the 12 DAH and 24 DAH treatments, yields for
M202and M206 increased by 10 and 9 cwt/a, respectively. M205 demonstrated a 6 sack
improvement between the 12 and 20 DAH. Yield data for M202 at 20 DAH is not
presented because the soil remained saturated throughout the harvest period eliminating
any soil moisture affects imposed by the drain date treatments. The M205 at 24 DAH plot
was heavily infested with rice field bulrush in some areas, which compromised the yield
data.
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Figure 2. Daily moisture from ripening kernel for M202, M205, and M206 at different
drain times (12, 16, 20, and 24 days after heading).



Table 2. Yields of M202, M205, and M206 as effected by drain date (DAH, days after
50% heading).

Drain date (DAH)
Variety 12 16 20 24
-—-- Yield (cwt/a) -------------------
M202 69 75 na 79
M205 72 75 78 na
M206 79 81 83 88

na = data not available.

Grain Quality

To varying degrees, total rice yield (TRY) and head rice yield (HRY) of all varieties
increased with later drain dates (Table 3). The response of TRY to drain date is also
graphically presented in Figure 3. TRY for M202 and M206 were similar and changed
less than M205 across the range of drain dates However for M205, early drain dates
reduced TRY compared with later drain dates The HRY for the same varieties showed
an upward trend as drain date was delayed (Table 3).The HRY for M202 was reduced at
the 12 and 16 DAH treatments; no discernible differences were observed at the 20 and 24
DAH treatments. The HRY for M205 and M206, in contrast, were more sensitive to drain
date; in that HRY was reduced by the 12, 16, and 20 DAH treatments.

The ripening and maturation of rice can be divided into two phases, physiological
maturity and ‘agronomic’ maturity. The prior is characterized by grain filling by the
translocation photosynthates from the flag leaf into the grain. This phase is complete
when grain reaches about 27% MC. TRY, a good indicator of grain filling, is sensitive to
loss of flooded conditions during this phase of maturation. Agronomic maturation is the
period when no additional carbon is being transported into the grain and it dries down to
a harvestable MC. Dehydration-hydration cycles (e.g. dew and wind) during the later part
of this phase affect HRY. M205 appears to more sensitive than the other test varieties to.
early draining during physiological maturity (Figure 3). All test varieties show a
comparable level of sensitivity to environmental conditions during agronomic maturity
phase as evidenced by the HRY. The low TRY caused by early draining explains some of
the loss in HRY at the early drain dates, but it is clear there is another factor affecting
HRY losses at early draining. What the factor is unclear. It may be that the endosperm
has not attained maximum strength in the early drain treatments or there maybe intrinsic
differences in grain morphology between the varieties that affect the extent and rapidity
of diurnal rehydration-dehydration cycles. Research at the individual kernel level is
beyond the scope of the current project.



Table 3. Average total rice yield (TRY) and head rice yield (HRY)) for M202, M205, and
M206 in response to different drain dates (DAH, days after 50% heading). n = 4.

Variety DAH TRY (%) HRY (%)
M202 12 63 46
16 66 55
20 69 65
24 71 67
M205 12 57 40
16 62 50
20 67 58
24 70 64
M206 12 66 53
16 65 48
20 67 54
24 71 67
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Figure 3. Total rice yield (TRY) for M202, M205 and M206 at different drain times (12,
16, 20, and 24 days after heading).



Grain Uniformity within the Field

The drain date affect on soil moisture availability was measured at one location in each
basin. Therefore it does not provide a measure of the influence of drain date on within
basin uniformity of plant response. Standard deviation (SD) is a statistical measure of the
variability in a sample population. Lower values mean less variability or put another way
greater uniformity among the samples. Variability within a basin or treatment is not
evidenced by average values alone, such as those presented in Table 3. In the present
case, the SD of M202 TRY became less as the drain date is delayed (Table 4A). SD
values decreased from 3.2 at 12 DAH to 0.5 at 24 DAH. This implies a greater uniformity
in grain quality across the treatment basin at the 24 DAH drain date. Comparing varieties,
the data suggest that TRY in M206 (SD=12.3) more sensitive to early draining than either
M202 or M205, 3.2 and 3.6 respectively. Recall that TRY related to environmental
conditions during physiological maturity when the kernel has a MC greater that 27%. The
SD of TRY was the lowest in all varieties at 24 DAH.

