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Abstract: Rice is a major food crop where global supply is not keeping pace with
demand. The presence of weeds can severely reduce yield. Early control of weed through
a systems approach employing land preparation, water management and the judicious use
of herbicides is recommended to reduce grower costs, protect the environment, preserve
the use of the herbicides, and maximize yield.

INTRODUCTION

Several basic assumptions can be made about the supply and demand for rice: rice will
remain the world’s leading food crop with over half the world’s population dependent on
it for nutrition and calories; rice production under current inputs and technologies will not
meet projected population growth needs; and, meeting future demand will require
increasing use of inputs and technologies to improve yields.

This article will begin by providing a brief global perspective on rice production and the
need to increase yields. It will then identify factors that influence yield; demonstrate the
impact weeds have on yield; discuss agronomic practices affecting weed control; and
finally, discuss herbicide management.

GLOBAL RICE PRODUCTION

Rice is currently grown in over 114 countries world wide with 153.74 million hectares of
rice harvested in 2007/2008. This represents only 1% fewer hectares harvested than the
highest number of hectares harvested in a single year in the past 40 years. (Graph 1) (12)
This simple fact is a strong indicator that increased production is not going to come from
increasing the hectares planted. Meeting future global rice demand requires increasing the
yield on the hectares currently under production.

Globally, rice provides 20% of the total calories consumed. In Asia, where the majority
of rice is grown, rice provides over 50% of the daily calorie intake. (Graph 2) (9)

From the start of the Green Revolution on rice in the early 1960s to the present, steady
progress has been made on increasing rough rice yields. (Graph 3) (12) We have seen



global rice yields per hectare doubled in the last 4 decades. In that time the world’s
population has also doubled.

Although per capita use of rice has dropped by about 8 kilograms from that of 7 years
ago, consumption has continued to outpace production. (Graph 4) (12)

At the beginning of 2008, global rice stocks were 50% of what they had been at the turn
of the century, just 8 short years earlier. At the end of 2007, ending stocks were at their
lowest point since 1983/1984, and stock-to-use was at its lowest since 1976/1977 (Graph
5). (12) The sharp drop in global rice stocks and stock-to-use ratio contributed to several
of the major rice exporting countries limiting and even halting rice exports, and
subsequent soaring rice prices that occurred in 2008.

The spike in rice prices that occurred earlier 2008 year coupled with the dangerously low
global rice stocks should be a wakeup call. Increasing rice yields, in order to continue
meeting consumer demand, is a clear and present need.

FACTORS AFFECTING RICE YIELD

One of the first things that comes to mind to increase yield is to increase the hectares
planted. This may increase production, the total amount produced, but not yield which is
a factor of the amount produced per hectare. Although the hectares planted to rice may be
increased in some areas, globally it is not significant. The global rice area harvested in
2007/2008 was only 1.0% less than the highest number of rice hectares harvested in a
single year in the past 40 years (Graph 1), and are not expected to increase significantly
in the near future.

Developing new, improved, high yielding conventional varieties was what the Green
Revolution was about and remains an important part of increasing yield. The
development of hybrid rice has taken the process even further. Putting consumer
preferences aside, new rice varieties perform best in the localities where they were
developed. Rice plants respond to differences in soil type, temperature, radiation (light
intensity), rainfall, humidity, and agronomic practices such as land and water
management, planting rate and method, disease, insect and weed control, and even the
number of times the farmer enters the field. A new conventional variety or hybrid
developed in one geographic location is not likely to perform equally as well in a new
environment. Local breeding programs which collaborate with other similar programs are
necessary. Again, that is the fundamental contribution of the Green Revolution.

Factors such as soil type, temperature, radiation, rainfall and humidity are beyond our
control. It is the cultural or agronomic practices that can be manipulated to improve yield.
This article will focus on yield improvement through practical weed control and will
demonstrate how interconnected all the agronomic practices are; in not only weed control
but yield improvement through a rice systems or holistic approach to yield improvement.



IMPACT OF WEEDS ON RICE YIELD

Dr. Roy Smith, formerly of the University of Arkansas, documented the impact various
weed species and densities have on yield (Table 1). (6, 7) While Dr. Smith’s results are
not directly transferable to different rice growing regions or systems, they clearly
demonstrate the significance of weed competition on yield wherever rice is grown. Dr.
Smith’s work also differentiated between weeds that affected rice yield when present
early in the season (20 to 40 days after the rice emerged) from weeds that affected rice
yield when present mid- to late-season (60 to 120 days after rice emergence) (Table 2).

