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in the Soll

Girma Woldetsadikl, Sombat Chinawong?, Rungsit Suwanketnikom3,
Sunanta Juntakool3 and Visoot Verasan4

ABSTRACT

Change in the weed seedbank due to crop production practices is an important determination of
subsequent weed problems. Research was conducted to compare weed seed bank composition and
vertical distribution of weed seed in the soil among four weed control measures and four moisture
conservation practices at Dera Sub-Center and Melkassa Agricultural Research Center.

Seed numbers at 45 cm depth were lower in pre-emergence of primagram at the rate of 3 L/ha
treatment (137 seeds/m2) and pre- and post-emergence of primagram at the rate of 3 L/haplus2, 4-D at
therate of 1 L/ha (105 seeds/m2) at Deraand Melkassa, respectively. More than 60% of the weed seed
bank was concentrated in the upper 15 cm of soil layer in post-emergence treatment at Deraand pre plus
post-emergence at Melkassa site. The seed bank of the moisture conservation treatments was more
uniformly distributed over depth and greater than the other systems. Chenopodium fasciul osum, Cyprus
rotundus, Eragrostis aspera, and Sorghum arundenanceum were the most commonly found in the seed

bank.

K ey wor ds: moisture conservation, flat bed, ridge, vertical distribution, and furrow

INTRODUCTION

The weed seed bank, which comprises of
viable seeds in the soil and on its surface, is the
principal sourceof annual weedsinthefield crops.
Size and composition of the seed bank as well as
above ground weed florareflect past and present
weed, crop, and soil management (Roberts et al.,
1981). Reducing the size of weed seed bank has
been a long-term goal of weed management
strategies, especially for field cropped continuously
(Schweizer et al., 1984). Additions and losses of

seed from the seed bank are affected by physical,
biological and management factors that interact
over timeto result in shiftsin weed flora (Cavers
and Benoit,1989).

Many weedinfestationsin cropping seasons
arise from the weed seed bank, so changesin the
seed bank dueto agricultural management practices
ultimately result in changing in observed weed
flora. However, seed bank changes must be of
sufficient magnitudeto producedetectablechanges
inweed florasinceonly asmall percentage of seed
residing in soil is expressed as flora during any
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given growing season (Roberts, 1963; Harper,
1977).

Weed control by herbicidesand mulch are
two primary practicesthat haveanimpact onweed
seed banks. Recognizing the importance of
herbicide and mulching in altering species
composition in the weed seed bank can lead to
improved strategies for weed management.

Weed seed depth in the soil influences
germination and seedling. Seed at or just below the
soil surface often germinate morethan seed buried
deeper inthesoil (Chepil, 1946; Herr et al., 1970).
Seed placed deep by plowing may remain dormant
until further tillage placesthemwheregermination
may occur. Weed specieswith long dormancy are
favored by plowing. Seed buried deep in the soil
a so takeslonger to emerge and devel ops seedling
characteristics than weed placed shallow (Mester
and Buhler, 1990). Weak seedlings are easier to
kill by chemical or mechanical methodsthan more
vigorous plants (Herr et al., 1970, Mester and
Buhler, 1990). Depth for optimum germination
and devel opment variesamong species. Thus, itis
very important to analyze the seed bank inthe soil,,
because seed density estimates is useful for
predi cting weed infestation and enablesaminimum
use of herbicides (Buhler et al., 1992).

Effective weed management is critical for
successful maizeproduction. Theuseof herbicides
can also influence the species composition of the
seed bank, and may increase or decrease it,
depending on the chemicals used (Ball et al.,
1989), and they can also cause species shifting
(Roberts, 1968). In general, it can be said that
interactions among herbicides, land preparation
and cultura practice have atered the sizes and
natures of seed bank (Roberts, 1981). One key
factor that caninfluence herbicide effectivenessis
the propertied weed populations in a field. The
numbers of weed seed found in the soil seed bank
determine the propertied weed population in a
field. The seed bank is a continuous fluctuation
dueto introductions of new weed seed and | osses

of seed from germination or decay (Maxwell and
Ghersa, 1992). The soil seed bank population
declined by more than 90% after five years of
continuousmaizewithexcellent control (Schwei zer
et al., 1984). However, the seed bank rapidly
increased when the level of weed management
reduced. The level of input required to obtain
acceptableweed control isrelated to the size of the
seed bank.