In a similar fashion, the SD of HRY declined as the drain date was delayed (Table 4B). If
12 and 24 DAH are compared, the HRY sample variability of M202 went from 4.4 to 3.4;
M205 decreased from 5.7 to 2.4, and M206 decreased from 7.9 to 1.6. Interestingly, at
what may be consider the optimal drain date in this experiment, 24 DAH, the variability
in HRY was greatest in M202. This observation, at least in part, explains the higher HRY
stability of M205 and M206 as observed in previous years. As was the case with TRY
(Table 4A), the HRY of M206 is particularly sensitive to early draining as compared to
the other test varieties.

Table 4. The standard deviations of TRY (A) and HRY (B) as affected by drain date
(DAH) when the rice moisture content ranged from 17 to 24%.

A. B.
DAH DAH
Variety | 12 16 20 24 Variety | 12 16 20 24
M202 32 34 27 05 M202 | 44 65 56 34
M205 3.6 4 46 1.9 M205 | 5.7 6.8 59 24
M206 | 12.3 ND* 33 1.9 M206 | 79 ND* 43 1.6
*ND = no data.

The importance of uniformity is graphically illustrated using M205 as an example in
Figure 4. TRY with the 24 DAH (green circles) treatment remains relatively constant at
all harvest moisture contents (Figure 4A). As the drain dates became earlier the data was
increasingly scattered, an indication of increased non-uniformity within the basin. At 12
DAH (red squares) ranged from 49 to 67% while at 24 DAH the range more compact (65
to 74%). The variability in HRY was decidedly more pronounced (Figure 4B). HRY for
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the 24 DAH at harvest moistures of 18 to 25% remained fairly constant with a range of
about 61 to 69%. The variability within the 12 DAH treatment ranged from 30 to 54%.
The 16 DAH treatment showed a similar spread. The data suggest that early drain date
introduces a high level of within field variability in the grain ripening presumably due to
a non-uniform distribution of soil moisture within the treatment basin.
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Figure 4. TRY (A) and HRY (B) of M205 drained at different day after heading (DAH)
and harvested at a range of moisture contents (HMC).
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Soil moisture

Under saturated conditions the soil moisture content in all basins was around 40% on a
volumetric basis (Figure 5). Upon draining the soil moisture declined at a similar rate in
all drain date treatments. However, as expected, the soil in the early drained basin dried
out sooner as compare to later drained basins. All basins reach a low water content level
of between 20 and 25% (Figure 5). Rain on October 13 rehydrated the soils bringing the
water content up about the similar levels in all treatments (~ 32%) and the soil moisture
declined thereafter.

The time period following the rain event corresponds to the ‘agronomic’ maturation
phase when the grain dries from about 27% down to the harvestable MC; the period when
HRY is most sensitive to environmental stresses. Thus observed differences in HRY were
not associated with soil moisture content. The first harvest date was October 22 when
grain MC content for all treatments was above 20%. The data suggest that drain date and
any associated water limiting conditions effect on TRY and HRY occurs prior to
physiological maturity. In other words, the impact of water limited conditions (i.e. early
drain) on rice quality occurs when the grain is above 27% MC.
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Figure 5. Soil moisture content over time in the different drain time treatments for M205.
Soil moisture content (Y axis values) can be multiplied by 100 to get percent of the soil
volume occupied by water.
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The response of M206 to soil moisture content when drained at 12 and 24 DAH provides
further illustration of the concept that soil moisture content effects yield and grain quality
during the stage physiological maturity (Figure 6). Grain MC in the 12 and 24 DAH
treatments were no different as the grain dried from 25% to less than 20% (Figure 6).
However yield, HRY, and to a lesser extent TRY decreased in response to early draining
(Tables 2 and 3). Soil moisture following the rain was actually higher in the 12 DAH
treatment during ‘agronomic’ maturity (approximately October 15 to October 25; Figure
6). No differences in grain MC for the 12 and 24 DAH treatments were observed during
the same period. Therefore the observed differences in yield and quality are not
attributable to drain time treatments (i.e. soil moisture, etc) during the latter stage of grain
maturation. The only discernable difference in soil moisture associated with drain date
occurred at about 20 to 30 days after heading (DAH). This represents a window of about
10 days when soil moisture influences yield and quality. Note that the actual difference
soil moisture content in this time interval is seemingly quite small. On September 25 (25
days after heading) the difference is soil moisture in the 24 and 12 DAH treatments less
than 10 percentage points. The TRY of M205 was particularly sensitive to a reduction in
available soil moisture during this period. However it is possible that the observed yield
losses and quality reductions associated with drain date may be associated with the
presence or absence of flooded conditions rather than soil moisture level per se.
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Figure 6. Different soil moisture content as a result of drain time compared to kernel
moisture content for M206.
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End of season water use

