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Accounting for the spatial variability of resources and yields has become both important and feasible in agricultural systems
research. Such variability can be detected and addressed at various scales, from that of a small field to a whole region, and
completely different problems arise at each scale. Traditionally, agricultural issues have been studied at a small scale (field
plots) and then extrapolated in an ad hoc manner to a larger scale (field or region). Results of this process are not always
accurate due to the intrinsic differences between the local and the regional level of analysis. In this paper we pursue different
approaches as an example of a means of dealing with a particular issue, rice grain quality, at two scales, field and region. At the
field level, we test a model that relates head rice (HR) to grain moisture content (GMC) and GMC pattern before harvest. At the
region level, we propose a model to predict optimum harvest time for rice varieties in California, based on a degree days (DD)
approach. Practical results obtained aid in reducing the risk of loosing HR grain quality at harvest.
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Summary

Resumen

Factores que influyen en la variabilidad espacial de calidad de grano de
arroz a distintas escalas
En los sistemas de producción agrícola es cada vez más importante y a la vez factible de tener en cuenta la variabilidad
espacial de los recursos naturales y de los rendimientos. Esta variabilidad puede ser detectada y abordada a diferentes
escalas, desde la chacra hasta una región, teniendo cada una de ellas problemáticas completamente distintas. Tradicional-
mente en agricultura la investigación se ha realizado a pequeña escala (a nivel de parcela) para luego ser extrapolada en
forma ad hoc a la escala grande (campo o región). El resultado de este proceso no siempre es preciso dada las diferencias
intrínsecas que existen entre los distintos niveles de análisis. En este trabajo se realizan distintos abordajes de un mismo tema
–la calidad del grano de arroz– en dos escalas contrastantes –a nivel de chacra y de región– a modo de ilustrar estas
diferencias. A escala de chacra se validó un modelo que relaciona porcentaje de grano entero (HR) y contenido de humedad
del grano (GMC), así como el patrón de des-humedecimiento de granos previo a la cosecha. A nivel regional se trabajó con
un modelo basado en la metodología de los grados-día (DD) para predecir el momento óptimo de cosecha para las
variedades más utilizadas en California. En la práctica los resultados obtenidos en estos trabajos contribuyen a reducir el
riesgo de perder calidad de grano (HR) en la cosecha.
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Introduction

In the US, the price of rice per unit is based on the
percentage of total rice (TR), defined also as the milling yield.
The most important component of TR is HR, defined as the
proportion of kernels with a length greater than 75% of the
whole kernel length. HR is influenced by genetic and
environmental parameters, as well as by crop management
and post-harvest handling, storage and the milling process.
Environmental conditions during the ripening stage can lead to
grain quality differences (Geng et al., 1984; Siebenmorgen et
al., 2003). There is an apparent relationship between HR and
average grain moisture content (GMC) at harvest. Hill et al.
(1992) reported for California conditions that as the average
GMC of medium-grain rice decreases from 25 to 15%, HR
decreases from 65 to 40%. Industry has settled on a
threshold of 22 +/- 1% GMC to begin harvesting short and
medium grain rice, but recent research shows that good HR
values can be reached with a slightly lower GMC (20%),
and that harvesting at the currently recommended values
actually reduces rice value (Thompson and Mutters, 2006).
Also, the pattern of change in GMC as influenced by weather
conditions before harvest has an important role in determining
the final HR (Thompson and Mutters, 2006).

The structure of rice plants determines the position where
kernels are formed -main stem, primary or secondary tiller-
affecting the ripening process. Moreover, ripening follows a
similar pattern to that of flowering, and therefore all grains in a
panicle are not at the same value of GMC at a given time
(Holloway et al., 1995). Kunze and Calderwood (2004)
mentioned differences about 10 percent between GMC
among grains on a single panicle, and an even larger variation
among grains in panicles of a single plant. Moreover, a
larger variation among grains in panicles in an entire field
was reported (Kocher et al., 1990). This GMC variability is
important because it implies that the most mature and driest
grains would be able to re-adsorb moisture (increasing
susceptibility to damage) while the least mature ones would
not. At typical harvest moisture contents, California medium
grain can have a range in GMC of 20 percent between
individual kernels within a field (Marchesi, 2006). This
variation is caused by a non-uniform flowering date along the
panicle, variation in plant density, and nutrient status. Based
on the high variability in kernel GMC, Chau and Kunze (1982)
concluded that the longer the crop is maintained in the field,
the greater the possibility of the low moisture kernels to fissure
before harvest. Previous works have denoted the association
between the distribution of single-kernel GMC and the

