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In CIAT, Centro Internacional de Agricultura Tropical, located

in Palmira, Colombia, a series of experiments were conducted to study

the biology and control of mudplantain (Heteranthera reniformis Ruiz

et Pavon), a member of Pontederiaceae family.

Mudplantain is a perennial aquatic plant which reproduces by both

seeds and stolons. It is found in rice in some areas of Colombia,

especially in thin rice stands, and is spreading rapidly because of its

resistance to the traditional rice herbicides.

The biological aspects studied were: (a) life cycle; (b) effect of

light reduction on growth; (c) effect of water depth on growth; (d) ger-

mination requirements; and (e) vegetative propagation ability. The

weed control experiments included the control of mudplantain in flooded

rice planted with either pre-germinated or dry rice seed.

The life cycle of mudplantain was observed in the field from 20

days after germination to 118 days later at 14-day intervals. It was



found that fresh weight, number of nodes, number of leaves, number

of capsules and length follow an approximate sigmoid curve. Capsules

appear between the 48th and 62nd day after germination and their pro-

duction increases progressively during the cycle.

The effect of 0, 33, 53, 59, 79, 88, 96, and 100% light reduction

on fresh weight, number of nodes, number of leaves, number of cap-

sules, and capsule length observed 60 and 120 days after germination

indicated that mudplantain is more adpated to grow under reduced light.

Only when light is reduced by more than 75% is growth seriously in-

hibited. Seed germination decreased when light intensity was reduced

by 88% or more.

The effect of 0, 5, 10, 15, and 20 cm water depths on mudplan-

tain growth was determined in plants in the 3- and 10-leaf growth

stages. Younger seedlings were more affected by water depth. How-

ever, a depth of 5 cm was the most favorable, while lower or higher

depths reduced growth. This shows why mudplantain is adapted to

grow in flooded rice and that it would be impossible to control mud-

plantain by flooding since the rice would not tolerate more than 10 cm

of water in the initial stages and the weed is not killed by this or great-

er water depths.

Results of germination trials indicated that seeds germinate only

under light and that light intensity controls total germination. Light,

however, had to be combined with alternating da.y/night temperatures to



stimulate germination.

Moist or dry chilling as well as scarifying with sandpaper or

sulfuric acid, or soaking the seeds did not promote germination under

dark conditions nor improve germination under light.

Seed germination was affected by germination media and seeding

depth. Water gave the highest germination followed by puddled soil,

and then by moist soil. Seeding at soil depths greater than one centi-

meter prevented germination.

The vegetative propagation studies demonstrated that mudplantain

propagates by stolons. Regrowth ability, however, was higher for

stolons with leaves and low for stolons without leaves regardless of

whether or not the roots had been removed.

Control studies in flooded rice showed that mudplantain general-

ly exhibits a great resistance to herbicides. Only butachlor (2-chloro-

2', 6-diethyl-N-(butoxymethyl) aceta.nilide) at 2. 5 kg ai/ha and oxadi-

azon (2 -tertiobuty1-4 -(2 , 4-dichloro-s -is o -propyl-oxyphenyl) 5-oxo - ,

3,4-oxadiazoline) at 1.0 kg ai/ha in the dry-seeded rice experiment

gave excellent control. The best control can be obtained by a rapidly

established, dense rice stand growing under optimum conditions for

pre-germinated rice. A dense stand and the use of chemicals is rec-

ommended for dry-seeded rice.
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BIOLOGY OF MUDPLANTAIN
(HETERANTHERA RENIFORMIS RUIZ ET PAVON)

AND ITS CONTROL IN FLOODED RICE

INTRODUCTION

In some rice areas of Colombia the aquatic weed known as

mudplantain (Heteranthera reniformis Ruiz et Pavon) is spreading

rapidly because of its great resistance to the traditional rice herbi-

cides (7). Mudplantain has been associated mostly with poor rice

stands which indicates that it is not tolerant to shade.

A broad and detailed literature search indicated that the biology

of mudplantain has been poorly studied and that agronomic practices

which might control or eradicate it have not been investigated. This

lead to the initiation of the present research with the purpose of ex-

ploring some of the biological aspects of the growth and reproduction

of mudplantain as well as to test several herbicides for controlling

it in both pre-germinated and dry-seeded rice.

The biological part was designed to study the: (a) life cycle;

(b) effect of light reduction on growth; (c) effect of depth of water on

growth; (d) germination requirements; and (e) vegetative propagation

ability. The weed control experiments studied the control of mud-

plantain in flooded rice planted with either pre-germinated or dry

seed.



With information in these two areas, it is hoped that practical

suggestions can be made which will lead to mudplantain control in

rice.



LITERATURE REVIEW

The genus Heteranthera belongs to the family Pontederiaceae, a

rather small family of aquatic and semiaquatic plants which includes

four other genera: Zosterella, Eurystemon, Eichhornia, and Ponte-

deria (1, 16). According to Weberbauer (23) Heteranthera reniformis

was discovered near Lima, Peru, by Ruiz and Pavon and described by

them in 1798 in the "Flora Peruvianau.

Following the descriptions by Muenscher (12), plants belonging

to the genus Heteranthera are perennial or annuals, submerged, float-

ing or rooted on muddy shores. They have slender, branched, leafy,

usually creeping stems. The leaves are linear to reniform or orbicu-

lar, with a sheathing petiole. The flowers are solitary but a few may

appear in spathes. The perianth is a slender tube with a limb of near-

ly equal or unequal lobes. There are three stamens, unequal or near-

ly equal in size, which are inserted in the perianth throat. It produces

1 to 3-celled capsules which are completely or partially dehiscent and

contain several seeds.

The genus Heteranthera is composed of about eight species

spread throughout the tropical and subtropical areas of the world, and

most of the species are apparently native to tropical America (1, 2, 17).

Heteranthera dubia (Jacq.) MacM. , Heteranthera mexicana Wats. ,

Heteranthera limosa (Sw.) Willd. and Heteranthera reniformis R. et P.

are reported as the most frequent (2, 15, 17). Field identification
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among these species is easily achieved by looking at the leaf and in-

florescence (12). While H. dubia and H. mexicana have linear leaves

(grass-like), H. reniformis has reniform (kidney-shaped) and H. lim-

osa lanceolate to nearly orbicular leaves. H. dubia, and H. mexicana,

on the other hand, are differentiated by the number of flowers per

spathe and their color. H. mexicana has several flowers with blue or

white lobes, while H. dubia has a yellow, solitary flower.

In regard to H. reniformis, Redford, Ahles, and Bell (15) give

the following description which agrees with others found in the litera-

ture (1, 2): "leaves reniform, 1.5 to 7 cm long, 2 to 7.5 cm wide,

usually wider than long, rounded to acute, entire, base cordate;

petioles 3 to 15 cm long. Flowers usually several, inserted in spathe.

Perianth tube 6 to 18 mm long; lobes white or pale blue, 4 to 6 mm

long; capsules 12 to 20 mm long, 4 mm broad; seeds brown, longi-

tudinal ridged, oblong, 1 mm long".

According to Bristow et al. (4), H. reniformis occurs naturally

in warm climates. Observations made at the "Orto Botanico di Pavia"

in Italy (13, 23) indicate that this species has an optimum temperature

which fluctuates from 23 to 30 C. Other observations made at the

same institute indicate that H. reniformis grows well with abundant

light, that it prefers mud or shallow water, and that it is quite tolerant

of salty water.

H. reniformis is known to propagate through both stolons and



seeds (4); however, there is no information published on this subject.

Wilkinson (24) and Blackburn (3) reported that they propagated H. dubia

vegetatively in aquaria, using stem sections. Growth of this species

was increased as the temperature increased from 15 to 30 C (24).

The effect of light intensity on growth of H. dubia has also been

studied (3, 11, 24). After a short term study, Meter et al. (11) re-

ported a compensation point between 1.8 and 0.68 percent of full sun-

light. Long term studies conducted by Wilkinson (24), and Blackburn

(3) indicate that compensation points were higher than those obtained by

Meyer et al. Finally, Wilkinson (24), reported that H. dubia growth

increased as light intensity increased from 110 to 1000 foot candles,

the highest intensity included in the study.

Chemical Control of Mudplantain

Information available on rice losses due to mudplantain compe-

tition was not found in the literature reviewed. Reports on weed con-

trol, on the other hand, are limited to very few papers. Most infor-

mation concerns ducksalad (Heteranthera limosa (Sw.) Willd.), which

is considered as one of the ten most common weeds in irrigated rice in

the United States (19, 20, 21).

Work has been done in Italy where both mudplantain and ducksa,lad

are found in rice fields and are considered dangerous weeds causing

heavy losses in rice (13). Crop injury is believed to be caused by com-

petition for space and soil nutrients, especially sulphur (13).



In Colombia, Doll and Piedrahita (7) reported that mudplantain

grows in rice fields and that it is more abundant in poor rice stands.

They stated that mudplantain propagates rapidly under moist soil con-

ditions making soil preparation, seeding, and transplanting operations

difficult, and that hand weed control practices, as well as being labori-

ous, are expensive.

Competition studies between ducksalad and rice, conducted by

Smith (18) in the United States, indicate that it depresses yields during

the first 4 weeks after germination. This means that ducksalad must

be controlled early in the season to prevent losses. The same worker

stated that ducksalad germinates as soon as the field is flooded and

therefore is more competitive with water-seeded than with dry-seeded

rice.

Herbicides of the phenoxy group have been tested in Italy to con-

trol both rnudplantain and ducksalad in flooded rice with unsatisfactory

results (13). In the United States, on the contrary, the phenoxy herbi-

cides are reported to be rather effective against ducksalad (18). The

herbicides 2,4,5-T [(2,4,5-trichlorophenoxy) acetic acid ] , or 2,4,5-

TP [(2,4, 5- trichlorophenoxy) propionic acid]are recommended at the

early tillering stage of rice at rates of 1.2 kilograms of the active in-

gredient per hectare (kg ai/ha). However, these compounds, at the

rates specified, are not always as effective as desired, making it

necessary to apply 2,4-D [(2,4-dichlorophenoxy) acetic acid] at rates
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of 1.2 kg ai/ha as a second treatment in the tillering stage (18).

Recently introduced residual rice herbicides; such as, oxadia-

zone (2 -tertiobutyl 4 -(2, 4-dichloro -5-is o-propyl-oxyph enyl) -5-oxo-1,

3,4-oxadiazoline), benthiocarb (S-(4-chlorobenzy1)-N, N-diethylthio

carbamate), butachlor (2-chloro-2',6'-diethyl-N-(butoxymethyl)-

acetanilide), and fluorodifen (2,4'dinitro-4-trifluoromethyl-diphenyl

ether) applied alone or in combination with propanil (3',4'-dichloro-

propionanilide) are also reported to be effective in controlling duck-

salad in flooded rice in the southern United States (19, 20, 21). These

reports indicate that oxadiazon at 0.8 kg ai/ha applied early post-

emergence to dry-seeded rice or 11 days after seeding rice in water

can control ducksalad for 3 to 4 weeks with a minimum of rice injury.

The later application of oxadiazon, 11 days after the emergence of dry-

seeded rice or 22 days after water seeding, were found less effective

and more toxic to the rice. Preemergence and late preemergence

treatments also controlled weeds, including ducksalad, however, the

most effective treatment appeared to be the combination of oxadiazon

with propanil.

Benthiocarb has been tested mostly as an early postemergence

treatment to both dry-seeded and water-seeded rice with good to ex-

cellent control of aquatic weeds, including ducksalad (19, 20, 21).

Rates of 2.2, 3.3, 4.5, and 6.5 kg ai/ha have been used alone or in

combination with propanil at 2.2 kg ai/ha. Results indicate that 2.2



kg ai/ha are quite effective, however, the higher rates were better in

heavy soils. Some phytotoxicity was reported only at rates above 4.5

kg ai/ha, specially in light soils.

The same authors (19, 20, 21) tested butachlor alone or in com-

bination with propanil in early postemergence in both dry-seeded and

water-seeded rice. Rates of 2.2 to 4.5 kg ai/ha of butachlor were

combined with 2.2 to 3.3 kg ai/ha of propanil. These treatments were

very effective in controlling a wide spectrum of grasses, broadleaf

and aquatic weeds, including ducksalad, for 3 to 4 weeks, and were

very selective to rice. Preemergence and late preemergence treat-

ments of butachlor performed as well as the early postemergence treat-

ments; however, rates over 2.8 kg ai/ha were toxic to the rice.

Fluorodifen has also been reported (19) to give a satisfactory

control of ducksalad when applied preemergence or early postemerg -

ence to rice, but prior to its germination. Rates between 4.5 and 6.7

kg ai/ha gave good control while rates below these were poor to fair.

The combination of fluorodifen at 4.5 kg ai/ha with propanil at 2.2 to

3.3 kg ai/ha gave the same control of ducksalad as fluorodifen alone.

Trials conducted in Colombia in 1972 (5) have shown that the re-

sidual herbicides already discussed can be safely used preemergence

or late preemergence in dry-seeded rice but not to pre-germinated

rice. Fluorodifen was reported as the least phytotoxic compound on

pre-germinated rice.



Recently, potassium azide (KN
3)

has been reported as an active

compound in flooded rice. It controls ducksalad, redstem (Anmania

auriculata Willd.), and waterhyssop (Bacopa spp.) in both water-seed-

ed and dry-seeded rice (14). Field trials carried out in the southern

United States (19, 20, 21) over the last five years have shown that po-

tassium azide controls ducksalad and other aquatic weeds. Trials

conducted in Italy (13) have also shown that mudplantain is susceptible

to potassium azide. Soil pH is reported to affect both weed control

performance and crop selectivity of potassium azide (19, 20, 21). It

is recommended only on soils with a pH between 5.5 to 7. Higher or

lower pH's may reduce weed control and increase phytotoxicity. Rice

plants were always more susceptible from emergence to 5 cm height

than at later stages.

