Small-scale rectangular plots at Davis are
being used to determine how long chemicals applied in rice fields persist in flood
and seepage waters, where the chemical
residues go, and how fast they get there.
This article presents data from some dye
tracer experiments using two chemical application techniques (uniform application
on the water surface and slug injection at
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the point of water inflow) and three water
management practices (static,
flow-

AID

through, and recycled systems). The distribution, persistence, and movement of a
rhodamine dye tracer in flood waters was
found to be greatly affected by these different water management systems.
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DETEKhlINE the fate of herbicides,
fertilizers, and other applied chemicals in flooded rice culture, strip plots 7.6
in x 61 m (25 ft x 200 ft) under different water management systems have been
established at UC Davis. Water-applied
and soil-incorporated chemicals are being followed closely to determine where
they move and how long they last in flood
waters and submerged soils. The objective of this investigation is to develop
potential scientific and management solutions to maximize the effectiveness of
chemicals applied in rice fields, and, at
the same time, minimize the presence of
their residues in the irrigation return
flows. These management solutions will
be needed if water quality standards and
discharge requirements in rice growing
areas become more stringent in the
future.
This report is the first of three articles
summarizing three years of data (197072) on the fate of applied chemicals
in flooded rice fields. The present report
contains dye tracer experiments to de-
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Experimental water management systems used
in tests for chemical residues in rice.
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termine water-flow patterns and chemical
distribution, persistence, and movement
in flood waters for different water-application methods and management practices. Future reports will contain data on
Molinate (Ordram), a herbicide, and
ammonium sulfate, a nitrogen fertilizer.

Three practices
The sketch describes the three water
management practices under investigation. In the static system there is no
spilling of flood waters and only enough
irrigation water is applied to replenish
losses due to evapotranspiration and seepage. In the flow-through system some
flood waters are continuously spilled. The
recycled system is similar to the flowthrough system except spill waters are
recirculated back to the inflow end, mixed
with fresh irrigation water, and then reused. Thus, for the static and recycled
systems there is no surface drainage outflow from the rice fields. For these water
management studies flood water depth
was kept at 8 to 10 cm ( 3 to 4 inches),
and inflow, outflow and recycled waters
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Flood water sampling equipment for chemical residue tests with dye tracers in rice.