resultant HR, based on the proportion of the rice with GMC
lower than a rewetting threshold, which depends on the variety
(Kocher et al., 1990; Siebenmorgen et al., 1992).
Environmental conditions such as high daytime temperature
(common in California during harvest) and north winds induce
grains to lose moisture rapidly; conversely, dew and
occasional rain lead to moisture re-absorption by grains.
Thompson and Mutters (2006) found that in California HR
values were significantly reduced when average GMC
dropped below 21% under typical calm conditions. They
also found that under dry, windy conditions, small HR losses
occurred when GMC was below 21%, but a high level of
fissuring and HR reduction resulted if the dry weather was
followed by a few days of dew (high humidity) and grain re-
hydration. They proposed the proportion of individual kernels
with GMC below 15% prior to re-hydration as a predictor of
HR after re-hydration occurred, instead of relying solely on
the average GMC.

Soil-related factors could also affect spatial variability in
rice grain quality at the field level. Most California rice fields
are laser leveled to achieve a small, uniform slope across
the field. This allows the grower to maintain a nearly uniform
water depth in each check and facilitates water distribution
and other management practices such as tillage, stand
establishment, weed control and harvest (Brye et al., 2003).
On the other hand, the practice of land leveling increases
variability in soil properties due to the cut and fill process,
which transfers soil from higher parts of the field to lower
parts. In California rice fields, the cut areas are typically left
with a thinner and finer-textured surface layer, resulting in
increased variability across the field in topsoil depth, texture
and fertility. These characteristics have an important effect
on crop development, causing an increased variability in
rice growth and yield (Dobermann et al., 1997; Roel and
Plant, 2004a). Roel and Plant (2004b) reported that the pattern
of low yields in some areas within one of the fields they
studied matched the pattern of plant growth and was
explainable in part by the field’s laser leveling history. High
clay content in soil surface horizons influences plant-water
relationships, the ability of soils to adsorb nutrients and the
activity of pesticides (Chen et al., 2004). Stands in the cut
areas tend to be sparser, with smaller plants that mature
more quickly (Roel and Plant, 2004b). As a result of this
difference in maturation rate, plants in these areas tend to not
only have lower yields but also lower moisture content at
harvest. If HR is related to moisture content at harvest, these
portions of the field may display reduced quality as well as
reduced yield.
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Grain quality, measured as HR, can also be quite different
within maturity groups and grain type (Lan and Kunze, 1996;
Geng et al., 1984). An early medium grain variety recently
released in California, M-206, has shown superior quality
over the most widely planted early medium grain M-202 in
experimental trials. M-206 also flowers a little earlier and
has less non-synchronized heading than M-202 (Jodari et
al., 2004). It is not clear yet how the superior quality of M-206
relates to GMC at harvest. Questions about the pattern of
association between GMC and HR for these varieties are
not yet answered. It is of interest to compare the patterns of
grain desiccation and HR in these two varieties to determine
the factors underlying this difference. A better understanding
of these factors would aid in better management of each
variety to obtain higher quality yields.