Two field trials conducted in Colombia in 1972 (5) showed that

glyphosate (N-(phosphonomethyl) glycine) at 0.5 and 1.0 kg ai/ha could

control established mudplantain plants. However, control was not as

persistent as desired, since regrowth occurred four and eight weeks

after treatment, respectively. Combination of 2, 4-D or 2,4, 5-T (1. 0

kg ai/ha each), with glyphosate (0. 5 or 1.0 kg ai/ha) did not improve

the performance of glyphosate applied alone. Moreover, antagonism

was found between glyphosate and 2,4, 5 -T since the plants recovered

in a shorter time than those that received glyphosate alone.

The herbicides 2,4-D and 2,4,5-T were also evaluated alone
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(1. 0 and 1. 5 kg ai/ha) and in combination (0. 75 kg ai/ha each). Rates

of 1.5 kg ai/ha were found effective for only two weeks. Rates of 1. 0

kg ai/ha gave fair control and the combination gave no advantage over

the highest rates of either one. Finally, paraquat (1, 1 'dimethy1-4-4'

bipyridylium) was evaluated at 0.5 kg ai/ha applied alone or at 0.02 kg

ai/ha applied in combination to 2,4-D or 2,4,5-T at 1. 5 kg ai/ha each.

The control of mudplantain was good in all the treatments, but lasted

only for a very short period. In conclusion, glyphosate at 1. 0 kg ai/ha

was the best treatment against established mudplantain.

In summary, the literature reviewed indicates that there exists

a good possibility to control mudplantain in irrigated rice using the new

residual herbicides. Moreover, glyphosate or even paraquat could be

used with the "stale seed bed technique" since neither is residual in the

soil.
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I. Life History of Mudplantain

Materials and Methods

A field study was conducted in 1973 to observe the life history of

mudplantain. The field selected had been planted with irrigated rice

during the previous two years and a heavy population of mudplantain

was present. The established mudplantain was effectively controlled

with 0. 5 kg ai/ha glyphosate applied three weeks before preparing the

land. The soil was a clay with 3% organic matter and a pH of 7.2.

In order to have uniform plants of the same age, seedlings were

started in the screenhouse and transplanted to the field. Twenty seeds

were sown on the surface of a puddled soil in paper cups. Five days

after germination, one plant per cup was selected. The soil used was

from the field where the plants were transplanted 20 days after germin-

ation.

Two seedlings per plot were planted in 0.5 x 1.0 m as seen in

Figure 1. A total of 40 plants were established. The field was kept

0.5 Tr,

0.:S

x

Mudplantain

Rice borders

Figure 1. Design of the planting pattern used in the life history study.
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flooded from the time of transplanting until the last harvest. Rice was

planted around the borders to simulate normal rice field conditions.

Fresh weight, number of nodes, number of leaves, and number

of capsules per plant were determined at 20, 34, 48, 62, 76, 90, 104,

and 118 days after germination. Before each harvest, the length of

the plant was measured "in situ". Evaluations were originally planned

to be carried over 126 days. However, this was suspended after the

eighth evaluation because it was too difficult to individualize the plants

in the plots and because many plants appeared cut.

Experimental design was a completely: randomized block with

four replications. Treatments were harvest dates. Statistical analysis

was made on the average of the two harvested plants for each of the

variables studied. Results are presented graphically.

Results and Discussion

The growth of mudplantain based on total fresh weight followed

a typical sigmoid curve (Figure 2) characterized by an early phase of

accelerating growth until 62 days after germination; a short phase of

more or less linear growth from the 62nd to the 90th day after germin-

ation and a final period of decelerating growth from the 96th day to the

118th day. The periods of maximum growth per unit time were between

the 62nd and the 76th day (22.3 g/14 days), and between the 76th and

the 90th day (21.7 g/14 days) after germination. The maximum fresh
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weight per plant during the cycle was 77.5 g with a length of 40 cm 118

days after germination.

Node production showed a progressive growth pattern throughout

the cycle (Figure 3). The growth curve, however, tended to be linear

until the evaluation at 118 days after germination. There was a phase

of accelerating growth from the 34th to the 48th day after which growth

was more or less linear until the 90th day. After the 90th day there

was a short decelerating phase. At the 118th day there was a signifi-

cant increase in growth which was not found for the other variables

evaluated. The first node appeared after 20 days, and the maximum

number of nodes per plant was 57.5 at the end of the cycle. The maxi-

mum node production per unit time was 13.2 nodes attained between

the 76th and 90th day after germination.

The growth of mudplantain based on total number of leaves, also

followed a sigmoid curve (Figure 4). Just as for the fresh weight curve,

it also showed an accelerating phase, but only until the 62nd day. After

the 62nd day a decelerating phase of growth began and continued until

the last evaluation. The periods of maximum leaf production per unit

were between the 34th and the 48th day (20.4 leaves/14 days) and be-

tween the 48th and the 62nd day (27.8 leaves/14 days). The maximum

number of leaves per plant averaged 80 to 104 days after germination.

Capsule production started early in the season, between the 48th

and the 62nd day after germination, and continued progressively through-
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out the cycle following a more or less sigmoidal curve (Figure 5).

From the 62nd to the 90th day flowering continued in a more or less

constant rate. The maximum growth rate was 4.3 capsules per plant

obtained between 76th and 90th day after germination, and the maximum

number of capsules per plant was 13. 6 achieved at the end of the cycle.

The length of the plants also increased during the cycle following

an approximate sigmoid curve (Figure 6). It shows an accelerating

phase until the 62nd day after germination. Then, the rate of increase

declined progressively until the end of the cycle. The maximum rate

of increase per unit time was 14.7 cm between the 48th and the 62nd

day after germination and the maximum length attained by a plant

averaged to 40.5 cm by the 104th day of the cycle.

The plant development at various growth stages can be seen in

Figures 7A and 7B.
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Figure 7A. Typical mudplantain plants 20 (a), 34 (b), 48 (c), and 62 (d) days after germination in the
life history study
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Figure 7B. Typical mudplantain plants 76 (a), 90 (b), 104 (c), and 118 (d) days after germination in
the life history study.
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II. Effect of Light Reduction on the Growth of

Mudplantain

Materials and Methods

A field study was conducted in 1973 to investigate the effect of

reducing sunlight intensity by 0, 33, 53, 59, 72, 79, 88, 96, and 100%

on the growth of mudplantain. This trial was conducted in the field

previously described.

Plots were 0.9 x 0.9 m with four plants of mudplantain equally

spaced 0.45 m apart. Plants were previously established in paper cups

in the screenhouse in the same soil into which they were transplanted

20 days after germination. Ten days after transplanting, cubical shade

structures 0.9 m wide and 1 m high were placed over the plants. The

structures consisted of wooden frames covered with black polypropylene

shade cloth to provide the desired light reductions. Actual light re-

duction given by each cloth was measured with a Toshiba photocell

illuminometer. Light intensity in full sunlight at 12:00 pm during

the experiment was 110,000 lux on a clear day.

The field was kept flooded from the time of transplanting up to the

last harvest. Experimental design was a split plot with shade treat-

ments as the main plots and harvest dates as the subplots. Two plants

per treatment were harvested after 30 and 90 days of shade (60 and 120

days after germination). Plant length "in situ"; fresh weight, number
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of nodes, number of leaves, and number of capsules per plant were

determined at both harvests. Analysis of variance were made on the

averages of the two harvested plants for all the variables studied.

Results and Discussion

The results indicate that mudplantain is more adapted to grow

under shade than under full sunlight. At both the 60 and 120-day eval-

uations, the plants growing under 33% light reduction achieved the

greatest fresh weights, number of nodes, number of leaves, number

of capsules and length (Tables 1, 2, 3, 4, and 5). Reducing light more

than 33% caused a continual decrease in the growth of rnudplantain up

to 96% light reduction. A complete absence of light caused death of the

plants. The general effects are shown in Figure 8.

Plant growth with respect to plants grown in full sunlight was

significantly reduced only when light was reduced more than 72 and 79%

at 60 and 120 days after germination, respectively, for all the variables

evaluated except capsule production. Capsules were present at 60 days

in those plants growing in full sunlight and up to 59% light reduction.

At 120 days, capsules were present even when light was reduced by

88% (Table 4).

Comparing fresh weight and leaf numbers between the 60-day

harvest and the 120-day harvest shows that all light reductions up to

88% gave significant increases over plants grown under full sunlight



Table I. Effect of light reduction on the fresh weight of mudplantain 60 and 120 days after germination.

Light
reduction

(cyo)

Fresh Weight Increase of 120-day
harvest over 60-day

harvest
60 DAGI 120 DAGI

(g/plant) Change (%)2 (g/plant) Change (%)2

0 25.4 0 40.9 0 61

33 52.4 + 106 159.0 + 289 204

53 34. 1 + 34 116.8 + 186 243

59 37.3 + 47 12 1. 7 + 198 226

72 19.2 25 59.6 + 46 211

79 12.9 - 49 33.7 18 160

88 8.4 - 67 17.2 - 58 105

96 4.4 83 7.7 - 81 74

100 0.0 - 100 0.0 - 100

1 Days after germination
2 With respect to full sunlight

LSD at 5% = 6.5 to compare fresh weights between harvest date at the same light reduction level
LSD at 5% = 7.2 to compare fresh weights for the same harvest date at different light reduction

levels



Table 2. Effect of light reduction on the number of nodes of mudplantain 60 and 120 days after germination.

Light
reduction

Nodes Increase of 120-day

60 DAGI 120 DAG I harvest over 60-day
harvest

(no/plant) Change (%)2 (no/plant) Change (%)2 %

0 13.0 0 31.5 0 142

33 20.7 + 59 95.3 + 203 361

53 20.2 + 55 56.7 + 80 18I

59 II .2 - 14 52.7 + 67 371

72 9.7 - 26 35.8 + 14 271

79 6.7 49 20.0 - 37 199

88 2.5 - 81 II .4 64 354

96 1.0 93 3.2 - 90 217

100 0.0 - 100 0.0 - 100 0

I Days after germination
2 With respect to full sunlight

LSD at 5% = 5.3 to compare number of nodes between harvest date at the same light reduction level
LSD at 5% = 5.6 to compare number of nodes for the same harvest date at different light reduction levels



Table 3. Effect of light reduction on the number of leaves of mudplantain 60 and 120 days after germination.

Light
reduction

(%)

Leaves Increase of 120-day

60 DAG1 120 DAG1
harvest over 60-day

harvest

(no/plant) Change (%)2 (no/plant) Change ( %)2 ( %)

0 34.8 0 71.5 0 105

33 60.7 + 74 154.7 + 116 155

53 48.7 + 40 116.7 + 63 140

59 31.3 - 10 120.3 68 284

72 24.7 - 29 69.0 - 4 179

79 19.5 - 44 48.0 - 33 146

88 9.8 - 72 28.3 - 60 188

96 5.7 84 6.8 - 90 21

100 0 - 100 0 - 100 0

I Days after germination
2 With respect to full sunlight

LSD at 5% 7.7 to compare
LSD at 5% 7.8 to compare

number of leaves between harvest date at the same light reduction level
number of leaves for the same harvest date at different light reduction levels



Table Effect of light reduction in the number of capsules of mudplantain 60 and 120 days after germination.

Light
reduction

(%)

Capsules Increase of 120-day

60 DAGI 120 DAG1
harvest over 60-day

harvest

(no/plant) Change (%)2 (no/plant) Change (%)2 (%)

0 2.8 0 11.2 0 293

33 3.2 + 12 19.2 + 72 505

53 1.8 35 15.7 + 40 746

59 1.3 - 53 16.3 + 46 III9

72 0 100 5.8 - 48

79 0 - 100 2.5 - 78 SIN

88 0 100 1.7 - 85 111

96 0 - 100 0 - 100

100 0 - 100 0 - 100

I Days after germination
2 With respect to full sunlight

LSD at 5% = 2.0 to compare number of capsules between harvest date at the same light reduction level
LSD at 5% = 1.8 to compare number of capsules for the same harvest date at different light reduction levels



Table 5. Effect of light reduction on the length of mudplantain 60 and 120 days after germination.

Light
reduction

( °lo)

Length Increase of 120-day

60 DAG1 120 DAG1 harvest over 60-day
harvest

(cm/plant) Change (%)2 cm/plant) Change (%)2 (%)

0 21.3 0 31.3 0 47

33 31.1 + 47 65.7 + 110 111

53 28.5 + 34 46.5 + 49 63

59 23.9 + 12 45.1 + 44 89

72 19.3 - 9 25.2 - 12 83

79 14.8 - 30 19.3 - 38 30

88 5.7 - 73 14.4 - 54 153

96 4.0 81 5.6 82 39

100 0 - 100 0 - 100

1 Days after germination
2 With respect to full sunlight

LSD at 5% = 6.1 to compare lengths between harvest date at the same light reduction level

LSD at 5% = 6.0 to compare lengths for the same harvest date at different light reduction levels
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(Tables 1 and 3). This again shows its tremendous capacity to grow

under shade conditions. The increase of nodes between harvests were

great for all light reductions, however, the lowest increase was ob-

served in full sunlight (Table Z).

The number of capsules between harvests increased greatly as

light was reduced from 0 to 59% (Table 4). Plant length was less con-

sistent but in general showed the greatest increase between harvests

when light was reduced from 33 to 88% (Table 5).

The findings of this study contradict the observations made at the

"Orto Botanico di Pavia" in Italy, which claimed that mudplantain

grows well under abundant light (8). It has been shown here, that mud-

plantain grows even better under reduced light conditions. However, it

should be mentioned that the ambient daytime temperature under the

shade structures was lower and thus it is difficult to attribute the

growth differences only to changes in the light intensity.

If the hypothesis of CIAT, which stated that mudplantain grows

better in thin rice stands because it is a poor light competitor is true, it

only occurs when the light transmission ratio is reduced below 25%.

Jennings reported 1 that this occurs with a leaf area index of two which

can occur 45 to 50 days after rice planting.

Jennings, Peter. 1974. Personal communication. CIA T. , Cali,

Colombia.
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In conclusion, based on these results, one can speculate that

mudplantain growth is affected by light intensity to a certain degree,

and that light may become the limiting factor under very dense rice

stands.