Littlework hasbeendonequantifyingdepth
distributi on of weed seed by herbicideand moisture
conservation practices under field conditions. No
previous work in herbicide and mulch effects on
seed germination was found in Ethiopia. This
experiment eval uated effectsof herbicideandweed
management on numbers, depth distribution, and
viability of the soil weed seed bank.

The objective of thisstudy wasto compare
weed seed bank composition and vertical
distribution of weed seed in the soil among four
weed control measures and four moisture
conservation practices.

MATERIALSAND METHODS

Study site and agronomic practices

A field experiment was conducted at Dera
sub-Center and Melkassa Agricultural Research
Center during the rainy season of 2003. The soil
types at Dera and Melkassa are diverse, most of
them are shall ow and the organi c matter contentis
quitelow between 0and 2%inmost areas, resulting
in poor water—holding capacity. The soils are
generally brown, grayish brown or light brown.
Thetextures of the soil are either clay loam, loam
or sandy loam. The experiment was laid out in a
split- split - plot design, comprising 3levelsof soil
depth[0-15cm, 15-30 cm, and 30- 45cm] inmain
plots, 4levelsof fertilizer [Ng, Control, N1, 10, N,
20, and N3 30 kg N/ha] in sub-plots and 4 weed
control treatments [Wq, weedy check, W4y,
primagram Gold 660 SC 3 L/ha (pre-emergence);
W, primagram Gold 660 SC 3 L/haand 2,4-D 1
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L/ha(preand post-emergence); W3, 2,4-D 1 L/ha
(post-emergence)] in sub- sub — plots and was
replicatedthrice. Maizevariety Melkassa-1double
top-cross early duration was sown in rows of 25
cm apart on 8 July 2003 and 29 June 2003 at Dera
and Melkassa, respectively. Full dose of P,Ogand
half dose of N wereapplied basal and remaining N
was top dressed in 2 equal splits.

The cropping system was a maize -pulse
rotation, except for 2002 to 2003 where maize
followed maize. Agronomic practicesand herbicide
treatments were consistent with those
recommended for maize in Melkassa agricultural
research center. Weed control treatments
representing those most commonly used in the
areasincluded primagramat therateof 3L/ha. The
herbicide was applied within 3 days after maize
planting and before weeds had begun to emerge.
Post-emergence of 2, 4-D was used at therate of 1
L/haone month after maize emergence.

Seed bank analysis

Studieson seed bank in cultivated soil have
led to the development of many techniques for
estimating seed density from soil samples. To
determine the numbers of viable seed in the soil,
soil samples were taken on 15 May 2003, after
seedbed preparation but prior to seeding and
herbicide application. To measure the vertical
distribution of weed seedto adepth of 45cminthe
soil, the soil was collected at surface of 0-15 cm,
16-30 cm and 31- 45 cm depths and the 3 samples
from each depth were pooled. The soil was air-
driedand sievedthrough a2 mm screentobreak up
large soil peds. The soil was spreaded in 22 cm
square trays and watered twice daily in a
greenhouse. Soil samples containing seeds were
watered as needed and maintained with water at a
depth of 1 cm. Weed seedlingsthat emerged were
identified and counted by species and removed
every 7 daysfromthebeginning of weed emergence
until noweed emergencewasobserved at the seed-
leaf stage or 1-leaf stage to avoid the periodic

interaction of weeds, throughout the growing
period.

Analysis

Anaysesof variance(ANOV As) wereused
to test the effect of weed control and moisture
conservation practices on the seed banks and
vertical distribution of seeds in the soil. Means
wereseparated by L SD (g os). Vertica distribution
of seed was expressed as a proportion of the total
seed bank.

