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Abstract
Knowledge of interference thresholds, biology, and growth habits of weeds of
rice (Oryza sativa L.) is essential to implementing timely, effective,
economical weed control technology for profitable rice production. Weed
interference studies generated data for developing regression analyses to
determine responses of rice to densities and durations of major weeds of rice.
Responses of individual weed species at various interference durations and
densities were used to develop a rice yield response model. This model
concurrently defined effects of weed interference durations and densities of
major rice -field weeds on grain yield reductions of conventional- stature and
semidwarf rice cultivars. These yield reduction models were incorporated into
the economic component of the RiceWeed expert system to aid decisions for
selecting alternative herbicide programs judiciously while maximizing
economic returns.

Introduction
Weed species vary in their ability to reduce grain yields of rice depending
on differences in biology and morphology of weed species as well as biology,
morphology, and fertilizer requirements of rice cultivars. Season long
interference of red rice (Oryza sativa L.) reduced yields 78% (3), ducksalad
(Heteranthera limosa (Sw.)Willd.) 30% (12) and northern jointvetch
(Aeschynomene virginica (L.)B.S.P.) 14% (12).

Many ecological variables and crop production practices influence the
presence and abundance of species or groups of weeds in rice fields (10).
Important factors include seeding method and soil moisture regime, crop
rotation, land preparation, fertilization, rice cultivar, water management,
and weed control technology. These factors influence weed growth and subsequent
impact on rice yield and quality. In most rice fields these factorsare managed
to provide optimum stands and growth of rice. Hence, weeds that germinate and
emerge with the crop influence potential grain yields. Forecasting the effects
of these weed infestations on rice-is essential to implementing timely,
effective, economical weed control technology for profitable rice production.

Weed Interference Research and Modelling
Field studies were conducted in Arkansas to determine interference effects
of major weed species on yield and quality of rice. Weed density (season long
interference of 120 days) and duration (variable densities) studies were
conducted with barnyardgrass [Echinochloa crus -galli (L.)Beauv.] (1, 14),
Amazon [Leptochloa panicoides (Presl)Hitchc.] (9) and bearded sprangletop
[Leptochloa fascicularis (Lam.)Gray] (1), broadleaf signalgrass [Brachiaria
platyphylla (Griseb.)Nash] (5, 6), red rice (3, 4), hemp sesbania [Sesbania
exaltata (Raf.)Rydb. ex A.W.Hill] (8), northern jointvetch (8), ducksalad (8),
eclipta (Eclipta prostrata L.) (13), and spreading dayflower (Commelina
diffusa Burn. f.) (11). Conventional- stature and semidwarf cultivars were
grown to determine differential effects of barnyardgrass (1, 14); bearded
sprangletop (1), and red rice (3, 4) on rice. Each study consisted of
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experiments repeated for.two or three years to establish basic data for
determining the impact of weeds on rice. Regression analyses were conducted

on these data to develop equations that determined effects of individual weed

species on rice grain yields of Newbonnet and Lemont, conventional - statured

and semidwarf cultivars, respectively (Table 1).

Table 1. Rice grain yield responses of conventional- stature and semidwarf
cultivars from duration and density interference of selected weed species.

Type weed Rice
Weed interference cultivar

Grain yield response
regression equations Reference

Red rice Duration Newbonnet 2y = 11148 - 60X1 (4)

- - Lemont 2y = 12512 - 93X1 (4)

- Density Newbonnet Y = 7563 178X2 (3)

- - Lemont Y = 7379 272X2 (3)

Barnyardgrass Duration Newbonnet 3Y = 9141 33X1. (1)

- - Lemont 3Y = 7452 40X1 (1)

- Density Newbonnet Y = 9085 257X2 (14)

- - Lemont Y = 6924 - 301X2 (14)

Bearded sprangletop Duration. Newbonnet 4Y = 10904 - 39X1 (1)

- - Lemont 4Y = 9161 42X1 (1)

Density Newbonnet Y = 6105 21; (12)

Broadleaf Duration Newbonnet 3Y = 6216 - 14X1 + (13)

signalgrass 0.03X21

- Density Newbonnet Y = 6980 - 18X2 ( 13

Hemp sesbania Duration Newbonnet 3Y = 6773 - 9X1 ( 13

Density Newbonnet Y = 6485 - 272X2 ( 13

Northern jointvetch Duration Newbonnet 3Y = 6719 - 8X1 ( 13

Density Newbonnet Y = 6598 113X2 ( 13

Eclipta Duration Newbonnet 3Y = 9417 - 24X1 ( 13 )

Ducksalad Duration Newbonnet 3Y = 6795 50X1 = ( 12 )

0.3X21

Spreading dayflower Duration Newbonnet 3Y = 6643 - 12X1 - (12)

0.2 X21

1Y = yield (kg ha-1) ; X, = weed interference duration (days) ; and X, = weed

density (plants m').
'Yield equation from 40 days after rice emergence through 120 days.
'Yield equation from rice emergence through 120 days.
'Yield equation from 56 days after rice emergence through 120 days.

These two dimensional relationships define yield as a function of density
at fixed durations or yield as a function of duration at fixed densities.
Relationships which concurrently define the effects of both variables would
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be more useful for economic modeling. For each weed species and rice cultivar,
an interactive curvefitting technique defined a five - parameter, non- linear
model expressing relative yield reduction as functions of density and duration.
The general form of the equation used in the model represented a three
dimensional sigmoid surface derived from the Richards' equation (7).

The derived three- dimensional Richards' equation insured that the fitted
surfaces would exhibit certain qualitative characteristics. Figure 1 shows
the fitted - surface for rice yield reduction due to barnyardgrass interference
for Lemont. The graph surface has the following characteristics: (a) as
duration or density approaches zero (representing essentially no weed
presence) , the yield reduction approaches zero; (b) as duration approaches
the season long value of 120 days or as density approaches some relatively
high value such as 80 plants m-2 for barnyardgrass, yield reduction approaches
an asymptotic value of approximately 85 %; (c) yield reduction is monotonic
(either increasing or constant) in both the duration and density directions;
(d) the surface exhibits a smooth shape with no discontinuities in either the
duration or density directions. All of the above characteristics are consistent
with observed rice -weed biology. Similar three- dimensional surfaces were
fitted for other weed species, including red rice, broadleaf signalgrass and
northern jointvetch (Figure 1). Because fitted surfaces on the three -
dimensional Richards ' equation were well behaved, yield reduction predictions
should be fairly reliable. Other alternative models, such as polynomials, were
considered, but their predictive reliability would be suspect because limited
number of observations in each data set might lead to unwanted erratic behavior
such as concave - downward curvature or excessively steep slopes in some region
of the surface. The yield reduction equations have been incorporated into an
economic model of weed impact on rice. The economic model is used to present
alternative weed management strategies to growers in the RiceWeed expert system
(2) . The software provides a basis for comparing economic benefits of various
alternative treatments for a grower's specific weed complex scenario. The goal
is to improve decision - making for attaining maximum economic returns and wise
use of herbicides.
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