LIGHT REDUCTION ON
H. R EN I FORMIS

30 DAT

0 - 33 72 96 %

2 MO. OLD
-JU Y 73

Figure 8. Effect of 0, 33, 72, and 96% light reduction on the growth of mudplantain after 30 days
of shading.
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III. Effect of Water Depth on the Growth of

Mudplantain

Materials and Methods

Two separate experiments were conducted in the screenhouse to

investigate the effect of various water depths on the growth of mudplan-

tain at two growth stages.

In the first trial, water depths of 5, 10, 15, and 20 cm were

maintained for 10 days in mudplantain which was 40 days old and had

10 leaves at the initiation of the experiment. Two plants per treatment

were placed in each of four plastic pots which contained 5 cm of a clay

loam soil.

In the second trial, plants were established from seed in plastic

pots which had 5 cm of a clay loam soil. They were thinned.to three

uniform plants after reaching the 3-leaf stage and water depths of 0,

10, 15, and 20 cm were maintained for 20 days.

In both trials a completely randomized design was used with four

replications. Average values for fresh weight and number of leaves for

each treatment were analyzed statistically.

Results and Discussion

A water depth of 5 cm was the most favorable for the growth of a

mudplantain seedling in the 3-leaf stage (Table 6). These plants achieved
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Table 6. Effect of water depth on the growth od mudplantain in the 3-leaf
stage 20 days after flooding.

Water Fresh weight' Leaves!
depth (cm) g/plant2 % reduct.3 no/plant2 % reduct.3

I. 0 0.25 c 98.5 5 c 80.3
2. 5 17.15 a 0.0 25 a 0.0
3. 10 13.95 b 1 8.6 22 a 11 . 9

4. 15 11.38 c 33.6 14 b 45.1

5. 20 8.71 d 50.2 12 b 53.0

1
Average of 12 plants

2 Averages followed by the same letter are not significantly different at the

5% level, using Duncan's Multiple Range Test
3 With respect to the 5 cm depth

Table 7. Effect of water depth on the growth of mudplantain in the 10-leaf
stage 10 days after flooding.

Water Fresh weight' Leaves'

depth (cm) g/plant2 % reduct.3 no/plant2 % reduct.3

I. 5 5.75 a2 0 20 0
2. 10 4.97 a 13.5 17 12.6
3. 15 5.05 a 12.2 18 11.0
4. 20 3.29 b 42.7 16 I9.6

1 Average of 8 plants
2 Averages followed by the same letter are not statistically different at the

5% level, using Duncan's Multiple Range Test

4
3 Averages were not statistically different at the 5% level

With respect to the 5 cm depth
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the maximum number of leaves (25/plant) and the maximum fresh

weight (17.1 g/plant) after flooding for 20 days. Both the fresh weight

and the number of leaves were significantly reduced in relation to the

5 cm depth as water depth increased from 10 to 15 and 20 cm. In

saturated soil (0 cm), the fresh weight and number of leaves were re-

duced by 98.5 and 80.3%, respectively.

For mudplantain flooded when in the 10-leaf stage, water depths

of 5, 10, 15 cm gave the highest fresh weight and number of leaves

per plant (Table 7). At 20 cm, the fresh weight was significantly re-

duced by 42.8% and the number of leaves by 19.6%. However, this

was not significantly different from the other averages.

These results clearly show the importance of water depth on the

growth of mudplantain, especially at the seedling stage. At the same

time, these results corroborate with the literature which indicates that

this plant prefers shallow water for growth (13, 23) and suggests why

it is particularly adapted to grow in flooded rice. It is also obvious

that it would be impossible to control mudplantain by flooding since

the rice would not tolerate more than 10 cm of water in the initial stages

and the weed is not killed by this or greater water depths.
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IV. Germination Studies

Early in 1973, a large number of mudplantain seeds were col-

lected, dried, and stored in a plastic container in the laboratory where

temperatures fluctuated from 20 to 30 C daily. A week later, a ger-

mination test was conducted by placing 100 seeds on a moist filter

paper in each of three Petri dishes. These were placed inside of a

closed cabinet and observed for 21 days. Since no germination took

place during this period, a series of experiments were planned to de-

termine the effect of seed scarification, seed chilling, and depth of

planting, as well as the requirements of light and temperature on the

germinating ability of mudplantain seeds. In the following experiments,

the seeds were taken from the same laboratory stock.

Materials and Methods

1. Effect of Scarification and Water Soaking on Germination

of Mudplantain

An experiment was conducted to determine the effectiveness of

scarification, water soaking, and the interaction of both factors on seed

germination. Five treatments with eight replications of 100 seeds each

were included in a completely randomized design. After the seeds were

treated, four replications were placed in a germination chamber set at

30 C (- 1) and the remaining four were put in a closed cabinet at room

temperature (20 to 30 C). Observations on germination were made over
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20 days.

The treatments studied were:

1) Hot water treatment (approximately 90 C) and then soaking

at laboratory temperature (20 to 30 C) for 18 hours.

2) Soaking in water at laboratory temperature for 18 hours.

3) Scarification with sandpaper.

4) Scarifying with sandpaper and then soaking in water at room

temperature for 18 hours.

5) Control (seeds not treated).

The hot water treatment was achieved using a 50 ml glass beaker

in which 25 ml of plain water was brought to boiling. After boiling, the

beaker was removed from the heat and when the temperature descended

to approximately 90 C, 100 seeds were immersed in it. The beaker

was then placed in the laboratory cabinet where the seeds were allowed

to soak for 18 hours. The same procedure was used in all cases where

the seeds were soaked.

Scarification was done with sandpaper wrapped inside a 35 mm

film container. Approximately 1 g of seeds was vigorously shaken for

10 minutes until the seeds were considerably scratched. Following this,

100 seeds were separated for each treatment.

After the completion of the soaking period, the seeds were placed

on double-layer filter paper in a Petri dish and 5 ml of water was added.

All other treatments were moistened with the same amount of water.



37

2. Effect of Sulfuric Acid Treatment on the Germination of

Mudplantain Seeds

Seeds were allowed to soak in concentrated sulfuric acid (1.84

Sp. gr.) during 1, 1/2, 1, 2, 4, and 8 minutes period and germinated

for 20 days at laboratory temperatures (20 to 30 C).

One hundred seeds were placed in a 50 ml glass beaker contain-

ing 5 ml of concentrated acid and the beakers were occasionally shaken

gently. After treatment, the contents were poured into a 400-ml glass

beaker filled with cold water to remove the acid. The seeds were fil-

tered and then washed in running water for ten minutes after which the

seeds were placed on a double-layer filter paper in a Petri dish. The

treatments were replicated six times and distributed in a completely

randomized design.

3. Effect of Scarification on the Germination of Mudplantain

Seeds in Water, Puddled Soil, or Moist Soil Under Outdoor

Conditions

Since no germination took place with the preceding experiments

conducted in the laboratory, an experiment was planned in which the

seeds were germinated outdoors. The principal objective was to see

if germination can take place outdoors in three natural mediums:

water, puddled soil, and moist soil. Other objectives were to deter-

mine if there exists any difference among given mediums and if seed

scarification improves seed germination.
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Six treatments were included, all replicated four times and dis-

tributed in a completely randomized design. Plain water, puddled soil,

or moist soil were placed in plastic trays 27 cm long x 19 cm wide x 6

cm high. The soil was a clay loam from a non-infested mudplantain

area. The puddled soil was prepared by adding water to the soil and

whipping it thoroughly until a heavy and homogeneous "soup" was pro-

duced. One hundred scarified or non-scarified seeds were placed on

each medium. Water was added daily to restore vapor losses. Total

germination was statistically analyzed with a factorial arrangement of

treatments in which seed treatment and germination medium were the

factors studied.

4. Effect of Light and Temperature on the Germination of

Mudplantain Seeds

Three experiments were conducted in a growth chamber which had

a total of ten 48", cool white, fluorescent tubes and twelve 25 watts

incandescent bulbs which gave approximately 24,000 lux at the shelf

level.

Two light treatments were included for each of three temperature

regimes. The effect of a 12-hour light period versus total darkness

was compared under temperatures of: (1) a constant temperature of

20 C, (2) a constant temperature of 30 C, and (3) a 30 C day and 20 C

night temperature. Each experiment had two replications with six

samples each.
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One hundred seeds were placed on a double layer filter paper in

a Petri dish and 15 ml of water was added. Percent germination was

determined after 20 days.

5. Effect of Light Reduction on the Germination of Mudplantain

Seeds

In a screenhouse trial, sunlight intensity was reduced 0, 33, 53,

72, 88, 96, and 100% by covering plastic trays 27 cm long x 19 cm wide

x 6 cm high with the shade cloth previously described. The actual

shade given by each cloth was calculated using a Toshiba photocell il-

luminometer.

Petri dishes containing 100 seeds on a double layer filter paper,

moistened with 15 ml of plain water were placed in the trays and placed

in the screenhouse where the temperature fluctuated from 20 to 30 C

daily and light intensity was 90,000 lux on a clear day. Percent ger-

mination was determined after 20 days. Experimental design was a

completely randomized block with two replications and three samples

per replication.

6. Effect of Planting Depth on Germination and Emergence of

Mudplantain

One hundred seeds were placed in plastic pots at depths of 0, 1,

2, 3, 4, 6, 8, and 10 cm in a clay loam soil. The experiment was com-

pletely randomized with four replications.

Pots were placed in a screenhouse and were kept at field capacity.
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The number of plants which emerged was recorded for 30 days and

then each pot was carefully emptied to determine if any seeds had ger-

minated but failed to emerge.

7. Effect of Pre-chilling on the Germination of Mudplantain

Seeds

Although a situation in which the seeds receive a cold treatment

would never occur in the tropics, this trial was conducted since Muen-

scher, cited by Andersen (2) reported that Heteranthera dubia seeds

receiving a pre-chilling treatment of 30 days showed increased ger-

mination.

One hundred seeds were placed on a double layer filter paper in

a Petri dish and stored in a refrigerator at 6 C (+ 1) either dry or in

tap water for periods of 1, 2, 4, and 8 weeks. For the treatments in

tap water, 15 ml were added at the beginning of the experiment and the

seeds were rewatered as needed. At the end of the eighth week, seeds

were removed from the refrigerator and germinated. A check was in-

cluded, giving a total of six treatments, all replicated six times and

distributed in a completely randomized design. Seed germination after

20 days was observed.

Duncan's multiple range test was used to detect significant dif-

ferences among treatments. Results were also analyzed with a factori-

al arrangement of treatments to measure the effect of the chilling peri-

od and chilling mediums.
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Results and Discussion

Results of experiments 1 and 2 (Tables 8 and 9, respectively) in

dicate that germination did not occur either at 30 C constant tempera-

ture in a non-illuminated germinator chamber, nor at laboratory tem-

peratures (20 to 30 C) in a closed wooden cabinet. Scarification and

water soaking seed treatments improved water absorption since more

of these seeds imbibed as compared to control seeds.

Hot water and sulfuric acid treatments, on the other hand, were

injurious to seeds. These treatments caused the rupture of tissue of

the micropilar end of seeds, producing the emergence of the seed con-

tents to the outside. The rest of the seed coat was only slightly injured.

Extra thinness of tissues at the micropilar openings of some seed

species are reported, and actually, swelling of the seed starts there

(6)

A third experiment, this time conducted in the screenhouse,

showed that seeds were able to germinate outdoors (Table 10). Since

light was the new factor introduced, it was suggested that light might be

the key to the germination of mudplantain seeds. Results also indicated

that germination was not improved by scarification, but was greatly af-

fected by the medium used (Table 10 and Appendix Table 15). Of all

three media evaluated, plain water gave the highest germination, fol-

lowed by puddled soil and then by moist soil. The literature reports

that aquatic plants germinate better under water, at low oxygen pressures.
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Table 8. Effect of various seed treatments on the germination of mudplantain
seeds.

Seed Treatment
Germination

after 20 days 1,2

Not water at approximately 90 C and
th.en soaking at room temperature (20
to 30 C) for 18 hours

2. Soaking water at laboratory tempera-
tures (20 to 30 C) for 18 hours

3. Scarification with sandpaper......... 0

4. Scarification with sandpaper and then
soaking in water at laboratory tempera-
ture for 18 hours . 0

5. Control (seeds not treated) 0

1 Four replications were germinated in a germinator chamber at 30 C (+ I)
and four in a closed wooden cabinet at laboratory temperature (20 to 30 C).

2 Averages of eight replications.

Table 9. Effect of concentrated sulfuric acid (1.84 sp.gr.) treatment on the
germination of mudplantain seeds.

Seed Treatment
Germination

after 20 days 1,2

Soaking Periods
I. 8 minutes 0

2. 4 minutes 0

3. 2 minutes 0

4. I minute 0

5. 1/2 minute 0

6. 0 minute (control) 0

I Seeds were set to germinate in a closed wooden cabinet at laboratory temper-
ature (20 to 30 C).

2 Averages of six replications.
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Cattails (Typha lattifolia) for example, have very poor or even no ger-

mination in air, but germinates rapidly in water or when oxygen tension

is reduced (9). This may explain why water gave the highest germin-

ation percentage in this experiment. However, other factors inherent

to each medium could be affecting the germination of mudplantain seeds.

Table 10. Effect of scarification on the germination of mudplantain
seeds in plain water, puddled soil or moist soil under out-
door conditions.

GerminationSeed Treatment and Media after 20 daysi

Seeds scarified with sand-
paper and germinated in:

1. water 36.0 a 2

2. puddled soil 7.2 be
3. moist soil 4. 5 c

Seeds not scarified and
germinated in:

4. water 29. 0 a
5. puddled soil 9.2 b
6. moist soil 4.8 c

'Light intensity was 90,000 lux on clear days.
2
Averages followed by the same letter are not significantly different at
the 5% level, using Duncan's Multiple Range Test.

