
California Rice Research Board Page 1

A major greenhouse
building and renovation,
DNAmarker facilities and
staffing, and investigating
of the potential for japoni-
ca hybrid rice for
California.
Greenhouse
In 1999 new green-

houses were constructed
at RES and dedicated to

weed and pathology
research. These two
greenhouses have been
utilized extensively, but
the need for additional
space was clear. Weed
research, disease resis-
tance screening, quaran-
tine introduction of breed-
ing material from other

countries, crossing for
variety development, gen-
eration advance and many
other activities go on in
the greenhouses.
The Rice Research

Trust (not the RRB) has
financed the construction
of two additional green-
houses. If you look at the
picture, you will see that

the former
two build-
ings are
now four.
The origi-
nal green-
h o u s e s

were also refurbished after
a wind storm tore off the
plastic glazing in 2008.
The smaller greenhous-

es that are used for cold
tolerance screening have
also been renovated. An
additional feature of the
new greenhouses is a
room that now houses a
DNA lab to support the
RES breeding program.
DNA Marker
Facilities
The field of DNA

marker technology is
growing at a very rapid
pace. With the establish-
ment of a DNAmarker lab
at the station, molecular
markers that have been
developed to screen for
grain quality and blast
resistance are now being
routinely used in the
breeding program. DNA
markers for other traits are
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What is Happening at RES?

Advances have been made identifying the genes
related to seedling cold tolerance. Dr. Tom Tai has been
working on this for several years and now has the genet-
ic location for this trait, qCTS12. This will help deter-
mine if new varieties can be expected to have seedling
cold tolerance. One practical question is to what degree
this trait influences the actual performance in the field
on cold July mornings.

Cold Tolerance
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still under development
and should be online in
the near future.
Why is this important?

It all comes down to tim-
ing and speed.
Consider this example.

If you are trying to breed
the next iteration of the
blast resistant variety M-
208, then you want to
make sure that it will have
blast resistance. Your
breeders make their cross-
es and plant them in 8 x 12
trays. Unfortunately, the

resistant ones don't come
out red and the non-resis-
tant ones blue. The DNA
marker for blast resistance
can tell you which plant
has the gene that gives
resistance.
Once the

plants are near-
ing PI, leaf sam-
ples are taken
and placed into
small "wells"
shown in the
photo at right.
In this little
container the
leaf samples are liquefied,
separated, and have
"primers" added. The new
lab technician, George
Yeltatzie, prepares all
these samples and then
places them in the DNA
sequencer. The sequencer

produces charts
showing whether the
sample in each well
has the particular
trait you are seeking.
Now comes the

practical part.
Instead of waiting
months, the breeders
have the results in
about a week. Using the
same 8 x 12 format on a
card, the technician cross-
es out the ones that do not
have the desired trait.
That card is carried the

50 feet out to the green-
house and one of the
greenhouse managers
clips off the plants that are
crossed out. Now the tray
contains only those plants
that have the desired trait.

The breeders can now
make further crosses and
selections knowing that
the plants will have the
trait. By the way, they
rerun the test several gen-

erations later just to be
sure the trait is still there.
Ultimately it will be tested
by the pathologist to
ensure it is resistant to the
race of the blast disease.
At least 80% of the

activities in the marker lab
were directly and indirect-
ly geared towards the
marker-assisted selection
for the medium grain
breeding project.
Presently markers for the

waxy gene
( a m y l o s e
content-for
c o o k i n g
quality) and
blast resis-
tance are
being used.
Work on the
d i s c o v e r y
and devel-

opment of stem rot resis-
tance will also be on top
of the list.
As a long term goal, the

DNA marker lab will for-
mulate procedures to effi-
ciently identify and devel-
op markers for traits that
include cooking quality,
stem rot resistance, cold
tolerance, and other
important traits.
Hybrid Rice
If you have been

watching reports out of
China and the Southern
US you see work going on
with hybrid rice including
commercial production of
hybrid rice. Most of the
hybrid rice is long grain.
Some work has been done
on japonica rice, but
accounts for < 5% of the
hybrid areas in China,
who is by far the world
leader in this technology.
What is California

doing in the hybrid rice
area? We are taking a
structured, cautious
approach. There are sever-
al questions that must be
answered before we can
realistically proceed.
These questions are:
1) What kind of yield

advantages can be
achieved over our adapted
inbred varieties? Would
likely need > 15% to justi-
fy hybrids
2) What are the quality

penalties? Milling and
quality are an obstacle
3) Is hybrid seed pro-

duction and commercial
production feasible in
California due to low seed
yields and low seeding
rates?



