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WEED-FERTILIZER INTERACTIONS IN RICE!

ABSTRACT

When plants compete with one anotner, several
environmental factors may be altered and thereby
adversely affect plant growth. This paper deals
with the role that nutrients play in competition.

Weeds have a large requirement for nutrients and
may have higher mineral nutrient contents than
rice. The amounts of nutrients required by weeds
growing in association with rice are extremely
variable aid dependent on many Ffactors. As a
result, the extent to which yleld is affected by
weed competition for nutrients varles greatly.

This paper discusses:

e factors responsible for the different weed-
fertilizer interactions in rice. '

e ways of overcoming crop-weed competition by
fertilizer addition or by weeding. The com—

plementarity between fertilizer addition
and weeding is highlighted;

e the use of herbicide-fertilizer tank mix-~
tures to improve weed control and increase
crop ylelds; and

e the growth responses of weeds to added fer-
tilizer and the effect of altering the soil
fertility on the composition of the weed
flora.

Azolla and blue-green algae are Important sources
of nitrogen in transplanted rice. Further research
is needed to study the weed control aspect of
azolla culture and to clarify the interactions
between weeds and blue-green algae.

Nutrients other than nitrogen are dealt with
briefly.

1 By Keith Moody, agronomist, The International Rice Research Institute, Los Bafios, Laguna,
Philippines. Submitted to the IRRI Research Paper Series Comnittee August 198l.
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Crops and weeds have the same requirements for
growth and development. Competition begins when
crops and weeds grow in close proximity to each
other and the supply of a single necessary factor
falls below the demands of both. Once this occurs,
the other factors necessary for plant growth can-
not be used effectively even though they may be
present in abundance. Thus, modification of the
growth and development of a plant 1s likely to
occur as a result of 1its association with other
plants. The overall effect of competition 1is a
reduction in the biomass and a reduction in the
reproductive potential of the cr.petitces. The
outcome of competition will depend not oaly on the
competing species but also on their density and
the level of fertility.

When plants compete with one another, several
erviromental factors may be altered and thereby
adversely affect the growth processes of the
plant. The most important of these factors are
light, molsture, and nutrients. [t 1is often
extremely difficult 1in actual competition to
determine the role each factor plays in causing
sujury to the crop because they are intimately
related. It 1s seldom that only one factor 1is
involved. More often than not there is a complex
interaction. However, this paper considers only
the role that nutrients play in competition fully
realizing that competition for light and water
contribute to yield reduction.

The three most commonly limiting nutrients are
nitrogen, phosphorus, and potassium. Usually,
nitrogen is the first nutrient to become limiting
as a result of crop-weed competition. According to
Arai (1967), competition for nitrogen begins from
about 20 days after transplanting (DT), the time
at which Decomampo (1968) observed the effect of
nitrogen application on weed weight., Zimdahl
(1980) stated that although nitrogen has been in-
vestigated extensively and may be the most impor-
tant element in plant competition, competition may
occur for any element required for plant growth.

Inadequate fertilizer practices often seriously
limit production. However, a substantial propor-
tion of the nutrients available from the soil is
utilized by weeds.

Weeds have a large requirement for nutrients and
may have higher mineral nutrient contents than
crop plan*s.

Alkamper (1976) made the following observations:
e The —itrogen concentrations or weeds range

from 1.0 to 3.8% and are usually higher
than those of crop plants.

¢ The phosphorus content of weeds fs about
0.5%, about the same as that In growing
cereal plants.

e Potassium contents in most weeds are ex-~
tremely high (levels range from 1.5 to
5.02); in growing cereal plants they range
from 1.8 to 2,2%.

A certain amount of nutrients taken up by the rice
will suffice for the production of 1 kg dry mat-
ter. Weeds consuming the same amount of nutrients
will produce considerably less (Grummer 1970).

Chakraborty (1973) reported that almost every weed
species in a mixed vepetation contained more ni-
trogen at all stages of rice growth than did Dular
rice grown in upland conditions indicating the se-
vere nature of nitrogen competition due to weeds
(Table ). The nitrogen content of the grassy
weeds was higher than tha‘ of the sedges, a fea-
rare also observed by Pande and Bhan (1966).

Pande and Bhan (1966) reported that the nitrogen
and phosphorus contents of weeds were much higher
than those of rice plants especially at low ferti-
lizer rates. The nitrogen and phosphorus contents
of the weeds decreased with increase in nitrogen
fertilizer rate. Those for rice decreased initial-
ly at low fertilizer levels and then increased at
higher fertilizer levels (Table 2).

The data of Varamisra (1976) indicate that in the
nonweeded plots, the nitrogen content increased,
remained relatively stable or decreased as the
nitrogen level increased, depending on the time of
sampling (Table 3). The nitrogen content at any
one nitrogen level also varied with sampling time.
For rice in competition with weeds, the nitrogen
content increased with nitrogen level at 30 and 60
DT. At 94 to 99 DT, no difference was observed.
Fo 'L nltrogen levels, the nitrogen content of
th.  .1ce decreased as the plant grew older.
Siwitar relationships were observed in the weeded
plots. Weeding led to a significant increase in
the nitrogen content of the rice.

The difference in the plants' ability to absorb
nutrients from the soil may depend on the size of
the root system and the inherent characteristics
of the roots themselves. A large rami fying root
system 1s Important in absorbing available nutri-
ents and water from deep soil layers as well as in
more completely exploiting supplies 1in the plow
layer.

Period of preatest competition for nutrients

Weeds usually grow faster than crop plants and
thus, absorb the available nutrients earlier
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resulting in a lack of nutrients for the crop
plants. Competition between cereal crops and weeds
is primarily for nitrogen with the most 1intense
competition occurring in the early stages of crop
growth (Blackman and Templeman 1938).

Singh and Singh (1939 as cited in Chakraborty
1973) found that the maxlmum uptake of nitrogen by
weeds occurred at preflowering. Noda (1973) stated
that competition for nitrogen is most severe
during the first half of the rice growing season.
Shetty and Gill (1974) observed that the rate of
increase in the uptake of nutrients was proportiov-
nal to the increase in dry matter and was rapid

during the first 6 weeks after transplanting (WT).
The most critical period of weed competition was &4
to 6 WT and competition for nitrogen was maximum
from 4 to 8 WT.

Uptake of nutrients by weeds invariably results in
a reduced nutrient uptake by the crop resulting in
decreased yileld.

Reduced yields from weeds are generally proportio-
nal to the extent and duration of weed infestation
because the production potential of land during
the growing period is utilized jointly by the
crops and weeds.,

Tabl; l. Nitrogen content (%) of weeds and Dular rice plants at different growth stages. (From Chakraborty
1973
N content (%)
Weed species Farly Crowth s?age Seed Av
vegetative Flovering formation

Lindernia ciliata 2.07 1.74 1.26 1.69
Murdannia nudiflora 2.10 1.43 1.51 1.68
Cyperus exaltus 2.44 1.57 0.50 1.50
Digitaria sp. 3.14 0.78 0.25 1.39
Echinochloa colona 2.80 0.78 0.64 1.41
Fimbristylis littoralis 2,07 1.57 0.52 i1.39
Gomphrena celosioides 1.74 1.26 0.78 1.26
Ludwigia perennis 3.50 1.43 0.76 1.90
Melochia concatenata 2,81 2.72 2,24 2.59
Mollugo pentaphylla 2,07 1.74 1.26 1.69
Hedyotis corymbosa - 2.44 1.43 1.26 1.71
Trianthema monogyna 2.87 2,62 2,52 2.67
Vandellia crustacea 4,01 2,21 0.25 2.16
Av, all weed species 2,62 1.64 1.06 1,77
Rice 2.15 0.77 0.50 1.44

Table 2. Effect of weed population and nitrogen application cn the nutrient content of weeds and dryland rice.

(Adapted from Pande and Bhan 1966)

/

Nutrient content (Z)E

N fertilizer

Nitrogen Phosphorous
kr7;e Weeds Rice Weeds Rice
(kg/ha) Nonweeded Weeded Nonweeded Weeded
0 3.15 1.11 1.22 0.247 0.147 0.164
30 2,24 1.09 .36 0.223 0.135 0.162
60 1.73 1.45 1.55 0.154 0.161 0.181

E-/Z—year averages.
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Amourits of nutzients absorbed Table 4. Changes in the amount of nitrogen absorbed
(mg/m2) by rice and weeds as affected by growth stage
Noda et al (1968) reported that crops plus weeds and weed density. (From Noda ot al 1968)

from a nonweeded area will absorb about the same

amount of nitrogen as the crop from a weed-free Sampling date

Plant speciesg/

plot (Table 4). The data of Boerema (1963) indi- 22 Jul 22 Aug 12 Sep
cate that about the same amounts of nitrogen and
phosphorus were taken up by plants in the non- R ' 5.7 12,7 12.4
weeded and weeded plots (Table 5). A similar ob- - G 0

E (0) G
servation has been made for nitrogen uptake in
dry-seeded wetland rice at IRRI (Table 6). Ike R + E (0) 5.7 12,7 12,4

(1963) observed this relationship after peak til-
lerinp and stated that the amount of nitrogen ab- R 5.9 11.9 10.6
sorbed by the rice plants was imversely proportio-

nal to the amount of weeds growing. Kleinig and E (5) 0.3 0.1 1.2
Noble (1968) stated that the final grain yield for R +E (5) 6.2 12.0 11.8
any given level of nitrogen or phosphorus was in-
versely related to the density of Echinochloa
crus—galli (L.) Beauv. prior to permanent flood- R 5.3 9.3 9.1
ing. Superphosphate intensified competition as the E (20) 0.5 0.7 3.8
nitrogen level increased.
R + E (20) 6.1 1G6.0 12.9
Chisaka (1966) reported that the weight of rice at
maturity decreased approximately proportionally to R 4.5 7.4 5.6
the amount of nitrogen absorbed by the weeds )
irrespective of the weed species. E (80) 1.2 4.0 6.9
R + E (80) 5.7 11.4 12.5

Several authors support the findings of Noda et al
(1968) with respect to the uptake of nitrogen, '

phosphorus, and potassium (Table 7). On the other R 3.8 3.9 3.4
hand, data of other authors reveal that the uptake

0 3.0 8.3 9.2
of these elements may be greater or less in the E (320)
weed-free plot than in the nonweeded plot (Table R + E (320) 6.8 12,2 12.6
7).

al, . e s _ ) .
For example, Chakraborty (1973) reported that the ~ R = rice, E = Echinochloa crus-galli. Numbers in
uptake of nitrogen by rice in a plot hand weeded 3 parenthesis indicate number of Echinochloa crus-
times was 54.7% less than that taken up by weeds galli plants per square meter.
in the nonweeded check. The total amount of nitro-
gen taken up by rice and weeds was 1.8 times high- Table 5. Nitrogen and phosphorus uptake (kg/ha) by
er in the nonweeded check than in the plot weeded rice and Echinochloa crus-galli as affected by
3 times. In contrast, the amount of nitrogen taken herbicide application. (Adapted from Boerema 1963)
up by the rice in the weeded plot was an average
of 1.9 times higher than that taken up by rice and Experiment 1 Experiment 2
Ygigi tn the nomueeded plot (Hukhopadhyay et al Nonweeded Weededgfr Nonweeded Weededk

N P N P N N

Table 3. Effect of nitrogen fertilizer on nitrogen
content (%) of rice and weeds in the nonweeded plots Rice 36.8 7.3 99.7 18.5 15.5 111.8
at different sampling times. (From Varamisra 1976)

. . af N level (%) Echinochloa 56.3 1l4.4 - - 94.1 1.1
Time of sampling— 0 50 100 crus—salli
Heeds Total 93.1 21.7 99.7 18,5 109.6 112.9
30 DT 0.84 0.95 1.02
60 DT 0.86 0.88 0.86 éjé.S kg propanil/nha applied at the 1-3 leaf stage
94-99 DT 1.18 0.95 0.92 of the grassy weeds 4 days before irrigation.
Ri b/4.5 kg propanil/ha applied at the 4-7 leaf stage
[lce of the grassy weeds 6 days before irrigation.
30 DT 1.85 1.83 2.08
60 DT 0.89 0.93 1.10 The amounts of nutrients removed by weeds growing

in association with rice are extremely variable

94-99 DT 0.70 0.69 0.68 (Table 8) and dependent on many factors. As a

7 result, the extent to which yield is affected by
a

— DT = days after transplanting. weed competition fur nutrients varies greatly.
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Table 6. Nitrogen uptake (kg/ha) by dry-seeded
wetland rice and weeds 60 days after emergence
as affected by weed control.

b/

Method of Experiment 15/ Experiment 2—

weed control Rice Weeds Total Rice Weeds Total

Weeded twice242.2 5.1 47.3 51.0 8.8 59.8

No weeding 22,8 24.5 47.3 26.0 24.9 50.9

EjAv of eight methods and times of 7pplication of
nitrogen and three replications. b/3 and 5 weeks
after emergence.

The obvious agronomic approaches to minimize the
magnitude of weed competition for nutrients are to
add fertilizers and to remove weeds. The possibi-
lity of substituting fercilizer Ffor weed control
needs to be explored. However, because fertilizer
ls more expensive than weeding it is unlikely that
this will oceur,

Addition of fertilizer

In California, high nitrogen fercilizer compensa-
ted for yield losses from poor weed control in two
cultivars (Rice Research Board 1976). However, in-
creased fertility levels need not necessarily
overcome weed competition. On the contrary, higher
fertility 1levels oftca cause proportionately
greater weed growth and crop yleld reduction. Ac-
cording to Alkamper (1976), damage from weeds can
be eliminated by increased fertilizer rates only

in field crops where the level of infestation is

Table 7. Comparison between the total nutrient uptake by rice and weeds in weeded and nonweeded plots.

Weeded > nonwecded (at least 10% greater)
N

Transplanted rice

Wet-seeded rice
Dryland rice
P

Transplanted rice

Weeded = nonweeded (within 10%)
N

Transplanted rice

Wet-seeded rice
Dry-seeded wetland rice
P

Transplanted rice

Dry-seeded weatland rice
K

Transplanted rice

Wet-seeded rice

Weeded < nonweeded (at least 10% less)
N

Dryland rice
P

Dry-seeded wetland rice
K

Transplanted rice

Reference

Nanjappa and Krishnamurthy 1980, Shahi et al 1979
Moorthy and Dubey 1979
Mukhopadhyay et al 1972

Shahi et al 1979

Mani et al 1976, Noda et al 1968, Sankaran et al 1974a,
Shetty and Gill 1974

Reddy and Hukkeri 1980
Boerema 1963

Nanjappa and Krishnamurthy 1980, Reddy and Hukkeri 1980,
Sankaran et al 1974a, Shetty and Gill 1974

Boerema 1963

Nanjappa and Krishnamurthy 1980, Sankaran et al 1974a,
Shetty and Gill 1974

Reddy and Hukkeri 1980

Chakraborthy 1973

French and Gay 1963

Shahi et al 1979
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low. Tn heavily infested fields, Ffertilization Alkamper and Do wvan Long (1978) stated that
will often have an opposlte effect and stimulate because weeds take up nutrients faster than most
weed growth to such an extent that the crop plants crops, .t must be expected that applications of
will consequently suffer scvere damage. At low fertilizers must lead to more competition between
fertility levels, competition will be primicily weeds and crops. Weeds absorb a substantial pro-
for soil nutrients; at high fertilivy 1levels, portion of the nutrieats from fertilizer applica-
competition will be for Llight. tions and may benefit from applied fertilizer to a

Table 8. WNutrient uptake (kg/ha) of weeds growing in association with rice grown in different
methods of culture, 2

Nutrient uptake (kg/ha)

Nitrogen Phosphorus Potassium Calcium
Range Mean Range Mean Range Mean Mean
Transplanted rice 2.8-73.1 24.9( 9) 0.8-2:.8 11.2(7) 3.1-126.6 36.5(7) 18.3(1)
Wet-seeded rice 7.3-62.1 27.0( 8) 0.8-20.0 6.6(5) 27.5- 64.8 44 ,8(5) -
Dry-secded wetland rice 24.0-94,1 58.1( 3) - 5.1(1) - 48.4(1) -
Dryland rice 14.8-93.1 44.7(10) 1.4-24.9 9.3(3) - 90.5(1) -

i/Figures in parentheses indicate number of observations. References: Transplanted rice: Kakati and Mani 1977,
Mani 1975, Mani et al 1976, Mukhopadhyay 1974 (cited in Mukhopadhyay 1978), Pillai et al 1976, Sankaran et al
1974a, Shahi et al 1979, Taguchi 1931 (cited in ilke 1963). Wet-seeded rice: Kaushik and Mani 1977, 1980; Mani
et al 1976; Moorthy and Dubey 1979; Mukhopadhyay and Maivi 1975; Ramamoorthi et al 1974a,b; Reddy and Nukkeri
19805 Rethinam an¢ Sankaran 1974. Dry-seeded wetland rice: Bocrema 1963, Kakati and Mani 1977, Dryland rice:

Chakraborty 1973, Mukhopadhyay ct al 1972, Pande and Rban 1966, Pillai ct al 1976.

