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Abstract: Background: The reserve of viable weed seeds present on the
soil surface and scattered throughout the soil profile.

Objective: A glasshouse study was conducted to determine the special
abundance of soil seed bank flora in parthenium invaded maize fields in
West Gojjam Zone.

Methods: The soil samples were collected from 90 fields at 0-5 ¢cm, 5-10 cm
and 10-15 c¢m soil depth with 10 cm width.

Results: A total of 121 weed species belonging to 27 families were
found in the soil seed banks. The most frequent families were Poaceae
(31 species), Asteraceae (21 species) and Leguminosae (9 species). The
highest importance value was recorded by Parthenium hysterophorus,
Ageratum conyzoides and Echinochloa colona with 19.05, 19.02 and 14.37%,

respectively at 0-5 cm soil depth. The highest importance values of 20.39,
20.16 and 16.54% were registered by P. hysterophorus, A. conyzoides and
Galiansago parviflora, respectively at 5-10 cm soil depth. Likewise, at 10-15
cm soil depth highest importance value was recorded by A. conyzoides, P.
hysterophorus and E. colona with 19.12, 17.30 and 116.13%, respectively.
The Shannon diversity index at 0-5, 5-10 and 10-15 cm soil depth were
4.46, 4.41 and 4.17, respectively. High similarity (68.10%) was observed
between 0-5 and 5-10 and followed by 5-10 and 10-15 cm (60.19%) and
0-5 and 10-15 cm (55.39%).

Conclusions: These results could help to predict infestation potential and
could lead to improved weed management strategies in maize growing

areas in the study area.
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1. Introduction

The weed seed bank is the reserve of potential weed seeds present inside a soil
profile, on the soil floor and scattered throughout the soil (Singh et al., 2012).
Seed banks comprise both dormant and non-dormant seeds, which enhances the
probability of persistence of a species at a particular area when germination conditions
are unfavorable or in absence of additional seed rain (Li, 2011). Thousands of weed
seeds and more vegetative weed propagules per square foot can be included in
agricultural soils (Menalled, 2013). The initial population of weeds is directly related
to seed density in the seed bank (Brainard et al., 2008). In farming systems where
there is no soil disturbance and no tillage, as is the case for subsistence farming,
weed seeds prefer to stay on the soil surface where they are easier to manage
(Grundy et al., 2003). It has also been noted that the vertical movement is very limited
and is conditioned by soil texture, accumulated rainfall and seed size, weight and shape
(Benvenuti, 2007).

The weed seed bank can not only reflect the management history of farmland but
also predict the future weed dynamics and compared with the aboveground community,
it is more suitable to express the diversity of weeds. According to Karim et al. (2017),
ruining weed seeds in seed banks is one of the crucial strategies in weed management.
Data from weed seed bank reports will estimate the past and potential plant species
within a habitat (Golafshan, Yasari, 2012). Awareness of soil weed seed banks is
critical for the population dynamics studied, for the establishment of appropriate
weed management programs and weed infestation forecasts (Ambrosio et al., 2004;
Golafshan, Yasari, 2012).

To understand the soil weed seed bank germination dynamics and its relationship
with the weed flora on maize fields, glasshouse studies are needed. This study
will contribute to infestation prediction and may lead to enhanced management
practices to minimize the negative effects of weed intrusion on the growth and
yield of maize crops. Hence, the purpose of this research was to determine the
spatial abundance of soil seed bank flora in parthenium invaded maize fields in
West Gojjam Zone.
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2. Materials and method

21 Soil Seed Bank Sampling

Soil seed bank sampling was conducted in September
2019/2020 main cropping season in Jabitenah and Burie,
West Gojjam Zone, Ethiopia. Three farmers associations
from each district and three private large-scale farm
(Upper Bir, Lower Bir and Amhara Seed Enterprise) were
selected. Soil seed bank sampling was conducted in ten
maize fields in each farmer’s associations (a total of 60
fields) and in three private farms (a total of 30 fields). Soil
cores (10 cm width and 15 cm depth) were taken at the
center of each quadrat in a diagonal way in the field. Soil
cores were separated into three 5 cm sections up to a 15
cm depth (0-5 cm, 5-10 cm and 10-15 cm) (Ranjit, 2007;
Shabbir, 2015). The sample soil were taken by using a
flat nife from each depth. The three soil samples from the
same layers within a field was placed into one plastic bag
to form a composite sample. The samples were stored until
the soil was air-dried in the study area and transported
to the Haramaya University for germination tests in
the glasshouse.