When considering rice grain quality variability at a larger,
regional, scale, soil heterogeneity and the effect of local
weather are harder to evaluate, and one must focus on more
general factors to pursue the analysis. Plant growth and
development is highly correlated with ambient temperature.
Rice plants follow a physiological time, meaning that they
require a certain amount of accumulated heat units to complete
a certain development stage. This physiological time can be
characterized by a staging sequence termed degree days
(DD), and is typically measured as the combination of time
and temperature above certain threshold (Zalom et al., 1983)
and is widely used to predict phenology phenomena such
as flowering time and pest outbreaks. In the southeast US
and in other countries DD are widely used to describe rice
development and to aid farmers to manage the crop in a
timely manner (Keisling et al., 1984; Counce et al., 2000)
whereas in California there is almost no use of this
methodology to estimate phenology and predict events in
rice production systems. In California the timing of events
such as 50% heading, time of drainage and time of harvest
is based on the number of days after seeding. Such
estimations could be completely unreliable in years when
ambient temperatures are significantly different from mean
conditions. Estimations based on DD could be much more
precise in terms of predicting events, due to the possibility of
monitoring the crop and weather together in real time. Although
DD estimations will also have a range, the possibility of
obtaining daily information could facilitate the prediction of
events such as harvest date at a given GMC with more
accuracy, leading to reduced quality loss.

We hypothesize that factors underlying variability of rice
grain quality such as HR and prediction capability of events
towards obtaining higher HR would differ when considering
two scales of analysis (field and region). The objectives of

this study were, at the field level, to test the model proposed
by Thompson and Mutters (2006) that relates HR to GMC
and GMC pattern just before harvest, with data from
commercial fields, and at the region level, to predict optimum
harvest time for the currently two most important medium
grain varieties in California for different locations, based on a
DD approach.

Materials and Methods

Field scale

Two laser-leveled fields (R and S) in northern California
were monitored in 2003 and 2004 while they were in rice
production. Medium grain varieties were used in all situations;
Kokuho Rose and M-401 in the R field in 2003 and 2004,
respectively, and M-202 in the S field-in 2003. Grain samples
from georeferenced points were taken just before harvest in
2003 and during harvest in 2004, and after measuring GMC
they were dried with room air and milled to obtain HR percent.
Soil samples were also taken at the same points to
characterize soil texture (percent clay, silt and sand). Crops
were harvested by the farmers with combines equipped with
a yield monitor system between mid and late October in
each year. GMC data along with rice yield were extracted
from the yield monitor and imported into a geographic
information system, with further data cleaning before analysis.
Two hundred kernels were taken from each quality sample
to measure GMC of each kernel with a single grain moisture
meter. The following equation was used to estimate the
predicted head rice yield (PHRY) addressed in the model
elaborated by Thompson and Mutters (2006):

PHRY = MHRY x (1 - TMC) (Eq.1)

MHRY: average maximum head rice yield (%), calculated
as the average of samples harvested between 21% and
26% moisture.
TMC: proportion of kernels <15% moisture content at harvest
(from the individual kernel moisture content).

Daily average relative humidity and daily maximum wind
speed from each site for the 28 days prior to harvest in both
years were collected from the California Rice Research
Board (2008). Weather stations were located approximately
500 m from the R field and 10 km from the S field.

Regional scale

Using a collection of data from the statewide variety trials
(Rice Experimental Station) from 1999 to 2007, detailed
information about rice cultivars M-202 and M-206 in six
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locations was summarized. The locations considered
represent, from north to south, Butte County (Durham), Colusa
County (Colusa), Yuba County (Yuba- Marysville), Sutter
County (Nicolaus), Yolo County (Davis) and San Joaquin
County (Lodi West). The information summarized at each
location includes management data (seeding and harvest
date), crop phenology (time to 50% heading) and GMC at
harvest. Weather data (daily minimum and maximum air
temperature) was retrieved from the CIMIS (California
Irrigation Management Information System, OWUE, DWR)
or IPM (Integrated Pest Management, University of California
at Davis) weather stations closest to the variety trial in each
of the six locations. The information was entered into the
DEGDAY worksheet (Snyder, 2005) and the resultant DD
from 50% heading to harvest was obtained. Degree days
were calculated using the single triangle method with 10 °C
lower threshold and 35 °C upper threshold temperatures
(Zalom et al., 1983; Caton et al., 1998).