RESULTSAND DISCUSSION

Seed bank size

Sizes of the seed bank differed among
weed control measuresand moisture conservation
practices(Table 1). The highest total seed number
wasfoundinthe Melkassasoil where 366 and 300
seeds/ m2 were observed in post herbicide
application and ridge and furrow treatments,
respectively. Weedy check gave 222 total weed
seeds/ m2 at Melkassaafter post herbicide 2, 4-D.
Eventhough thetotal weed seedsat Derafor weed
control measurerswere similar to the highest total
weed seeds/ 187 m2 was from weedy check.
Primagramat therateof 3L/hacaused nodifference
in seed numbers across weed management due to
effective weed control and low seed numbers. In
contrast, 2, 4-D at therate 1 L/ha caused greatest
difference for weed management by depth.
Primagram plus 2, 4 -D had fewer seed in the soil
profile than 2, 4-D. Lower seed numbers in pre
plus post herbicide application than in control
might be due to better weed control in these weed
control treatments and to the stimulatory effect of
weed control in inducing weed seed germination
(Barralis and Chadoeuf, 1980). Seed numbersin
ridgeandfurrow werehigher thanthoseinflat bed;
flat bed plus straw mulching and ridge and furrow
plus straw mulching at the Melkassa site.
Differencesamong sitescould beattributedin part
to differences in previous vegetative cover in
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additiontodifferencesinsoil type. Pre-emergence
of primagram plus post-emergence of 2, 4-D at
both sites were best to suppress weeds from weed
control measures. The effect of mulch to control
weeds was found effective only at Melkassa.

Vertical distribution

Thevertical distributionsof seedinthesoil
varied among weed control treatments (Table 2).
Thetop 0-15 cm of soil contained 43.5, 40.2, 40,
and 61 % of the seed bank in weedy check,
primagram, primagram plus 2, 4-D, and 2, 4-D at
Dera, respectively. At Melkasaa, the top 0-15 cm
of soil contained 59.1, 56.8, 62.7, and 58.3 % in
weedy check, primagram, primagram plus 2, 4-D
and 2, 4-D weed control measures, respectively
which were greater as compared to those at Dera
site. Thehighest concentrationsof weed seed were
found in 0-15 cm layer. In 16-30 cm, distribution
of weed seedsin the soil declined and werefound
intherangesfrom 18.4 in post-emergence of 2, 4-
D to 46.5% in pre-emergence of primagram at
Deraandfrom 19.7 in post-emergenceof 2,4-D to
33.5%inpre-emergenceof primagramat M elkassa,
whichwerealmost similar inweed seedsinthesoil
among thefour weed management systems. Seeds
in 31-45 cm soil depth declined steadily and were
found in therange from 13.3 in pre-emergence of
primagram to 22.7 % in pre plus post-emergence
of primagram plus 2, 4-D at Derain the order of
primagram at therateof 3 L/ha, weedy check, 2, 4-
D at therate of 1 L/haand primagram @ 3 L/ha
plus 2, 4-D at therate of 1 L/ha, respectively.

In moisture conservation practice, at Dera
flat bed plus straw mulching recorded the lowest
percent of weed seed at 0-15 cm soil depth and the
highest at 16-30 cm were recorded. Ridge and
furrow recorded the highest weed seed at 0-15cm
andthelowest at 31-45 cm, whileridgeand furrow
plus straw mulching recorded the lowest percent
of weed seed at 16-30 cm and the highest at 31-45
cm. At Melkassa flat bed plus straw mulching
showedthelowest percent of weed seed at 0-15¢cm

and 31- 45 cm and the highest at 16-30 cm where
as flat bed without straw mulching treatment
recorded the highest percent of weed seed at 16-30
cmand thelowest at 16-30 cm. Ridgeand furrow
with and without straw mulching expressed
medium percents of weed seed at the three depths
and whichwerenot different fromoneanother. At
both sites, flat bed plus straw mulching recorded
the lowest percentage of weed seed at 0-15 cm
layer.

The highest number of weed seed among
thefour weed control measureswasobtained from
weedy check followed by primagram @ 3 L/ha
treated plots(Table3). Ridgeandfurrow alsogave
the highest total weed seed followed by flat bed.
Thecontrol measure with mulch gavelessnumber
of weed seed as compared to without mulch. Over
52.7% seedswere concentrated in thetop 0-15cm
layerin2,4-D @ 1 L/haherbicideappliedtreatment
and flat bed planting method (Table 3). Weed
control measurersranked 2, 4- D > weedy check >
primagram > primagram + 2, 4-D for total seed in
the top 45 cm soil depth. Depths by weed control
interaction were also significant at both sites.