were metered throughout the growing
season. The test strips had a slope of
about 0.15% in the direction of flow.
Chemical treatments imposed on the
strip plots involved fertilizers and herbicides applied pre-flood mixed into the
soil, o r post-flood sprayed or broadcasted
into the water. Chemical residues in flood
and seepage waters (percolating soil solutions) wcre followed closely. Flood water
sampling equipment consisted of aluminum pipe booms spanning the width of
the plots. Attached to each boom were 1 2
lines of plastic tuhing, one end immersed
about 2.5 to 5 cm (1 to 2 inches) below
the water surface at 61 cm ( 2 ft) intervals and the other end connected to a
plexiglass sampling box as shown in the
photograph.
When this sampling box is placed under vacuum, flood water samples are 011tained from 1 2 sampling points across
the width of the plot. A total of five crosssection bo.xns are installed for each plot
at 6.1 m (20 i t ) , 18.3 m (60 f t ) , 30.5 m
(100 f t ) , 42.7 m (140 f t ) , and 54.4 m
(180 ft) from the water-inflow end. Seep-
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age waters are sampled with porous clay
filters buried horizontally at the 5 cm
( 2 i n ) , 20 cm (8 i n ) , and 40 cm (16 in)
depths in the suhmerged soil. Each filter
is connected by plastic tubing to a sampling flask. Soil solutions are extracted
when the flask is subjected to vacuum.
The flood and seepage waters are collected as frequently as desired, and are
subjected to many chemical analyses.
Graph 1 shows a comparison of distribution, persistence, and movement of a
dye tracer (Rhodamine B) and Molinate
(Ordram 6E) in a flow-through system.
These chemicals were mixed together and
sprayed as uniformly as possible on the
water surface of a flooded strip plot containing no vegetation. For this flowthrough system flood water spilled at the
lower end (61 m ) was about 30% of the
inflow rate at the upper end (0 m ) . The
estimated time of travel of water over the
length of the plot was about 56 hours with
flow ~elocitieshighest at the inflow end
and decreasing with downstream travel.
Each data point represents the average
concentration of 12 cross-sectional water
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samples from a given sampling station.
T h t curves connecting these data points
gi\ e the longitudinal distribution of the
chemical at different time intervals after
application.
The chemical concentration unit is reported as relative concentration, C/C,,
where C,, is the average initial concentration of the chemical in the flood water
shortly after application and C is the concentration at any time after application.
Relative concentration can also 1x1 interpreted as a decimal fraction of the chemical still present at particular sampling
stations, at different times. Thus, a C/C,
talue of 0.5 means the chemical concentration is half o r 50% of the original concentration. Using relative concentrations,
it is possible to directly compare tHo
chemicals of different initial concentrations which are given h y the C,, ~ a l u e sin
graph 1.
Because water depth was held constant
in thew studies, fresh irrigation water
was continually introduced at the upper
end 0 m ) to compensate for water losses
due to seepage (about 2.5 cm per day)
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a n d e\apotranspiration (about 0.7 cm per
d a y ) , a n d outflow (about 1.6 cm per
d a y ) for the flow-through system. (Seepage losses at Dabis a r e higher than most
rice-growing areas primarily because the
soil is of lighter texture.) With this in
flow of fresh water, chemicals applied on
the water surface (0-hr, dotted horizontal
line) a r e displaced downstream.
At the same time, the chemical increases in concentration due to the concentrating process of ebaporation, i.e.,
pure water is lost to the atmosphere leaving the chemical in the flood water. On
the other hand, the chemical concentration decreases due to seepage, degradation, sorption, and gaseous escape. As
shown in graph 1,the net result is a downstream displacement of the chemical and
decreaw in chemical concentration with
time. It should he noted that Rhodamine
R, a pinkish fluorescent dye, behaves T cry
similarly to Ordram 6E, a liquid form of
Molinate, so the results of dye tracer
studies indicate what may happen to this
particular herbicide.
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Graph 1. Comparison of dye a n d herbicide
distribution for various times after uniform
spraying flood water (flow-through system).
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Graph 2 gives a similar plotting of data
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Graph 2. Dye tracer distribution for times after
uniform spray application (static system).
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Graph 3. Dye tracer distribution for various
times after uniform spray application in a recycled system.
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Graph 4. Impact of wind-action on dye distribution in a static system for winds gusting
against direction of water flow.
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for Rhodamine WT ( a dye tracer similar
to Rhodamine B, but subject to less sorption losses) uniformly sprayed on the
water surface in a static or stagnant water
management system. Because water depth
was held constant, fresh water was introduced into this plot to only replenish the
5.2 cm per day of water loss due to seepage a n d evapotranspiration. It shows that
this dye tracer persisted longer in the
flood water than prekiously (graph 1) because there was no spill of flood water,
and hence smallcr inflow of fresh water.
T h e aherage time of travel of water for
61 m was about 90 hours for this test run.
Unlike data from the flow-through test
shown in graph 1, graph 2 and graph 3
contain data in which the dye tracer was
sprayed on the plots after a canopy of rice
was estahlished.
Graph 3 presents persistence and molemtmt data for a recycled systcm in which
spill water (30% of inflow rate) was recirculated hack to t h e inflow end. The
inflow rate of frcsh watcr was about the
same for the static system, 10.6 liters per
minute 12.8 gpm for 0.115 acre or 5.4 cfs
per 100 a c r e s ) . It shows that the dye
tracer persists longer than in the flowthrough system (graph 1 ) because there
is no spill of flood waters, and, moreoler,
is morc’ uniformly distributed than the
static system (graph 2 ) . For rxample, in
the flow-through system only a trace of

d ) e was present 15 hours after application, and in the static systcm it was prescmt onl) in the bottom half of the plot 47
hours aftcr application. In thc rec) cled
systrm, the dye was uniformly distrilwted
throughout the Itmgth of the plot from
ahout 55 hours after application and
longrr. Data from graphs 1and 2 indicate
that no matter how uniform a chrmical
may be applied on a water surface its
distribution can be marked11 affected hy
downstrcam watcr molement unless recirculation is practiced.