Although the GMC at 50% heading was not measured in
the trials, the following assumptions were made based on
concepts established by Kunze, 1977; Tanaka et al., 1993;
and Yoshida, 1981. Independent of the moisture content at
50% heading, a fixed value of 30% GMC at 30 days after
50% heading was assumed. From that point, and knowing
the GMC at harvest for each variety, year and location, the
DD necessary to reach an optimum of 20% GMC at harvest
for the two varieties in each location was estimated using a
linear regression over all of the data at that location. Based
on this relationship and the average minimum and maximum
temperatures for the eight years at each location, the average
number of days to reach 20% GMC from 30 days after 50%
heading was estimated. Finally, the minimum and maximum
numbers of days to reach 20% GMC from 30 days after

50% heading obtained in the analysis were used to build the
range for each average in each location. Using a geographic
information system (ArcMap 9.2, ESRI, Redlands, CA), a
regularized spline interpolation method was used to obtain a
map of estimated DD to harvest and average number of
days to harvest for each variety in the Sacramento and San
Joaquin valleys.

Results and Discussion

Field scale

Grain moisture content taken with the yield monitor during
harvest is a reasonably good predictor of the crop grain
moisture content in the field as measured when the harvested
rice is delivered to the drying facility (Figures 1a - 1b; R2 =
0.67-0.73), although their values are different in precision
and magnitude. This relationship may be highly dependent
on the time lag between the field sampling and harvest date
and the technology used (different moisture meters in the
combine vs. in the dryer facility). Summarized results for
HR, TR and GMC are presented in Table 1. In 2003 the
relationship between GMC and HR was positive and
significant in both fields (R2 = 0.77 and 0.74 for the R and S
fields, respectively), where a drying north wind was present
before harvest. The range of GMC at sampling was optimum
in the S field (between 17 and 23%) and non-optimal (17 to
27%) in the R field (Table 1). In 2004, data from the R field
indicate no relationship between HR and GMC at harvest. In this
case, GMC (Table 1) was higher than usual (above 21%) and
a north wind was not present until the day of harvest. These
results are expected under the Thompson and Mutters (2006)
theory and previous works (Siebenmorgen et al., 1992) that
with high GMC there are no important HR losses.

Figure 1. Distribution of grain
moisture content (GMC) obtai-
ned with the yield monitor and
GMC obtained from the field qua-
lity samples, a) S field, 2003; b)
R field, 2004.
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 R field, 2003 S field, 2003 R field, 2004 

 HR 
% 

TR 
% 

GMC 
% 

HR 
% 

TR 
% 

GMC 
% 

HR 
% 

TR 
% 

GMC 
% 

Average 54.1 69.3 21.6 65.4 71.5 20.1 52.5 66.5 25.2 
Std Dev 6.2 1.6 3.4 2.9 0.5 1.7 2.9 1.8 2.8 
Minimum 36.6 65.1 16.6 60.4 70.6 16.7 46.6 63.2 20.7 
Maximum 62.6 72.0 26.8 69.6 72.1 22.6 56.6 69.9 31.1 
Number ofsamples 17 17 17 20 20 20 22 22 22 

 

Although not all combinations of weather and rice moisture
were encountered, obtained results are in accordance with
recent data (Thompson and Mutters, 2006). Specifically, the
association between GMC and HR depends on the GMC
level at harvest (below or above 21%), the weather conditions
before harvest (presence or absence of rapid grain drying
caused by north wind), and the presence or absence of re-
hydration conditions after the dry wind ends. Both R and S
fields in 2003 show a decline in HR at GMCs below 20 to
21% GMC (Figure 2).

The standard error between the PHRY and the actual HR
(Table 2) is almost zero for the R field in 2003, thus the rice
was subject to rehydration conditions before harvest and the
north wind that occurred 10 days before sampling did not
affect HR. The variability observed in the obtained HR (Table
1) is probably due to the intrinsic variability in the crop and
field characteristics. In the S field, the difference between the
PHRY and actual HR was -3.43 (Table 2) and the difference
was likely caused by the north wind that occurred at sampling.
A reduction in rehydration due to the low humidity during the
nights may have caused the lower than predicted HR loss.