In a closed system where with no inflow and outflow (basin and sweat ditch boxes
closed) the estimated average water was 0.53 inches per day (24 hr, Table 5). With no
outflow the water use represents the combination of evaporation, plant transpiration, and
percolation. Percolation rate is expected to be very low because of the impermeable hard
pan that underlies the entire site. Water use with sweat ditch outlets open more than
doubled on average (1.12 per day) attributable to the lateral movement of water.

Table 5. The estimated daily water use (inches) during plant maturation. Values are
averaged over all varieties. n=12.

Time period after water inflow and outflow were stopped

0-24 hr 24-48 hr 48-72 hr 72-96 hr Average
Closed* 0.57 0.55 0.54 0.46 0.53
Open** 1.18 1.06 1.12
Difference  0.61 0.51 0.56 (24 & 48 hr)

* Basin water inlets and outlets closed; sweat ditch outlets closed.
** Basin water inlets and outlets closed; sweat ditch outlets open.

Closed system = Estimated evapotranspiration (ETo) + percolation.

Open system = ETo + percolation + seepage through levies into sweat ditches.
Difference = Estimated water loss through the sweat ditches.

Estimated water savings

Based on daily use values in Table 4, the water saved or additional water used (negative
values) by changing from a currently practiced drain to a new drain date (Table 6). For
example if the current practice is to drain 28 DAH is changed to draining 20 DAH then
amount of water applied would be reduced by 4.06 inches (~ 1/3 acre foot). Keep in
mind that purpose of draining based on a stage of plant development (i.e. heading) is to
improve management efficiency without any detrimental effects on yield. The time to
drain a field could be determined in a few weeks in advance to operational efficiency in
preparation for harvest. A small amount of water savings may be an added benefit. In
2006 and 2007 results indicated that M205 and M206 could be drained 20 DAH while
maintaining yield and quality. In contrast, 2009 results suggest that draining 24 DAH or
perhaps later would be best. However the 2009 experiment was planted late and was
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grown with a low level of nitrogen fertilization. The experiment needs to be repeated
with more normal planting and fertilization levels to verify our findings.

Table 6. Estimated water savings (inches) by changing from the current date to an earlier
time in relation to days after 50% heading (DAH). Positive values represent water used,
negative values indicate additional water use.

Water savings Current drain date (DAH)
12 16 20 24 28
12 0 2.04 4.06 6.12 8.16
New drain 16 -2.04 0 2.04 4.06 6.12
(DAH)
20 -4.06 -2.04 0 2.04 4.06
24 -6.12 -4.06 -2.04 0 2.04
28 -8.16 -6.12 -4.06 -2.04 0

RESULTS & DISCUSSION — Insect Monitoring

A list of all arthropods found during the survey, type of storage facility where they were
found and their characteristics are presented in Table 7. From all 17 species found, two
are internal feeders, four external feeders, five feed on fungi, two feed on grain dust or
fungi, and one is predaceous. The remaining three have been reported from several grains
and dried fruits, but no specific information was found as to what constitutes their diet.