Table 9. Effect of fer?ilizer application on weed weight, yield reduction due to weeds, anc yield
of transplanted rice. &

Effect of increase in Yield of
ferti??ggi gSplied applied fertil?zer on nonweeded fertilized )
(kg /ha) Weed % y}uld _vs o Cultivar Reference
veight reducLqu due weeded nonfertilized
to weuds
N
0-60 + - ~-30% H4 De Datta et al 1969
0-60 (wet season) - S+ -87% C4-63 Vega et al 1971
0-60 (dry secason) + + -92% C4-63 Vega et al 1971
0-100 - + +86% C4-63 Varamisra 1976
0-120 ? 4 ~25% C4-63 Vega and Punzalan 1968
0-120 ? + ~947 IR8 Vega and Punzal-~n 1968
0-120 + + - 1% IR8 De Datta et al 1969
0-120 + + -267% C4-63 IRRI 1973
0-120 + + -81% IR305-4~12 IRRI 1973
0-7 + - +17% B462e-Pn-1-3 Bahar and Abbas 1977
NP
0:0-60:30 (wet season) + - -817% C4-63 Vega et al 1971
0:0-60:30 (dry season) + + -877% C4-63 Vega et al 1971
£/+ = increase, - = decrease. Other references: Deomampo 1968, Francisco 1974, Kakati and Mani 1977, MARDI

1977, Siriwardana and Amarasinghe 1981,
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greater extent than crop plants. Although weed
welghts generally increase as a result of fertili-
zer application (Tables 9 to 11), decreases (Vega
et al 1971, Varamisra 1975) and variable responses
(Pande and Bhan 1966, Okafor and De Datta 1976)
have been reported. Pande and Bhan (1966) found
that the relationship between weed dry welght and
level of applied nitrogen was quadratic.

Sarkar and Ghosh (1978) reported that the number
and weight of weeds 30 DT were highest at the
highest nitrogen level. At 60 DT and at maturity,
the highest number and welght of weeds were at the
lowest level of applied nitrogen.

Increasing fertility not only increases weed
weight but also generally decreases weed density.
Weeds at high fertility grow faster and to larger
sizes than those at low fertility., The most suc—
cessful of these plants exert strong competition
on the slowev-growing individuals, The death rate
from this competition is high, and at matarity
only a few, large plants remain. At lower fertili-
ty levels, the weeds grow more slowly, the death
rate from competition is lower, and at maturity,
there are a larpge number of small plants. Thus,
Increasing envirommental severity reduces bokth
plant stature and overall plant mortality. A good
illustration 1is 1in the data of Kim and Moody
(1980) i{or Monochoria vaginalis (Burm.f.) Presl.;
plantheight, leal arca, and dry weight of indivi-
dual plants increased and plant density decreased
as nitrogen level lncreased.

Density and mean piant weight are liaked together
by an exponential or logarithmic relationship.
Yoda et al (1963) prescated data on the average

welght per surviving plant and the numbers survi-
ving per unit area in self-thinning populations.
For a number of species, the data could be fitted
approximately by a straight line on a log versus
log plot with a slope eclose to -3/2, The mean area
per plant (which is the veciprocal of density)
varies as the square of a linear dimenslon such as
diameter or height, whereas the mean welight per
plant varies as the cube of a linear dimensicn.
Mean weight per plant then varies as the 3/2 power
of the mean area per plant, or the -./2 power of
density.

The datz of Kim and Moody (1980) provide a good
{1lustration.

The relationship betwe2n the mean weight per M.
vaginallis plant (w) and plant density (p) at rice
heading at 3 fertility levels at a rice “spacing of
20 x 20 cm is given in Figure 1. The ecalculated
regression line was log w = 3.93 - 1,54 log p, or
w=3.93 p =154, he slope of the line 1is close
to the idealized gradient of -1.5 reported by Yoda
et al (1963).

Increasing the rate of applied fertilizer will
generally result in increased yield in the absence
of weeds. Tn the presence of weeds, ylelds also
generally increased as the level of applied ferti-
lizer Increased (Tables 9 to 11),

The magnltude of increase was usually greater in
the weeded plots than in the nonweeded plots.
However, yield lecreases occurring as a vesult of
fertilizer application in nonweeded plots were
reported by Vega and Punzalan (1968), Vega et al
(1971), and IRRI (1973) for transplanted rice; De

Table 10. Effect of nitrogen application on weed weight, yield reduction due to weeds, and yield of

wet-seeued and dry-seeded wetland rice. &

Ranege of Effect of increase in Yield of
. nge ot applied nitrogen on nonweeded fertilized
nitrogen applied — Culti £
(kg/ha) Weed % yield vs ultivar Reference
. reduction due weeded nonfertilized
weight
to weeds
Wet-seeded rice
0-60 + + +307% H4 De Datta et al 1969
0-120 + + =227 IR8 De Datta et al 1969
Dry-seeded wetland rice
0-120 + + -65% IAC 435 and Alvarenga et al 1979
IR841
0-135 ? + +427 Bgll-11 Siriwardana and
Amarasinghe 1981
§/+ = increase, - = decrease. Other references: Dry-seeded wetland rice: Kakati and Mani 1977; Kleinig

and Noble 1968, 1969.




Datta et al (1969) for wet-seeded rice; Alvarenga
et al (1979) for dry-seeded wetland rice. Greater
yield increases in the nonweeded plots than in the
weeded plots were reported by De Datta et al
(1969), Vega et al (1971), and Bahar and Abbas
(1977) for transplanted rice; and Pande and Bhan
(1966) and Okafor and Me Datta (1976) for dryland
rice. Thus, the percentage of yleld reduction due
to weeds decreased as the level of applied
fertilizer Increased (Tables 9 to 11).

Blackman and Templeman (1938) also observed that
application of nitrogenous mnure Lo cereals
raired the yl.!d of the weedy crops to a level
sim’.lar to that of a weed-free crop grown without
add:d nitrogen. .Jrench and Gay (1963) stated that
yield increasc obtained by fertilization without
approprlate weed control measures are about the
same order as those achieved by weed control alone
without the addltion of fertilizers.

For example, Sa-nguans j et al (1970 as clted in
Varamisra 1976) found that hand weediag once 30 DT
gave a 207 yleld increase over the nonweeded check
whieh was equivalent to that obtained from the
addition of 160 kg N/ha without weeding.

However, In the majority of cases, the yield of
the nonweeded fertilized plot was conslderably
lower than that ot the weeded plot to which no
fertilizer has been added (Tables 9 to 11). Higher
yields have also been reported but (n only one
other instance (De Datta et al 1969) was the yield
of the nonweceded fertilized plot equivalent to
that of the weeded nonfertil{zed plot.
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9

Fig. l. Relationship hetween mean weight per plant
and plant density for three levels of applied
nitrogen. (Adapted from Kim and Moody 1980)

Table 11. Effect of fertilizer application on weed weight, yield reduction due to weeds, and yield

of dryland +wice. &

Effect of increase in Yield of
Range of lied fertili ~ ded fertilized
fertilizer applied applie ercl izer on nonweecde ertilize ‘
(x % yield vs Cultivar Reference
g/ha) Weed . Ly
. reduction due weeded nonfertilized
weight
to weeds
N
0-80 + - +117% t Pande and Bhan 1966
(to 40 kg
then -)
0-120 (early wet + - +467% IRS Okafor and De Datta
season) (to 60 kg 1976
then -)
0-120 (late wet + + +100% IR5 Okafor and De Datta
season) 1976
0-120 + + +50% . TR442-2-58 Okafor and De Datta
1976
NP
0:0-60:60 (1961) + + -297 ? Pande and Bhan 1966
0:0-60:60 (1962) + + =237 ? Pande and Bhan 1966
a/ .
~+ = increase, - = decrease. Other references: CRIA 1976, Riyanto 1977.
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At low unitrogen levels, plants compete first Ffor
nitrogen in the soil and later for 1light whereas
with an adequate supply of nitrogen plants compete
primarily for light (Kawano et al 1974, Kim and
Moody 1980, Zimdahl 1980). Greater yield losces
due to weeds have been observed at low and high
levels of applied nitrogen than at intermediate
levels (Fig. 2; BRRI 1980, Kim and.Moody 1980).
Thus, where weed cortrol Is poor, it is probably
best to apply fertitizer at some level lower than
that needed to produce maximum yields. However,
Pande and Bhan (1966) reported that nitrogen
applied at rates up to 60 k:/ha increased both
crop and weed growth; an increased rate (up to 80
kg N/ha) nearly doubled the crop yield but reduced
that of the weeds indicating that rice became more
competitive as nitrogen level increased. Similar
results were observed in California (Rice Research
Board 1976).

Weeded 4:%
4__ A

¥ =253+00122/
R%=0932**

Grain yield (t/ha)

Nonweeded
¥ =150 +00295/~0.00058°
#Z=0973%*

= | | 1

0 30 60 50 120
Nitrogen applied (kg /ha)

Fig. 2. Nitrogen vesponse of transplanted rice grown

under intermittent irrigation as affected by weed
control levels. IRRI, 1973 wet season. (From IRRI
1974)

Kim and Moody (1980) also reported that the yield
reduction due to weed competitlion varied depending
on the nitrogen level. A lower weed weight was
required to reduce rice yield 5074 when 0 or 160 kg
N/ha had been applied than when 80 kg N/ha was
added.

Chang (1970) stated that weeds such as E.. crus-
gallli and Cyperus difformis L. which compete high-
ly with rice for light are more likely to compete
more severely with rice in filelds to which high
fertilizer rates have been added. However, in
fields where a low fertilizer rate has been ap-
plied, weeds such as M. vaginalis and Marsilea
quadrifolia L. which compete more for soil nutri-
ents may have a greater effect on rice. Kim and
Moody (1980) observed that at 0 and 80 kg N/ha,
the canopy level of M. vaglnalis plants was loca-
ted below the rice plants (Fig. 3). At 160 kg
N/ha, however, the sltuation was reversed; the
rice canopy was located below the M. vaginalis
canopy indlcating that M. vaginalis was much more
competitive for light at the highest level of
applied nitrogen (Fig. 1).

0 kgN/ho

M. vaginalis present

‘:J W

(R i I T S

80 kg N/ ha
M vaginalis present

t . P,
VI S B sl IRV S wa Araren IR S Sruas urm ST

Leof blades of rice
[ cuime andaheorns of rice
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Waed free
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Rice and weed dry wt (g/m?}

10 x10¢m spacing 20 x 20 cm spocing 30 x 30 cm spacing

Fig. 3. Changes in ‘the produrtlvc structures of IR32

rice and Monochoria vaginalis as affected by crop
spacing and nitrogen level. IRRI, 1978 wet season.
(Adapted from Kim and Moody 1980)

Time of fertilizer application

Weed growth In rice is usually stimulated by the
application of nitrogen and phosphorus but the
amount of weed growth and the resultant
competition can be reduced by selecting methods
and times of fertilizer application that are more
advantageous to the rice than to the weeds.

Fertilizer application should be timed so as to
prevent weed proliferation and yet obtain maximum
benefit for the crop from the applied fertilizer
(Moody 1977).

However, the method chosen may not result in
maximum yleld. It may be merely a compromise to
reduce weed competition to a minimum.

The degree of damage due to weeds varies with the
time and method of fertilizer application even
though the same total amount is applied during the
growing season.

Nitrogen

If nitrogen is applied to the rice crop, its
effect on the rice will be maximized {f weeds are
not present. Therefore, weeds should be controlled
before nitrogen application otherwise weed compe-
tition my 1increase to such an extent that crop




yield may be lower than if no Ffertilizer had been
applied. Also a considerable portion of the added
nitrogen may be wused by the weeds, thus higher
amounts of nitrogen will be needed to obtaln
maximum rice yields (Smith 1960, Hoopper 1981).

Matsunaka (1970) suggests that where effective
control of weeds is not possible, nitrogen appli-
cation should be delayed until the rate of nitro-
gen uptake by the weeds has slowed and more wilt
be available to the competing crop. However, whe-
ther this will be effective or not will depend on
the growth stage of the crop when the fertilizer
is applied.

Application to or carry-over from
the previous crop

Boerema and McDonald (1965) found E. crus-galli

competition to be more severe in rice planted
after pasture and they attributed this partly to
imoroved soil fertilitv.

Kleinig and Noble (1968) noted that the soil
nitrogen accumulated from a pasture consisting
of subterranean clover (Trifolium subterraneum
L.) and Wimmera rye grass (Lolium rigidum Gaud.)
increased the competitive ability of Echinochloa
spp. against rice,
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Moody (1979) reported that weeds grew more pro-
fusely in the fallow perlod prior to transplanting
rice and in transplanted rice in areas where
vatermelon (Cucumlis melo Le) had been planted and
fertilized In the previous dry season. Data in
Table 12 for two provinces In the Philippines
support these findings.

In Tloile province, the rice plants and the weeds
were significantly taller in the areas that had
been previously fertilized. There was no signifi-
cant difference betweon the number of weeds grow-
ing in each area,

Application before planting

Transplanted rice. Method of fertilizer placement

affects the degree of weed competition in trans-—
planted rice (Table 13). Deep placement resulted
in the highest yields in both the weeded and the
nonweeded plots and the least yleld reductions due
to weeds. These differences in yield reduction
between placement methods could be related to the
weed flora and the fact that whep the fertilizer
was deep placed, the rice plants were taller, pro-
duced more tillers, and had a greater leaf index

than when applied by other means. In Indonesia,

Table 12. Effect of fertilizing watermelon during the dry season on weeds growing in the subsequent
fallow or transplanted rice crop in two provinces in the Philippines.

Weed weight (g/mz)

Province and
field number

Previously
fertilized area

Adjacent Differenced/
nonfertilized area

Laguna (Fallow)

1 320.4 122.3 198, 1#%*
2 301.5 153.0 148,5%%
3 213.9 117.8 96.1%
4 242.2 53.0 189, 2%%*
5 204.8 40.9 163 .9%*
6 209.1 67.4 141, 7%%
Laguna (Transplanted rice)
1 293.6 74.6 219.0Q%*
2 274.9 60.2 214 7%%
3 209.6 48.3 161, 3%%*
Iloilo (1ransplanted rice)
1 78.3 47.1 31,28
2 172.1 65.4 106, 7%*
3 118.5 84 .4 34,1"°
4 116.2 58.3 57.9**
5 70.9 65.4 5.5
aly

= gignificant at the 5% level, ** = gignificant at the 1% level, ns = not significant.
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Sundaru (pers. comm.) observed that deep place-
ment of fertilizer resulted in vigorous growth
of the rice plants and decreased weed infestation,

However, De Datta et al (1974) reported that the
greatest yield loss due to weeds occurred when the
first fertilizer application was made 10 DT and
the least when made before transplanting (Table
14). However, in terms of yield in the weeded
plots, the best time to apply a small amount of
nitrogen was 5 to 7 days before panicle initiation
(De Datta et al 1974). Thus, the presence of weeds
necessitated a change in timing of fertilizer ap-
plication to optimize yields.

Water-seeded rice. Tn California, the fertilizer

is drilled or lisced 5 to 10 em below the soll
surface just before flooding for seeding. This

technique enables the rice to compete success-
fully with weeds (Adair et al 1962). However,
Smith and Shaw (1966) note that nitrogen appli-
ca ion befure seedirg stimulates growth of aquatic

weeds and reduces efflcient utilization of altro-
gen by rice,
Lry-sceded wetland rice. 1In dry-seeded wetland

ricv, weed growth is stimulated if nitrogen Is ap-
pliea before planting (Moody 1977) or just after
rice emergence (Smith 1960). The nitrogen Fertili-
zer applied at planting will stimulate weed arowth
and be used up by the weeds since the small rice
plants cannot compete strongly with the weeds
(Ignatief and Page 1960, Moody and Mian 1979).