Table 1. Statistical description of head rice percent (HR), total rice percent (TR) and grain moisture content (GMC) of the
rice grain samples taken pre-harvest. Data are from the R field in 2003 and 2004, and from the S field in 2003.

80

70

60

50

40

30

20
15      17    19     21      23     25     27     29

H
ea

d 
R

ic
e 

(%
)

Grain Moisture (%)

R. 2003
S. 2003
R. 2004

Figure 2. Association between sample grain moisture con-
tent (GMC) at harvest and head rice (HR), data from two
fields and two years.

Samples date PHRY 
(%) 

HR 
(%) 

Standard error 
(PHRY-HR) 

R 2003: 
October 20 

53.97 54.1 -0.13 

S 2003: 
October  

61.97 65.4 -3.43 

Table 2. Potential head rice yield (PHRY) and head rice
yield (HR) measured in the R and S fields in 2003.

The R field in 2004 was harvested with high GMC and the
crop did not experience rewetting of fissuring susceptible,
low moisture content rice. Although Siebenmorgen et al.
(1992) always refers to the problem of grain rewetting due to
rain, the same effect is found in California due to high dew
conditions. Diurnal variation in ambient relative humidity
during the pre-harvest period needs to be evaluated. In the
2003 R field high variability among individual kernel moisture
content was observed (data not shown), confirming the non-
uniform conditions of the crop and the field. Some of the
individual kernel moisture content distribution curves from
the R field coincide with those of a very mature crop and
others with an immature one (Kocher et al., 1990; Holloway
et al., 1995). On the other hand, in the S field there was high
uniformity in individual kernel moisture contents, which would
lead to a better grain quality. There is a strong association of
HR with kernels harvested at less than 15% GMC (Figures
3a - 3b), indicated by the high R2 in both fields (0.76 in R and
0.58 in S). These results are in accordance with those
reported by Thompson and Mutters (2006), which indicate
that kernels with less than 15% GMC tend to fissure when
subjected to high nighttime humidity.

PHRY: predicted head rice yield, calculated as MHRY x (1 – TMC).
See equation 1.
HR: actual head rice obtained from samples.
MHRY: average maximum head rice yield (%), calculated as the
average of samples harvested between 21% and 26% moisture.
TMC: proportion of kernels ≤ 15% moisture content at harvest (from
the individual kernel moisture content).

Spatial variability in rice grain quality
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Based on the available data and the Thompson and
Mutters (2006) theory, the suggested association between
head rice and grain moisture content at the field level is
summarized in Figure 4. Without the north wind and
associated nighttime rehydration conditions, HR depends
on the GMC at harvest (i.e., GMC at harvest is a good
predictor of HR and there is no difference between PHRY
and HR). Under north wind conditions before harvest, HR
results depend on the amount of kernel rehydration caused
by high nighttime humidity or rain. If re-hydration conditions
prevail, grains would gain moisture and be susceptible to
fissuring, resulting in substantial reductions of HR. On the
other hand, if weather conditions do not induce grain re-
hydration, HR values are not much affected. There is no
data in the tests to show the effect of non-re-hydration
conditions producing high HR. In this situation a significant
difference between PHRY and HR would be detected.
Thompson and Mutter’s (2006) data support this conclusion.

In the R field, regions of poor crop development and yield
were associated with more rapid soil and crop desiccation.
Moreover, those areas (cut areas) coincide with high soil

clay content. The association between soil clay content and
soil water content appeared to be opposite from the expected,
which is that higher clay content is associated with greater
water retention (Troeh and Thompson, 1993). However, soil
depth of the cut areas in rice fields could explain the
relationship between soil clay content and water. The soil A
horizon depth influences crop growth (due to chemical,
physical and biological factors) and by affecting soil moisture
and other properties related with water availability and water
holding capacity (Troeh and Thompson, 1993; Dobermann,
1994). In the cut areas, although the soil had a higher clay
content (data not shown), the depth of the root zone was less,
leading to poorer plant growth and advanced maturity, lower
GMC at harvest and lower HR. Based on the idea that soil
properties could be related with grain moisture, we would
advise to timing harvest based on the GMC of rice in the cut
areas. In this way it may be possible to avoid fissuring after
rewetting of rice grains, reducing the risk of obtaining low HR.