The results of three experiments conducted in the growth chamber

under controlled conditions (Table 11) showed that germination did not

occur in the dark at constant temperatures of 20 or 30 C, nor with al-



44

ternating temperatures (12 hours at 20 C followed by 12 hours at 30 C),

corroborating the results of experiments 1 and 2. Germination (13.6%)

was obtained only when seeds were kept under light (24, 000 lux) at al-

ternate temperatures (20 to 30 C) and no germination occurred when

temperature was constant at 20 or 30 C regardless of the light regime.

Table 11. Effect of light and temperature on the germination of mud-
plantain seeds.

Seed Treatment
Germination

after 20 days1,2

First experiment
1. 12 hr light at 20 C (+ 1)

12 hr darkness at 20 C (+ 1)
2. 24 hr darkness at 20 C (+ 1)

Second experiment
1. 12 hr light at 30 C (+ 1)

12 hr darkness at 30 C (+ 1)
2. 24 hr darkness at 30 C (+ 1)

Third experiment
1. 12 hr light at 30 C (+ 1) and

12 hr darkness at 26-C (+ 1)
2. 24 hr darkness with 12 hr at

20 C (+ 1) followed by 12 hr
at 30 C. 1)

0

13.6

'Experiments
were established in a growth chamber with 24,000 lux at

the shelf level.
2Average of 12 samples.

The interdependence among light and temperature on seed germin-

ation are known for a number of plants. Escholtzia seeds, for example,
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do not germinate in the dark nor in the light at constant temperatures.

The seeds will, however, germinate up to 80% if a 6-hour light period

at 25 C is followed by 18 hours of darkness at 5 C (10).

The results of the experiment to study the effect of light reduction

on seed germination showed that germination also depends on light in-

tensity (Table 12 and Appendix Table 16). Light reductions up to 72%

did not reduce significantly the seed germination of mudplantain com-

pared to the check in which the seeds were kept under full sunlight

(90,000 lux on clear days), while reductions of 88, 96, and 100% of the

available sunlight reduced germination by 48, 80, and 100% respective-

ly. These results corroborated once more that light is absolutely re-

Table 12. Effect of light reduction on the germination of mudplantain
seeds.

Treatments
Germination
after 20 days2

%

Germination in
relation to con-
trol. %

Percent light reduction'
1. 100 0 d

3 - 100

2. 96 15,8 c - 80

3. 88 40.2 b 48

4. 72 81.3 a 5

5. 53 74.2 a - 4

b. 33 79. 0 a + 2

7. 0 77.2 a 0

1 Light intensity was 90,000 lux on clear days
-Averages of six samples.
3Averages followed by the same letter are not significant'
the 5% level, using Duncan's Multiple Range Test.

different at
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quired by mudplantain seeds for germination. According to Mayer and

Poljakoff-Mayber (10), the literature cites many samples of seeds

whose germination is strongly affected by light intensity. In Agrostis

seeds, it was found that total germination was higher at increased light

intensities, However, at high light intensities it takes much longer to

reach maximum germination than at low ones (10).

It should be mentioned that in the experiments where light and

darkness were compared, total darkness was not achieved since seeds

were always exposed to a certain amount of light during watering. This

indicates that short light exposures, even when seeds were imbibed,

were not sufficient to promote germination.

The effect of depth of seeding on percentage germination and per-

centage seedling emergence of mudplantain is presented in Table 13.

Table 13. Effect of planting depth on germination and emergence of
mudplantain.

Planting depth
(cm)

Germination and
emergence after

30 days''2

0 8.8 a
1 1.75 b
2 0 c
3 0

4 0

6 0 c
8 0

10 0

'Averages of four replications.
2 Averages followed by the same letter are not significantly different at
the 5% level, using Duncan's Multiple Range Test.
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The results indicate that the greatest germination occurred on the soil

surface, and that only a very small percentage of seeds germinated and

emerged from one centimer in the clay loam soil employed. No ger-

mination occurred at greater depths. These results were not surpris-

ing since it was already established that mudplantain seeds germinate

only if they are situated close to the surface, at depths which the red

light can penetrate (about 2.5 cm in sandy soils). At greater depths,

no germination occurs since it is completely dark and only far-red rays

can penetrate that deep (9). This may explain why some seeds were

able to germinate below the soil surface.

The effect of pre-chilling seeds at 6 C (+ 1) in dry conditions or

in tap water for 1, 2, 3, 4, or 8 weeks on germination appears in Table

14 and Appendix Table 17.

These results indicate that pre-chilling in tap water caused a re-

duction in germination while that of the dry pre-chilled seeds was not

statistically different from the control. No significant differences

were detected among pre-chilling periods within dry or tap water media.

These results are quite different from those obtained by Muen-

scher, cited by Andersen (2) in which he found cold, wet storage of at

least 4 weeks necessary to induce germination of Heteranthera dubia

seeds stored in dry air either at room temperature or at 1 to 3 C after

two to seven months of storage. He pointed out, however, that his re-

sults disagreed with those of an earlier worker who found drying neces-
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sary to induce germination of Heteranthera dubia seeds.

Table 14. Effect of length of chilling and chilling medium on the
germinative ability of mudplantain seeds.

Treatment
Germination

after 20 clays 1, 2
Germination reduction
in relation to the control

In dry medium at 6 C (+ 1)

1. One week 15.0 a 22

2. Two weeks 18. 0 a 7

3. Four weeks 15.0 a 22

4. Eight weeks 18. 0 a 7

In tap water at 6 C (+ 1)

5. Oae week 5. 5 b 72

6. Two weeks 8. 6 b 56

7. Four weeks 4. 5 b 77

8. Eight weeks 7. 8 b 60

9. Control 19.3 a 0

1Light intensity was 90,000 lux on clear days.

'Averages of six replications.
3Averages followed by the same letter are not significantly different at
the 5% level, using Duncan's Multiple Range Test.
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V. Vegetative Propagation Studies

Materials and Methods

Several studies were conducted in the screenhouse to determine

the ability of mudplantain to propagate from stolon fragments. Adult

plants were selected for these studies from a field with a heavy pop-

ulation of mudplantain.

1. Effect of Stolon Planting Depth and Soil Type on the Re-

growth Ability of Mudplantain.

To determine the maximum depth of regrowth and emergence,

stolon fragments with three nodes were planted at depths of 0, 1, 2, 4,

6, and 8 cm in plastic pots in a clay loam soil mixed with 0, 25, 50, or

75% sand.

The leaves and roots were removed and stolons were selected

by weight (.3 g each) and length (6. 5 cm) to insure maximum uniform-

ity. One stolon was placed horizontally at each depth. Observations

on regrowth were taken during a 30-day period. At the end of this

period, each pot was emptied to see if some stolons had sprouted but

had failed to emerge. The experiment was completely randomized and

replicated six times.

2. Effect of Sto lon Composition and Planting System on the

Propagating Ability of Mudplantain.

The design of this experiment was based on the results of the
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preceding experiment in which almost all the stolons failed to propa-

gate with the exception of some stolons planted at the soil surface.

The objective of this experiment was to investigate if the stolon com-

position (stolon with leaves and roots, with only leaves, with only roots,

or without leaves and roots) and the planting system (at soil surface,

half covered, or slightly covered with one centimeter of soil) have any

effect on the establishment capacity of this plant.

Stolons with three nodes were planted in plastic pots in sandy

clay soil. Before planting, each pot was watered to field capacity and

watered daily to restore vapor losses. Observations on regrowth were

made over 30 days. The experiment was completely randomized with

six replications. Results are given in percentage of stolons sprouted.

Results and Discussion

The results of two experiments conducted in the screenhouse

showed that mudplantain can propagate vegetatively from stolon frag-

ments. However, the capacity to propagate was strongly dependent

upon the stolon composition.

Of the 96 stolons (without roots or leaves) planted in the first

trial, only two stolons planted on the soil surface sprouted. No re-

growth was obtained from stolons planted at other depths (Table 15).

In the second trial, a 100% regrowth was obtained from stolons

with leaves and roots or only leaves; 50% regrowth from those with
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Table 15. Effect of stolon planting depth and soil type on the regrowth ability
of mudplantainl

Planting depth
(cm)

Soil type
Per cent

regrowth2

I. 0 100 % soil3 25

2. 0 75 % soil + 25 sand 0

3. 0 50 % soil + 50 sand 25

4. 0 25 % soil + 75 sand 0

5. 1 100 % soil 0

6. 75 % soil + 25 sand 0

7. 50 % soil + 50 Ok sand 0

8. 25 % soil + 75 % sand 0

9. 2 100 % soil 0

10. 2 75 % soil + 25 sand 0

II. 2 50 % soil + 50 sand 0

12. 25 % soil + 75 sand 0

13. 4 100 % soil 0
14. 4 75 % soil + 25 % sand 0

15. 4 50 % soil + 50 % sand 0

16. 4 25 % soil + 75 Ok sand 0

17. 6 100 % soil 0

18. 6 75 % soil + 25 0/O sand 0

19. 6 50 % soil + 50 Ok sand 0

20. 6 25 % soil + 75 sand 0

21. 8 100 % soil 0

22. 8 75 % soil + 25 sand 0

23. 8 S0 %0 soil + 50 sand 0

24. 8 25 °./.0 soil + 75 sand 0

1 Stolons had three nodes and were clipped both leaves and roots
12 Four stolons were planted at each treatment

Clay loam soil
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only roots; and 33.3% stolons without leaves and roots (Table 16).

The planting system, on the other hand, did not substantially affect the

regrowth capacity of the stolons. A 100% regrowth was obtained from

Table 16. Effect of stolon composition and planting system on the
propagating ability of mudplantain

Planting method'
and stolon composition2, 3

Percent
regrowth

Surface planting

1. Stolon with leaves and roots 100
2. Stolon with only leaves 100
3. Stolon with only roots 75
4. Stolon without leaves or roots 50

Half covered
5. Stolon with leaves and roots 100
6. Stolon with only leaves 100
7. Stolon with only roots 50
8. Stolon without leaves or roots 25

Covered (1 cm depth)

9. Stolon with leaves and roots 100
10. Stolon with only leaves 100
11. Stolon with only roots 25
12. Stolon without leaves or roots 25

1 Clay loam soil

Sto lons with three nodes
3Four stolon were planted in each treatment
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stolons with leaves and with or without roots for all three planting

systems. The regrowth from stolons without leaves and with or with-

out roots was higher for surface planting, intermediate for the half-

covered, and low for fully-covered stolons.

Since the number of samples were small (four stolons per treat-

ment), it becomes risky to draw conclusions. However, it can be

stated that regrowth was consistently higher for stolons without leaves,

regardless of whether or not they had roots.



VI. Chemical Control of Mudplantain in

Flooded Rice

Materials and Methods
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Two field experiments were done in 1973 to test the effectiveness

of various herbicides in controlling mudplantain in flooded rice. Pre-

germinated seed Was used in one experiment and dry seed in another.

The average temperature was 24 C during the growing season.

The soil was a clay loam with 3.2% organic matter and a pH of 7.2.

The rice variety CICA 4 was used for both trials and the seeding rate

was 100 kg /ha.

Pre-germinated seed was obtained by soaking in water for 24

hours, followed by 36 hours in a cool, moist area. Pre-germinated

seed was broadcasted on the hand-raked, puddled soil under 4 to 6 cm

of water. The water was removed 4 hours after seeding when all the

seeds had settled on the soil surface. The dry seed was also broad-

casted by hand to non-puddled soil and then covered by raking. Fifty

kilograms of nitrogen were hand broadcasted 30 and 70 days after sow-

ing. Plot size was 9 x 150 m with 7 x 1 for harvest. Experimental

design was a complete randomized block with three replications.

The treatment for each trial appear in Tables 17 and 18. The

preeniergence treatments in the dry-seed experiment were sprayed 11

days after planting when rice seedlings were slightly emerged. Treat-
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Table 17. Herbicides, rates and times of application in the pre-germinated rice
seed experiment for the control of mudplantain.

Herbicide Rate

(common name
or designation)

(Kg ai/ha)

I. benthiocarb 4.0
2. fluorodifen 4.0
3. bifenox 2.0
4. DPX-6774 0.8
5. IT-5914 1.5
6. glyphosate 0.25
7. glyphosate 0.5
8. potassium azide 1.5
9. potassium azide 3.0

10. bentazon 1.5
I1. bentazon 3.0
12. weedy check

Time of Application

late preemergence
late preemergence
late preemergence
late preemergence
late preemergence
postemergence 2

2
postemergence

2

2
3

3

postemergence
postemergence
postemergence
postemergence

These treatments were preemergent to weeds but postemergent to rice
2 Treatments applied to mudplantain in the 2-leaf stage
3 Treatments applied to mudplantain in the 5-leaf stage

Table 18. Herbicides, rates and times of application in the dry rice seed
experiment for the control of mudplantain.

Herbicide
(common name
or designation)

. benthiocari)
2. butachlor
3. fluorodifen
4. oxadiazon
5. DPX-6774
6. bifenox
7. 1T-5914
8. potassium azide
9. potassium azide

10. bentazon
II. bentazon
12. weedy check

Rate

(Kg ai/ha) Time of Application

4.0
2.5
4.0
1 .0
0.8
2.0
1 .5
1 .5
3.0
1.5
3.0

emergence'
emergence I

emergence I

emergence
emergence I
emergence I

emergence I

postemergence
postemergence
postemergence
postemergence

2
2
3

3

1 Treatments applied when rice was lust emerging
2 Treatments applied to mudplantain in the 2-leaf stage
3 Treatments applied to mudplantain in the 5-leaf stage



56

ments were not sprayed earlier because the field was accidentally

flooded eight days after planting and also because the soil was too wet

because of heavy rains during those days. The preemergence treat-

ments in the pre-germinated seed experiment were applied eight days

after seeding when the rice seedling were about 4 cm tall and weeds

had not yet emerged. Herbicides were sprayed with a pressure of 30

lbs/in2 with 8003 T-Jet nozzles in 400 L /ha of water.

Potassium azide and bentazon treatments were applied 20 and 30

days after seeding when mudpla.ntain was in the 2- and 5-leaf growth

stage, respectively. Potassium azide, the only treatment formulated

as a granule, was hand broadcasted to plots in which the water was re-

moved to avoid herbicide movement to the adjacent plots. The field

was flooded again 24 hours later. By this time the granules had dis-

solved to a great extent.