Placing the fertilizer so that it is more
available to the crop than to the weeds Ls a
useful technique to reduce weed competition.

In Indonesla, Saefuddin et al (1978) reported that
in weedy conditlons, ylelds were superior when 40
kg N/ha was placed In the root zone compared to 80
kg N/ha applied as a surface band. In the Philip~
pines, in the w : season, Polthanee (1980) ob-
served, at 20 days after emergence {DE), a signi-
ficantly greater weed weight in the plots that

Table 13. Yield (t/ha) of weeded and nonweeded plots
and percentage of reduction in yield due to weeds in
transplanted rice as aftected by method of nitrogen
application.

. a/ o s
Method of Yield (1L/ha) A.yleld reduc-
. . Weeded tion due to
N application . Nonweeded
twice weeds

Mudba112/ 5.2 4.2 19.2
Supergranules/ 4.9 3.8 22.4
Spiit application® 4.2 3.1 26.2
Split applicationg/ 3.8 2.8 26.3
Sulfur-coated ureag/ 4.4 2.9 34.1
Band applicationﬁ/ 4.8 3.1 35.4

i/Av of two cultivars. ijll applied 5 days after
transplanting (DT). S/A11 applied 4 pT. 4/0ne-
third 10 DT, one-third 30 DT, one-third at
panicle initiation. &/Two-thirds basal, one-
Ehird 5 to 7 days before panicle initiation.
Han applied basal. 8/A11 applied 10 DT.

Table 14. Interactions of weed control methods and time of nitrogen application of grain yield of transplanted
rice. (Adapted from De Datta et al 1974)
Weedeud/ o . .
Fertilizer treatmentﬂ/ No :ecf 2,4-D Hiand weeding “ gi:lg redzgslon
contro 30 + 40 DT Av o we

All basal 3.0 3.7 4.3 4.0 25.0
2/3 basal + 1/3 at PI 2.5 4.7 4.1 4.3 41,9
1/3 basal + 1/3 30 DT +

1/3 at PI 3.2 3.5 4.4 4.0 20.0
All 5-7 days before PI 3.1 4,1 5.0 4.6 32.6
1/3 10 DT, 1/3 40 DT,

1/3 at P1 2.2 4,3 4,2 4.3 48.8
Nonfertilized 2.5 3.6 4.0 3.8 34,2

a/ . e e .
~ PI = panicle inltiation, DT = davs after transplanting.



recelved a broadcast application of nitrogen thaan
in those that received a band application or when
the fertilizer 'mas broadcast before the ficgst
plowing. In the Jry season, there was no signifi-
cant difference in weed weight as a result of me-
thod or time (basal or 10 DE) of nitrogen appli-
cation. Pernito (1981) reported that neither weed
weights nor weed counts were affected as the level
of nitrogen applied basally increased from 0 to 80
kg/ha.

Ahmed and Moody (1981) reported that weed counts
and weights 2 weeks after crop emergence increased
linearly as the rate of basal nitrogen applied in-
creased from 0 to 40 kg/ha. At 5 wecks after emer-—
gence, weed counts increased linearly as the rate
of nitrogen applied as a topdressing increased
from 20 to 60 kg N/ha. In another trial at IRRI,
application of nitrougen during laad preparation or
at planting resulted in a significant increase Ln
weed weight particularly grasses (Table 15).
Suvanjinda (1980) observed that basal application
of nitrogen significantly increased weed weight 20
DE whereas nitrogen application 30 DE signifi-
cantly increased weed welight at 40 DE (Table 16).

Dryland rice. Singh et al (1975) reported no sig-
nificant difference in weed welght at 50% heading
and at harvest as a result of method of placement
of nitrogen.

However, Noguchi and Nakayuma (1978) reported that
Digitaria ciliarls (Retz.) Koel., Portulaca olera=-
cea L., and Cyperus microiria Steud. grew better
intrarow than {interrow when the fertilizer was
band placed in the row but better Interrow when
the fertilizer was broadcast. The growth of P.
oleracea and C., microiria was better when the

fertilizer was broadcast than when band placed
(Table 17).

Application after planting

Transplanted rice. Arai and Kawashima (1956) and
Chisaka (1966, 1977) recported greater yield loss
when nitrogen was applied as a split application
than when applied as a basal dressing. Chisaka
(1966) claimed that this was because the weeds
venefited most when nitrogen was topdressed (Fig.
4), which resulted in enhanced competition for
light at a later growth stage and a significant
reduction in rice yield. Chisaka (1966) saw little
possibility in reducing the damage by using split
fertilizer applications.

However, the data of De Datta et al (1974) and
Bahar and Abbas (1977) indicate that whether the
yield loss due to weeds is greater when the ferti-
lizer is applied as a split application or when it
is applie’ "~=ally depends on the time of fertili-
zer application (Table 14).

Wet-seeded rice. In I[loile province, Philippines,
the first fertilizer application in wet-seeded
rice is applied 20 to 25 days after seeding aflter
the crop has been weeded. One of the reasons glven
1s to avold abundant and vigorous weed growth.
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Table 15. Weed weight (g/0.5 m2) 3 weeks after

emergence as affected by method of ni?rogen

application. IRRI, 1980 wet season.2

o Weed weight (g/0.5 m“)
Method of fertilizer Broadleaf

application weeds Grasses Sedges

Broadcast-

incorporated 21.2 ab 76.2 a 6.7 ab
Broadcast~

surface applied 23.9 a 67.8 a 10.6 a
Broadcast-plowed

down 16.4 ab 60.1 a 5.0 b
Broadcast-~after

first weeding— 9.3 b 26,8 b 5.5 b

A/Av of two methods of weeding and three replications.
In a column, means followed by a common letter are not
significantly different at the 5% level. b/Not applie
before weed sampling.

Table 16. Weight of weeds growing in association
with dry-seeded rice as affected by time of nitro-
gen application. (Adapted from Suvajinda 1980)

Time and rate (kg/ha)
of nitrogen application
30 days after 20 days after 40 days after

Weed weighti/ (g/mz)

Basal

emergence cmergence emers3ence
0 0] 21.3 a
64.0 a
0 30 : 38.9 b
30 0 21.0 a
83.2 b
30 30 " 53h4 b
al/

Plots were hand weceded 20 days after emergence.

Table 17. Weed dry weight (g/m2) as affected by weed
location and method of fertilizer placement. (From
Noguchi and Nakayama 1978)

Fertilizer Weed species

Weed —— n
placement . Digitaria Portulaca Cyperus
location R - —
method ciliaris oleracea microiria
Band Intrarow 0.55 0.18 0.03
Interrow 0.25 0.08 0.01
Broadcast Intrarow 0.18 0.30 0.04
Interrow 0.48 0.69 0.09
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Fig. 4, Growth of Echinochloa crus-galli as affected

by time and amount of nitrogen application. (From
Chisaka 1966)

Dry-seeded wetland rice. Nitrogen stimulates che
growth of Echinochloa spp. if applied either
before dry seeding or during the vegetative growth
of the weed. Nelson (1931) reported that yleld
increases were sometimes obtalned when fertilizer
was applied 3 to 4 weeks after seeding. ‘lowever,
these increases were not consistent and weeds also
increased with this practice. Smith (1960), Adair
et al (1962), and Matsunaka (1970) observed that
nitrogen applications that were delayed until
after Echinochloa spp. headed henefited rice more
than when nitrogen was applied earlier. Mature
grass plants utilize less nitrogen than young
vegetative ones. Therefore, nitrogen applicd when
grass weeds are mature {is morce available to the
rice than to the grass (Smith and Shaw 1966).
Whether such a practice is effective in increasing
crop yleld will depend on the growth stage of the
crop when the fertilizer is applied. Generally,
though, for short-duration cultivars, if stimula-
lation of weed growth is avoided by delaying ni-
trogen application until heading of the grass, it
#4111 probably he too late for the crop to benefit.
According to Kleinig and Noble (19A9), there was
no yleld advantage In applying nitLrogen later than
20 days after sowing even though there was a
marked increase in the number of tillers when ni-
trogen was applied 80 to 120 days after sowlng in
the presence and absence of weed-.

When rice plants are small, they do not require
nor can they usc much nitrogen. Nitrogen applica=-
tion should be delayed until after weeds have been
removed (Saefuddin et al 1978, Moody and Mian
1979) or until after some weed control has been
achieved by flooding (Evatt 1965). This way the
crop, not the weeds, will bhenefit from the added
nitrogen,

Dryland rice. Riyaunto (1977) reported that the
weed biomass was unaifected by the rate or time of
nitrogen application. Yield reductions due to
weeds ranged from 71 to B0Z whether the fertilizer
was applied all basally or as split applications.

Sequential fertilizer application

Nelson (1931) reported that certilizer applied to
dry-seeded wetland rice for 2 consecutive years
resulted in an increase in weeds and reduced rice
yields in nonweeded plots.

Method of land preparation

Olofintoye (1980) reported that for dryland rice,
the response of weeds to the time and method of
nitrogen application was dependent on the method
of land preparation (Table 18)., With conventional
tillage, preatey weed weight was obtained when the
nitrogen was applied as a split application. With
zero tillage, greater weed weight was obtained
when all the nitrogen was applied basally. With
the stale-scedbed technique, the weed welght was
wnaffected by the time of niltrogen application.

Table 18. Weed weight (g/mz) at harvest of C-22
rice grown in dryland conditions as affected by
method of land preparation and time and method of
fertilizer application (From Olofintoye 1980)

Time of N Method of N

Method of land application® placementd.

preparation Basalb/ sSplité/ "Band Broadcast

Zero tillage 658.8 e 420.3 d 434.8 ¢ 641.3 d

Stale-seeded 261.1 ¢ 300.8 ¢ 28l1.4 b 1281.5b

Conventional 29.6 a 84.0 b 54.5 a 59.1 a
tillage

a/

Within a time or method of nitrogen application in

a column or row, means followed by a common lg;ter are

not significantly different at the 5% level. ='All
nitrczen applied at seeding. </one-third N applied at
seeding, one-third 15 days after seeding (DS), and
one-third 50 DS,

With zero tillage, greater weed welghts were
recorded when the fertilizer was broadcast than
when band appiied. With the other tillage methods,
the method of fertilizer placement had no effect
on the weed weight.

In wet-seeded rice, paddling twice at 15 day
intervals and soil compaction resulted {in better
weed control and reduced uptake of nitrogen, phos-
phorus, and potassium by weeds compared to pud-
dling once and the conventional land preparation
techniques (Reddy and Hukkeri 1980).

Cultivar grown

The modern cultivars which are short statured and
have upright leaves allow more light to penetrate
the crop canopy and rcspond better to nitrogen
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than the taller, leafier, traditional cultivars. IR305-4-12, a scmidwarf cultivar, than with C4-63
They do not compete with weeds as well as the tra- regardless of the level of nitrogen applied (IRRI
ditional cultivars. Adoption of modern cultivars 1973), The yield reduction due to weeds was grea-
anrd increased application of nitrogenous fertili- ter with the shorter cultivar,.

zers have generally resulted in increased weed

growth as well. Higher light penetration through For two modern cultivars, Kim and Moody (1980) re-

the crop canopy combined with high levels of ni- ported that when no nitro:en was applied, weeds caused
trogen stimulate weed growth (Johnston et al 1967, greater yield reductions competing against IR38 than
Smith 1970), Thus, there 1is the potential for apainst TR32. However, when 80 or 160 kg N/ha was
substantial yield reductions in the improved cul- applied, the reverse was observed (Table 20).

tivars as a result of weed competition. However,
for two modern cultivars, the Rice Research Board
(1976) reported that weed control increased yields
by nearly the same amount in each cultivar with
the increases greatest where nitrogen was low and

Table 20. Effect of plant spacing and level of applied
nitrogen on yield losses (%) of two transplanted rice
cultivars. (Adapted from Kim and Moody 1980)

least where nitrogen was high. Cultivar and Nitrogen level (xg/ha)
. . y plant spacing
T ars extr: ' 3 c
raditional cultivars extract nitrogen and otler (cm) 0 30 160

nutrients from the soil with great efficlency.
They dcevelop extensive root systems, drawing on a

lavrge so0il volume, and exhibit vigorous growth IR32
which suppresses weeds that compete for the avail-
able wmutrients (Jennings 1976)., Kiwano et al 10 x 10 0 0 0
(1974 listed high rate of nltrogen absorption in
the early growth stages as one of the most signif- 20 x 20 12.0 26.7 83.9
icant characters related to competitive ability.
30 x 30 52.2 41,2 100.0
Vega and Punzalan (1963) showed that yield reduc-
tion due to weeds at all nitrogen levels was con-= IR38
sistently higher 1in IR8, a short stiff-straved
high-tillering cultivar, than in C4-63, a cultivar 10 x 10 0 0 0
having medium height and tillering (Table 19).
More Sclrpus maritimus L. grew in association with 20 x 20 25.0 10.0 76.0
30 x 30 75.0 35.3 100.0

Table 19. The influence of nitrogen on the effect of weeds on the yield of twn rice cultivars. (From Vega
and Punzalan 1968).

Level of LR8 €i-63
applied N Weeding Yield reduction Yield reduction
?Eg/ha) treatment Yield due to weeds Yield due to weeds
(kg/ha) (%) (kg/ha) (%)
0 Weed free 2706 2202
72 54
Not weeded 760 1006
30 Weed free 2547 2911
78 8l
Not weeded 549 548
60 Weed free 3054 3368
85 83
Not weeded 462 583
90 Weed free 3537 3321
87 69
Not weeded 451 1037
120 Weed frece 3177 3614
95 79

Not weeded 168 760
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The data of De Datta et al (1969) indicate that
the effect of added nitrogen on yleld losses
caused by weeds 1is dependent on the method of
planting and the cultivar grown. For both culti-
vars, IR8 and H4, and both methods of planting,
transplanting or wet seeding, the weed weight
increased as the nitrogen level tncreased. When
the cultivars were transplanted, the percentage of
yield reduction due to weeds decreased from 47 to
36% for H4 as the nitrogen level increased from 0
to 60 kg N/ha; for IR8, it decreased from 26 to
22% as the nitrogen level increased from 0 to 60
kg W/ha and then increased to 40% as the nitrogen
level was further increased to 120 kg N/ha.

When the rice was wet-seeded, the yield loss due
to weeds increased as the nitrogen level increased
for both cultivars. Losses at all nitrogen levels

" were, however, greater for IR8 than for H4,

Yield losses caused by Cyperus rotundus L. conpe-
ting with IR5 and IR442-2-58 grown in dryland con-
ditions increased as the nitrogen level increased
in the late wet season and dry season, respective-
ly (Okafor and De Datta 1976). Losses were greater
for IR442-2-58 than for I[RS.

Nanjappa and Xrishnamurthy (1980) reported that
the uptake of nutrients by IR20, a short-statured
cultivar, was significantly greater than that by
§-317, a tall, traditfonal cultivar, in hoth weod=
ed and nonweeded conditions. There was no sfignifi-
cant difference between ci..civars in the nutrients
taken up by weeds In the nonweeded plots. The
grain yield of IR20 was significantly higher than
that of 5-317 in both weeded and nonweeded condi-
tions. However, the yield loss duv to weeds was
greater with TR20 than S$-317.

:Crop canopy and plant population

‘Weed growth is usually greater at high fertility

levels, which usually results in higher losses
due to weeds. On the other hand, abundance of

‘available nitrogen encourages vegetative growth of
rice plants with resultant increase in the shade

produced and increased ability to suppress weeds.

Likewise, with diminishing fertllity, the crop

canopy Is sparser and the crop-weed balance may be
shifted in favor of the weeds. For example, Guh
and Lee (1974) observed greater weed welghts and
freater yield losses 1in nonfertilized plots than
in fertilized plots. They attributed this to the
greater competitiveness of the rice at higher
fertility levels.