Booklice and mites were found in all probe samples; however, they were not quantified
or identified to species. These arthropods are very common and not likely causing grain
damage. They seem to be abundant under high moisture conditions.

Figures 7-9 present the average number of insects caught per pheromone trap. For the
Richvale facility, the average presented is from the traps set up 6 ft above the grain mass
(n=2). The trap 30 ft above the grain mass caught drastically less insects than the other
traps; therefore, it was not included in the average. For the silo, only one trap per insect
was available (n=1). Table 7 present the total number of insects caught per probe trap
during the survey period.
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Dome traps failed to collect any insects other than AGM. Only remains of AGMs were
found. Most likely, moths that got into the domes were not able to get out and were
consumed by spiders.

The LGB has the potential to be very destructive. In the survey, the LGB was found in
low numbers in pheromone and probe traps in all facilities. There was a LGB peak in
pheromone traps by the end of May at the Richvale warehouse (Figure 7). However, the
number of LGB caught in probe traps at this warehouse was relatively low (Table 8).

The AGM was the most abundant insect found in pheromone and probe traps. In the
warehouses, AGM numbers increased sharply beginning in April (Figures 7 and 8).
Number of AGM adults caught increased as ambient temperature increased. In the
Richvale warehouse, AGM started to be detected in pheromone traps when ambient
temperatures increased over 60° F. (Figure 12). In the silo, AGM numbers increased
consistently beginning in June (Figure 9). AGM population increased later in the silo
probably because temperatures there were relatively lower than in the warehouses. In the
warehouses, probe traps caught AGM adults beginning in June (Figure 9). This seems to
coincide with the trapping of approximately 90-100 AGM adults in pheromone traps and
temperatures reaching 80-90° F (Figures 10 and 12). Towards the end of the survey
period, number of AGM adults caught in warehouses exceeded 150 per probe trap.

AGM larvae develop and pupate inside the grain. Adults caught in probes are probably
emerging from infested grains. AGM infestations are known to be limited to the surface
of the grain mass. Due to the large area of grain exposed in the warehouses, it is possible
that AGM larval feeding may be causing weight or quality losses. A more detailed study
would be necessary to confirm these losses.

The red flour beetle (RFB), another important pest of stored grains, was abundant only in
the silo (Table §). Conditions there might be more conducive for RFB infestations. RFB
numbers increased steadily from June and by the end of August more than 150 were
caught in the probe trap (Figure 11). At this point the silo was fumigated. A more detailed
study, looking at different depths and any detrimental effects on grain, may be needed.

Other arthropods found during the survey are not considered serious pests of stored rice
or do not feed on grain, but on fungi developing on the grain. These arthropods were
found at very low densities and might not constitute a problem. Their presence might be
indicative of excess moisture and the need to improve storage conditions. Improving
storage conditions will probably be enough to reduce their numbers and avoid insect
contamination.
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Table 7. List of arthropods found in stored rice in two locations in CA, March — July 2009

Arthropod

Locations found

Characteristics

Lepidoptera (moths)

Angoumois grain moth,

Sitotroga cerealella
(Gelechiidae)

Flat storage, silo

Internal feeder, larvae develop inside kernel. Infestations are limited to top 30-40
cm of grain surface (Cogburn 1980). Adults do not feed on grain.

Indianmeal moth, Plodia
interpunctella (Pyralidae)

Flat storage, silo

External feeder, infestations are restricted to grain surface. Larvae feed primarly on
embryos and produce silk on top of the grain that can reduce air flow, increase
moisture content, heating and spoilage (Cogburn 1980, Pedersen 1992).

Coleoptera (beetles)

Lesser grain borer,
Rhyzopertha dominica
(Bostrichidae)

Flat storage, silo

Internal feeder, important pest of stored rice (adult and larvae) (Cogburn 1980).

Strong flyer (Pedersen 1992). Its frass can pack into the rice and reduce air flow
(Howell 2003).