Glyphosate was to included as a stale seed bed treatment; i. e.

to be applied when the first flush of mudplantain has reached the 3-leaf

stage. Since the whole field was seeded before plot demarkation, it

was decided that glyphosate would be sprayed to the standing rice when

mudplantain reached the desired stage of growth. The day after spray-

ing the plots would again be seeded with pre-germinated seed and sur-

viving plants from the first seeding would be pulled after a week or so.

Madplantain was expected to germinate rapidly so the glyphosate treat-

ment could be applied soon.
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However, a delayed germination of mudplantain made it neces -

sary to apply the treatment 20 days after seeding when the weed was in

the 2-leaf stage and the rice was about 10 cm tall. Before spraying the

water was removed. However, the mudplantain seedlings were still

half to three fourths covered with water. The day after treatment the

field was again flooded. Since the original rice was only slightly in

jured, it was decided to keep the treatment as a postemergence to rice

and weeds without sowing again.

The water was managed uniformly in both trials with interruptions

during the cycle when it was necessary to fertilize or to apply post-

emergence treatments.

Weed control and crop injury evaluations were taken 30, 60, and

90 days after using a visual rating of 0 to 100, in which 0 represented

no control and 100 complete control. Crop injury was evaluated with a

visual rating of 0 to 10, A 0 rating represented no injury while a 10

rating represented total crop loss. Harvests were made 149 and 152

days after seeding in the pre-germinated and dry seed trials, respec-

tively. Plant height was taken on six plants of each plot the day before

harvest.

The dominant species in the pre-germinated seed experiment

were mudplantain, k.notgrass (Paspalum distichum L.), and yerba de

tago (Eclipta alba (L.) Hass.). The dominant species in the dry seed

experiment were mudplantain, knotgrass, and Mexican sprangletop
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(Leptochloa uninervia (Presl. ) Hitchc. & Chase).

Analysis of variance tests were made for all the factors studied

except crop injury. Duncan's multiple range test was used to detect

differences among treatment means.

Results and Discussion

Rice yields in the pre-germinated rice seed experiment indicate

that none of the herbicides evaluated gave any yield advantage over the

weedy check (Table 19). Glyphosate at 0.5 kg ai/ha, on the other hand,

was the only treatment that significantly reduced yield (61% in relation

to the check) and this was a consequence of the severe damage caused

to the rice plants (Table 19).

This injury was characterized by stand reduction and leaf burn-

ing. However, plants showed good recovery capacity as shown by the

decreasing injury ratings over time. Moreover, the results on plant

height at the end of the cycle corroborates these observations since

there was no significant reduction in comparison to the check plants.

The other treatments, including glyphosate at 0.25 kg ai/ha,

caused only slight injury to the rice plants, characterized by burning

of the leaf apices and stunting. However, they recovered completely

by mid season.

With regard to weed control, none of the herbicides used were

effective against mudplantain (Table 20). However it can be general-



Table 19. Effect of treatments on rice injury, height and yield and per cent yield reduction in relation to check in

the pre-germinated rice experiment.

Herbicide
Rate

(Kg ai/ha) Time applied
(30 days)

Rice Injury
(60 days) (90 days

Rice height
at harvest

(cml

Rice yielct5
(kg/ha)

Per cent
yield re-
duction6

1 . benth iocarb 4.0 8 DAPS 0 63 2980 a7 18

2. fluorodifen 4.0 8 DAP 0 57 2993 a 17

3. bifenox 2.0 8 DAP 0 59 3573 a

4. DPX-6774 0.8 8 DAP 2 0 58 2704 a 25

5. 1T-5914 1.5 8 DAP 0 0 61 3562 a 2

6. glyphosate 0.25 2-leaf stage4 2 3 2 59 3097 a 14

7. glyphosate 0.5 2-leaf stage4 8 5 4 55 1 426 b 61

8. potassium azide 1.5 2-leaf stage4 0 0 58 3365 a 7

9. potassium azide 3.0 2-leaf stage4 0 0 0 61 3547 a 2

10. bentazon 1.5 5-leaf stage4 62 31 07 a 14

I1. bentazon 3.0 5-leaf stage4 0 0 60 3921 a + 8

12. weedy check
Mal 0 0 0 61 3617 a 0

1 0 = no injury; 10 = complete kill
3 DAP Q.' days after planting
4 Growth stage of H. reniformis
5 Yields of paddy rice at 14% moisture

6 With respect to the check
7 Averages followed by the same letter

Test.

are not significantly different at 5% level, using Duncan's Multiple Range



Table 20. Per cent mudplantain control 30, 60 and 90 days after the application of the late preemergence treatments

in the pre-germinated rice experiment.

Herbicide

Rate
(Kg aVha) Time applied Mudplantain Control (%)

(30 da )* (60 do s)* (90 da s

ent iocar. 4.0 8 DAP 7c 7b 0

2. fluorodifen 4.0 8 DAPI 0 d 0 0

3. b ifenox 2.0 8 DAP1 13 c 30 a 0

4. DPX-6774 0.8 8 DAP( 15 a b c 0 c 0

5. 11-5914 1.5 8 DAPI 7 c 0c

6. glyphosate 0.25 2-leaf stage2 15 a b c 12 b 2

7. glyphosate 0.5 2-leaf stage2 23 a b 2 c

8. potassium azide 1.5 2-leaf stage2 18 a b 13 b

9. potassium azide 3.0 2-leaf stage2 23 a b 12 b

10. bentazon 1.5 5-leaf stage2 22 a b 12 b

II. bentazon 3.0 5-leaf stage2 25 a 13 b

12. weedy check
* After applying the late premergent treatment
I DAP = days after planting
2 Growth stage of mudplantain
3 Averages followed by the same leiter are not significantly different at the 5% level, using Duncan's Multiple

Range Test.
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ized that the postemergence treatments performed somewhat better

than the emergence treatments. This is in contrast to the results of

Piedrahita and Doll (7) who found that glyphosate controlled mudplan-

tain and occurred because the mudplantain was three-fourths covered

with water at application.

Knotgrass, the most aggressive and dominant weed in the whole

field, was not controlled by any of the herbicides tested (Appendix

Tables 24 and 33). This was expected since none of the herbicides

except glyphosate are effective against perennial grasses arising from

vegetative organs, such as knotgrass. Glyphosate, however, did not

control it because the chemical was applied at low rates and when the

weed was barely emerged and thus did not have sufficient leaf areas

for contact.

Injury ratings in the dry rice seed experiment showed that only

the emergence treatments produced some rice damage, which persist-

ed through the 60-day evaluation (Table 21). The damage was similar

to that described for the previous trial. Rice height, on the other hand,

was not affected by any of the treatments employed.

Rice yields in the dry rice seed experiment indicate that all the

herbicides tested except potassium azide at 1.5 kg ai/ha were superior

to the weedy check (Table 21). The treatments applied as the rice

emerged produced higher yields than the postemergence ones.

Oxadiazon and butachlor gave the highest control ratings for mud-



Table 21. Effect of treatments on rice injury, height and yields and per cent yield reduction in relation to check
in the dry rice seed experiment for the control of mudplantain.

Rate

Herbicide (Kg aVha)

Rice Injury'

Time applied (30)2 (60)2 (90)2
Rice height
at harvest

(cm)
Rice yield5
(Kg/ha)

Per cent
yield in-
crease6

I. benthiocarb 4.0 emergence3 2 2 0 63 2419 a 1 16

2. butachlor 2.5 emergence3 2 2 0 61 1504 bc 34

3. fluorodif en 4.0 emergence3 2 2 0 58 1288 bc 15

4. oxadiazon 1.0 emergence3 3 3 0 61 2008 ab 79

5. DPX-6774 0.8 emergence3 3 2 I 63 2475 a 12 I

6. bifenox 2.0 emergence3 2 2 0 63 1733 abc 55

7. 1T-5914 1.5 emergence3 2 0 0 60 1318 bc 1 8

8. potassium azide 1.5 2-leaf stage4 0 0 0 64 1 148 d 2

9. potassium azide 3.0 2-leaf stage4 0 0 0 60 1382 bc 23

10. bentazon 1.5 5-leaf stage4 0 0 0 63 1472 bc 31

1 1. bentazon 3.0 5-leaf stage4 0 0 0 60 1293 bc 15

12. weedy check 0 0 0 59 1.120 d 0.

1 0 = no injury; 10= complete kill
2 Days after applying the emergent treatments
3 Treatments applied to the emerging rice
4 Growth stage of mudplantain
5 Yields of paddy rice at 14% moisture
6 With respect to the check
7 Averages followed by the same letter are not sifnificantly different at the 5% level, using Duncan's Multiple

Range Test.
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plantain (98 and 95%, respectively) as is shown in Table 22. However,

this control did not cause an increase in the yields of rice as compared

to other treatments. For example, benthiocarb did not control the

weed and yet gave higher yields. This also suggests that mudplantain

is probably a bad competitor since it was observed that mudplantain

plants growing at the borders and at the alleys of the field were much

bigger and more vigorous than those plants growing in the plots com-

peting with rice. This observation is in agreement with previous re-

sults of this study (page 29) and with earlier statements made by CIAT

researchers (5).

Comparing the average yields of the weedy checks of both trials,

one can see that pre-germinated rice produced 223% more than dry

seed (Table 23). Averages for rice sown from dry-seed, on the other

hand, show that chemically controlling the weeds gave a 46% increase

over the weedy check.

The results support previous results (5) which indicated that pre

germinated seed yields more than dry seed and that herbicides are

evidently more useful for dry-seeded rice. According to CIAT research-

ers (5), the differences in yielding ability among seeding methods are

largely due to the weed population reduction associated with the soil

puddling process and less weed competition losses due to the greater

seedling vigor that pre germinated rice has over dry seed rice.

Finally, the low yield averages at both trials (Table 23) could be



Table 22. Per cent mudplantain control 30, 60 and 90 days after application of the emergent treatment in the dry
rice seed experiment.

Herbicide
Rate

(Kg ai/ha) Time applied Mudplantain Control (%)
(30 days) * (60 days)* (90 days *

I benth'ocarb 4.0 emergencel 2 fg3 / cd3

2. butachlor 2.5 emergence' 95 b 68 a 5

3. fluorodifen 4.0 emergence! 3 f 2 a 3

4. oxadiazon 1.0 emergence' 98 a 77 a 10

5. DPX-6774 0.8 emergence! 10 c 18 cd 2

6. bifenox 2.0 emergence 1 15 de 17 bc 3

7. 1 1-5 91 4 1.5 emergence! 12 de 8 cd 3

8. potassium azide 1.5 2-leaf stage2 22 cd 10 bcd 2

9, potassium azide 3.0 2-leaf stage2 15 de 5 de 2

10. bentazon 1.5 5-leaf stage2 28 c 25 b 5

I 1 . bentazon 3 . 0 5-leaf stage2 32 c 15 bc 7

12. weedy chea .- 0 g 0c

Days after applied the emergent treatments
I Treatments applied to the emerging rice
2 Growth stage of mudplantain
3 Averages followed by the same letter are not significantly different at the 5% level, using Duncan's Multiple

Range Test.
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largely attributed to the competing ability of knotgrass which was not

controlled in either case.

Table 23. Average yield for the weedy check and all herbicide treat-
ments for pre-germinated and dry rice seed experiments.

oho Increase of
Rice Yield pre-germinated

(Kg/ha) seed over dry
Comparison Dry seed Pre-germ. seed seed

Weedy check 1120 3617 223
Average of all
herbicide treat-
ments 1641 3116 99

% Increase of
herbicides over
weedy check 46 -16
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SUMMARY AND CONCLUSIONS

A life history indicated that rnudplantain growth follows an ap-

proximate sigmoid curve from germination to 118 days later. Cap-

sules appear between the 48th and 62nd day after germination and their

production increases progressively during the cycle.

Through the sunlight reduction study, it was determined that

mudplantain is more adpated to grow under shade since the plants

grew more and at a higher rate under reduced light. This finding dis-

proves the hypothesis that mudplantain does not tolerate shade.

Water depth was found important in the growth of mudplantain in

the seedling stage. A depth of 5 cm was the most favorable, while

lower or higher depths reduced growth. This shows why it is particu-

larly adapted to grow in flooded rice. Moreover, it is obvious that it

would be impossible to control mudplantain by flooding, since the rice

would not tolerate more than 10 cm of water in the initial stages and

the weed is not killed by this or greater water depths.

The germination studies showed that rnudplantain seeds germin-

ate only under light and that germination decreased as light intensity

decreased. Light alone, however, did not stimulate germination since

it had to be combined with alternate day/night temperatures.

Chilling, scarifying, or soaking the seeds did not promote ger-

mination under dark conditions nor improve germination under outdoor

conditions.
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Seed germination was affected by germination media and plant-

ing depth. Water gave the highest germination followed by puddled

soil and then by moist soil. Seeding at soil depths greater than one

cm prevented germination. These two findings indicate a highly spe-

cific adaptation of mudplantain to the environment and show that it

would be highly advantageous for mudplantain seeds to germinate in a

flooded environment since they also require water for best growth..

At the same time, it would be very difficult for a mudplantain seed to

germinate from great soil depths since such a small seed probably

would not be able to nourish the seedling while emerging until it could

depend upon photosynthesis to support itself. It was also observed that

mudplantain germination under field condition is delayed with respect

to screenhouse conditions, perhaps because of the land preparation

which covers the seeds with soil to varying degrees and thus more

time is required for these seeds to germinate.

The vetetative propagation studies demonstrated that mudplantain

propagates by stolons. Regrowth ability depends on the stolon compo-

sition. It was higher for those stolons with leaves and low for stolons

without leaves, regardless of whether or not they had roots.

The chemical. control studies indicated that mudplantain generally

exhibits a great resistance to the herbicides employed. Only buta.chlor

at 2. 5 kg ai/ha and oxadiazon at 1.0 kg ai/ha in the dry-seeded rice ex-

periment gave excellent control. However, mudplantain did not reduce
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rice yields, probably because the field was invaded by knotgrass, an

aggressive weed which was not controlled by any of the treatments.