The closer rice plants are sown the rwre competi-
tive they are agalnst weeds. As a result fewer
weeds grow In association with them. Less nutri=
ents should, therefore, be renoved by weeds at
high plant populations. Yim and Moody (1980} re-
ported that yield losses due to weeds increased as
plant spacing increased for two rice cultivars ir-
respectilve of the nitrogen level (Tahle 20), At
the closest plant spacing, no yield loss was
observed at all nitrogen levels. Complete yield
loss was observed for both cultivars at the widest
plant spacing and the highest nitrogen level.

Table 21. Effect of increasing the seeding rate of
broadcast~seeded rice on nutrient removal 90 days
after seeding by weeds growing in association with
the crop. (Adapted from Ramamoorthi et al 1974b)

i ke (kg/t
Seeding rate Nutrient uptake (kg/ha)

(kg/ha) N P K
40 25,8 0.5 27.3
60 16.8 0.3 21.8
80 7.3 0.4 11.1

Ramamoarthl et al (1974b) reported decreased remo-
val of nutrients by weeds as the sceding rate in-
creased in broadcast—sceded rice (Table 21)., In
rransplanced rice in .apan (Noda et al 1968) and
alaysia (MARDL 1976), weed populations increased
at wider plant spacings and higher Fertillcer le-
vels. In Japin (Noda et al 1968), yleld losses
were signifieantly higher at hlgher rates of ap-
plicd Tertilizer whereas in Malaysla (MARDI 1976),
competition between  rice and  weeds  was  most
serious at low nitrogen levels,

Pande  and Bhan (1960) observed that as the row
spacing of dryland rice Increased from 15 to 45
ey weeds  Inerveased in density and biomass. The
yield reduction due to weeds increased from 42.1
to 56,37 as the row spacing increased from 15 to
45 enoas a resalt of Increased woed growth and in-
creased uptake of nitrogen by weeds at the wider
rov spacing.

Composition of the weed flora

The competitiveness of wecds varles with the com=
position of the weed flora. Aral and Kawashima
(1956) reported that the difference in composition
between different weed floras was due to the
growth habit and the population of the weeds. The
conpetitiveness of the same weed varied with dif-
ferences in the community structure (Table 22). As
th: propor*ion of E. crus-galli in the weed flora
increased, the yield reduction due to weeds
fnereased.

Tt may be possible to alter the compositlon of the
weod flora and the effect of the weeds by altering
soil fertility. Such a technique will not elimi-
nite wewmds hut may affect the level of importance
of a particularly troublesome species.

Transplanted rice

Varylug results as to the effeer of increasing
nitrogen levels on the weed population growing in
association with transplanted rice have been re-
ported. De Datta et al (1969) reported that added
nitrogen benefited the grass yopulation bat had



little effect on broadleaf weeds and sedges. Sarkar
and Ghosh (1978) observed that as nitrogen increased,
grasses increased slightly and broadleaf weeds and
sedges decreased slightly. Bahar and Abbas (1977)
reported that the proportion of grasses in the weed
flora increased 2nd broadleaf weeds decreased when
nitrogen was applied. The degree of change was de-
pendent on the method of application (Table 23).

On the other hand, Terasawa (1943 as cited in Ike

1963) observed that nitrogen application decreased
perennial weeds remarkably. Guh and Lee (1974) re-
ported that as soil fertili*y increased, the number
of broadleaf annual weeds .ich as M. vaginalis in-

Table 22.
flora. (Adapted from Arai and Kawashima 1956)
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creased and perennial weeds such as Eleocharis
kuroguwai Ohwi decreased. Kim and Moody (1980) al
observed that M. vaginalis became more dominant in
the weed community as the level of applied nitroge
increased. When no nitrogen was applied, M. vagin
lis comprised 44.8 to 64.9% of the weed community;
when 160 kg N/ha was applied, it comprised 67.7 to
98.3% of the weed community.

Data in Table 24 also indicate the Important role
oi method of fertilizer application in determining

the weed fiora. Grasses were the most lmportant
weeds and sedges were virtually eliminated wher
nitrogen was deep placed. Broadleaf weeds werc

The competitiveness of wz2eds against transplanted rice as affected by the competition of the wee

Weed community

Weed species Number of weeds . Weed weight Number of weeds - Weed weigh
(% of total) (g/plant) (% of total) (g/plant)
Echinochloa crus-galli 1.1 1.002 10.4 1.991
Cyperus difformis 11.3 0.336 14.9 0.232
Monochoria vaginalis 27.1 0.558 17.3 0.278
Rotala indica 42.2 0.021 34.2 0.009
Others 18.3 - 23.2 -
Total aumber of weeds 2612 - 4965 -
Yield reduction due to
weeds (%) - 18.0 - 42.9

Table 23.
(Adapted from Bahar and Abbas 1977)

The effect of time of nitrogen application on weed weight and the composition of the weed flora.

Composition of the weed flora (%)

Yield reductio

Weed weight

Time of nitrogen application (kg/ha) Broadleaf Grasses Sedges due to weeds
weeds (%)
No fertilizer 681 37.2 23.3 39.5 22.3
1/4 basal, 3/4 1 week before
panicle iniiiation 703 24.9 46.1 29.0 8.2
All 1 week before panicle
initiation 1033 13.5 61.0 25.5 7.4
All basally 1040 19.1 63.8 17.1 11.7
1/2 30 days after transplanting,
1/2 1 week before panicle
initiation 1242 13.7 35.5 50.8 15.5
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most important when the fertilizer was applied as
sulfur-coated urea and incorporated before plant-
ing or as 1liquid urca in a band below the soil
surface 10 DT,

Table 24. Weed weight (g/0.5 m2) 60 days after
transplanting as affected by method of applica-
tion of nitrogen.

. Y 2
Method of VUeed weight—" (g/0.5 m")
. . Broadlegf c/ d/
N application b Grasses— Sedges— Total
weeds>

Mudba11%/ 5.7(12.1) 41.6(87.9) 0 47.3
Supergranulei/ 9.6(18.8) 41.3(80.8) 0.2(0.4) 51.1
Split /
applicationﬁ 13.8(28.4) 31.9(65.8) 2.8(5.8) 48.5
Split n/
application— 9.9(28.4) 22.2(63.8) 2.7(7.8) 34.8
Sulfur-coated
ureal/ 20.8(54.4) 15.0(39.3) 2.4(6.3) 38.2
Band ./
applicationl 39.7(52.9) 33.3(44.3) 2.1(2.8) 75.1
a/ . . . b/ .

Percentages indicated in parentheses. —Monochoria

vaginalis and Sphenoclea zeylanica. &/Echinochloa
crus-galli ssp. hispidula, E.

colona, and Leptochloa

chinensis.

d Cyperus difformis and Scirpus maritimus.

rice was not improvement in appearance and devel-
cpment of the rice but a dense growth of weeds
particularly Echinochloa colona (L.) Link and a
relatively poor appearance of the rice. Plots that
received no fertilizer had fewer grassy weeds than
the fertilized plots.

Dryland rice

In Indonesia (CRIA 1976), broadleaf weeds became
more important and grasses less important as the
amount of applied nitrogen increased. When no fer-
tilizer nitrogen was applied, broadleaf weeds com-
prise 61,5% of the weed flora; when 90 kg N/ha was
applied, they comprised 82.1% of the weed flora.

Effect of added fertilizer on
various weeds

Competition is pgreatest between plants whose
growth habits such as root growth and follage
characteristics are similar because they make

nearly the same demands upon the enviromment.

The environment associated with the crop deter-
mines the weed comnmunity and the abundance of the
weeds growing in association with the crop. The
amount of competition increases with the number of
individuals per unit area and with their size.

Cyperus difformis. Chang (1969) reported that

e/A11 applied 5 days after transplanting (DT).
£/a11 applied 4 DT. B&/0ne-third 10 DT, one-third
30 DT, one-third at panicle initiation.
basal, one-third 5 to 7 days before panicle initia-
tion. 1/Al11 applied basal. J/A1l applied 10 DT.

Kim et al (1980 as ctted in Kim 1981) reported
that an annual weed, M. vaginalis, was dominant
when the organic matter content of the soil ranged
from 2.1 to 2.8% and the phosphorus content ranged
from 80 to 110 ppm, Perennials such as Sagittaria
pygmaea Miq. and S. trifolia L. were dominant when
the phosphorus content was high (120-140 ppm) and
Cyperus serotinus Rottb. when the organic matter
content was high (2.9-3.3%).

When cultivation was stopped and weeds were
allowed to grow in a rice field after 40 years of
ferctilization and cultivation, Scirpus juncoides
Roxh., a perennial sedge, Lapsana apogonoides
Maxim., and Fimbristylis littoralis Gaud. domina-
ted in plots to which no phosphorus had been ap-
plied (Ueda et al 1977). Plots to which phosphorus
and potassium but no nitrogen had been applied
were favorable for the growth of leguminous weeds
such as Vicia sativa L. and Trifolium repens L.

Dry-seeded wetland rice

Nelson (1931) reported that the first obvious
effect of the additisn of fertilizer to dry-seeded

E/Two—thirds

yield losses due to C. difformis ranged from 49.1
to 90.2% (Table 25). Yield losses increased as the
number of weeds, the fertility level, and the tem-
perature increased.

Swain et al (1975) also observed that competition
by C. difformis was more severc at higher fertili-
ty Tevels. The rice yleld was reduced by an ave-
rage of 64.4 kg/ha for each day of competition
when the fertility level was high and by only 29.9
ku/ha per day when the fertility level was low.
lhe greater competition at the higher fertility
level reflected the more vigorous growth of the
weed, At the early tillering stage of the crop, C.
difformis at the high fertility level produced

more than twice as much dry matter as that pro-
duced at the low fertility level (812 g/m? vs
185 g/m?).

Cyperus iria. In a pot experiment, yield reduction
due to Cyperus iria L. competing against the rice
Chandina was the same 1irrespective of

cultivar
whether fertilizer had been applied or not (Table
26).

Cyperus rotundus. The data of Okafor and De Datta
(1976) indicate the following:

e Yield losses in dryland rice increased as
C. rotundus population increased irrespec-
tive of the nitrogen level.

e For the rice culttivars TR5 and IR442-2-58,
ylelds of the nonweceded plots where 60 and
120 kg N/ha were applied were greater than
the yield of the weeded plots where no ni-
trogen was applied.



e During the early wet season, the yleld de-
pression when 150 C. rotundus plants/m2
competed against rice was greater when fer-
tilizer was applied than when no fertilizer
was applied. For all other C. rotundus

populations, the greatest yield depression

occurred when no fertilizer was applied.

e Yield depressions due to C. rotundus were
greater in the late wet season when ferti-
tilizer had been applied. There were no
differences between the levels of applied
fertilizer.

¢ In the dry season, yield depresslon in-
creased as the nitrogen level increased.

Cyperus serotinus. Yamagishi et al (1976) observed
that

e Yield losses due to C, scrotinus were
greater at recommended fertilizer
than at higher fertilizer levels.

levels

e Yield losses were greater when the fertili-
zer was topdressed than when applied basal-

ly.

e C. serotinus caused deerecase of the nitro-
gen content of the rice leaf blade.

Echinochloa colona. Alkamper et al (1975 as cited
in Atkamper 1976), Alkamper (1976), BRRI (1977),
and Alkamper and Do van Long (1978) reported that
yleld reduction due to E. colona competition in-
creased as the level of applled fertilizer in—
creased (Table 26).

Table 25.
crop season, and weed population.
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Table 26.
by competition with different weed species at three
fertility levels. (Adapted from BRRI 1977)

Percentage of rice yield reduction caused

Fertilizer applied (kg/ha)

Competing weed

0-0-0 60-40-20 120-80-40
Cyperus iria 78.6 75.4 79.1
Echinochioa
colona 59.6 69.1 89.3

Nutrient content levels of E. colona were invari-
ably higher than those of the rice plants
(Alkamper 1976, Alkamper and Do van Long 1978).
Alkamper (1976) reported that the nitrogen, phos-
phorus, and potassium contents of E. colona were
3.14, 0.47, and 3.00%, whereas those for rice were
2.91, 0.46, and 1.80%. As the number of grass
weeds competing with the rice increased, the nu-
trient content levels of the rice often declined.
This decline was particularly pronounced for
potassium at the later stages of crop growth
(Alkamper 1976).

Rice absorbed more nutrients thamn E. colona at a
low fertilizer level (Alkamper 1976). However, at
higher fertlilizer levels, the weed profited more
from the added fertilizer than the rice. At the
highest fertilizer 1level, the rice absorbed only
110-160 mg N/pot. By contrast, E. colona absorbed
between 300 and more than 500 mg N/pot. Similar
relationships were observed for phosphorus and po-
tassium uptake (Fig. 5).

Percentage of yield reduction in transplanted rice as affected by weed species, fertility level,
(From Chang 1969)

High fertility

Low fertility

Weed species Jorop (160-80-80) . (80-40-50)
100 plants/mZ 300 plants/m 100 plants/m< 300 plants/m
Echinochloa crus-galli First 85.5 91.8 76.1 90.2
Second 37.0 90.6 71.4 86.1
Monochoria vaginalis First 31.2 35.7 25.4 65.3
Second 84.0 84.5 81.2 86.5
Cyperus difformis First 73.6 81.4 49.1 57.8
Second 80.9 87.6 53.5 90.2
Marsilea quadrifolia First 56.5 61.7 45,1 87.3
Second 52.2 64.3 54.7 64.5
Spirodela polyrhiza First 8.5 10.4 10.6 26.6
Second 5.2 3.3 0 13.5
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Effect of weed density and level of applied fertilizer on uptake of

itrogen, phosphorus, and potassium by rice and Echinochloa colota 109 days

after sowing. (Adapted fron Alkamper 1976)

Echinochloa crus-galli. Miyazak: (1967) as cited
4n Matsunaka 1981) stated that E. crus-galli which
¥esembles rice has a higher growth rate than rice
gnd, {f not removed, will plunder the mineral
utrients from the soll and fnhibft the growth of
rice plants.

Poerema (1963) reported that E. crus-galli took up
*.5 times as much nitrogen as rize in one experi-
ent and 6.1 times as much {n another experiment

Table 5). The nitrogen, phosphorus, and potassium
contents of E, crus-galli{ were reported by Pilial
@t al (1976) to be 2,13, 0.57, and 2.07%.

In a pot experiment, E. crus-galll caused the
greatest yield losses of the [lve weeds tested at
both high and 1low levels of added fertilizer
(Chang 1969). The season had no effect on the le-
!FI of yleld loss Lut losses {ncreased as the weed
populaticn {ncreased (Table 25).

foda ct al (1968) reported that the relationship
wtween E. crus-galli weight and rice yleld could
) cxpressed by one regression cquation {rrespec-
i#ve of the fertilizer level. A sim[lar relation-
thip was described by Chisaka (1964). According to
foda et al (1968), the patterns of niltrogen uptake
‘ tice and E. crus-galli differ considerably.
tal nitrogen absorbed by rice reached a maximum
8 DT; that by E. crus-galli continued to increase
meil 89 DT.

he nltrogen concentration in E. crus=palll wasy
epotted by Aral (1967) to be aboul the same as
hat In cice. However, Pons and Utomo (1979)
eported that E. crus-galli had a higher nftrogen
bntent than rice & WT but the content decroased
harply fn E. crus-galll so that hy 6 WT, {t was
ower than that of rice,

Kleinig and Noble (1968) reported that E. crus-
galli maturity was progressively delayed with (n-
creasing levels of nitrogen application. Phospho-
rus alone did not affect maturity but reduced the

delaying effect of nitrogen when both were
applied,
Fimbristylis littoralis. Pons and Utomo (1979)

reported that F. littoralis had a lower nitrogen
content than rice and when competing with rice did
not have a significant effect on the nitrogen

content of the rice.

Marsilea species. According to Chang (1969), los-
ses due to M. quadrifolia were similar at both
high and low fertility levels (Table 25). Losses
increased as the weed population increased but
little seasonal variation was niserved (Chang
1969). Pons and Utomo (1979) reported that compe-
tition from M. minuta was greatest at tite lowest
nitrogen level used,

Monochorfa vaginalis. Yield losses due to M.
vaginalis {ncreased with increase in the fcrtilt?;
level, number of weeds per unit area, and tempera-
rature (Table 25).

Aral (1967) reported that the nitrogen content in
M. vaglnalls was almost double that of rice but
Pons and Utomo (1979) reported that M. vaginalis
had about the same nitrogen content as rice and
had no effect on the nitrogen content of the rice
when competing with ft.