Regional scale

Figure 5 (a-f) shows the relationship between GMC at
harvest and DD from 50% heading for the two cultivars for
each harvest location and year. Each point represents one
year for each cultivar. Seeding date of both cultivars at each
location was the same in each year; nevertheless, seeding
dates were not exactly the same between locations. Despite
the fact that they accumulated a highly variable number of
DD from 50% heading, when comparing the two varieties in
the same location and year (data not shown) both cultivars
show little difference in final GMC at harvest. That could
suggest that M-206, which has more DD units from 50%
heading, has a slower pattern of maturity rate than M-202.
Unfortunately we do not have data about the time of the day
when harvests were done or the pattern of GMC during the

Figure 3. Proportion of kernels with less than 15% grain moisture content (GMC) and their correspondent head
rice (HR) value, a) R field, 2003 and b) S field, 2003.

Figure 4. Diagram of the suggested association between
grain moisture content (GMC) and head rice (HR).
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maturation period of the two cultivars. Also, the availability of
HR quality from these trials would aid in doing a complete
comparison between cultivars in the various years and
locations. Regression lines show the expected inverse
relationship between DD and GMC in most of the locations;
with higher DD, the crop is more mature and reaches harvest
with lower GMC. The slope of the regression line fitting the
data is greater for M-202 than for M-206, suggesting a more
rapid loss of moisture from grains during maturation in M-
202 and a slower maturity rate in M-206 as previously

mentioned. However, there is a shortcoming of the data
presented above: the measured GMC in the variety trials
was not monitored before harvest, so we can not be sure
that the values of days or DD reported actually represent the
first time grains reached the critical 20% GMC threshold. It
is possible that in some cases measurements were made
after grains had gone through cycles of GMC gain and loss
about 20%.

Despite some variability between locations, M-206 always
requires more DD than M-202 to reach 20% GMC (Tables

Figure 5. Association between grain moisture content (GMC) at harvest and degree days (DD) from 50% heading to
harvest for M-202 and M-206 in six locations; a. Butte, 1999-2007; b. Colusa, 1999-2007; c. Yuba, 1999-2007; d.
Sutter, 2001-2007; e. Yolo, 2001-2007; f. San Joaquin, 2001-2005.
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3 and 4). The difference between them is approximately 40
DD (41 DD when pooling the DD data for all locations or 44
DD if analyzing each location separately and then averaging).
Spline interpolations of the required DD per variety and location
(Table 3) are shown in Figures 6 and 7. Although maps look
very similar in their distribution, the ranges differ. Variety M-
206 requires more DD to reach 20% GMC than M-202,
possibly due to a slower rate of moisture loss. The DD maps
show that for both cultivars, more DD are required to reach
20% GMC in Colusa, Butte and Yuba and fewer DD are
required at Sutter. Yolo and San Joaquin are in an intermediate
position. For each variety, the differences in DD needed to
reach 20% GMC per location could be associated with other

Table 3. Degree days (DD) required reaching 20% grain
moisture content (GMC) (from 30% GMC at 30 days after
50% heading) for rice varieties M-202 and M-206 and the
six analyzed locations (Yolo, Yuba, Sutter, Colusa, Butte
and San Joaquin).

a Difference between M-206 and M-202.

                                M-202                      R2 M-206                                 R2*

Pooled y=-0.0205x+25.72  0.29 y=-0.0153x+24.894  0.20

Yolo y=-0.0383x+30.534  0.85 y=-0.0306x+30.647 0.75

Yuba y=-0.0322x+29.856  0.70 y=-0.0254x+28.56 0.70

Sutter y=-0.0411x+26.276  0.59 y=-0.0325x+25.196 0.55

Colusa y=-0.0222x+27.818  0.39 y=-0.0169x+27.001 0.30

Butte y=-0.0253x+27.925  0.63 y=-0.0222x+28.347 0.53

San Joaquin y=-0.0471x+30.723  0.92 y=-0.0415x+30.586 0.80

* The regression equations were forced to pass through a fixed value of 30% GMC. Because of this, the R2 values do not represent the
fraction of the variance explained by the model, and are shown only to indicate the relative fit of the different regression models.