Finally, a logical suggestion is that the best control is obtained

by a rapidly established, dense rice stand growing under optimum con-

ditions in the case of pre-germinated rice or by the use of chemicals

for dry-seeded rice. Competition studies are indicated to determine

the exact damage caused by this weed in rice.
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Appendix Table I. Fresh weight of mudplantain at various intervals after
germination.

Days after
germination

Fresh Weight (g)
Replications

II III IV Average

20 0.06 0.05 0.07 0.1 0 0.07
34 1.40 1 .31 1.21 1 .20 1 .28
48 8.55 8.62 3.66 4.71 6. 38
62 2 7.35 21.50 12.95 1 1 .05 18.21

76 34. 10 42.60 48 .10 3 7.30 40.52
90 63.52 73.00 54.57 57 . 82 62.23

104 69.75 80.20 74.80 80.50 76.31
1 18 76.10 90.60 74.10 69.30 77.52

Analysis of Variance

Source of Variation df SS MS F Value

Replications 3 230.705 76.902 2.62 NS
Treatments 7 30 960.247 4422. 892 1 50 .40 **
Error 21 617.548 29.407
Total 31 31 808.500

** Significant at I% level
C. V. = 15.3%
NS = Not significant

L. S. D at 5% level = 7.97
L.S.D. at I% level = 1 0 .84
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Appendix Table 2. Number of nodes of mudplantain at various intervals after
germination.

Days after
germination

Number of Nodes
Replications

1 II III IV Average

20 0.0 0.0 0.0 0.0 0.0
34 2.5 2.5 1.0 0.5 1.50
48 13.5 16.5 8.5 7.0 11.37

62 2 0.0 25.5 15.0 22.5 20.75
76 28.5 31.0 35.5 25.5 30.12
90 41.0 43.0 51.5 38.0 43.35

104 47.5 55.5 41.0 48.5 48.12
I18 51.5 58.5 50.5 66.5 56.75

Analysis of Variance

Source of Variation df SS MS F Value

Blocks 3 68.687 22.896 1.27 NS
Treatments 7 13078.750 1868.393 82.42 **
Error 21 476.063 22.670
Total 31 13623.500

**Significant at I% level
NS = Not Significant
C. V. = 17.9%
L.S.D. at 5% level = 7.01
L.S.D. at I% level = 9.54
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Appendix Table 3. Number of leaves of mudplantain at various intervals after
germination.

Days after
germination

Number of Leaves
Replications

III IV Average

20 6.0 7.0 7.0 7.0 6.75
34 11 .0 11 .0 9.0 7.5 9.62
48 29.0 33.0 21.0 37.5 30.12

62 64.0 75.0 50.5 42.5 58.00
76 52.5 69.5 78.0 61.0 65.25
90 81.0 79.5 76.0 58.5 73.75

104 81.5 97.5 6 I .0 79.5 79.87
I 18 78.0 8.4.5 65.5 77.5 76. 37

Analysis of Variance

Source of Variation df SS MS F Value

Blocks 3 640.344 213.448 2.66 NS
Treatments 7 25377.969 3625.424 45.31 **
Error 21 1680.1 56 80.007
Total 31 27698.469

** Significant at I% level
NS = Not Significant
C.V. = 17.9%
L.S.D. at 5% level = 13.15
L.S.D. at I% level = 17.89
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Appendix Table 4. Number of capsules of mudplantain at various intervals
after germination.

Days after
germination

Number of Capsules
Replications

11 111 IV Average

20 0.0 0.0 0.0 0.0 0.00
34 0.0 0.0 0.0 0.0 0.00
48 0.0 0.0 0.0 0.0 0.00
62 5.5 3.0 3.5 4.5 4.12
76 10.5 5.5 6.0 7.5 7.37
90 13.5 11.5 9.5 12.5 11.75

104 10.5 14.5 11 .0 13.5 12.37

118 10.5 12.5 15.5 16.0 13.62

Analysis of Variance

Source of Variation df SS MS F Value

Blocks 3 5.406 1.802 0.71 NS
Treatments 7 908.219 140.031 54.87 **
Error 21 53.594 2.552
Total 31 1039.219

** Significant at I% level
NS = Not significant
C.V.= 25.9%
L.S.D. at 5% level = 2.35
L.S.D. at 1% level = 3.20



75

Appendix Table 5. Length of mudplantain at various intervals after germina-
tion.

Days after
germination

Length (cm
Replications

II Ill IV Average

20 2.80 2.90 3.10 2. 80 2.90
34 9.85 8.25 8.30 9.20 8.68
48 19.45 19.50 8.55 13.75 15.31

62 30.00 47.20 20.25 22.55 30.00
76 39.10 29.85 37.60 40.45 36 . 75

90 37.85 42.50 34.30 35.40 37.51

104 31.60 38.50 57.90 34.35 40.58
118 40.90 49.80 31.25 38.70 40.16

Analysis of Variance

Source of Variation df SS MS F Value

Blocks 3 129.624 43.208 0.82 NS
Treatments 7 6462 .350 923.193 17.51 **
Error 21 1107 .518 52.739
Total 31 7699 .492

** Significant at I% level
NS = Not significant
C. V. = 27.3%
L.S.D. at 5% level = 10.69
L.S.D. at I% level = 14.55



Appendix Table 6. Effect of light reduction on the fresh weight of mudplantain 60 and 120 days after germination.

Fresh Weight (g/plant)
Light

reduction
(%)

60 DAGI 120 DAG'

1

Replications
II Ill Average 1

Replications
II III Average

0 21.02 26.15 29.12 25.43 43.45 36.86 42.33 40.88
33 46.82 54.16 56.16 52.37 149.83 161 .28 165.95 159.02

53 31.22 37.18 33.75 34.05 123.15 119.81 107.29 116.75

59 40.22 36.15 35.61 37.32 124.36 114 .60 126.18 121.71

72 16.03 19.16 22.34 19. 17 63.26 59.52 56.08 59.62

79 14.13 11 .88 12.76 12.92 32.76 38.52 29.86 33.71

88 6.88 9.75 8.45 8.36 17.55 14.24 19.66 17.15

96 5.23 3.85 4.12 4.40 5.98 8.12 8.92 7.67
100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

'Days after germination

Analysis of Variance

Source of Variation df SS MS F Value

Blocks
Treatments (T)
Error a
Harvests (H)
T x H
Error b
Total

2
8

16

I

8
18

53

7.77
65559.63

334.82
21898.22
19693.43

261.64
10755.51

3.89
8194.95

20.93
21898.22

2461.68
14.54

391.1

1506.6
169.4

* *

* *

* *

* * Significant at I% level C.V. = 9.14%



Appendi x Table 7. Effect of I ight reduction on the number of leaves of mudplantain 60 and 120 days after germ i-

nation.

Light
reduction 60 DAGI

(%) Replications
I II III

Numbe of leaves

Average

120 DAG
1

Replications
1 II 111 Average

0 30.5 32.5 41.5 34.83
33 57.0 64.5 60.5 60.66
53 44.5 54.5 47.0 48.66
59 34.0 28.5 31.5 31.33
72 21.5 24.5 28.0 24.66
79 22.5 1 6.5 19.5 1 9.50

88 9.5 1 2.5 7.5 9.83
96 7.5 4.5 5.0 5.66

100 0.0 0.0 0.0 0.00

73.5 65.0 76.0 71.50
147.5 156.0 160.5 154.36
123.0 117.5 109.5 116.66
120.5 116.0 124.5 120.33
74.5 64.0 68.5 69.00
42.5 56.5 45.0 48.00
28. 0 24.5 32.5 28.33
6.0 7.5 7.0 6.83
0.0 0.0 0.0 0.00

'Days after germination
Analysis of Variance

Source of Variation df SS MS F Value

Blocks 2 15.36 7.68
Treatments (T) 8 63875.25 7984.41 392.3 **
Error a 16 325.64 20.35
Harvest (H) I 24087.78 24087.78 11 89.5 **
T x H 8 14682.34 1835.29 90.6 **
Error b 18 364.50 20.25
Total, 53 103350.88 -.1

-.1
* * Significant at I% level C.V. = 9.5%



Appendix Table 8. Effect of light reduction on the number of nodes of mudplantain 60 and 120 days after germina-

tion.

Light
reduction

( %)

Number of Nodes

60 DAGI 120 DAGI

I 11

Replications
III Average 1

Replications
II III Average

0 10.5 12.0 16.5 13.00 33.0 27.0 34.5 31.50

33 18.5 26.0 17.5 20.66 90.5 94.0 101.5 95.33

53 17.5 24.5 18.5 20.16 58.5 59.0 52.5 56.66

59 13.0 9.5 11 . 0 11.16 56.5 47.5 54.0 52.66

72 8.5 9.0 11.5 9.66 41.0 34.0 32.5 35.83

79 7.5 5.5 7.0 6.66 1 8.0 24.5 17.5 20.00

88 2.5 3.0 2.0 2.50 9.5 1 0.5 14.0 11 .30

9 6 1 .0 1 .0 1 . 0 1.00 3.0 3.0 3.5 3.16

100 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.00

'Days after germination
Analysis of Variance

Source of Variation df SS MS F Value

Blocks
Treatments (T)
Error a

2
8

16

1.15
17082. 95

177.27

0.57
2135.37

II .08
192.73 **

Harvest (H) I 8189.35 8189.35 847.58 **
T x H 8 6686.23 835.78 86.50 **
Error b 18 173.92 9.66
Total 53 32310. 87

** Significant at 1% level C. V. = 14.3%



Appendix Table 9. Effect of light reduction on the number of capsules of mudplantain 60 and 120 days after germi-

nation.

Light
reduction

(To)

Number of Capsules

60 DAGI 120 DAG

Replications
III Average

Replications
11 III Average

0 J.0 2.5 3.0 2.83 9.5 1 2.5 11.5 11.16

33 2.5 2.5 2.5 3.16 18.5 17.5 21 .5 19.16

53 1.5 2.5 1 .5 1 .83 17.5 16.0 13.5 15.66

59 1.5 1.5 1.0 1.33 16.5 14.0 18.5 16.33

72 0.0 0.0 0.0 0.00 5.5 7.0 5.0 5.83

79 0.0 0.0 0.0 0.00 I.5 3.0 3.0 2.50

88 0.0 0.0 0.0 0.00 1 .5 2.5 1.0 1 .66

96 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.00

100 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.00

TDays after germination
Analysis of Variance

Source of Variation df SS MS F Value

Blocks 2 0.58 0.29
Treatments (T) 8 927.25 115.91 125.73 **
Error a 16 14.75 0.92
Harvest (H) I 665.00 665.00 482. 02 **
T x H 8 512.29 64.01 46.41 **
Error b 18 24.83 I .38
Total 53 2144.71

** Significant at 1% level C.V. = 25.9%



Appendix Table 10. Effect of light reduction on length of mudplantain 60 and 120 days after germination.

Light
reduction

( %)

Length (cm)

60 DAG1 120 DAG'

II
Replications

III Average
Replications

II III Average

0 21.25 16.95 25.75 26.31 31.7 34.0 28.25 31.31

33 34.05 32.75 26.40 31.06 58.85 78.65 59.50 65.66

53 25.65 31.50 28.35 28.50 45.70 51.40 42.50 65.66

59 24.65 20.65 26.45 23.91 45.20 41.20 42.95 45.11

72 22.05 18.40 17.45 1 9.30 35.40 37.15 33.15 35.23

79 13.45 14.65 16.35 14.81 20.80 20.15 16.85 19,26

88 5.5 5.3 6,35 5.71 1 5.15 I 5.00 1 3.20 14.45

96 4.0 3.95 4.15 4.03 5.20 5.90 5.75 5.61

100 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.00

Days after germination

Analysis of Variance

Source of Variation df SS MS F Value

Blocks
Treatments (T)
Error a
Harvest (H)
T x H
Error
Total

2

8
16

1

8
18

53

45.78
12465.52

(91 .42
2186.31
1450.07
225.64

16564.73

22.89
1558.19

1 I .96
2186.31
1 81.26

1 2.54

**130.24

* *174.41
* *14.46

** Significant at 1% level C. V. = 15.5%
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Appendix Table 11. Effect of water depth on the fresh weight of mudplantain
in the 3-leaf stage 20 days after flooding.

Water
depth (cm)

Fresh weight (g /plant
Replications

Average
1 II III IV

0 0.20 0.30 0.36 0.16 0.25

5 16.86 18.06 17.60 16.10 17.15

10 15.60 12.76 12.16 15.30 13.95

15 10.26 14.06 9.83 11.40 11.28

20 8.50 9.40 8.26 8.70 8.71

Analysis of Variance

Source of Variation df SS MS F Value

Treatments 4 659.790 I64.95 107.81 **

Error 15 22.980 1 .53

Total 19 682.770

** Significant at I% level
C. V. = 12%
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Appendix Table 12. Effect of water depth on the number of leaves of mud-
plantain in the 3-leaf stage 20 days after flooding.

Water
depth (cm)

Number of leaves
Replications

Average
1 II III IV

0 5.5 5.3 5.0 3.6 4.85.

5 27.0 26.6 26.8 18.3 2 4.68

10 26.0 20.6 18.3 22.0 2 I.73

15 15.3 13.3 10.3 15.3 1 3 . 55

20 13.1 12.6 9.6 1 1 . 0 1 1 .58

Analysis of Variance

Source of Variation df S S MS F Value

Treatments

Error

Total

4

15

19

1021. 235

92. 182

1113. 417

255.31

6.15

41.55 **

** Significant at 1% level
C.V. = 16.2%
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Appendix Table 13. Effect of water depth on the fresh weight of mudplantain
in the 10-leaf stage 10 days after flooding.