Wind
T h e effects of wind dirvction and ~ e locity may also modify chemical distribution in flood waters. Graph 4 shows
( f o r a static system) the impact of winds
gusting u p to 13.4 miles ppr sccond (30
mph) against the direction of water flow.
Unlike the data shown in graph 1, the
Rhodamine R was uniformly distriliuted
because water wales u p to 7 cm high
movcd the chemical upstream agairlst the
normal flow of water. This mixing and
redistribution of chemical h y wind action
did not occur in another companion plot
similarly sprayed, but with a rice plant
canopy ahove the watcr surface. The presencc of a plant canopy acted as a harrier
and prelented such wind-action effects.
In another type of dyc tracer study, a
slue; of Rhodamine WT was injected for
about a n hour at the inflow end of a flowthrough plot, followed b y inflows of fresh
irrigation water. Graph 5 shows a series
of dye distrihution patterns for different
timvs after injection. I t giles a top Liew
of dye distrihution looking down at the
watcr surface in contrast to the aherage
cross-sectional data g i l e n in the prelious
qraphs. The lines shown in graph 5, are
lines of equal die concentration similar to
contour lines shown on maps to represent
land surface elelations. Fib, hours after
injection, the slug of dye began to spread
as it m o l d downstream. A peak concentration of 500 pph was located at about
6.5 m from the inflow end. with a sharp
front and tail of dye at lesser concentrations.
Thirty hours a f t w injection the dye
front was at ahout 12 m, the peak concentration of 90 ppb w a s at ahout 30 m,
and thcre was a long trailing tail back
to nearly the inflow end. Fifty hours after
injection the trailing edge of the dye
was located hetween 20 and 30 m, the
peak concentration of 50 pph was between 42 a n d 54 m. and the front was
passing beyond the last sampling station
at 54.4 m, and into the drain. The a l e r -
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age time of travel of water for 61 m was
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about 60 hours.
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Time
Graph 6 plots the same data presentc,d
in graph 5, but with the average crosssectional concentration of the dye plotted
against time for 5 sampling stations. I t
shows that the slug of dye first reaches
the 6.1 m station about three hours after
injection, rises rapidly in concentration
and peaks at about fi\e hours, drops off
rapidly, a n d thrm tails off f o r about 30
hours. Meanwhile the front of this dye
has approached the 18.3 m station a t
about 10 hours, peaks to a high concentration of ahout 100 ppb 15 hours after
injection, and then drops off to lower concentrations for about 45 hours. Graph 6
shows that the peak concentration of this
dye decreases more o r less exponentially
with distance downstream and the slug
tends to spread out in time with initially
a sharp front at the 6.1 a n d 18.3 m stations, and more or less symmetrical front
and tail a t the 42.7 a n d 54.4 m stations. I t
should he noted that this kind of chemical
movemcnt pattern in ovcrland flow of
water is not unique, for similar types of
curves a r r ohtaincd when a slug of chemical is applied on a surface of a wetted
soil profile a n d leached downward with
irrigation water.
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G r a p h 5.Time a n d spatiol distribution of a slug injection of d y e tracer a t the inflow end of a
flow-through system.

Future research

Thrsr two types of dye tracer studiesuniform application on watcr surface a n d
slug injection-have
provided much information a n d data on water flow patterns a n d chemical transport in flooded
rice culture with rectangular geometry
a n d under different water management
practices. Future reports will contain preflood, soil incorporation and post-flood,
watcr-applications of Molinate a n d a m monium sulfate.
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G r a p h 6. Plottings of average cross-sectional concentrations for various times a t different sampling stations for a slug injection of dye tracer in a flow-through system.
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