Chisaka (1966) suggested that compet{tion between
M. vaginalis and rice for nutrients was more sig=~
nificant than competition for light but Kim and
Moody (1980) reported that this was dependent on
the nitrogen level.



Increasing levels of applied nitrogen resulted in
a significant increase in the numhev of M, vagina-
1is seeds per Frult and the number of fruits per
plant. Seed viability was maflfected by nitrogen

fevel (Kim ard Moody 1982).

Rotala indica. Arai (1967) reported that the
nitrogen concentration in Rorila indica (Willd.)
Koehne was about doubls that of rice.

Sagittaria pygmaea. Noda (1968 as cited in Noda 1969)
reported that S. pygmaea increased from 1 to about 60
in 50 days regardless of fertilizer level because it

reproduced rapidly by underground rhizomes and tubers.

Scirpus maritimus. In transplanted rice, applica-
tion of 120 kg N/ha greatly increased the weight
of S. maritimus per unit area (IRRL 1973). Yield
reduction increased as the nitrogen level in-
creased for cultivars Cé4-63 and IR305-4-12. Los-
ses were greater for the shorter-statured
IR305-4-12.

Splrodela polyrhiza. Yield lossecs due to Splrodela
polyrhiza (1..) Schleid, were greater at low fertl-
TTLy Tovels during the flrst scason when tempera-=
tures were lower than at high fertility levels and
at higher temperatures (Table 25). Yield losses
generally  increased as  the weed  population
increased (Chang 1969).

Other dryland weeds

Noguchi and Nokayama (1978) reported that the re-
sponse of weeds to fertilizer was greater than
that of dryland rice. In all cases, plant height

or main stem length, the number of stems or branches,
and the dry weight of the aerial parts of the plants

increased as the applied fertilizer increased. The
differences between the response of weeds and that

of rice to fertilizer were greatest in the carly and

middle stages of growth but decreased in the later
stages.

In the fertillzed plots, the dry weight of Chero-
podlum album L. and Digitarla clliaris (Retz.)
Kool. excecded that of dryland rice from 51 days
after scedlng. At the ripenlng stage, both weeds
had Jdvy weights about three times that of dryland

rice.

AU Lhe ripening slage to the nonfertilized plots,
the dry welght of D. ciliaris nearly equaled that
of rice in the fertllized plots whureas Co album
in the nonfertilized plots had a dry weight 1.7
times that of the dryland rice In the fertilized
plots.

The plant height or main stem length, the number
of stems or branches, and the dry weight of P,
oleracea, C. microiria, and Amaranthus lividus L.
were less than those of dryland rice. Lack of fer-
tltizer delayed heading and flowering especially
nf A, livldus.
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Comparison of competition caused
by different weeds

Echlnochloa crus-galli and Monochoria vaginalis.
Atal and Kawashi.aa (1956) reported that the con-
centration of nitrogen in M. vaginalis was higher

than that of E. crus-—galli throughout the growing
season (Table 27).

Table 27. Nitrogen concentration (%) of rice
and weeds throughout the growing season.2
(From Arai and Kawashima 1956)

o Date of sampling
5 Jul 26 Jul 21 Aug 19 Sep

Plant species

Rice 3.6 1.69 1.02 .73

Echinochloa
gfus—galli - 1.23 0.76 0.73

Cyperus
difformis - 2.02 0.97 1.09

Moncchoria
vaginalis - 2.53 1.46 1.85

ﬁ/Date of transplanting: 15 Jun.

Matsunaka (1970) reported that the effect of M.
vaginalis on yield loss was more severe than that
of E. crus-galli. The higher nitrogen content of
M. vaginalis was given as a possible reason. Chi-
saka (1977) agrees with Matsunaka (1970) when com-
parisons are made on the basis of equivalent
weights of the weeds at maturity. However, on the
basis of individual plant weight, E. crus—gallil is
more competitive (Arai 1967, Chisaka 1977) because
an individual E. crus-palli plant at maturity is
60 to 80 times as large as a M. vaginalis plant
and there 1s a greater similarity in root distri-
bution between rice and E. crus—galli than between
rice and M. vaginalis (Arai 1967).

Chisaka (1977) reported that the grain yield of
transplanted rice ([nfested with M. vaginalls was
slightly Lncreased by Increasing the amount of
nitrogen applied basally. No Increase was obscrved
when the crop was infested with E. crus-galli.

Echinochloa colona and Oryza sativa. According to
Alkamper and Do van Long (1978), E. colona, an
early-developing weed, is extremely competitive
against rice and losses increased as the level of
applied fertilizer increased. In contrast, in
the case of Oryza sativa L. (red rice), a late-~
developing weed, addi*ion of fertiliter nitrogen
could actually reduce injury to the rice crop al-
though there was some competition for nutrients
(Fig. 6).
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Fig. 6. Effect of weed maturity and level of applied fertilizer on growth

of rice. (Alkamper and Do van Long 1978).

At the highest level of applied nitrogen, E. colo-
na reduced grain yield by 84,4% and straw yleld by
69.8%. With O, sativa, a 3.1% increase in grain
yleld and a 12,97 decrease in straw yield were
observed.

Nitrogen content of the soil

Changes in the ammonlcal-nitrogen content in the
soils of weeded and nonweeded plots were {nvesti-
gated by Inoue et al (1950 as cited in Ike 1963).
No significant difference was observed between
these plots prior to 24 July but after that date,
a great decrease of nitrogen occurred in the non-
weeded and nontreated plots (Fig, 7). Ike (1963)
reported that the difference between weeded and
nonweeded plots was not significant until 13 DT but
by the 18th day, the amount of nitrogen in the non-
weeded plots was significantly lower than in the
weeded plots. Arai (1967) made a similar observa-
tion. The amount of ammonium-nitrogen remaining
was dependent on the soil layer and the type of
weed. Arai and Kawashima (1956) observed that the
greater the amount of grass present, the smaller
the zmount of ammonium-nitrogen.

rai (1967) reported that because the roots of M,
aginalis and R. indica are primarily distributed
n the upper (0-5 cm) layer of the soil, there wis
ittle ammonium-nitrogen in this layer. On the
ther hand, because the roots of E. crus-gaili
ere distributed through hoth the upper and lower
5-10 cm) layers of the soll, there was little

T : Tronsplant
1 : Interrow cultivation
W Hond weeding

Ammoniacal nitrogen per 100 g of dried surfoce soil (mg}

Dates scmpled

Fig. 7. Soil ammoniacal nitrogen level as affected
by weeding. (From Ike 1963)

ammonium-nitrogen remaining in both layers (Table
28).

Singh  (1979) reported that after 2 years of
experimentation in a rainfed wetland rice field,
there was no differeunce in total nitrogen between
flelds maintained as a weed-free fallow and those
as a weedy fallow during the dry scason, On the
other hand, Hundal (pers. coum.) Found that total
nitrogen (nmmonium-nitrogen and nitrate-nitrogen)



was lower in weedy-fallow plots than in weed-free
fallow plots just before planting dry-seeded wet-
land rice.

Weed control

Weeds affect crop response to nitrogen fertilizer
and, therefore, are one of the factors that deter-
mine the national, reglonal, or global nitrogen
requirements for rice (Stangel 1979). Increased
fertilizer application is most effective only Lf
{mproved cultural practices are used at the same
time. Therefore, to realize the maximum beneflits
from fertilizer use, weeds must be controlled,
Fertilizers are too expensive to use to grow
veeds.

When crops are left nonweeded, weeds not only con-
sume the bulk of fertilizers added but may also
deplete the natural fertility cf the soil., Indis-
criminate fertilization will meet the needs of
both crops and weeds whereas timely weed removal
ensures that the nutrients in the soil or added to
it benefit the crop only. By controlling weed
growth, it is possible to maintain crop production
at a lower level of nitrogen fertilization.

When weeds are controlled, the quantity of nutri-
ents removed by the weeds is reduced and nutrient
uptake by rice should increase. Crop responsc to
weed removal in terms of nutrient uptake is depen-
dent on the time of weed removal and growth stage
of the crop, the same way that response to ferti~
lizer application 1is dependent on the time of ap-
plication. Generally, though, the earlier the re-
moval of the weed, the greater the response of the
crop plant.
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For example, Mani (1975) reported an increase in
nitrogen uptake and crop yield due to chemical
weeding over physical weeding. The herbicide
caused an appreciable decrease in nitrogen deple-
tion by weeds in the early crop growth stages
compared to physical weeding., As a result, ni-
trogen uptake by the crop was improved and crop
yield was enhanced. Likewise, Sankaran et al
(1974a) observed enhanced uptake of nutrients

by rice plants when weeds were controlled by a
preemergence herbicide application than when they
were removed by hand weeding. Better nutrition
of the rice plant is then achieved in the absence
of weeds.

Nanjappa and Krishnamurthy (1980) reported that
nutrlent uptake by the crop was greater when weed
welght competing with the crop was less, 8o that
there was a highly significant negative correla-
tion between nutrlent uptake by crop and weeds.

In Bangladesh, addition of fertilizer (60-40-40
NPK/ha) to d-y-seeded rice without weed control
resulted in an insignificant yleld increase over
the nonweeded check. Weed control without ferti-
lizer additlon resulted in a significant Increase
{n yileld. Further significant yleld increase was
obtained when fertilizer and weed control were
applied together (Rahman, pers. comm. ).

For transplanted rice, De Datta et al (1974)
reported that in the absence of weed control, the
application of nitrogen resulted in a maximum
yleld increase of only 0.7 t/ha. Without added
nitrogen but with weed control, the yleld increase
ranged from 1.1 to 1,5 t/ha. When the crop was
fertilized ind weeded, a maximum yield increase of
2.5 t/ha was obtalned when all the fertilizer was
applied 5 to 7 days before panicle Lnitiation
(Table 15).

Table 28. Effect of weeds on the ammonium nitrogen content in soil. (From Arai 1967)

Ammonium nitrogen

(days a?izgliggnggiznting) Weed flora Upper £Z§£i00 ey igiil layer Av
(0-5 cm) (5-10 cm)
33 None 0.78 0.64 0.71
Monochoria vaginalis
Bgsgl; indica 0.26 0.36 0.31
Echinochloa crus-galli 0.20 0.19 0.20
49 None 0.20 0.07 0.13
Monochoria vaginalis
§2£§l; indica 0.15 0 0.07
Echinochloa crus-galli 0.12 0 0.06
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These data emphasize the interactlon between fer-
tilizer response and weed control. In many lustan-
ces, without weed control, little response from
nitrogen can be expected. Following application of
fertilizers plus weed control measures, a yleld
increase frequently equivalent to the added single
effects of both measures 1s observed (French and
Gay 1963).

This 1s well illustrated in the data of Varamisra
(1976). Two hand weedings without fert{lizer addi-
tion resulted In a yleld increase of 436 kg/ha.
Fertilizer addition without weed control gave a
yleld increase of 1,402 kg/ha. Fertilizer addition
plus weed control resulted in a further increase
of 1,845 kg/ha which is essentially equivalent to
the addition of the single effccts alone.

In trials conducted in transplanted rice in Bang-
ladesh, weed control and fertilizer played a sig-
nificant role in increasing graln yleld. Weed con~
trol alone resulted in an average yield increase

of 13% and fertilizer alone, 397, However, when
fertilizer and weed control were applied together,
a 78% yield increase over the nontreated check was
obtained (Table 293},

De Datta and Barker (1977) showed the complementa-
rity between weed control and fertilizer addition
and showed that the benefits from added fertilizer
increased with higher levels of weed control
(Table 30).

Deomampo (1969) reported that nitrogen and weeding
together increased net returns per hectare more
than 1f nitrogen was applied without weeding or 1f
weeding was done without nitrogen fertilization.
The application of nitrogen decreased yleld and
hence, increased monetary losses when weeding was
not done. Losses were due to a loss in yield as a
result of weeds and cost of nitrogen (Table 31),
The net return to 15 kg N/ha without weeding was
greater than that from weeding with or without

Table 29. Relative contribution of fertilizer and weed control and their interaction on grain yield (t/ha)

of transplanted rice. (Rahman, pers. comm.)

Season and year

Yield increase

Input T. Aman T. Aman Boro

T. Aman T. Aman

over untreated

1972 1974 1974-75 1976 1977 Av (%)
Nothing 1.7 2.5 1.1 2.3 4.0 2.3 -
Weed control 1.4 2.7 1.1 3.7 3.6 2.6 13.0
Fertilizeril 3.2 2.7 1.5 3.9 4.5 3.2 39.1
Weed control and
fertilizer 3.5 3.4 4.5 4.7 4.6 4.1 78.3

aly, Aman, 80-60-40 N-P-K; Boro, 100-60-40 NPK.

Table 30. Interaction between the effect of fertilizer use and weed control on yield and net income. (From

De Datta and Barker 1977)

Fertilizer Weed control Yield (t/ha) Net returnE/
levela/ levell Philippines Thailand Philippines Thailand
Low Low 3.0 2.4 128 78
Low High 2.9 2.5 121 76
High Low 3.4 3.0 137 87
High High .2 3.9 171 127

a . . cqe .

—/Fertlllzer level: in the Philippines, low = 35 kg N/ha, high = 75 kg N/ha; in Thailand, low = 5 kg n/ha,
high = 25 kg N/ha. b/Weed control level: in the Philippines, low = $9/ha, high = $18/ha; in Thailand, low
I labor day/ha, high = 15 labor days/ha. £/Return above variable costs,



Table 31. Effect of weeding and nitrogen alone and in combination on net returns.

IRPS No. 68, November 1981 :

(Adapted from Deomampo !

No weeding

Nitrogen level Net return

Weeded 21 DT
Net return

Net return to
plus weediny

(kg/ha) to N to weeding ($/ha)
($/ha) ($/ha)

0 0 - 5.87 - 5,87
15 9.98 - 8.40 - 2.6l
30 13.25 - 3.13 22.67
45 4.60 25,73 67.53
60 -15.33 483.47 542.36
75 -46.47 487.07 697.83

fertilizer application. Thus, a farmer would pre-
fer applying 15 kg N/ha to weeding unless the .cost
of weeding was less than the cost of applying 15
kg nitrogen,

Good production practices such as weed control
will increase the yield potential and, _herefore,
make feasible the use of greater quantities of
fertilizer by the crop or the more efficlent use
ol limited quantitles.

Application of herbicide-fertilizer
mixtures

Phenoxy herbicides. Pellegrini et al (1952 as
cited In Mukhopadhyay 1971) reported that 2,4-D
mixed with urea or ammonium sulfate was effective
in controlling weeds 1in both direct-secded and
transplanted rice. Manl et al (1973) found that
urea combined with a low rate of 2,4-D and MCPB
performed a dual role of improving herbicidal
efficlency and stimulating crop zrowth. In direct-
seeded rice, Manl et al (1973) achl’eved a yleld
increase of 1.6 t/ha over the nonweeded control
with MCPB at | liter/ha and MCPB at 0.5 liter/ha +
3% urea. Kaushik and Mani (1980) reported no sig-
nificant difference In rice grain yleld between
MCPB applied at 1.0 kg/ha and a mixture of MCPB at
0.5 kg/ha and 3% urea. However, the ylelds were
significantly lower than that from the hand weeded
check. In contrast, Sankaran et al (1974b)
observed that the addition of urea to 2,4-D had no
effect on the efficlency of the herbicide or its
selectivity.

Smith et al (1977) warned that rice may be injured
when nitrogen is applied 10 to 15 days before or
after phenoxy herbicide application even though
the herbicide is applied at a tolerant stage of
rice development. When nltrogen was applied 15
days before herbicide application, rice growth was
stimulated in 4 or 5 days and when the herbicides

were applied, rice was green and grew rapidly. The
herbicide caused chlorosis and reduced yields. Th
rice was not injured when nitrogen was applies
from 5 days before to 5 days after herbicide ap
plication. The yields, however, were reduced whei
nitrogen was applied 15 days after herbicide ap
plication at a tolerant growth stage.

Thus, nitrogen should be applied 1 to 5 day:
before or after applying phenoxy herbiclides eve
though the weeds may be less susceptible to the
herbicides than 1f the nitrogen was applied at a
earlier stage (Smith and Shaw 1966).