Fresh weight (g/plant)
Water Replications

depth (cm)
I II III IV Average

5 5.03 4.90 5.70 7.40 3.29

10 5.20 4.90 4.40 5.40 5.05

15 6.40 3.40 5.00 5.40 4.97

20 3.06 x.30 3.80 3.03 5.75

Analysis of Variance

Source of Variation df SS MS F Value

Treatments

Error

Total

3

12

15

13.050

9.580

22.630

4.35

0.79

5.44 *

* Significant at I% level
C.V. = 18.6%
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Appendix Table 14. Effect of water depth on the growth of mudplantain in
the 10-leaf stage 10 days after flooding.

Water
depth (cm)

Number of leaves
Replications

1 11 III IV Average

5 19.3 16.0 19.0 25.6 19.97

10 17.0 (6.5 18.0 18.3 17.45

15 20.0 15.0 17.5 (8.6 (7.77

20 13.3 32.6 14.0 14.3 16.05

Analysis. of Variance

Source of Variation df SS MS F. Value

Treatments 3 31.660 10.55 1.03 NS

Error 12 122.110 10.17

Total 15 153.770

C.V. = 17.9%
NS = Not significant
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Appendix Table 15. Effect of scarification on germination of mudplantain seeds
in water, puddled soil, or moist soil under outdoors con-
ditions.

Seed Treatment
and media

Per cent germination after 20 days I

Replications

AverageIII IV

Seeds scarified with
sandpaper and germi-
nated in:

water 43 37 33 31 36.0
puddled soil 9 7 7 6 7.2
moist soil 7 2 4 5 4.5

Seeds not scarified
and germinated in:

water 35 23 26 32 29.0

puddled soil 8 I0 6 13 9.2
moist soil 9 3 3 4 4.8

!Percentage data were converted to V-7 arc. sin for the analysis of variance

Analysis of Variance

Source of Variation df SS MS F Value

Treatments 5 2345.18 469.04 49.58 **
Seed treatment (A) I 4.52 4.52 0.48 NS
Media (B) 2 2303.34 1 151 .67 121.74 **
A x B 2 37.32 I 8.66 I. 97 NS
Error 18 1 70.33 9.46
Total 23 2515.51

** Significant at I% level
NS = Not significant
C.V. -= 14.62%
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Appendix Table 16. Effect of light reduction on the germination of mudplantain
seeds.

Light reduction
( %)

Per cent germination after 20 day
Replications

Average
1 11

100 0 0 0

96 13.60 18.00 15.80

88 36.00 44.33 40.17

72 76.33 83.33 81.33

53 73.00 75.33 74.17

33 74.00 84.00 79.00

0 84.00 70.33 77.17

Percentage data were converted to V-R-arc. sin for the analysis of variance

Analysis of Variance

Source of Variation df SS MS F Value

Replications I 49.98 49.98 0.98 NS

Treatments 6 22445.15 3740.85 73.68 **

Error 6 304.62 50.77

Sampling Error 28 410.95 14.67

Total 41 23210.70

* Significant at I% level
NS =` Not significant
C.V. = 5.3%
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Appendix Table 17. Effect of length of chilling medium on the germinative
ability of mudplantain seeds.

Treatment

Per cent germination after 20 days
Repl ications

Il III IV V VI Average

In dry medium at 6 C (+)
One week 15 17 11 22 11 14 15.0
Two weeks 26 27 II 16 11 16 18.0
Four weeks 12 14 13 II 16 24 15.0
Eight weeks 30 I8 23 5 17 I5 1 8.0

In tap water at 6 C (+)
One week II 4 7 2 3 6 5.5
Two weeks 12 8 3 9 II 9 8.6
Four weeks 4 3 2 8 6 4 4.5
Eight weeks 3 3 11 9 I2 9 7.8

Control 31 I7 I5 16 22 I5 I9.3

1 Percentage data were converted to V77---arc. sin for the analysis of variance

Analysis of Variance

Source of Variation df SS MS F Value

Treatments
Error
Total

8

45
53

1 3 89. 82

870.78
2260.60

173.72
I9.35

8. 97 **

** Significant at I% level
C. V. = 22.2%

Analysis of Variance

Source of Variation df SS MS F Value

Chilling period (P) 3 105.357 35.1 "19 1.81 NS
Chilling medium (M) I 102 1 .577 102 1.577 52.63 **
P x M 3 11.754 3.918 0.20 NS
Error 40 776.484 19.412
Total 47 1915 .1 71

** Significant at 1%
NS = Not significant
C. V. = 22.2%
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Appendix Table 18. Effect of planting depth on germination and emergence of
mudplantain.

Planting depth
(cm)

Per cent germination after 30 days 1

Replications

AverageII Ill IV

0 I0 7 9 8.75

3 I 1.75

2 0 0. 0.00

3 0 0 0 0.00

4 0 0 0 0.00

0 0 0.00

0 0 0 0.00

I0 0 0 0.00

!Percentage data were converted to V--77 arc. sin for the analysis of variance

Analysis of Variance

Source of Variation df SS MS F Value

Treatments 7 1096. 9106 156. 7015 211 **

Error 24 1 7. 8304 0.7429

Total 31 1 I 14.7410

** Significant at I% level
C. V. = 18%
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Append ix Table 19. Rice yields in the pre-germinated rice experiment mud -

plantain contol .

Rate
Herbicide (Kg ai/ha)

Rice Yield (g/plot)
Time

Applied
1 II III Average

benth iocarb 4.0 8 DAPI 1638 1856 2764 2086

fluorodifen 4.0 8 DA P1 1844 2 100 234 1 2095

bifenox 2.0 8 DAPI 2004 2846 2653 2501

D PX -6774 0.8 8 DAP( 1997 1764 1918 1893

1T -5914 1.5 8 DA PI 1888 2646 2 947 2494

glyphosate 0.25 2-leaf stage,2 2190 1446 2867 2 168

glyphosate 0.50 2-leaf stage' 489 846 1659 998

potassium az ide 1.50 2-leaf stage; 2944 1958 2 164 2355

potassium az ide 3.00 2-leaf stage 2407 2308 2734 2483

bentazon 1.50 5-leaf stage2 2587 2170 1768 2175

bentazon 3.00 5-leaf stage2 3369 2232 2633 2745

weedy check 2615 2 124 2856 2532

DAP = days of ter planting
Growth stage of mudplantain

Analysis of Variance

Source of Variation df SS MS F Value

Blocks 2 1083090.66 54 1545.33 2.69 NS
Treatments II 6753558.66 613 959. 88 . 06 *
Error 22 44 15230.66 200692.30

Total 35 12251880.00

* Significant at 5% level
NS = Not significant
C . V. = 20%
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Appendix Table 20. Rice injury 30 days after applying the late preemergence

treatments in the pre-germinated rice experiment.

Herbicide
Rate Time

(Kg ai/ha ) applied
Rice injury3
Repl icat ions

II 111 Average

benthiocarb 4.0 8 DAPI 0 2 0 0.6
fluorodifen 4.0 8 DAP' 0 I I 0.6
bifenox 2.0 8 DAPI I 0 I 0.6

DPX-6774 0.8 8 DAP I 2 0 I 1.0

IT-5914 1.5 8 DAP' 2 0 I I .0

glyphosate 0.25 2-leaf stage2 2 3 2 2.3

glyphosate 0.5 2-leaf stage2 8 8 7 7.6

potassium 1.5 2-leaf stage2 0 0 0 0.0

potassium 3.0 2-leaf stage2 0 0 0 0.0

bentazon 1.5 5-leaf stage2 0 0 0 0.0

bentazon 3.0 5-leaf stage2 0 0 0 0.0
weedy check - 0 0 0 0.0

I DAP = days after planting
2 Grown stage of mudplantain
3 0 = no injury; 10 = complete kill
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1

Append ix Table 21. Rice injury 60 days after applying the late preemergence
treatments in the pre-germ inated rice experiment.

Herbicide
Rate

(Kg ai/ha)
Time

Appl ied

Rice in jury3
Replications

AverageII Ill

benth iocarb 4.0 8 DAP' 2 I 0 I . 0

fluorod ifen 4.0 8 DAP,1 2 0 I I . 0

b ifenox 2. 0 8 DAP' 2 0 I I . 0

D PX -6774 0.8 8 DAPS 2 2 3 2 . 3

IT-5914 I .5 8 DAP 0 I 0.6

glyphosate 0.25 2-leaf stage2 3 3 3 3.0
glyphosate 0.5 2-leaf stage2 4 6 4 4.6
potassium azide I .5 2-leaf stage2 0 I 0.6
potassium azide 3.0 2-leaf stage 0 0 I 0.3
bentazon I .5 5-leaf stage2 I 0 I 0.6
bentazon 3.0 5-leaf stage 0 1 0.6

weedy check 0 0 0 0.0

I DAP = days after planting
2 Growth stage of mudpl anta in
3 0 = no injury; 10 = complete kill



Appendix Table 22.

Herbicide

ben th iocarb
fluorodifen
b ifenox
D PX -6774
11-5914
glyphosate
glyphosate
potassium azide
potassium azide
bentazon
bentazon
weedy check
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Rice injury 90 days after applying the late preemergence
treatments in the pre-germinated rice experiment.

Rate

(Kg a i/ha
Time

Applied

Rice injury3
Repl i cat ions

1 11 III Average

4.0 8 DAP1 0 0 0 0.0
4.0 8 DAP! 0 0 0 0.0
2.0
0.8

8 DAP'
1

8 DAP
0
0

0
0

0
0

0.0
0.0

1 . 5 8 DAP I 0 0 0 0.0
0.25 2-leaf stage2

2 2 3 2.3
0.5 2-leaf stage2 4 4 5 4.3
1 .5 2-leaf stage2 0 0 0 0.0
3.0 2-leaf stage 0 0 0 0.0
I . 5 5-leaf stage2 0 0 0 0.0
3.0 5-leaf stage2 0 0 0 0.0

0 0 0 0.0

I DAP = days after planting
2 Growth stage of mudpla rtain
3 0 = no injury; 10 complete kill



Appendix Table 23.
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Effect of herbicide treatments on rice height at maturity
in the pre-germinated rice experiment for the control of
mudplantain.

Rate

Herbicide (Kg ai/ha
Time

Applied

Rice Height (cm)
Rep! ications

Average1 II III

benth iocarb 4.0 8 D API 58.66 59.75 70.50 62.97
fluorodifen 4.0 8 DAPI 55.75 6 1.50 53.50 56 . 92

b ifenox 2.0 8 DAPI 54.83 59.50 6 1. 50 58.6 1

D PX -6774 0.8 8 DAP) 54.83 56.58 61.25 57.55

1T-5914 1 . 5 8 DAPI 57.58 6 1. 16 64. 16 60.97
glyphosate 0.25 2-leaf stage` 53.83 58.83 64. 00 58.89

glyphosate 0.50 2-leaf stage2 54.00 56. 83 54.50 55.11

potassium az ide 1 . 5 2-leaf stage2 60.66 57.58 55.91 58.05

potassium az ide 3.0 2-leaf stage 57.11 61.08 63.41 60.53

bentazon I.5 5-leaf stage 62.50 61.50 61'. 16 61.72

bentazon 3.0 5-leaf stage2 56.58 61.33 63.33 60.41

weedy check 56.16 59.25 66.66 60.69

I DAP = days after planting
2 Growth stage of mudplantain

Analysis of Variance

Source of Variation df SS MS F Value

Blocks 2 I 37. 997 68.999 6.89 **
Treatments 11 165. 709 15.064 1 .50 NS

Error 22 22 0.292 10.013

Total 35 523.998

** Significant at 1% level
NS = Not significant
C. V. = 6.5%



Append ix Table 24. Per cent control of knotgrass, 30, 60 and 90 days after application of the late preemergent
treatments in the pre-germinated rice experiment.

Herbicide
Rate

(Kg a i/ha)
Time Weed Control (%)

Applied
(30)*

Knotgrass
(60)* (90)*

. benth i ocarb 4.0 8 DART 0 0 0

2. fluorod ifen 4.0 8 DAPI 0 0

3. b ifenox 2.0 8 DAPI 0

4. DPX-6774 0.8 8 DA PI 0 0

5. 11-5914 1.5 8 DAPI 0 0 0

6. glyphosate 0.25 2-leaf stage2 0 0 0

7. glyphosate 0.50 2-leaf stage2 0 0 0

8. potassium azide 1.5 2-leaf stage2 0 0

9. potassium azide 3.0 2-leaf stage2 0 0

10. bentazon 1.5 5-leaf stage
2 0 0

II. bentazon 3.0 5-leaf stage2 0 0

12. weedy check 0 0

* Days after applying the late preemergent treatments
1 DAP = days after planting
2 Growth stage of mudpl anta in
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Appendix Table 25. Mudplantain control 30 days after applying the late pre-
emergence treatments in the pre-germinated rice experi-
ment.

Herbicide
Rate Time

(Kg a Vha) Applied

Mudplantain Control (%)3
Replications

Average1 II 111

benthiocarb 4.0 8 DAPF
I

5 10 5 6.66
fluorodifen 4.0 8 DAP 0 0 0 0.00
b ifenox 2.0 8 DAP: 10 20 10 13.33

DPX-6774 0.8 8 DAP 10 10 5 30 15.00

IT-5914 1.5 8 DAP 5 5 10 6.66
glyphosate 0.25 2-leaf stage2 10 20 15 15.00

glyphosate 0.5 2-leaf stage2 20 30 20 23.33
potassium azide 1.5 2-leaf stage2 15 20 20 18.33

potassium azide 3.0 2-leaf stage2 30 20 20 23.33
bentazon 1.5 5-leaf stage2 25 20 20 21.66

bentazon 3.0 5-leaf stage 30 25 20 25.00
weedy check - - 0 0 0 0.00

1 DAP = Days after planting
2 Growth stage of mudplantain
3 Percentage data were converted to V-37 arc. sin for the analysis of variance.
4 Days after applying the late preemergence treatments.

Analysis of Variance

Source of Variation df SS MS F Value

Blocks 2 8.820 4.410 0.23 NS
Treatments 11 3610.445 328.410 16.89 **
Error 22 427.336 19.424

Total 35 4046.602

** Significant at I% level
NS -= Not significant
C.V. = 22.4%
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Appendix Table 26. Mudplantain control 60 days after applying the late pre-
emergence treatments in the pre-germinated rice experi-
ment.