California Rice Research Board Page 3

4) How to pay for this
expensive venture?
Because of quarantine

restrictions and pest con-
cerns hybrid seed pro-
duced outside the US and
California cannot be
planted directly in the
field. Thus, to test hybrids
for yield and adaptation to
California would require
producing the hybrid seed
in California. Currently
the genetic materials
(parental lines and genetic
components) are not avail-
able to RES. RES is inves-
tigating what arrange-
ments might be needed to
test some hybrid material
in California.
Until we have an indi-

cation that there is a sig-
nificant yield advantage
without a significant qual-
ity loss, the breeders will
likely put only a small
effort into this area. This
also means that only a
small number of dollars
will go into the effort. If
the first three questions
are answered positively,
then we will answer how
to pay for it.

Got
Watergrass?
Thad Rodgers in Glenn

County has severe prob-
lems with multiple herbi-
cide resistance early and
late watergrass. He rou-
tinely lends University
researchers his field to
conduct diverse experi-
ments on herbicide-resis-
tant late watergrass
(“mimic”) control. In
2008 he invited UC to
implement an alternative

stand establishment tech-
nique on a 6-acre check
with a very heavy mimic
infestation that he has
failed to control over the
years in spite of multiple
herbicide applications,
and that is causing him
heavy yield and economic
losses. He decided to try
the spring tilled stale
seedbed method although
he knew this could delay
his planting date. He
chose to use a short season
variety (M-104). He main-
tained the soil surface sat-
urated or under a shallow
flood for ten days there-
after he allowed the field
to slowly drain. Five days
later the field was dry
enough to get a ground rig
sprayer out in the field for
glyphosate application.
Two days after applying
glyphosate, the field was
re-flooded and seeded. A
follow-up application of
Granite SC (penoxsulam)
and Clincher (cyhalofop-
butyl) was necessary for
control of broadleaf
weeds, sedges and a light
sprangletop presence that
germinated after the re-

flood. The glyphosate
treatment controlled the
resistant watergrass,
sprangletop, broadleaves
and sedges that were ini-
tially recruited by the
flush/flood stale seedbed
treatment. No new water-
grass germinated in this
field after the glyphosate
applications. The substan-
tial weed infestation that
emerged in the untreated
control was encouraged
by the early irrigation.
Mr. Rodgers was

impressed with the results,
so in 2009 he is increasing
the number of acres using
this system. He will be
experimenting with both a
fall-tilled check and a
spring-tilled check, four
times his treated area from
last year. Using what he
learned from last year, he
will put a shallow flood on

the checks for five
days, drain them and
wait till 11-12 total
days pass. This gives
time for the early and
late watergrasses to
sprout as well as the
bullrush. On goes the
Roundup and 24
hours later the field is
flooded for planting.
Things learned

along the way. This
method removes a
weed spectrum and
saves money. It gives
time for the resistant

seed bank to rot or be elim-
inated annually. Cold water
check problems are less-
ened because of reduced
weed competition. Best
herbicide application
requires the right equip-
ment. Applying fertilizer
up front seemed to work
best for him.
Many thanks to Jim

Eckert for his tireless work
on bringing this system to
Thad Rodgers field. All of
your Cooperative
Extension advisors and
Albert Fischer have been
involved in working out the
details of implementing
these new methods. We
look forward to increased
experimentation and adop-
tion by growers.

Rice Straw
Removal Costs
In addition to the cost

of baling rice straw (i.e. to
bale and stack) there are
also costs associated with
nutrient losses that occur
with straw removal as
compared to incorpora-
tion. Burning rice straw
volatizes most of the
nitrogen and sulfur caus-
ing most to be lost into the
atmosphere, whereas most
of the potassium remains
in the ash. Straw removal
takes away potassium and
nitrogen as well as sulfur.
Conversely the majority



of nutrients are retained in
the field when the straw is
incorporated. The nutrient
impacts from different
straw management
processes need to be con-
sidered as part of the
costs.
Typical rice straw

nutrient content based on
100% dry matter basis as
reported by Summers
(2001) are:
.07% nitrogen
1.7% potassium
Research by Nader and

Robinson. (2004) on rice
straw samples from 77
different stacks over two
years reported similar N
and K levels in rice straw,
in addition to the nutrient
concentrations for several
other nutrients (Table 1).

Rice growers
report that baling
h a r v e s t e r
windrows cut at
the waterline yield
an average of 1.5
tons of straw per
acre. Most straw
is baled at 6-12%
moisture levels.
Figure 1 repre-
sents the average
nutrient loss at dif-
ferent straw
removal rates as
compared to
incorporation. The
example assumes
the straw is baled at 6%

moisture and that 100% of
the nitrogen and potassi-

um are recycled by incor-
poration.
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Nitorgen Potassium Calcium Phosphorus Magnesium Sulfur Sodium Chloride
Average 0.77 .74 0.0 0.0 0.20 0.08 0.5 0.52
Maximum 1.12 2.70 0.50 0.17 0.30 0.15 0.50 1.20
Minimum 0.53 1.10 0.19 0.05 0.12 0.04 0.01 0.10

Table 1. Concentration (%) of selected nutrients in rice straw collected at several locations.

Figure 1. Average nutrient loss at different straw removal rates