Species composition

At four weed control measures, twenty-
eight weed specieswereidentifiedinthe seed bank
orinthefield. Almost al of the species observed
only inseed bank sampleswererelatively common
at the experimental site; hence it was surprising
that these species appeared in the soil samples.
Over 90 % of each seed bank among weed control
treatments and soils were composed of fewer
weed species with 18 species being common to
both sites (Table 4). The weeds in different
combinations were found at each seed bank. The
resultsshowed that theweed seed bank wasmainly
composed of Chenopodium fasciulosum,
Eragrostis aspera, Cyperus rotundus, Sorghum
arundenanceum, Flaveria trinerva, Argemone
mexicana, Hetilotropium cineraseioen,
Amaranthushybridus, Anagalisarvensis, Nicandra
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phylasoides, Datura stramonium, Galinsoga
parviflora, Euphorbia heterophylla, Launea
comuta, Portulaca oleracea, Foeumvulgare, etc.
at thetwo sites. Chenopodiumfasciulosumwasthe
only species present in each weed control treated
plots constituted 21.7 % of the total seed bank
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across two locations and consistently made up
greater percentages of the seed bank in pre-, pre -
pluspost- and post- emergencesthanweedy check.
Cyprusrotundus, Eragrostisasperaand Sorghum
arundenanceum were the next most abundant
species at each site. Galinsoga parviflora was

Tablel Numbers of seed per m? at a depth of 45 cm in four-weed control measures and averaged

moisture conservation practices.

Total weed seeds Dera Melkassa
Weed control measures
Wy (weedy check) 187 222
W7 (Primagram) 184 144
W5, (Primagram + 2, 4-D) 137 105
W3 (2, 4-D) 135 366
LSD (0.05) 29.92 66.51
Moisture conservation practices
FB (Flat bed) 154 262
R & F (Ridge and furrow) 160 300
FB + SM (Flat bed + straw mulch) 167 168
R & F+ SM (Ridge and furrow + straw mulch) 152 203
LSD (0.05) 35.22 37.08

Table2 Influencesof weed control measureand moistureconservation practicesonvertical distributions
of total weed seed (%) to a45 cm soil depth after maize cropping.

Dera Melkassa
Depth (cm)Weed control measures
Wo Wi W W3 Wo Wi W W3
0-15 435 40.2 40 61 50.1 56.8 62.7 58.3
15-30 39.8 46.5 37.3 18.4 28.7 335 229 19.7
30-45 16.8 133 22.7 20.6 12.2 9.7 14.4 22

Moisture conservation practices
Depth (cm) FB

R&F FB+SM R&F+SM FB

0-15 48.8 51.8 36.5 48.6
15-30 31 338 46.9 30.3
30-45 20.2 10.6 10.8 211

R&F FB+SM RandF+SM

61.3 59.2 58.8 55.9
232 28.7 304 26
155 121 10.8 181

Wy = weedy check, W= primagram @ 3 L/ha, W, = primagram @ 3L/ha +2,4-D @1 L/ha,andW3=2,4-D @ 1L/ha FB =
flat bed, R & F =ridge and furrow, FB + SM= flat bed + straw mulch, and R & F + SM = ridge and furrow + straw mulch. L1

=Deraand L, =Melkassa
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foundinall weed control measuresat both sitesbut
was not present in post herbicide treatment.

Commelina benghalensis, Agenatum spp,
Convolvulus spp were very small in number and
commonly found in Dera while Euphorbia
heterophylla, Leucasmartini, Sdaalbaspp, Tagets
minuta, Tribulus spp, and Portulaca oleracea
were found only in Melkassa.