Rate

Herbicide (Kg a Vha )
Time

Applied

Mudplantain Control (%)3
Repl ications

Average1 11 III

benthiocarb 4. 0 8 DAP! 10 5 5 6.66
fluorodifen 4.0 8 DAP' 0 0 0 0.00
b ifenox 2.0 8 DAPI 30 25 35 30.00
DPX-6774 0.8 8 DAPI 0 0 0 O. 00

IT-5914 1.5 8 DAPI 0 0 0 0.00
glyphosate 0.25 2-leaf stage2 10 20 5 11.66

glyphosate 0.5 2-leaf stage2 5 0 0 I .66
potassium az ide 1.5 2-leaf stage2 10 15 15 13.33

potassium az ide 3.0 2-leaf stage2 10 10 15 11 .66

bentazon 1.5 5-leaf stage2 10 10 15 11.66

bentazon 3.0 5-leaf stage2 15 10 15 13.33

weedy check - 0 0 0 0.00

I DAP = days after planting
2 Growth stage of mudplanta in
3 Percentage data were converted to V-57 arc, sin for the analysis of variance

Analysis of Variance

Source of Variation df SS MS F Value

Blocks 2 9.268 4.634 0.25 NS

Treatments 1 I 4127.566 375.233 19.99 **

Error 22 413.114 1 8. 779

Total 35 4531 .412

** Significant at I% level
NS = Not significant
C. V. = 34.09%



Append ix Table 27.

Herbicide

benth iocarb
fluorod ifen
b ifenox
D PX -6774
1T-5914
glyphosate
glyphosate
potassium azide
potassium azide
bentazon
bentazon
weedy check
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Effect of herbicides on mudplantain control 90 days after
applying the late preemergence treatments in the pre-
germinated rice experiment.

Rate

(Kg a i/ha
Time

Appl ied

Mudplanta in Control (%),S
Replications

Average1 H III

4.0 8 DAP1 0 5 0 1.66
4.0 8 DAP1 5 0 5 3.33
2.0 8 DAP1 0 0 0 0.00
0.8 8 DAP1 0 0 0 0.00
I.5 8 DAPI 0 0 0 0.00
0.25 2-leaf stage2 0 0 0 0.00
0.5 2-leaf stage2 0 0 0 0.00
I.5 2-leaf stage2 0 0 0 0.00
3.0 2-leaf stage2 0 0 0 0.00
I.5 5-leaf stage2 0 0 0 0.00
3.0 5-leaf stage 0 0 5 1 .66

0 0 0 0.00

1 DAP = days after planting
2 Growth stage of mudplantain
3 Percentage data were converted to V-37-' arc, sin for the analysis of variance
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Appendix Table 28. Rice yields in the dry rice experiment of mudplantain
control .

Rate

Herbicide (Kg ai/ha)
Time

Applied

Rice Yields (g/plot)
Replications

1 II III Average

benth iocarb 4.0 emergence' 1976 1327 1776 16 93. 00
butachlor 2.5 emergence' 958 806 13 94 1052.66
fluorodifen 4.0 emergence' 629 820 1255 901.33
oxadiazon I.0 emergence' 909 1426 1881 1405.33
DPX-6774 0.8 emergence' 1029 2066 2103 1732.66
b ifenox 2.0 emergence' 1066 1328 1245 12 13. 00
IT-5914
potassium azide

1.5
I.5

emergence
2-leaf stage'

785
687

757
654

1231

106 5

922.33
802.00

potassium azide 3.0 2-leaf stage2 1071 867 965 964.66
bentazon I . 5 5-leaf stage2 747 1058 1285 1030.66
bentazon 3.0 5-leaf stage 712 1304 700 905.33
weedy check - - 895 534 924 784.33

I Treatments applied to the emerging rice
2 Growth stage of mudplantain

Analysis of Variance

Source of Variation df SS MS F Value

Blocks 2 818874.386 409437. I 93 5.02 **
Treatments 11 3528494. 970 320772.270 3. 94 **
Error 22 1792801. 6 13 81490. 982
Total 35 6140 170. 970

*A Significant at I% level
C. V. = 25.5%
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Appendix Table 29. Rice injury 30 days after applying the emergence treatments
in the dry rice experiment.

Herbicide
Rate

(kg is /ha)
Time

Applied
Rice Injury3
Replications

11 Ill Average

benthiocarb 4.0 emergence' 2 2 2 2..0
butachlor 2.5 emergence' 2 3 2 2.3
fluorodifen 4.0 emergence' 2 2 2 2.0
oxadiazon 1.0 emergence' 3 4 2 3.0
DPX-6774 0.8 emergence' 3 3 2 2.6
bifenox 2.0 emergence' 3 2 2 2.3
11-5914 1.5 emergence' 2 2 I 1.6
potassium azide 1.5 2-leaf stage2 0 0 0 0.0
potassium azide 3.0 2-leaf stage 0 0 0 0.0
bentazon 1.5 5-leaf stage2 0 0 0 0.0
bentazon 3.0 5-leaf stage2

0 0 0 0.0
weedy check - - 0 0 0 0.0

I Treatments applied to the emerging rice
2 Growth stage of mudplantain
3 0 = no injury; 10 = complete kill
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Appendix Table 30. Rice injury 60 days after applying the emergence treat-
ments in the dry rice experiment.

Rate

Herbicide (Kg al/ha)
Time

Applied
Rice Injury3
Repjications

II 111 Average

benthiocarb 4.0 emergence' 2 1 2 1.6

butachlor 2.5 emergence' 2 2 2 2.0
f luorodifen 4.0 emergence' 3 3 1 2.3
oxadiazon 1.0 emergence) 3 4 3 3.3
DPX-6774 0.8 emergence 3 2 2 2.3
bifenox 2.0 emergence' 2 I 2 1.6

IT-5914 1.5 emergence' 0 0 0 0.0
potassium azide 1.5 2-leaf stage2 0 0 0 0.0
potassium azide 3.0 2-leaf stage2 0 0 0 0.0
bentazon 1.5 5-leaf stage2 0 0 0 0.0
bentazon 3.0 5-leaf stage2 0 0 0 0.0
weedy check - - 0 0 0 0.0

I Treatments applied to the emerging rice
2 Growth stage of mudplantain
3 0 = no injury; 10 = complete kill
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Append ix Table 31. Rice injury 90 days after applying the emergence treat-
ments in the dry rice experiment.

Herbicide
Rate

(Kg al/ha )
Time

Applied

Rice Injuryi
Replications

11 111 Average

benthiocarb 4.0 emergence' 0 0 I 0.33

butachlor 2.5 emergence' 0 0 0 0.00
fluorodifen 4.0 emergence' 0 0 0 0.00
oxadiazon 1.0 emergence' I 1 0 0.66

DPX-6774 0.8 emergence! 1 0 0 0.33

bifenox 2.0 emergence I 0 2 1.00

IT-5914 1.5 emergence' 0 0 0 0.00
potassium azide 1.5 2-leaf stage2 0 0 0 0.00

potassium azide 3.0 2-leaf stage2 0 0 0 0,00

bentazon 1.5 5-leaf stage2 0 0 1 0.33

bentazon 3.0 5-leaf stage2 0 0 0 0.00
weedy check - - 0 0 0 0.00

I Treatments applied to the emerging rice
2 Growth stage of mudplantain
3 0 = no injury; 10 = complete kill
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Appendix Table 32. Effect of herbicide treatments on rice height at maturity
in the dry rice experiment for the control of mudplantain.

Herbicide
Rate

(Kg aVha)
Time

Applied

Rice height (cm)
Replications

Average11 Ill

benthiocarb 4.0 emergence' 59.86 68.00 59.75 62.53
butachlor 2.5 emergence: 62.00 58.28 6 1.25 60,51
fluorodifen
oxadiazon

4.0
1.0

emergence,
emergence 60.33

58,88 61.33
56,83

53.88
65.33

58.03
60.83

D PX -6774
bifenox

0.8
2.0

emergence
emergence',

59.83
6 1.08

68.65
69.35

61.00
57.86

63. 16
62.76

1T-5914 1.5 emergence 61 .2 1 54.35 63.15 59.57
potassium azide 1.5 2-leaf stage2 63.75 61.20 65.83 63.59
potassium azide 3.0 2-leaf stage2 61.00 57.40 60.15 59.5 I

bentazon 1.5 5-leaf stage2 57.63 63.82 68.25 63.23
bentazon 3.0 5-leaf stage2 59.88 62.45 57.25 59.86
weedy check 53.35 62.88 59.66 58.63

1 Treatments applied to the emerging rice
2 Growth stage of mudplantain

Analysis of Variance

Source of Variation df SS MS F Value

Blocks 2 27.76 13.88 0.79 NS
Treatments II 126.29 1 I.48 0.66 NS
Error 22 384.27 17.47
Total 35 538.32

NS = Not significant
C. V. 6.85%



Appendix Table 33. Per cent control of knotgrass, 30, 60 and 90 days after applying the emergent treatment in the
dry rice experiment.

Herbicide
Rate

(Kg al/ha)
Time

Applied

1. benthiocarb 4.0 emergence'

2. butachlor 2.5 emergence/

3. fl uorod ifen 4.0 emergence!

4. oxadiazon 1.0 emergence!

5. DPX-6774 0.8 emergence!

6. bifenox 2.0 emergence!

7. 1T-5914 1.5 emergence'

8. potassium azide 1.5 2-leaf stage2

9. potassium azide 3.0 2-leaf stage2

10. bentazon 1.5 5-leaf stage2

II . bentazon 3.0 5-leaf stage2

I2. weedy check -
* Days after applied the emergent treatments
I Treatments applied to the emerging rice
2 Growth stage of mudpIantain

Wedd Control (%)
Knotgrass

(30)* (60)* (90)*
0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0

0 0

0 0
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Appendix Table 34. Mudplantain control 30 days after applying the emergence
treatments in the dry rice experiment.

Herbicide
Rate

(Kg a i/ha)
Time

Applied

Mudplantain Control (%)3
Replications

AverageI II III

benth iocarb 4.0 emergence' 5 0 0 1.66

butachlor 2.5 emergence! 95 95 95 95.00

fluorodifen 4.0 emergence' 5 0 5 3.33

oxadiazon I . 0 emergence' 100 100 95 98.33

D PX -6774 0.8 emergence' 20 5 5 10.00

b ifenox 2.0 emergence 10 20 15 15.00

IT-5914 1.5 emergence' 10 15 10 I1.66

potassium az ide 1.5 2-leaf stage 15 25 25 21.66

potassium az ide 3.0 2-leaf stage2 20 10 15 15.00

bentazon I.5 5-leaf stage2 25 25 35 28.33

bentazon 3.0 5-leaf stage2 30 30 35 31.66

weedy check 0 0 0 0.00

Treatments applied to the emerging rice
2 Growth stage of mudplanta in
3 Percentage data were converted to V-71.- arc. sin for the analysis of variance

Analysis of Variance

Source of Variation df SS MS F Value

Blocks 2 33.615 I 6 . 808 0.81 NS

Treatments II 24689. 925 2244.539 107.64 **

Error 22 458.755 20.852

Total 35 25182.296

Significant at I% level
NS = Not significant
C . V. = 15.4%
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Appendix Table 35. Mudplantain control 60 days after applying the emergence
treatments in the dry rice experiment.

Herbicide
Rate

(Kg 0i/ha)
lime

Applied

Mudplantain Control (%)J
Replications

AverageII III

benthiocarb 4.0 emergence 5 10 5 6.6

butachlor 2.5 emergence 50 70 85 68.3

fluorodifen
oxad iazon

4.0
I . 0

emergence'
'emergence

0
6 0

0

85
5

85
1.6

76.6

D PX -6774 0.8 emergence' 25 15 15 18.3

bifenox 2.0 emergence' 10 20 20 16.6

IT-5914 1.5 emergence' 15 5 5 8.3

potassium az ide 1.5 2-leaf stage2 10 10 10 10.0

potassium az ide
bentazon

3 . 0
1.5

2-leaf stage?,
5-leaf stage`

5
30

10

20
0

25
5.0

25.0

bentazon 3.0 5-leaf stage2 20 10 15 15.0

weedy check - - 0 0 0 0.0

1 Treatments applied to the emerging rice
2 Growth stage of mudplantain
3 Percentage data were converted to V77 sin for the analysis of variance

Analysis of Variance

Source of Variation df SS MS F Value

Blocks 2 10.289 5.144 0.13 NS

Treatments II 12041. 866 1094. 7 15 29.55 **

Error 22 8 I 5. 006 37.046

Total 35 12867 .1 60

** Significant at 1% level
NS = Not significant
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Appendix Table 36. Mudplantain control 90 days after applying the emergence
treatments in the dry rice experiment.

Herbicide
Rate

(Kg al/ha)
Time

Applied

Mudplantain Control (%)3
Replications

Average1 11 III

benthiocarb
butachlor

4.0
2.5

emergence',
emergence

10

10

0
5

5
0

5.00
5.00

fluorodifen 4.0 emergence' 0 0 10 3.33
oxadiazon 1.0 emergence' 10 10 10 10.00

DPX-6 774 0.8 emergence' 5 0 0 1.66

b ifenox 2.0 emergence! 5 0 5 3.33
1T-5914 1.5 emergence' 0 0 10 3.33
potassium azide 1.5 2-leaf stage2 0 0 5 1.66
potassium azide 3.0 2-leaf stage2 0 5 0 1.66

bentazon 1.5 5-leaf stage2 5 5 5 5.00
bentazon 3.0 5-leaf stage2 15 5 0 6.66
weedy check - 0 0 0 0.00

I Treatments applied to the emerging rice
2 aowth stage of mudplanta in
3 Percentage data were converted to \r7--C arc . sin for the analysis of variance

Analysis of Variance

Source of Variation df SS MS F Value

Blocks
Treatments
Error
Total

2

II

22
35

101. 197 50.598
816.928 74.266

16 19. 242 73.601

0.687 NS
1.009 NS

NS = Not significant
C.V. = 10.51%