Patro and Tosh (1975) observed that the applica:
tion of MCPA-fertilizer mixtures produced yellow-
ing of leaves and burning of leaf tips. Applica-
tion of the herbiclide-fertilizer mixture was supe-
rior to herbicide alone in centrolling weeds an¢
as a result higher grain yields were obtained.

Application of nitrogen may also help overcome
herbicide toxicity. Smith et al (1977) reporte«
that nitrogen application within 5 days afte
phenoxy herbicide treatment when rice is in the
early Jjointing stage may help the rice recove:
from herbicide injury.

Propanil. Application of nitrogen as urea or am
monium sulfate any time before or alfter propani:
treatment had no effect on the selectivity of
propanil to rice nor on the control of rapidl:
growing susceptible weeds (Smith et al 1977).

Smith et al (1977) reported that propanil applie
in water 1njured rice less and controlled E. crus
a1li better than propanil applied in nitrogen so
Jution (Table 32)., The rice recovered in 1 to

weeks after treatment. Patro and Toshk (1975) als
observed injury with a propanil-fertilizer mixtur
but this comblnation resulted in a significant re
duction in weed population and a corresponding in
crease Ln graln yleld compared to propanil applie
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alone. Sankaran et al (1974b), on the other hand,
reported that a propanil-urea mixture resulted in
better weed control but had no influence on crop
ylelu and Mukhopadhyay (1971) obcerved that propa-
nil was compatlible with urea fertilfzer and this
mixture was as rffective as hand weeding 1in con-
trolling weeds.

Table 32. ELffect of nitrogen solution used as a
carrier for propanil applied at 3.4 kg/ha on
Echinochloa crus-galli control and rice yield.
(Adapted from Smith et al 1977)

b) more efficient utilization of the nitrogen ap-
plied in the herbicide-fertilizer mixture by the

crop.

Effect of soil nutrient level

on herbicide activity

Carrier and spray

volume (liters/ha) Echinochloa crus- Rice yield
Water Nitrogen  galli control (%) (kg/ha)
solution

a/
0= - 99 6574
ot/ - 0 2128

187 0 80 5858

94 94 35 3830

47 140 42 3517

LSD (5%) 14 1445

i/Hoe—weeded check. E-/Nonweeded check.

Dubey and Thomas (1977) stated that the cost of
weed control could be reduced by decreasing the
propanil rate and applying the herbicide in a 3
urea solution. However, Kaushik and Mani (1980)
reported that propanil at 1 kg/ha plus 3% urea was
not as effective as propanil at 2 kg/lha without
urea.

Butachlor. Sankaran et al (1974b) reported that
crop yleld was significantly increased when a bhu-
tachlor-urea mixture was applled compared to when
butachlor was applied alone. However, the effi-
clency of the herbicide in controlling weeds was
not 1increased significantly by the additi{on of
urea.

Other herbicides. In China, ammonium bicarbonate
is mixed with nitrofen and prometryu to enhance
the activity of the herbicides (L1, pers. comm.).

Thus, herbicides can be used in combination with
fertilizers for Improved weed control and in-
creased crop ylelds. The effcctiveness of these
combinations may be due to a) synergism, a conse-
quence of which could be the recduction in the
amount of herbicide applied in the mixture to
achleve the same weed control compared to that
obtained when the herbicide 1is applied alone, or

In general, the limited evidence from field expe-
riments suggests that effects of soll nutrient
level on herbleide activity are small compared
with those from other soll properties and because
fertilizers are themselves Important In crop pro-
ductlon, it {is unlikely that variation in their
use could bde employed specifically to modify the
activity of herbicides (Walker 1980).

Effects of herbicides on nitrogen
transformation

Little information has been published on the rela-
tlonship between herbicldes and nitrogen transfor-
wat Lot

In an upland solil, butachlor, propanil, and nitro-
fen applied at rates recommended for weed control
had no effect on hydrolysis of urea to ammonia
(Kim 1978). In a waterlogged scili, butachlor inhi-
bited the rate of ammonification of urea slightly
for 2 days after treatment at 30°C at pH 4.9 or
15°C at pH 4.9 and 6.8 (Chen et al 1981).

Kim (1978) reported that in an upland soil, buta-
chlor had no effect on the nitrification process
when applied at rates recunmended for weed
control. At the same rate, in a waterlogged soil,
butachlor stimulated the vate of nitrification
slightly for 2 weeks at 30°C when the pH was 6.8
(Chen et al 1981). At 15°C and pH 4.9, butachlor
had no effect on nitrification.

Protein content

The percentage of protein content In rice grains
was not affected by weed control methods (Kaushik

and Manl 1977).

Azolla

Azolla is a free-floating fern known for its nitro-
gen firatjon capacity. In Vietnam and China, it is
used as a green manure in transplanted rice fields.
However, in some parts of the world, it is consi-
dered a weed. For example, in Japan, suppression of
young rice plants can occur when the water level is
high (Fujiwara et al 1947 as cited in Moore 1969) or
the water level rises after transplanting (Tuzimura
et al 1957, Singh 1977) such that the azolla is
above the rice plancts. When the water level falls,
the azolla suppresses the rice and may eventually
kill it. 1In Indonesia, Heddy et al (1979) reported
that Azolla pinnata R. Br. inhibited rice tiller
development and reduced yield as much as 17%. The
harmful effects of azolla on rice are illustrated in
Figure 8. With proper management, little inter-
ference occurs between rice and azolla and the com-
petitive effects between azolla and weeds may be ad-
vantageous to the rice,



Fig. 8. Suppression of rice seedlings by
azolla is seen here. As water level in the
paddy dropped, the azolla stuck to rice
leaves as seen on the plant at top center.

Because azolla is capable of rapid reproduction and
covers the surface of the water rapidly, it should
be able to compete against weeds. Azolla has been
observed to suppress weeds in rice (Braemet 1927a,
b; Nguyen-Cong-Tieu 1930; Dumont 1935; Shen et al

1963; Ngo-gia-Dinh 1979; Lumpkin and Plucknett 1980;
H. H. Hagerman, IRRI, pers. comm.; L. D. Naws, IRRI,

pers. comm.; Yang-Han-Li, Nanking Agricultural Col-
lege, China, pers. comm.; I. Watanabe, IRRI, perc.
comm.). In Vietnam, azolla rapidly forms a cover
in rice fields (Nguyen-Cong-Tieu 1930) and under
this cover, weeds such as Utricularia aurea Lour.,

Table 33. Effect of different azolla treatments on weigh

(Adapted from Talley et al 1977)

IRPS No. 68, November 1981 2

E. crus-galli, and Sagittaria sp. which normally

invade the field to the detriment of the rice, get
very little sunlight, and eventually die. Srinive
(1981) observed less M. quadrifolia in fields wherx
azolla grew densely than in fields where azollia we
absent. Ngo-gia-Dinh (1979) attributed the effect
of the azolla cover to limited air diffusion and

decreased light intensity necessary for germinatic

Nguyen-Cong=Tieu (1930) observed that when trans-
planted rice was Inoculated with azolla, the faom
er, Lnstead of doing several costly and prolonge:
weeding operatlons, did only one. Dumont (1935
reported that in weedy rice flelds, only one weed
ing was needed when azolla was grown. Withou!
azolla, two or three weedings were usually re-
quired. In rela'ively clean fields, the one custor
tomary weeding could be dispersed with when azoll:
was grown.

Ngo-gia-Dinh (1979) reported that azolla sup
pressed E. crus—galli and the degree of suppres:
sion increased as the percentage of azolla cove
and the water depth increased. In Californi
(Talley et al 1977), the growth of C. difformi
was not suppressed by Azolla mexicana Presl. be
cause the azolla failed to develop a cover on th
surface of the water before the C. difformis gre
above the water surface (Table 33). However, a
early cover of Azolla filiculoides Lam. eliminate
C. difformis and Polygonum sp. from the field bu
did not reduce E. crus-galli. The overall effec
of azolla, though, was to keep the biomass o
weeds in the rice field below that in fields wit
no azolla cover.

Janiya and Moody (198la) reported that azoll
caused a 79.1% reduction in total weed weight 5
DT. The major weed, C. difformis, which comprise
65.5% of the weed flora, was 91.8% suppressed kb
azolla. Yields from the azolla-inoculated plot
were not significantly different from those fro
the hand weeded plots but were significantly high
er than those from the nonweeded check (Table 34)

t of weeds growing in association with rice.

Weed weight (kg/ha)

Treatment Cyperus Echinochloa Polygonum Total
difformis crus-galli sp.
Azolla filiculoides
incorporated 848 184 112 1144
Azolla mexicana cover 649 95 28 772
Azolla mexicana cover,
A. filiculoides
incorporated 740 28 55 823
Azolla filiculoides cover,
A. filiculoides
512 0 512

incorporated 0
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Lumpkin and Plucknett (1980) noted that weeds with
strong stature and abundurt food supply can push
through an azolla mat, and that weeds growing on
the water surface before mat development and large
floating weeds will be unaffected by azolla. Heddy
et al (1979) failed to suppress the growth of
Salvinia molesta D. S. Mitchell with A. pinnata.
In fact, the reverse was observed. At IRRI, I have
observed that azolla grows poorly in association

with S, polyrhiza.

Table 34, Weed weight and yield of transplanted
IR36 rice as affected by method of weed control,
IRRI, 1980 dry season.a/ (From Janiya and Moody
1981a)

Treatment Weed weiggt Yield
(/0.5 m*) (t/ha)

Weeded twice 3.0 ¢ 3.7 a
Azolla inoculated 20.6 b 3.4 a
Weeded once 12.1 be 2.8 a
No weeding 98.6 a 1.8 b

E/Av of two nitroger levels. In a column, means
followed by a common letter are not significantly
different at the 5% level.

Janiya and Moody (1981b) reported that whether or
rot weed suppression occurred was dependent on the
weed species. Weed species suppressed by azolla
were M. vaginalis, Echinochloa glabrescens Munro
ex Hook f., C, difformis, and Paspalum sp. Azolla
falled to suppress 8. maritimus (Table 35) and
Echinochloa crus-galii “ssp.  hispidula (Retz.)
Honda.

The weed control aspect of azolla culture needs
further study and WYy prove to be an important
agronomlc management tool in rice-azolla dual cul-
Lure systems (Rains and Talley 1979). However,
azolla Is susceptible to herblcldes such as 2,4-D
(Cohn and Renlund 1953), Klein-chmldt 1969, Khare
1977), MCPA (Khare 1977), thiobencarb, propanil,
plperophus~2,4-D, and butachlor <Table 36), There-
fore, herbicides cannot he used for weed control
when rice {s to be 1inoculated with azolla. The
weeds will have to he controlled by other means
such as the suppressive effect of azolla itself,
hand weeding, or the use of a rotary weeder when
the azolla Ls incorporated into the soil.

Blue-green algae

Blue-green ualgse were one of the first agents
recognized to fix nitrogen in flooded rice solls
(Roger and Kulasooriya 1580). The detrimental
effects of algae on rice have becen reviewed by
Roger and Kulasooriya (1980). oOn the positive
side, Subralmanyan et al (1965) reported cthat
blue-gree algae suppres< -eeds such as Panicun
sp., Cyperus sp., Hydrolea sp., and Ludwigia sp.
However, Kulasooriya et al (1980) observed that

Table 35. Percentage of reduction in weight of the major weeds at rice flowering by Azolla pinnata in three

fields having different weed floras.a/ (Adapted from Janiya and Moody 1981b)

—_——

Dry wciggt
. (g/0.5 m%) o . b/
Weed species Nenweeded Azolla % reduction
check inoculated
Field !
Monochoria vaginalis 48.4 5.2 89.3
Monochoria vaginalis 50.3 95.7
Echinochloa glabrescens 25.6 0.7 97.3
Cyperus difformis 5.3 0.0 100.00
Field 3
Monochoria vaginalis 40.2 7.0 82.6
Scirpus maritimus 12.4 29.7 +139.5
Paspalum sp, 8.7 2.7 69.0

a/

Av of two nitrogen levels and thiee replications.

b .
—/+ = 1lncrease,
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submerged weeds seem to compete with floating
Gloectrichia, a nitrogen—fixing blue-green algae.
Further research is needed to clarify the inter-
actions between weeds and blue-green algae.

Hetvicldes such as 2,4-D and MCPA have been repor-
ted to inhibit Np-fixation by blue-green algae
(Inger 1970 as cited in Roger and Kulasooriya
1980). Other herbicides that have been tested for
their effects on blue-green algae include buta-
chlor, molinate, and propanil (Roger and Kulasoo-
riya 1980).

Table 36. Fresh weight of azolla 30 days after trans-
planting (DT) as affected by herbicide application.
IRRI, 1980 wet season.

a/ Rate of Time of Azolla
Treatment— application application fresh w?
(kg/ha) (o1) (g/m2)2
Thiobencarb 1.0 4 478.0 d
Propanil 3.0 21 536.3 d
Piperophos - 1.5 4 667.7 «cd
2, 4-D
Butachlor 1.0 4 814.3 cd
2,4-D (liquid) 0.5 21 1420.6 be
2,4-D (granule) 0.8 4 1650.3 b
Nontreated - - 2840.0 a

a/

2/p spaced dash (-) indicates that the herbicides
were formulated as a proprietary mixture. b/Means
followed by a comnon letter are not significantly
different at the 5% level.

Nutrients other than nitrogen

Relatively little investigation has been almed at
nutrlents other than nitrogen leading to insuffi-
cient knowledge of plant competition tvr them
(Zimdahl 1980).

Phosphorus. Phosphorus applied directly to rice
helps stimulate growth of Echinochloa sp., Hete-
ranthera limosa (Sw.) Willd,, and algae (Nelson
1931, Smith 1967) whereas phosphorus incorporated
into the soil before dry seeding rice stimulates
growth of young grass plants (Smith and Shaw
1966). Phosphorus applied after flooding stimu-
lates the growth of aquatic weeds (Smith and Shaw
1966), algae (Adair et al 1962, Smith and Shaw
1966), and grasses (Adair et al 1962) or may be
used ineffectively by the rice (Smith and Shaw
1966).

There are several possible alternatives for ap-
plying phosphorus to prevent excessive weed growth
in dry-seeded rice.
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1. Smith and Shaw (1966) recommend applyin
it to a crop in the rotatlon other tha
rice. For example, in a rice-soybean rota
tion, phosphorus is generally applied t
the soybean crop. However, Kleinig and No
ble (1968) warn that the residual phospho
rus available in the soil from superphos
phate applied to a previous grass—legum
pasture could accentuate the weed proble
in rice.

2. Because seeds of most weeds germlnate ar
grow near the soll surface, phosphorus ma
be placed below the rice seed durir
planting, where 1t 1s less avallable t
to the weeds (Smith and Shaw 1966).

3. 1In fields lightly infested with Echinocl
loa spp., phosphorus application may be
delayed until just before the first floo
ing to take advantage of the inhibition
weed growth by water (Smith and Shaw 19t

\ega et al (1971) observed that the application o!
30 kg P205/ha increased weed welght in trans:
planted rice In the nonweeded plots 1in the wel
season but had no effect on the weed weight in th
dry season (Table 37). No additional rice ylel
benefit was obtained from the addition of phospho
rus in the weeded plots but a slight yleld benefi
was obtained in the nonweeded plots. Thus, ylel:
losses due to weeds were slightly less wher phos
phorus was added than when no phosphorus wa
applied.

Kleinig and Noble (1969) reported that the addi
tion of phosphorus to dry-seeded wetland rice in
creased the number of rice tillers and panicle
when rice was grown alone. In the presence of E
crus-galli, the number of tillers and panicles wa
depressed when phosphorus was added (Table 38).

Phosphorus increased rice yleld substantially whe
rice was grown alone but a significant decreas
occurred when the rice was competing with E. crus
galli. The addition of phosphorus greatly in
creased dry matter yleld of E. crus—galli bot
when grown alone and in competition with rice.

Pernito (1981) reported that nelther weed welght
nor weed counts were significantly affected as th
lavel of phosphorus applied to dry-seeded wetlan
rice increased from 0 to 30 kg/ha.

Potassium. Potassium applled directly to rice ha
Tittle or no effect on weed growth (Smith 1967).

Calcium. Accordiis to Taguchi (1931 as cited 1

Tke 1963), the amount of calcium removed by 10.9

weeds/ha about 1 month aftes transplanting wa
18.3 kg/ha.