CONCLUSION

In this study, the herbicides and residues

couldinfluenceweed popul ationlevels, therate of
population growth and species composition. This
might indicate that herbicides and residues were
effective enough to prevent excessive weed seed
production. This result was obtained from one-
year data, the long-term effects of herbicide and
residue on weed populations were not studied.
Further studies are needed to examine the
interaction effects of herbicide with residue
application, alelophaty and shading effects and
may resultinreduced weed seedling emergence. It
also needs further study on farmer’s field where

Table 3 Distribution of weed seed by soil depth as affected by weed control and moisture conservation

practices.
Weed seed as affected by depth (cm)

Weed control Moisture Dera Melkassa

conservation 0-15 16-30 31-45 0-15 16-30  31-45
No m2

Weedy check (control)
FB 35 18 3 42 16 14
R&F 24 20 5 31 11 6
FB + SM 28 14 5 21 10 16
R& F+SM 23 7 5 29 14 12

Primagram @ 3 L/ha (pre-emergence)
FB 23 15 1 18 12 8
R&F 42 16 12 17 10 5
FB + SM 25 12 4 15 13 4
R& F+SM 12 20 2 27 7 8

Primagram @ 3 L/haand 2, 4-D @ 1 L/ha (pre and post-emergence)
FB 6 87 3 13 7 7
R&F 15 7 2 19 8 5
FB + SM 37 12 6 11 5 4
R& F+ SM 16 19 6 15 5 6

2, 4-D @ 1 L/ha (post-emergence)
FB 33 4 5 85 22 19
R&F 13 8 6 82 25 25
FB + SM 14 8 2 13 8 7
R& F+SM 21 15 6 45 20 15

FB =flat bed, R & F=ridge and furrow, FB + SM=flat bed + straw mulch, and R & F + SM = Ridge and furrow + straw mulch.

L, =Deraand L, =Melkassa
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herbicidesand residueswererarely or not applied. regeneration strategies and to manage the
The results and information obtained would  successiona dynamics of weed in weed control
expeditethedevel opment of management strategies ~ measures.

to reduce populations of weed with seed bank

Table4 Seed bank compositions (45 cm deep) in two sites after one year of maize cropping with four
weed control measures.

Seed bank composition as affected by soil and weed control
Species Dera Melkassa
Wo Wy Wp W3 Wo Wy W, W3

Chenopodium fasciulosum 43 89 56 55 10 30 9 11
Flaveria trinerva 12 3 1 1 24 13 7 12
Cyperus rotundus 26 19 7 2 12 6 1 27
Amaranthus hybridus 2 2 4 1 5 14 11 6
Eragrostis aspera 19 9 36 24 5 3 6 19
Argemone mexicana 15 9 7 3 16 7 5 3
Sorghum arundenanceum 26 13 3 22 9 2 1 19
Nicandra physaloides 1 3 5 3 3 4 12 6
Heliotropism cineraseioen 7 13 8 11 5 8 6 2
Anagalis arvensis 12 3 2 7 9 3 2 3
Datura stramonium 3 7 0 0 3 7 0 0
Euphorbia heterophylla * * * * 4 1 0 2
Galinsoga parviflora 1 3 1 0 1 3 1 0
Launea comuta 2 0 1 2 2 1 1 1
Portulaca oleracea * * * * 1 1 1 0
Foeumwulgare 1 1 1 2 0 0 0 2
Tagetes minuta * * * * 0 2 0 0
Erucastrum arabicum 2 3 3 4 0 1 1 0
Setaria pumila 1 1 1 0 0 1 1 0
Eleusineindica 0 1 0 0 0 1 0 0
Xanthium strumarium 2 0 2 0 1 0 0 0
Commelina benghalensis 1 0 0 0 * * * *
Ageratum conyzoides 1 3 0 1 * * * *
Convolvulus arvensis 3 0 0 1 * * * *
Leucas martini * * * * 0 1 0 1
Sdaalba spinosa * * * * 0 0 0 1
Tribulus terrestris * * * * 1 1 1 1

Values are means of 3 replications at Melkassaand Dera sites.* Species not found at that site;Wq = weedy check (control); W4 =
Primagram 660 SC @ 3 L/ha(preemergence); W, = Primagram 660 SC @ 3L /haand 2, 4-D @1 L /ha(preand post emergence);
W3=2,4-D @1 L/ha(post emergence). L1 =Deraand L, =Melkassa
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