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In this issue…
¾ Algae and phosphate
¾ Early field drainage and nitrogen losses
¾ Straw and nitrogen
Planting season has started in California. As of April 21st, 2% of California’s rice acreage had been
planted but none emerged yet according to the National Agricultural Statistics Service. The
unusual low temperatures registered during the last part of April may cause some delay in the
emergence and growth of early plantings. This opens the door for disease and pest problems.
There’s not much that can be done about weather conditions, so fields should be monitored to
make sure seeds are emerging normally and ensure a good stand.
Another common problem during early stages of rice growth is algae. Included in this issue of Rice
Briefs is an article on algal development and its relationship with phosphorous fertilization. The
information presented may not help prevent algal problems during the current season; however, it
may be used to improve phosphorous fertilization practices in the near future.
Also included in this newsletter is an explanation of how early field drainage can cause nitrogen
losses. Early drainage is becoming a common practice when using contact herbicides for weed
control. If nitrogen losses are understood, it may be possible to mitigate these losses. Research
will be conducted this season to develop fertilization strategies that could reduce nitrogen losses.

Phosphate and Rice-Field Algae
David Spencer, Ecologist, USDA-ARS Exotic and Invasive Weeds Research Unit
One approach to managing excessive algal growth is to alter the environmental conditions
that support this growth. One strategy involves reducing abundance of what is often the
limiting nutrient for algae in freshwater systems, phosphate. With the help of cooperators,
we collected 63 water samples from rice fields and analyzed the samples for phosphate.
The results showed that phosphate levels ranged from 0.002 to 1.036 parts per million and
that just over half (54%) of the water samples had phosphate levels that would limit the
growth of the so-called black algae, Nostoc spongiaeforme. On May 9, 2007 we collected
water samples from a rice field within 48 hours of flooding, but before water had been
transferred out of the field. This field had phosphorus applied to the surface, but it was not
incorporated into the soil. Phosphate levels in the water increased (up to five times that of
the incoming water) as the water moved across a field, from south to north (Figure 1).
These results demonstrate that applying inorganic phosphorus to the field’s surface without
incorporating it into the soil results in much higher phosphate levels in the water. This
inorganic phosphorus would directly support algal growth.
The combined results of an algal growth experiment (that showed the levels of phosphate
that limited growth of Nostoc spongiaeforme), the measurements of phosphate levels in
initial rice field water samples, and the data showing that phosphate levels in rice field
water increased in a field where the phosphorus fertilizer was surface applied but not
incorporated, provide strong evidence to support the notion that incorporating phosphorus
fertilizer would lead to reduced phosphate levels in rice field water and subsequent reduced
growth of algae, especially the so-called “black algae,” Nostoc spongiaeforme.
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Figure 1. Phosphate (mg/L) in rice
field water, 48 hours after water
started entering the field.
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Understanding Nitrogen Losses Due to Early Field Drainage
Luis Espino, UCCE Rice Farm Advisor, and Bruce Linquist, Project Scientist, Plant
Sciences Department, UC Davis
Due to recent challenges in weed control, water management during early rice growth
stages has suffered significant changes. New herbicides are being used, and some of
these are contact herbicides that do not translocate inside the plant killing only the part of
the plant covered by the spray. To achieve good weed control with contact herbicides the
field must be fully drained to expose weeds to the herbicide.
Early draining and reflooding of rice fields affect the way nitrogen (N) behaves in the soil. N
management guidelines for California were developed for fields that were flooded before
planting and remained flooded until harvest. Draining and reflooding fields early in the
season can cause severe losses of N. To better understand how this happens, it is
necessary to understand how N behaves in flooded soils.
N in flooded soils
N can be taken up by plants in two forms: NH4+ (ammonium ions) and NO3- (nitrate ions).
Any fertilizer applied to the soil needs to change into any of these two N forms to be
absorbed by the rice plant. Under anaerobic conditions (lack of oxygen), as in flooded rice
fields, NH4+ is stable and accumulates, while NO3- is very unstable and is lost to the
atmosphere. Because of this, under flooded conditions rice mostly uses NH4+.
Flood-Drain-Reflood
In California, most fields are fertilized with N in the form of aqua ammonia injected into the
soil before planting. Under flooded conditions, aqua produces NH4+, which is taken up by
the plant. When the field is drained, conditions change from anaerobic to aerobic (presence
of oxygen). Under aerobic conditions, soil microbes use the NH4+ and turn it into NO3-. This
process is called nitrification. Nitrification does not change the amount of N in the soil, just
its form. Later, when the field is reflooded, the soil microorganisms can’t use oxygen
anymore, and instead use NO3-, transforming it into NO2 (nitrous oxide) and other N gases
that can be lost to the atmosphere. This process is called denitrification.
The whole process is summarized in the following diagram:

Flooded

Aqua

NH4+

Drained

NH4+
NO3Nitrification

R

Flooded

NO3NO2
Denitrification

Thus, draining a field does not cause loss of N, but just accumulation of NO3-. N is only lost
after the field is reflooded.
Reducing N loss due to reflooding
Research conducted during 2006 and 2007 at the Rice Experiment Station (Biggs) and in
commercial rice fields with different soil types and straw management practices has yielded
very interesting results. Experiments showed that during the drain period N in the form of
NO3- accumulates at an average rate of 1.8 lbs/acre/day. As explained above, after
reflooding this N is susceptible to losses due to denitrification. It only took 7 days for the
accumulated NO3- to disappear from the soil. N uptake and yield reductions were observed
in some of the fields that were flooded-drained-reflooded, most likely due to N losses or/and
drought stress caused during the drain.
These results show that by minimizing the length of the drain period as much as possible
significant N losses can be avoided. Research will continue in the coming years to develop
improved strategies of N application in fields where early drains are used.

Straw Incorporation and Nitrogen Management*
The reduction of rice straw burning brought many changes in the way straw is managed in
California rice fields. Research has been conducted to determine how changes in straw
management impact other areas of rice production, such as soil fertility. In many fields rice
straw is being incorporated after grain harvest while in others straw is being removed and
used out of the field. Research has shown that the incorporation or rice straw can have
beneficial effects in soil fertility. A study conducted in the Sacramento valley concluded that
after 5 years of straw incorporation, N application rates can be reduced 25 lbs/acre.
Rice straw can have significant amounts of macro and micro nutrients:
Nutrient content of rice straw in lbs/acre (assumes 10,000 lbs of straw/acre)
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When incorporating rice straw, many of the nutrients extracted by the rice plant are being
returned to the soil and, after the straw is decomposed, will be available for plant uptake.
Straw incorporation increases microbial biomass N, that is, N being used by microbes in
partially broken-down straw residues. It is this portion of N that will be readily available for
crop uptake.
After a few years of straw incorporation, a fraction of the N from synthetic fertilizers
(fertilizer N) applied to the field is “captured” by soil microorganisms. These microorganisms
compete with the plant to use the fertilizer N. At the same time, N is being released from
the microbial biomass formed by the incorporation of rice straw, and this N replaces the
fertilizer N in the soil solution and is taken up by the rice plant. Research has shown that
when straw is incorporated more fertilizer N will be available after one season of being
applied than when straw is removed.
Straw incorporation also can affect weed density. When compared to burned fields, fields
where straw was incorporated had higher density of grassy weeds, especially watergrass.
However, when fields were winter flooded, watergrass density was reduced. It is thought
that this reduction may be due to the foraging activity of waterfowl.
*Adapted from Bird, J. A., A. J. Eagle, W. R. Horwath, M. W. Hair, E. E. Zilbert and C. van
Kessel. 2002. Long-term studies find benefits, challenges in alternative rice straw
management. California Agriculture 56: 69-75.
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