Weed growth does not appear to be stimulated b
the addition of lime. Nelson (1931) reported tha
for dry-seeded rice, when lime was applied, tk
growth of weeds in the nonfertilized plots wa
about the same as that in the plots that recelve
no lime.
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Table 37. Effect of application of nitrogen and phosphorus on weed weight and yield of transplanted rice.

(Adapted from Vega et al 1971)

Fertilizer applied

kg ha Yield (kg/ha)

Yield reduction

due to weeds Weed weight

N P Weeded

Nonweeded (%)

(8/0.125 m2)

1969 wet season

0 0 4038
60 0 4857
60 30 4762

1970 dry season

0 0 3342
60 0 5105
60 30 5146

490 87.8 40.9
520 89.3 55.7
758 84.0 98.7
1016 69.5 17.5
272 94.6 45,7
437 91.5 43.0

Table 38. The influence of phosphorus on rice till

crus-galli dry matter. (Adapted fr.m Kleinig and N

er aund panicle production, rice yield, and Echinochloa
oble 1969)

LeI§1do§ Tillers/pot Panicles/not Rice yield (g/pot) EChQSOCFIZ% cr?s7gai§i
app_1ie Weeded Nonweeded Weeded Nonweeded Weeded Nonweeded y watter (g/po

(kg/ha) Weeded Nonweeded
0 29.0 18.8 25.3 15, 21.2 11.3 32.8 18.9
89.6 88.5 12.8 37.0 6.5 32.9 4.8 113.7 102.7

Sulfur, Kleinig and Noble (1969) reported that as
the amount of sulfur applied increased, there was
no significant increase in the number of tillers
of rice or Echinochloa spp. Interspecific competi~
tion resulted in reduced tillering of both specles
but the influence on Echinochloa spp. was less
than on rice.

There was no rice yield response or increase in
Echinochloa spp. dry matter as sulfur increased
when rice and Echinochloa were grown alone,

When they competed with each other, rice yield
and the dry weight of Echinochloa spp. decreased
significantly,

REFERENCES CLTED

Adair, C, R., M. D. Miller, and H. M. Beachell.
1962. Rice Improvement and culture 1in the
United States. Adv. Agron, 14:61-108.

Ahmed, N, U., and K. Moody. 1981. Effect of time
of nitrogen application on weed growth and
yield of dry-seeded rice. Int. Rice Res.
Newsl. 6(2):12-13,

Alkamper, J. 1976. Influence of weed Infestation
on effect of fertilizer dressings.
Pflanzenschutz Nachr. Bayer 29:191-235,

Alkamper, J,, and Do van Long. 1978. Interaction
between fertilizer use and weed population.
Pages 188-193 in Troiseme symposium sur 1le
desherbage des cultures tropicales. Dakar,
17-21 September 1978.

Alvarenga, M. A. R., A, R. L. de Aquino, L. F.
Stone, G. M. Ajimura, and A. S. Filho. 1979,
Response of flooded rice cultivars to nitro-
gen as affected by row spacing, seed rate and
weed control. Pesqui., Agropecu. Bras. 14:377-
385.

Aral, M. 1967. Competition between rice plants and
weeds. Proc. Asian-Pac. Weed Control 1Int.
1:37-41,

Arai, M., and R. Kawashima. 1956. Ecological stud-
les on weed damage of rice plants In rice
cultivation.I, II. On the mechaniem of compe=-
tition between rice plants and weeds. Proc.
Crop Sci. Soc. Jpn. 25:115-119.



Bahar, F. 4., and Z. A. Abbas. 1977. Weeds in low-
land rice and their control. Paper presented
at Simposium I. Peranan Hasil Penelitian Padi
dan Palawija Dalam Pembangunan Pertanian, 26-
29 September 1977, Maros, Sulawesti,
Indonesia.

Blackman, G, E., and W. G. Templeman. 1938. The
nature of competition between cercal crops
and annual weeds. J. Agric. Sci. 27:247-271.

Boerema, E. B. 1963, Control of barnyard grass in
rice 1in the Murrumbidgee Irrigation Area
using 3,4 dichloropropionanilide. Aust. J.
Exp. Agric. Anim. Husb, 3:333-337,

Boerema, E. B., and D. J. McDonald. 1965. Perform-
ance of rice In legume pasture rotatlons In

southern Australia. Int. Rice Comm. Newsl.
14(4):31-40,

Braemer, P. 1927a. La culture des Azolla au
Tonkin. Res. Int. Bot. Appl. Agric. Trop.
7:815-819.

Braemer, P. 1927b, Les engrais vert dans la rex
culture Tankinoise. Riz et Rizi. 2:335-341,

BRRI (Bangladesh Rice Research Tnstitute). 1977,
Anmual report for 1974-75, Joydebpur, Dacca,
Bangladesh.

BRRI (Bangladesh Rice Research Institute). 1980.
A comprehensive report of the results of
Agronomy Division for 1978-79 and aus and
aman 1979 seasons. Paper presented at the
BRRI Internal Review, 14-19 January 1980,
Joydebpur, Dacca, Bangladesh. 9 p. (mimeo.)

Chakraborty, T. 1973. Nature of competition he—-
tween weeds and rice for nitrogen under dry
land conditions. Exp. Agrie. 9:129-2273.

Chang, W. L. 1969. Progress report of rice weed
control experiment and cxtension in Taiwan.
Proc. Asian-Pac. Weed Control Int., 2:60-71.

Chang, W. L. 1970. The effect of weeds on rice in
paddy field. l. Weed species and population
densicy. J. Taiwan Agric. Res. 19(4):18-24,

Chen, Y. L., F.P. Lin, L. C. Chen, and Y. S. Wang.
1981. Effects of herbicide butachlor on
nltrogen transformation of fertilizers and
soll microbes In water-logged solls. J.
Pestic. Sci. 6:1-7.

Chisaka, H. 1966. Competition between rice plants
and weeds. Weed Res. (Japan) 5:16-22,

Chisaka, H. 1977. Weed damage to crops: yleld loss
due to weed competition. Pages 1-16 in J. D.
Fryer and S. Matsunaka, eds. Integrated con-
trol of weeds. Unlversity of Tokyo Press,
Tokyo, Japan.

Cohn, J., and R. N. Renlund. 1953, Notes on Azolla

caroliniana. Am. Fern J. 43:7-1l.

IRPS No. 68, November 1981 31

CRIA (Central Research Institute for Agriculture).
1976, Progress report. Cropping systems stud-
ies Ln farmer's fields. CRIA-IRRI Cooperative
Project, Bogor, Indonesia. 57 p.

De Datta, S. K., J. C. Moomaw, and R. T. Bantilan.
1969. Effccts of varletal type, method of
planting and nltrogen level on competition
between rice and weeds. Proc. Asian-Pac. Weed
Control Tnt. 2:152-163,

De Datta, S. K., F. A. Saladaga, W. N. Obcemea,
and T. Yoshtda. 1974, Increasing efficlency
of fertilizer nitrogen Ln Fflooded tropical
rice. Pages 265-268 in FAT-FAO Seminar on
optimising agricultural production under
limited availahillty of fertilizers, New
Delhi, India.

De Datta, S. K., and R. Barker. 1977. Economic
evaluatlon of modern weed control techniques
in rice. Pages 205-228 in J. D. Fryer and S.
Matsunaka, eds. Integrated control of weeds.
University of Tokyo Press, Tokyo, Japan.

Deomampo, N. R. 1968. An economic analysis of the
effect of tillage, weeding and nitrogen
interactton on yleld of rice. MS thesis,
University of the Philippines, College of
Agriculture, Laguna, Philippines. 287 p.

Deomampo, N. R. 1969. Economic analysis of some
factors affecting net returns from rice
production. Agric. Los bafios 8(3):7-10.

Dubey, A. N., and C. A, Thomas. 1977. Safeguard
your upland rice from weeds. Seeds and Farms
3(2):25-26.

Dumont, R. 1935. La culture du rez dans le Delta
du Tonkin. Soclete d'editions geographiques,
Maritimes et colonlales. p. 248-251.

Evatt, N. S. 1905. The timing of nitrogenous fer~
tilizer applications on rice. Pages 243-253
{n International Rice Research Institute. The
mineral nutrition of the rice plant. Proceed-
ings of a symposium at the International Rice
Research Institute, February, 1964. John
Hopkins Press, Baltimore, Maryland.

Francisco, J. de los S. 1974, The Linfluence of
nitrogen fertilizatlion on the cffectivity of
Hedonal and Treflan R herbicides and on the
growth and yteld of IR30 rice variety. BS
thests, Central  Philippines University,
Iloilo, Philipines. 58 p.

French, E. W., and W. B. Gay. 1963, Weed control
in rice fields. World Crops 15:196-206.

Grummer, G. 1970, Rice: technical fundamentals.
Edition Leipzig. 182 p.

Guh, J. 0., and M. S. Lee. 1974. Successive growth
of weeds as affected by soil fertility and
light {intensity 1in paddy fileld fertilized
differently for many years. Seoul Natl. Univ.
Fac. Pap. Ser. E 3:84-115.


http:2:60-71.inItraoalRcReachnstu.Te

32 IRPS No. 68, November 1981

Heddy, S., Nawawi, S. Sockartomo, S. M. Mimbar,
and Soctono. 1979. The use of Azolla to
suppriess Salvinia in the rice fleld and to
increase the rice yield. Agrivita 2(1):1-13.

Hoopper, J R. 1981. Fertilizer management of dry-

seeded rice. In International Rice Research
Institute. Report uf a workshop on cropping
systems research in Asia. Los Baiios, Laguna,
Philippines. (in press)

Ignatief, V., and . j. Page, eds. 1960. Efficlent
use of fertilizer.FAO Agric. Stud. 43. 355 p.

Tke, T. 1963. Year-round rice cultivation. Fuji,
Tokyo, 176 p.

IRRI (International Rice Research Institute).
1973, Annual report for 1972. Los Bafios,
Laguna, Philippines. 246 p.

IRRI  (International Rice Research Institute),
1974, Annual report for 1971, Los Banos,
Laguna, Philippines. 266 p.

Janiya, J, D., and K. Moody. 198la. Weed suppres-
ston. in transplanted rice with Azolla pinnata
R. Br., Int. Pest Control 23(5):136-137.

Janlya, J. D., and K. Moody. 1981b. Suppression of
weeds In transplanted rice (Oryza sativa L.)
with Azolla pinnata R. Br. Paper presented at
the 12th  Aanual Conference, Pest Control
Councll of the Philippines, 13-15 May 1981,
Unlversity of the Phillppines at  Los
Batos, Laguna, Phillppflnes. 6 p.

Jennings, P. R, 1976. The ampliffcatlon of agri-
cultural production Sci. Am. 235:181-194,

Johnston, T. H., G. E. Templeton, B. b. Webb, .J.
L. Sims, B. R. Wells, V. L. Hall, and K. O.
Evans. 1967. Performance i{n Arkansas of Star—
bonnet and other long=grain rice varieties,
1962-1966.  Arkansas Agric. FExp. Stn. Rep.
Ser. 160. 25 p.

Kakati, No No, and V. S. Mani. 1977. Chemical weed
control In rlce in relation to fectilizer
uses Pages 7-8 In Proceedings, Weed Sclence
Conference of the lIndlan Soclety of Weed
Sclience, Andhra Pradesh Agrilcultural
University, Hyderabad, Tadia.

Raushik, S. K., and V. S. Hani. 1977, Investiga-
tions on chemleal weed control in direct-
seeded and transplanted rice. Pages 173 In
Proceedlngs, Weed Scicnce Confercence of the
[ndian  Soclety of Weed Science, Andhra
Pradesh  Agricultural Universlty, Hyderabad,
Indfa,

Kaushik, S. K., and V. S, Mani. 1980. Effect of
chemical weed control on the nutrition and
seed yleld of direct-sown rice. Indian .J.
Agric. Sclf. 50:41-44,

Kawano, K., H, Gonzalez, and M. Lucena. 1974,
Interspecific competition, competition with
weeds and spacing response in rice. Crop Sci.
14:841-845.

Khare, J. L. 1977. Effect of four herbicides on
some aquatic weeds. Geoblos 4:271-272,

Kim, K. U. 198l. Control of perennial weeds in
rice in temperate zones. Paper presented at
the IRRI/IWSS conference on weed control 1in
rice, 31 August-4 September 1981, Internatio-
nal Rice Rescarch Institute, Los Bafos,
Laguna, Philipplines.

Kim, M. K. 1978. The {influencz o1 herbicide~
treated soil on the mineralizati:n of nitro-
gen fertilizers [in Korean]. II. In an up-
land soil. Hanguk Sikmul Poho Hakhoe Chi 16
(3):149~154, (Chem, Abstr. 88:116268),

Kim, S. C., and K. Moody. 1980. Effect of plant
spacing on the competitive ability of rice
growing 1In assoclation with various weed
communities at different nitrogen levels. J.
Korean Soc. Crop Sci. 25(4):17-27,

Kleinlg, C. R., and J. C, Noble. 1968. Competition
between rlce and barnyard grass (Echino-
clhiloa). 1. The influence of weed density and
and nutrient supply In the field. Aust. J.
Fxp. Agric. Anim, Husb. 8:358-363,

Kleinig, €. R., and J, €, Nohle. 1969, Competition
between rice and barnyard grass (Echlino—
chloa). 2. The response to nitrogen, phospho-~
rus and sulfur 1n puts, Aust. J. Exp. Agrlc.
Anim. Hush. 9:105-112,

Klelnschmidt, W, E. 1969, Effect of graoular 2,4-D
on  some water weeds and  (ts  persistence.
Queensl. J. Agric. Auim., Scl. 26:587-592,

Kulasooriya, S. A., P. A, Roger, and T. Watanabe.
1980. Relationshlp between blue-algae growth
and the standing crop In wetland rice flelds.
Int. Rfce Res. Newsl. 5(1):18-19,

Lumpkin, T, A., and D. L, Plucknett. 1980. Azolla:
botany, physiology and usc as a green manure.
tcon. Bot. 34:111-153,

Mani, V. S. 1975. Nutrlent drain by weed growth in
crop flelds. Fert. News 20(2):21-27,

Mani, V. S., K. C. Gautam, A. J. Bhagwanani, and
Bhagwan Dass. 1973. Chemical weed control in
direct-seeded and transplanted rlce. Page 22
in Proceedings, 3rd All India Weed Control
§Eminar, Haryana Agricultural University,
Hissar, India.

Mani, V. S., K. €. Gautam, and Gita Kulshrestha.
1976. Weeds of rice zad thelr control. Pest.
Inf. 2(3):88-93,

MARDT (Malaystan Agrlcultural Research and Deve-
lopment Tnstitute). 1976. Annual report for
1975, Serdang, Selangor, Malaysla.



Matsunaka, S. 1970. Weed control in rice. Pages
7-23 in Proceedings lst FAO conference on
weed control, Davis, Callifornia.

Matsunaka, S. 1981, Evolution of rice weed control
practices and research: world perspective.
Paper presented at the IRRI/IWSS conference
on weed control in rice, 31 August-4 Septem-—
ber 1981, International Rice Research Insti-
tute, Los Banos, Laguna, Philippiunes.

Moody, K. 1977. Weed control in sequential crop-
ping in rainfed lowland rice growing areas in
tropical Asia. Paper presented at the Work-
shop on weed control in small scale farms
during the 6th Asian-Pacific Weed Science
Society Conference, 11-17 July 1977, Jakarta,
Indonesia.

Moody, K. 1979. Weed control in rice and sugarcane
cropplng systems. Pages 56-74 in Weed Sclence
Society of the Philippines. Weed control In
tropical crops. College, Laguna, Philippines.

Moody, K., and A. L. Mian. 1979. Weed conirol in
rainfed rice. Pages 235-245 in International
Rice Research Institute. Rainfed lowland
rice: selected papers from the 1978 inter-—
national rice research conference. Los
Bafios, Laguna, Philippines.

Moore, A. W. 1969. Azolla: biology and agronomlc
significance. Bot. Rev. 33:17-31.

Moorthy, B. T. S., and A. N. Dubey. 1979, Uptake
of nitrogen by puddle seeded rice and the
assoclated weeds under different pre-
emergence herbicides. Oryza 16:60-61.