Foreign grain beetle,
Ahasverus advena
(Silvanidae)

Silo

Feed on the embryo of grain; however, when found in high numbers they are likely
feeding on molds (Pedersen 1992).

Grain beetle, Cryptolestes
sp. (Laemophloeidae)

Flat storage, silo

External feeder, feeds on flakes of bran, grain dust, grain embryo. Can infest rough
or milled rice, bran or flour (Cogburn 1980).

Cryptophagus sp.
(Cryptophagidae)

Flat storage

These beetles feed on mold, their presence in food represents accidental
contamination (Gorham 1991).

Dienerella ruficollis
(Lathridiidae)

Flat storage

These beetles feed on fungi growing in the grain, their presence indicate moldy
conditions and is considered accidental contamination (Gorham 1991).

Dasycerus sp.

Flat storage

These beetles feed on fungi growing in the grain, their presence indicate moldy

(Lathridiidae) conditions and is considered accidental contamination (Gorham 1991).

Hairy fungus beetle, Flat storage, silo Feed on mold. Their presence is usually indicative of moldy grain (Cogburn 1980,
Typhaea stercorea Bousquet 1990).

(Mycetophagidae)
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Table 7. Continued

Arthropod Locations found Characteristics

Red flour beetle, Flat storage, silo  External feeder, important pest of stored grains (adults and larvae)(Gorham 1991).

Tribolium castaneum In the sourthern U.S., it is present in stored rough rice, mills, ships and

(Tenebrionidae) wharehouses (Cogburn 1980). Prefers dust, damaged grain, bran coat, germ, but
can attack undamaged grain when moisture content is high. When present in
significant numbers, the beetles will release a pungent odor (Bousquet 1990,
Howell 2003). Strong flier (Cogburn 1980).

Fig darkling beetle, Flat storage, silo  Associated mostly with stored and dried fruits (Gorham 1991).

Blapstinus discolor

(Tenebrionidae)

Larger black flour beetle,  Silo Associated with several grains, flour, soybeans, dried figs, corn cobs (Gorham

Cynaeus angustus 1991)

(Tenebrionidae)

Lesser mealworm, Silo External feeder, infest moist grain and can feed on deteriorating food. They prefer

Alphitobius diaperinus to live in dark, damp places (Pedersen 1992).

(Tenebrionidae)

Lepidocnemeplatia sericea Silo Reported from several grains, raisins, figs and cotton gin trash (Gorham 1991).

(Tenebrionidae)

Other
Psocoptera (booklice) Flat storage, silo Reach high numbers in moldy, damp grain. They feed on grain dust. Their presence

indicate moldy conditions (Pedersen 1992).

Dermaptera (earwigs)

Flat storage, silo

Predaceous, feeding on insects present in the grain.

Mites

Flat storage, silo

Most feed on grain embryos or mold, indicating high moisture conditions (Pedersen
1992).
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Table 8. Number of insects found per probe trap in stored rice in two locations in CA, March —
August 2009.

Number caught per trap
Insect Richvale, flat Arbuckle, flat  Arbuckle, silo
storage (n=3) storage (n=5) (n=1)
Angoumois grain moth 234 229.4 6.0
Indianmeal moth 0 0 0
Lesser grain borer 0.3 0.4 0
Foreign grain beetle 1.0 0 0
Grain beetle 0.33 0 4.0
Cryptophagus sp. 2.0 2.2 0
Dienerella ruficollis 0 0.2 0
Dasycerus sp. 0.3 0 2.0
Hairy fungus beetle 1.0 0 1.0
Red flour beetle 1.7 2.8 421.0
Fig darkling beetle 0.3 0.6 12.0
Larger black flour beetle 0 0 2.0
Lesser mealworm 0 0 13.0
Lepidocnemeplatia sericea 0 0 1.0
Earwigs 1.3 0.2 9.0
120 e MM
o <o - AGM
8 1004 —-v— LGB o o
£ E :
S 80 - o
£ o
S 60- :
g o° .
S : °
c 40 A (o]
= 20 AN
o 7N
s ’ \
N EPREPNREIEE 25 SIRE. ol SYCANEPNL P WP {
3/1/09 4/1/09 5/1/09 6/1/09 7/1/09

Figure 7. Number of insects caught per pheromone trap (n=2) in a flat bed rice storage facility,
Richvale, CA (IMM, Indian meal moth; AGM, Angoumois grain moth; LGB, lesser grain borer).