Although late season yield affecting weeds can be controlled later in the growing season,
the earlier they are controlled the better. This is particularly true where late season weed
control is by hand weeding or ground application of a herbicide, due to yield dampening
caused by physical injury to the crop in walking through a field.

In addition to the direct competition for resources and resulting yield drags that weeds
exert on rice, weeds indirectly affect yield by being reservoirs for insect and disease
infestations. Sucking insects moving from earlier maturing grasses to developing rice
panicles are a good example of this.

AGRONOMIC PRACTICES AFFECTING WEED CONTROL

Cropping of Rice

Continuous cropping rice is commonly practiced for numerous reasons around the world.
It is, however, not a best practice. Cropping rice followed by rice creates an environment
favorable for those weeds most competitive with rice, including the most serious rice
weeds, weedy rice and the Echinochloa complex. Due to their competitiveness, these
weeds have greater potential to affect rice yield. This in turn leads to a greater
dependence on herbicides for weed control where rice is continuously cropped. (2)

If at all possible, rotating, preferably to a dryland/upland dicotyledonous crop, is a
practice to consider. In the Mid-South, USA, rice is frequently rotated with soybean and
is a proven method for reducing weed pressure and increasing yield. (11) In a ten year
study where all plots had low weed infestations at the beginning of the experiment, Smith
found that plots planted continuously to rice had increasing infestations of red rice,
Echinochloa crus-gali and Cyprus iria through time, while plots in a rice-soybean
rotation contained few of these weeds in the tenth year. (6)

Monocots, including weedy rice, can be controlled with glyphosate or a directed contact
grass specific herbicide while the field is cropped to soybean (Roundup Ready). Rotating
to soybean or another legume has an added benefit of fixing nitrogen in the soil.

Moody and Drost list maize, soybean, peanut, mungbean, sweet potato and pasture as
common crops rotated with rice. (5) In a study involving velvetbean-rice and
hyacinthbean-rice rotations, Marevco and Santos concluded the rotations: 1. reduced
weed competition; 2. increased rice yield; and 3. the hyacinthbean-rice rotation increased
chlorophyll concentrations in the rice plants. (4)



In Parrita, Costa Rica, rice is rotated with melons, a high value export crop, during the
dry season. The soil is fumigated before the melons are planted and the following rice
crop is relatively weed free.

If crop rotation is not possible, land preparation and water management are all the more
important.

Land Preparation and Water Management

Land preparation and water management go hand in hand. No matter how good your
water management, without good land preparation serious weed infestations will follow.
The converse is also true. No matter how good your land preparation, without good water
management, weeds are more problematic.

Disking the field dry followed by flooding and puddling is a good practice for preparing a
field for planting. The process levels the field, kills existing weeds and removes dirt clods
that may otherwise remain above the water and become “islands” on which weeds can
grow. The Cambodia-IRRI-Australia Project (CIAP) has demonstrated that with all other
inputs the same, land leveling alone can increase yields by an average of 24%. (10)
Although not stated in their article, much of the effect is likely due to the presence of
fewer weeds in the well leveled fields.

Good water management is based on the ability to move and manipulate water within the
paddy. Water needs to be rapidly brought into the field when needed, its depth
maintained at the appropriate level for the rice stage, and then removed when necessary.
Soon after a flood is established, an anaerobic condition is established at the soil surface.
Since most weeds will not germinate under anaerobic conditions the water acts similar to
a pre-emergent herbicide. If the water is not maintained, and the soil is exposed to the air,
another flush of weeds is probable. One of the first lessons learned in my career in rice
was that weedy rice can grow through soil and it can grow through water but it cannot
grow through both soil and water.

Work in Southeast Asia has demonstrated that by water seeding and maintaining a flood
for two consecutive seasons, weedy rice infestations can be brought to below 10%. (3)
California, the only rice growing state in the USA to predominantly water seed
pregerminated rice, is also the only state without a serious weedy rice problem.

Variety and Planting Rate

Every rice variety has an optimal planting rate which is determined by yield. This optimal
planting rate is also where that variety is most competitive with weeds. Smith pointed out
the relationship between rice plant height and planting rate to weed infestation. Short-
statured and semidwarf erect varieties were less competitive with weeds than tall
drooping varieties. This was attributed, in part, to competition for light. Therefore the

shorter more erect varieties needed to be more densely planted to shade out and compete
with the weeds. (6, 7)




Planting Method

Planting pregerminated seed onto exposed mud or into the water and then draining the
field is a good practice. With this practice, the pregerminated rice seed has a head start on
germinating weeds. Treating the paddy with oxadiazon prior to planting rice is an option
for delaying the emergence of weeds and controlling early emerging weedy rice.
However, oxadiazon requires a waiting period prior to sowing rice.