Mukhopadhyay, S. K. 1971. Herbicide-fertilizer
mixture. A recent technology for simultaneous
foliar nutrition and weed control. Farm .J.
(India) 13(1):30-32.

Mukhopadhyay, S. K. 1978. Weed control in diffe-
rent rice culture systems. In Indian Council
of Agricultural Research. National symposium
on increasing rice yleld in Kharif, 8-11
February 1978, Central Rice Research Insti-
tute, Cuttack, India.

Mmukhopadhyay, S. K., A. B. Khara, and B. C. Ghosh.
1972, Nature and intensity of competition of
weeds with direct-seeded upland IR8 rice
crop. Int. Rice Comm. Newsl. 21(2):10-14.

Mukhopadhyay, S. K., and D. B. Maiti. 1975. Grunu-
lar herbicide use for weed control in direct-
seeded puddled rice culture. Pages 58-59 1in
Proceedings, 62nd Indian Sclence Congress.

Nanjappa, H. V., and K. Krishnamurthy. 1980.
Nutrient losses due to weed competition in
tall and dwarf varieties of rice. Indian J.
Agron. 25:273-278.

Nelson, M. 1931. Preliminary report on cultural
and fertilizer experiments with rice in
Arkansas. Arkansas Agric. Exp. Stn. Bull.
264, 46 p.

IRPS No. 68, November 1981 33

Ngo-Gia-Dinh. 1979, The effect of an azolla cover
on the germination of barnyard grass [Echi-
nochloa crus-galli (L.) Beauv.]. Biotrop
Bull, 11:201-208.

Nguyen-Cong-Tieu. 1930, L'Azolla culture comun
engrais vert. Bull, Econ. Indochina 33:
335-350.

Noda, K. 1969. Specific hazardous weeds and their
control on paddy rice fields. Proc. Asian-
Pac. Weed Control Int. 2:97-111.

Noda, K. 1973. Competitive effects of barnyard
grass (Echinochloa crus—galli) in rice. Proc.
Asian-Pac. Weed Sci. Conf. 4:145-150.

Noda, K., X. Ozawa, and K. [barakai. 1968. Studies
on the damage to rice plants due to weed com-
petition (Effect of barnyard grass competi-
tion on growth, yleld and some ecophysiologi-
cal aspects of rlce plants). Bull. Kyushu
Agric. Exp. Stn. 13:345-367.

Noguchi, K., and K. Nakayama. 1978. Effects of
fertilization on growth of main upland weeds.
Weed Res. (Japan) 23:175-180.

Okafor, L. I., and S. K. De Datta. 1976. Competi-
tion between upland rlce and purple nutsedge
for nitrogen, moisture and light. Weed Sci.
24:43-46,

Olofintoye, J. A. 1980, The effects of different
tillage techniques, seeding rates, time and
methods of nitrogen application on the growth
and yleld of upland rice. MS thesis, Univer-
sity of the Philippines at Tos Bafos,
Laguna, Philippines. 158 p.

Pande, H. K., and V. M. Bhan. 1966, Effect of row
spacings and levels of fertilization on
growth, yleld and nutcient uptake of upland
paddy and on associated weeds. Riso 15:47-67.

Patro, G. K., and G. C. Tosh. 1975. Simultaneous
foliar nutrition and weed control through
herbicide~fertilizer mixtures in rice. Int.
Rice Comm. Newsl. 24(2):93-97.

Pernito, R. 1981. Tillage and planting research.
Paper presented at the Solana project work-
shop, 9-11 February 1981, International Rice
Regsearch Institute, Los Baflos, Laguna,
Philippines.

Piilai, K. G., V. K. Vamadevan, and S. v.
Subbaiah. 1976, Weed problems in rice aund
possibilities of chemlcal weed control.
Indian J. Weed Sci. B8:77-87.

Polthanee, A. 1980. The effect of nitrogen fer-
tilizer application method and depth of
planting on dry-seeded rice. M5 thesis,
University of the Philippines at Los
Bafios, Laguna, Philippines. 118 p.



34  IRPS No, 68, November 1981

Pons, T. L., and I. H. Utomo. 1979. The competi-
tion of four selected weed specles with rfce.
The effect of the time of weed removal and
the rate of fertilizer application. In Eco~
physiological studies on weeds of lowland
rice. Doc. No.: Biotrop/TP/79/331.

Rains, D. W., and S. N. Talley. 1979. Uses of
azolla in North America. Pages 419-431 in
International Rice Research Institute.
Nitrogen and rice. Los Bafios, Laguna,
Philippines.

Ramamoorthi, R., S. Kulandaisamy, and S. Sankarun.
1974a. Effect of propanil on weed growth and
yleld of IR20 rice under different seeding
methods and rates. Madras Agric. J. 61:307-
a1,

Ramamoorthi, R., S. Kulandaiswami, and S. Sanka-
ran. 1974b, Uptake of nutrients by weeds 1in
rice field applied with propanil as {influ-
enced by methods and rate of seeding. Madras
Agric. J. 61:708-709,

Reddy, S. R., and S. B, Hukkeri. 1980. Increasing
effectiveness of fertilizers through weed
control in direct-seeded irrigated rice.
Fert. News 25(11):30-33.

Rethinam, P., and S. Sankaran. 1974. Comparative
efficiency of herbicides in rice (var. IR20)
under different methods of planting. Madras
Agric. J. 61:317-323.

Rice Research Board. 1976. Seventh annual report
to the California Rice Growers, April 1976,
Yuba City, California. 44 p.

Riyanto. 1977. Interaction of rate and time of
nitrogen application and weed control methods
in upland rice. MS thests, University of the
Philippines at Los Bafios, Laguna, Philip-
pines. 74 p.

Roger, P, A., and S. A, Kulasooriya. 1980. Blue-
green algae and rice. International Rice
Research Institute, Los Batos, Laguna,
Philippines. 112 p,

Saefuddin, S. W. A., S. Tajudin, A. Hidayat, and
S. Effendi. 1978, Methods of nitrogen appli-
cation and weed control 1in gogo-rancah rice
culture. Int. Rice Res. Newsl. 3(1):15,

Sankaran, S., P, Rethinam, A. V, Rajan, and K.
Raju. 1974a. Studies on the nutrient uptake
of certain field crops and associated wevds
and {ts effect on seed production. Madra.
Agric. J. 61:624-628,

Sankaran, S., P, Rethinam, and D. R, Thirunavukka-
rasu. 1974b. A note on the cefficlency of
herbicide~urea mixtures fin transplanted rice
(Var: TR20). Madras Agric. J, 61:706-708,

Sarkar, P. A., and A. K. Ghosh. 1978. Influence of
variety, spacing and nitrogen levels on weed
flora in transplanted rice. Pages 1-2 in Pro-
ceedings, All India Weed Science Conference,
Coimbatore.

Shahi, H. N., P, S, G!11, and C. S. Khind. 1979,
Comparative effect of different herbicides on
weed control and nutrient removal in trans-

planted rice (Oryza sativa L.). Int. Pest

Control 21(3):55-58, 73.

Shen, €., S. Lu, K, Chen, and S. Ge. 1963, The
initial experiment of Azolla's nitrogen
fixing ability. Turang Tongboo (Pedology
Bull.) Peking 4:46-48,

Shetty, S. V. R., and H. S. Gill. 1974, Critical
period of crop-weed competition in rice
(Oryza sativa L.). Indian J. Weed Sci. 6:101-
107,

Singh, M. P. 1979. Studies on the effect of dry
01l mulch and straw mulch on molsture
conservation in rainfed lowland and upland
rice cultures. Ph D thesis, Himachal Pradesh
University, Palampur, India. 252 P

Singh, O. P., R. A. Singh, and M. Singh. 1975.
Effect of soil compaction and nitrogen place-
ment on weed population in rainfed rice and
wheat in India. Indian J. Weed Sci. 17:110-
114,

Singh, P. K. 1977. The use of Azolla pinnata as a

green manure for rice. Int. Rice Res. Newsl.
2(2):7.

Siriwardana, T. G. D., and L. Amarasinghe. 1981. A
review of yield loss studies in different
crops in Sri Lanka. In International Rice Re-
search Institute. Report of a workshop on
cropping systems research in Asfa. Los
BaTios, Laguna, Philippines. (in press)

Smith, R. J., Jr. 1960. Nitrogen management 1in
rice infested with barnyard grass. Arkansas
Farm Res. 9(1):2,

Smith, R. J., Jr., 1967. Weed control in rice in
the United States. Asian-Pac. Weed Control
Int. 1:67-73,

Smith, R. J., Jr. 1970. Weed control methods,
losses and costs due to weeds and benefits
of weed control 1{in rice. Pages 24-37 in
Proceedings, lst FAQ conference on weed
control, Davis, California.

Smith, R. J., Jr., and W. C. Shaw. 1966. Weeds and
thetr control 1in rice production. Agric.
Handb. 292, U, S. Dept. Agric., Washington,
e €, 64 p,

Smith, R. J., Jr., W. T. Flinchum, and D, E.
Seaman, 1977. Weed control in U, §. rice
production. Agric. Handb. 497, U. S, Dept.
Agric., Washington, D, C. 78 p-



Srinivasan, S. 198l. Population of the weed
Marsilia quartriroliata in plots with azolla,
Int. Rice Res. Newsl. 6(3):22,

Stangel, P. J. 1979. Nitrogen requirement and ade-
quacy of supply for rice production. Pages
45-68 in International Rice Research Insti~
tute. Nitrogen and rice. Los Banos,
Laguna, Philippines.

Subrahmanyan, R., L. L. Relwani, and G. B. ilanna.
1965, Fertility bulld-up of rice field soils
by blue-green algae. Proc. Indian Acad. Sci.
62 B:252-272,

Suvanjinda, P. 1980, Time of nitrogen application
on dry-seeded rlce grown after mungbean
established at different tillage levels., MS
thesis, University of the Philippines at Los
Bafos, Laguna, Philippines. 148 p.

Swain, D. J., M. J. Nott, and R. B. Trounce. 1975.
Competition between Cyperus difformis and
rice: the effect of time of weed removal,
Weed Res. 15:149-152,

Talley, S. N., B. N. Talley, and D. W. Rains.
1977. Nitrogen fixation by Azolla in rice
flelds. Pages 259-291 in A. Hollaender, ed.
Cenetic engineering for nitrogen fixation.
Plenum Press, New York.

Tuzimura, K., F. Ikeda, and K. Tukamoto., 1957,
Studies on Azolla with reference to its use
as a green manure for rice fields. J. Soil
Sci. Manure 28:17-20,

Ueda, K., K. Maeda, and C. Onda. 1977. The rela-
tionship of soll nutrients in the paddy field
to growth and distribution of weeds. Sci.
Rep. Shiga Pref. Junior Coll. 18:46-51,

IRPS No. 68, November 1981

Varamisra, Varna. 1976. The growth and cultura
control of weeds Iin rice. M. Agric., Univer
slty of Sydney, Sydney, Australia. 175 p.

Vega, M. R,, and F. L. Punzalan. 1968. Weed con
trol in lowland rice at the University of th
Philippines College of Agriculture. Froc. Br
Weed Control Cont. 9:682-686.

Vega, M. R., E. C, Paller Jr., and R. T. Lubigan
1971. The influence of phosphorus on th
growth of weeds and on the vield of lowlan
rice. Pages 32-34 in Weed sclence repor
1970-71. Department of Agricultural Botany
University of the Philipines College o
Agriculture, Laguna, Philippines.

Walker, A. 1980. Activity and selectivity in th
field. Pages 203-222 in R, J. Hance, ed
Interactions between herbicides and the soil
Academic Press, London.

Yamagishi, A., A. Hashizume, and Y. Takeichi
1976, Studies on control of some perennia
wecds in paddy fleld [In Japanese, Englis
summary]. VII, Competition between Cyperu
gerotinus Rottb, and rice. Bull. Chiba-Ke
Agric. Exp. Stn. 17:1-20,

Yoda, K,, T. Kira, H, Ogawa, and K. Hozumi. 1963
Self-thinning In overcrowded pure stand
under cultivated and natural conditions. J
Biol. Osaka City Univ. 14:107-129,

Zimdahl, R. L. 1980. Weed-c:op competition =
review. International Plant Protectlio
Center, Oregon State University, Corvallis
Oregon. 197 p,



The International Rice Research Institute- -— .
PC.Box 933, Manila, Philippines |
- Y IN I s

Y72 < e

ABTRAn: /7‘?1) /}, T T

Ficye ;% T T
. RANDD
et el —
COMIAEHTS
e .
“-\—* -
e e :
\—‘—'\»~M____‘_~__ o e [
—— i
L e !
——— i " ISSN 0115-386
|
-
T T e s
Other rs in this series
FOR NUMBEHLIn—leTLES ARE LISTED ON THE LAST PAGE OF NO. 46 AND PREVIOUS ISSUES
No. 21 Sulfur nutrition of wetland rice No. 44 1R42: a rice type for small farmers of South and Southeast Asia
No. 22 Land preparation and crop establishment for rainfed lowland rice No. 45 Germplasm bank information retrieval system
No. 23 Genetic in errelationships of improved rice varieties in Asia No. 46 A methodology for determining insect control recommendations
No. 24 Barriers 1o efficient capital investment in Asian agriculture No. 47 Biological nitrogen fixation by epiphytic microorganisms in rice fie
No. 25 Barriers to increased e production in castern India No. 48 Quality characteristies of milled rice grown in different countries
No. 26 Rainfed lowland rice as o research priority  an cconomist’s view No. 49 Recent developments in research on nitrogen fertilizers for rice
No. 27 Rice leaf folder: mass rearing and a proposal for sereening for varietal No. 50 Changes in community institutions and income distribution in a W
resistance in the greenhouse Java village
No. 28 Measuring the cconomic benefits of new technologies to small rice No. 51 The IRRI computerized mailing list system
farmers Ne. 52 Differential response of rice varieties to the brown planthopper
No. 29 Ananalysis of the labor-intensive continuous rice production system at international sereening tests
IRRI No. 53 Resistance of Japanese and IRR 1 differential rice varicties to pathoty
No. 30 Biological constraints to farmers’ rice vields in three Philippine provinees of Xanthomonay orvzae in the Philippines and in Japan
No. 31 Changes in rice harvesting systems in Central Luzon and Laguna No. 54 Rice production in the Tarai of Kosi zone, Nepal
No. 32 Variation in varietal reaction to rice tungro disease: possible causes No. 55 Technological progress and income distribution in a rice village in W

No. 33 DLlermlm. superior cropping patterns for small farms ina dryland rice Java

environment: test of & methodology No. 56 Rice grain properties and resistance to storage insects: a review
No. 34 Evapotranspiration from rice ficlds No. 57 Improvement of native rices through induced mutation
No. 35 Genetic analysis of traits related to grain characteristics and quality in No. 58 Impact of a special high-yielding-rice program in Burma

two crosses of rice No. 59 Energy requirements for alternative rice production systems in
No.36 Aliwalas to rice garden: a case study of the intnsification of rice farming tropics

) 'y

in Camarines Sur, Philippines No. 60 An illustrated description of a traditional deepwater rice variety
No. 37 Denitrification loss of fertilizer nitrogen in p.ldd\ soils its recognition Bangladesh

and impact No. 61 Reactions of differential varieties to the rice gall midge, Orseolia oryz
No. 38 Farm mechanization, employment, and income in Nepal: traditional and in Asta. Report of an international collaborative research projeet

mechanized farming in Bara District No. 62 A soil moisture-based vield model of wetland rainfed rice
No. 39 Study on kresek (wilt) of the rice hacterial blight syndrome No. 63 Evaluation of double-cropped rainfed wetland rice

1eatt vy Y It H o = - QL) ' 0t v {R I I . N . . . . .

No. 40 im_p:lcatmn of the international rice blast nursery data to the geneties of No. 64 Trends and strategics for rice insect problems in tropical Asia

resistance

. e No. 65 Landforms in the rice-growing areas of the Cagayan River Basin

No. 41 Weather and climate data for Philippine rice research

No.42 Theeffectof . hnology in family lab ilizationin| No. 66 Soil fertility, fertilizer management, tillage, and mulching effects |
0.42 The effect of the new rice technology in fumily labor utilization in Laguna rainfed maize grown after rice

No. 43 The contribution of varietal lolcranuc for problem soils to yield stability No. 67 High-temperature stress in rice
in rice