18



180

—e— |MM
g -v- LGB o
L 140 A
o
5
S 120
) o.
— 100 - :
(O] N o)
o o
E 80 O :
O
: o
2 60 - o
=
[&]
(]
(7] 40
£
20 -
A S
0 - = PR ey A e —

4/20/09 5/4/09 5/18/09 6/1/09 6/15/09 6/29/09 7/13/09 7/27/09

Figure 8. Number of insects caught per pheromone trap (n=5) in a flat bed rice storage facility,
Arbuckle, CA (IMM, Indian meal moth; AGM, Angoumois grain moth; LGB, lesser grain
borer).
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Figure 9. Number of insects caught per pheromone trap (n=1) in a rice silo, Arbuckle, CA (IMM,
Indian meal moth; AGM, Angoumois grain moth; LGB, lesser grain borer).
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Figure 10. Number of Angoumois grain moth (AGM) adults caught in probe and pheromone
traps in flat bed rice storage warehouses, Richvale and Arbuckle, CA.

Number of red flour beetle per probe

Figure 11. Number of red flour beetles caught per probe trap (n=1) in a rice silo, Arbuckle, CA.
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Figure 12. Ambient temperature inside a flat bed rice storage facility, Richvale, CA

SUMMARY OF 2010 RESEARCH
Field Experiment

Within each variety, the rate of kernel drying below 25% MC was similar for all drain date
treatments. The rate of moisture loss averaged across varieties was about 0.8 percentage points
per day. The 12 DAH treatments reached harvestable moisture content 2 to 5 days sooner than
the 24 DAH treatments. The yield of M206 was the least sensitive to delayed planting and
reduced fertilizer rates. On the whole, yields increased as the drain date was delayed. There was
no apparent ‘leveling off” of the yield trends suggesting that optimal drain date in terms of yield
by be longer than 24 DAH. Based on this year’s results and those from previous tests, draining
sooner than 20 DAH is not advised. To varying degrees, total rice yield (TRY) and head rice
yield (HRY) of all varieties were lower when the fields were drained early. TRY for M202 and
M206 were less affected by early drain dates compared with M205. The HRY for the same
varieties showed an upward trend at the later drain dates. M205 appears to more sensitive than
the other test varieties to soil moisture depletion (i.e. drain date) during physiological maturity.
All test varieties showed a comparable level of sensitivity to environmental conditions during
agronomic maturity phase as evidenced by the HRY. Observed differences in HRY were not
associated with soil moisture content. The impact of water limited conditions (i.e. early drain) on
rice quality occurs when the grain is above 27% MC. The observed differences in yield and
quality are not attributable to drain time treatments (i.e. soil moisture) during the latter stage of
grain maturation. The productivity of the three test varieties may be adversely affected by the
loss of flooded conditions; in that yield and grain quality are unfavorably compromised when the
soil transitions from an anaerobic to an aerobic state. Preliminary results from trials at the RES in
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2009 where rice was grown under well-watered but non-flooded conditions resulted in delayed
development and reduced yield. In the current project, the estimated end of season average water
was 0.53 inches per day (24 hr).

Storage Insect Survey

A survey of two flat bed storage warehouses and one silo was conducted in two rice storage
facilities of northern California. The most abundant insect in the warehouses was the AGM,
caught in pheromone and probe traps. In the silo, the RFB was the most abundant. The LGB, a
severe pest of stored rice, was found at relatively low density in all locations. Other insects
collected are not considered important pests of stored rice or feed on fungi developing on the
grain. Their presence might indicate that storage conditions need to be improved.

PUBLICATIONS OR REPORTS:

Mutters, RG and JF Thompson. 2009. Rice Quality Handbook. UC ANR Publication No. 3514,
141 pp.
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