Table 4. Regression equations of the association between degree days (DD) and grain moisture content (GMC) for
each location (Yolo, Yuba, Sutter, Colusa, Butte and San Joaquin), and pooled data, for rice varieties M-202 and M-
206. Data summarizes the period 1999-2007.

climatic variables (air humidity, wind, evapotranspiration),
or soil properties (associated with water holding capacity or
nutrient availability). Average and range in the number of
days to reach 20% GMC from 30 days after 50% heading,
for each location and cultivar are shown in Table 5. As seen

Figure 6. Estimated degree days (DD) required for M-202
to reach 20% GMC (from 30 days after 50% heading);
interpolation done with the spline method (ArcMap, Spatial
Analyst).
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•Weather stations

M202

DD for 20% GMC

Marchesi C, Thompson J, Plant R

 M-202 M-206         Diffa

Pooled 279 320 40.8
Yolo 275 348 72.9
Yuba 306 337 30.9
Sutter 153 160 7.2
Colusa 352 414 62.1
Butte 313 376 62.7
San Joaquin 228 255 27.4
average 271.1 315.0 43.9
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in the previous figures with DD, days to 20% GMC is variable
per cultivar and per location; on average, M-206 requires
five more days than M-202 to reach 20% GMC, and in both
cases the average range between maximum and minimum
days is around 10. It would probably be more appropriate to
estimate harvest date based on DD rather than number of
days, since DD is presumably a more precise descriptor of
the grain maturation and drying process. However, due to
the similarity of results and its greater simplicity, the use of
«days to 20% GMC» is probably a more practical tool.

Conclusions

In summary, different factors were analyzed at the field
and region levels, ending with practical results that aid in
reducing the risk of loosing HR grain quality at harvest. At the
field scale, if periods of dry winds are forecast, harvest rate
should be maximized, especially in the case of more mature
crops, to prevent losses caused by re-hydration of low GMC
rice. One should scout areas of more mature crop and try to
harvest a field based on these areas and not on the average
field conditions, reducing the risk of quality loss. At the regional
scale, the DD approach (DD from 50% heading or from 30
days after 50% heading) appears to be an effective method
to predict harvest time, showing regular results between
locations and varieties. However, prediction based on days
to harvest from 50% heading (or 30 days after 50% heading)

Figure 7. Estimated degree days (DD) required for M-206
to reach 20% GMC (from 30 days after 50% heading);
interpolation done with the spline method (ArcMap, Spatial
Analyst).

Table 5. Number of days and range for rice varieties M-202 and M-206 to reach 20% grain
moisture content (GMC) from 30 days after 50% heading, in each location (Yolo, Yuba, Sutter,
Colusa, Butte and San Joaquin). Each value is the average of eight years (1999-2007).

a Average of the period 1999-2007.
b Minimum for the period 1999-2007.
c Maximum for the period 1999-2007.
d Difference between M and m.

Legend
•Weather stations

M206

DD for 20% GMC

160-227
228-295
296-362
363-430
431-497

Spatial variability in rice grain quality

                                         M-202                          M-206  
 Avea      mb      Mc     Diffd        Ave   m    M    Diff

Yolo 24 21 30 9 31 28 39 11
Yuba 24 17 29 12 27 19 32 13
Sutter 14 12 17 5 15 12 18 6
Colusa 31 28 38 10 38 33 44 11
Butte 28 24 34 10 35 30 42 12
San Joaquin 23 21 28 7 26 23 30 7
average 24 21 29 9 29 24 34 10
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based on DD calculations follow the same tendencies as DD
and is a more practical approach to predicting harvest date.
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