A supplemental option to the oxadiazon treatment is to sow the pregerminated seed onto
the mud, allow the rice to peg down and then apply a pre-emergent herbicide like
butachlor, pendimethalin or clomazone in combination with a reduced rate of a broad
spectrum contact herbicide like propanil 7 to 10 days after sowing the rice. Low rates of a
third herbicide with residual activity such as bensulfuron, metsulfuron, chlorimuron,
halosulfuron, bispyribac or thiobencarb can be used depending on the weeds present for
added benefit. It is best if a permanent flood is established between within 36 hours after
the herbicide application. If the water is maintained after re-flooding an anaerobic
condition will be established and there may be little need for further weed control.

By applying a pre-emergent herbicide early post emergent to the rice, in combination
with a contact herbicide, the rice is: 1. less susceptible to injury from the pre-emergent
herbicide; 2. the emerged weeds are smaller than the rice and require less contact
herbicide; and 3. the residual activity of the pre-emergent herbicide in combination with
the subsequent permanent flood provides better weed suppression than either alone.

Levee Management

Levees can be permanent and maintained throughout multiple croppings. Or, they may be
temporary and constructed with each cropping, either before or after planting. The
purpose of levees is to help manage water movement and depth. The extent of levees in a
field is dependant on its topography and the desired flood depth. In large laser leveled
fields, straight levees are frequently constructed primarily to provide wave breaks.

Controlling weeds on levees is a best practice because the weeds can be sources of seeds,
pathogens and insects that can infest or infect the current and future crops. How one goes
about controlling weeds on permanent and temporary levees differs.

Permanent levees are not planted to rice and typically have a diverse complex of weeds,
including perennial weeds. Glyphosate or paraquat is typically used to control weeds on
permanent levees. Permanent levees are not cleaned of weeds often enough due to
herbicide drift concerns or from not appreciating the direct and indirect affects levee
weeds may have on present and future rice crops.

Weed control on temporary levees is particularly important. In addition to the reasons
given above, in situations where mechanical harvesters are going to cut across the levees,
leaving the levees weedy, can foul the harvester’s cutting blade or contaminate the
harvested rice, resulting in a lower grade and dockage at the mill. Temporary levees may
or may not be planted to rice. One advantage to planting temporary levees to rice is that
once the rice fills in, it can shade out and displace



the weeds. The weeds on the levee will need to be controlled before the rice fills in.
Keeping in mind that the levee is essentially an upland situation within a paddy, the
weeds on the levee may be different in both species and stage of growth from the weeds
in the paddy. This may require levees to be treated separately from the paddy with
“hotter” herbicide combinations.

weeds.

Another advantage to planting rice on temporary levees, particularly when there are many
of them in a field, is that it will increase the yield per hectare.

Hand Weeding and Herbicides

Although hand weeding is the oldest and remains the most common method of direct
weed control in rice among small landholders world wide, it is not a stand alone best
practice. It is an inefficient, tedious method requiring multiple entries into the field and
hundreds of labor-hours per hectare to be done completely. And, in the process of
intensive hand weeding, damage is done to the crop that also affects yield. (1)

Hand weeding early in the crop cycle, when many of the grassy weeds need most to be
controlled, is complicated by rice mimicry. Where rice mimicry exists in Echinochloa
and Ischaemum spp. it becomes particularly difficult to effectively hand weed. (1)

Combining limited hand weeding with the educated use of herbicides is a good practice.
In my many years working throughout Asia, I have witnessed small landholders
transition from total dependence on hand weeding, to use of 2,4-D, butachlor, propanil
and eventually sulfonylurea herbicides like bensulfuron methyl, metsulfuron methyl and
bispyribac sodium. Through this transition, the farmers have not only consistently
increased their yields but were also able to manage more hectares.

With the educated use of herbicides, weedy rice is the only weed that will continue
requiring hand weeding. An alternative to laboriously rouging the weedy rice plants from
the paddy is to delay taking action until the weedy rice begins to head. At that stage, the
weedy rice is typically taller and more advanced than the rice crop. Simply cutting off the
panicles before the weedy rice grains mature will eliminate those seeds from infesting
future crops. The drawbacks to this practice include: the weedy rice has competed with
the rice for resources, and the physical damage to the late stage rice during the process of
removing the weedy rice panicles.

There are two components to the educated use of herbicides. The first component is
understanding the products’ chemistries. What is the type activity (pre emergent, contact,
residual, etc)? What is the weed control spectrum? What is the proper timing?

The second component to the educated herbicide use involves application technology and
coverage. Small landholders frequently apply herbicides with the same single nozzle
wand (Photo 1) or mist sprayer (Photo 2) used for applying insecticides and fungicides.
Use of a multiple nozzle boom with the proper nozzle tips (Photo 3) is a best practice that
will provide improved spray coverage for weed control.






propanil, thiobencarb or their combination) is tank mixed with either clomazone or
pendimethalin. An ideal spray timing for this combination is when the rice is in the 1 to 2
leaf stage, and to then bring on the permanent flood within 36 hours. A residual
herbicide, like bensulfuron methyl or metsulfuron methyl, could also be included in the
mix to enhance the residual spectrum of activity based on the emerging weeds present.

The use of such a tank mix early, followed soon after by the permanent flood can reduce
the need for another application pass through the field later in the season. It is not
recommended to use bispyribac sodium, cyhalofop or fenoxaprop in this early
combination because of their potential antagonism with some of the other chemistries. It
also preserves these herbicides, for if needed, to do what they do best, control larger
grasses.

Resistance Management

Throughout this paper, combination or tank mixing of products and their use early on
smaller weeds has been recommended. This is a good resistance management practice.
As long as there is no antagonism between chemistries, combining herbicides with
different modes of action is equivalent to giving weeds a one-two punch, frequently
providing better control than higher rates of either product alone, and reducing the
probability for resistance developing (Table 3).

CONCLUSION

Nothing mentioned in this paper is new. Practical weed control is getting back to the
basics that we all know. Many of the newer chemistries allow us to control larger weeds,
making it easier for rice farmers to delay treating the weeds until later. Allowing the
weeds to remain in the field, however, allows the weeds to compete with the rice for
resources and directly affect yield. Weeds also become reservoirs from which insects and
diseases can spread into the rice and affect yield.

There are three basic principles that lend themselves to herbicide and resistance
management: 1. control weeds early; 2. employ cultural, non-chemical, controls when
possible; and 3. combine herbicide chemistries with different modes of action.

Not only is controlling weeds early a good practice from a yield enhancement
perspective, it requires less herbicide to control smaller weeds. Less herbicide is not only
good for the environment it is good for the farmer’s pocketbook.

Employing non-chemical, cultural means to reduce weed pressure is always a sound
practice. It reduces input costs and the dependence on chemicals. It is better for the
environment, and preserves the use of the chemical herbicides.

Combining herbicide chemistries with different modes of action is a sound resistance
management practice. We need to do everything we can to extend the lives of the tools
(herbicides) available to us.
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Graph 5. Global rice ending stocks and stock-to-use percentage (12)
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Yield Loss

WEED GENUS (kg/ha)
Red rice Oryza 219
Barnyardgrass Echinochloa 65
Sprangletop Leptochloa 21
Broadleaf signalgrass  Brachiaria 18
Hemp sesbania Sesbania 272
Jointvetch Aeschynomene 113

Table 1. Estimated yield loss, based on regression analysis, from one weed per square

meter in drill seeded Newbonnet rice in Arkansas (7)
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WEEDS AFFECTING YIELD EARLY WEEDS AFFECTING YIELD LATE
(20-40 days after rice emergence) (60-120 days after rice emergence)
Weed Genus Weed Genus
Barnyardgrass Echinochloa Red rice Oryza
Ducksalad Heteranthera Hemp sesbania Sesbania
Broadleaf signalgrass Brachiaria Jointvetch Aeschynomes
Sprangletop Leptochloa Eclipta Eclipta
Dayflower Commelina

Table 2. Weeds affecting rice yield early or late in the crop season (7)

Back to Top




HERBICIDE WEED
ACTIVE SPECTRUM
INGREDIENT ACTIVITY MODE OF ACTION (!) ()

pre-emergent Inhibition of cell division
Butachlor residual Inhibition of VLCFAs B G

contact Inhibition of photosynthesis at

Propanil non-residual photosystem II BGS
pre-emergent
residual Inhibition of lipid synthesis - not ACCase

Thiobencarb contact inhibition BGS

! From: (8)
!I: B = Broadleaf Weeds; G = Grasses; S = Sedges

Table 3. Rice herbicide active ingredients, their activity, mode of action and weed
spectra. From a resistance management perspective it is not recommended to mix
herbicides with the same mode of action (color).
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Photo 1. Herbicide being applied through a single nozzle wand also used for applying
insecticides and fungicides in the Dominican Republic.
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Photo 2. Herbicide being applied through a Solo mist sprayer also used for applying
insecticides and fungicides in Thailand.
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Photo 3. Herbicide being properly applied through a multiple nozzle boom in Colombia.
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