2.2 Soil Seed Bank Germination

The plastic pot (20 cm height and 25 cm diameter)
were prepared and filled with sterilized coarse sandy soil.
The soil samples were spread thinly over sterilized soil
in 270 plastic pot from 90 fields with 3 depth. The trays
were placed randomly on a bench. The soil samples were
stirred at an interval of one month and cycled five times
to stimulate seed germination (Forcella, 1992). During the
study, the glasshouse temperature is 16-25 °C, day neutral
photoperiod and a relative humidity of 80%.

2.3 Identification and Collection of Weed Flora

One month after sowing readily identifiable emerged
seedlings were recorded by scientific name, counted and
pulled out. Ambiguous sample were collected, labeled,
dried and taken to Haramaya university (Harar, Ethiopia)
herbarium for proper identification. Nomenclature of the
weed plant species was done with reference to Stroud and
Parker (1989) and Hedberg et al. (2003).

2.4 Data Analysis

The data were recorded on the following parameters as
adopted from (Hussain et al., 2004; Wittenberg et al., 2004).

Relative The frequency value (F) for species I
frequency = x 100
(RF) Total sum of all frequency values

for all species surveyed
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Density of an individual weed

Relative species (I) (all fields)

Density x100

(RD) Sum of the densities for all weed

species present in all fields
Abundance of a particular

Relative weed species
Abundance = x100
(RA) Total abundance of all weed species

Similarity Index (SI): The similarity of weed
community between any two-soil depths in terms of
weed composition.

SI = (Epg / (Epg+EPa+Epb)) x100

Where, SI = similarity index; Epg = number of species
found in both depth; EPa = number of species found only in
depth-1; Epb = number of species found in depth

Shannon Diversity Index (H’):

S
H = —Z pilnpi
i=1

Where, pi = relative abundance of each species;
S = number of species
Species evenness (E):

3. Results and discussion

31 Composition of Germinable Soil Seed Bank Weeds

Irrespective of soil depth the experimental pots had 121
weed species belongs to 27 families were found in soil seed
bank weed community in maize fields. The most frequent
families based on the number of species were Poaceae (31),
Asteraceae (21) and Leguminosae (9) with a proportion of
25.62, 17.36 and 7.44%, respectively. Poaceae, Asteraceae
and Leguminosae families contributed 50.42% of the total
species of the floristic composition of the weed community
in the soil seed bank. The soil seed bank at 0-5 cm soil depth
had 100 species belong 26 families and followed by 5-10 cm
with 96 species (25 families) and 10-15 cm with 71 species
(21 families) (Table 1).

The majority of species in Table 2 identified in the
soil seed bank study were broad leaved 86 (71.07%) and
followed by grass 31 (25.62%) and sedges 4 (3.31%). Out
of 100 species at 0-5 cm, 73 (73.00%) were broad leaved, 23
(23.00%) were grass and 4 (4.00%) were sedges (Table 2).
The highest number of weed species was recorded by broad
leaved followed by grass and sedges at 5-10 cm with 71
(77.74%), 22 (23.16%) and 2 (2.11%), respectively from
95 species. Similarly, from 71 species at 10-15 cm majority
of the species were recorded by broad leaved, grass and
sedge with 56 (78.81%), 13 (18.31%) and 2 (2.82%),
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Table 1- Family, number of weed species in each family and its % at three soil depths and total soil seed bank with in the family

Acanthaceae 2 2 1 105 1 141 2 165

Aizoaceae 1 1 1 105 1 141 1 0.83
Amaranthaceae 8 8 4 421 8 423 8 6.61

Asteraceae 18 18 17 17.89 15 2113 21 17.36
Boraginaceae 1 1 1 1.05 1 141 1 0.83
Brassicaceae 2 2 2 21 2 282 2 165

Chenopodiaceae 1 1 1 1.05 1 141 2 165

Commelinaceae S S S 5.26 4 563 6 4.96
Convolvulaceae 2 2 2 21 1 141 3 248
Cyperaceae 4 4 2 21 2 282 4 3.31

Euphorbiaceae & & 3 316 3 423 4 331

Lamiaceae 1 1 1 105 = = 2 165

Leguminosae 8 8 8 842 6 845 S 744

Malvaceae 2 2 4 421 4 563 4 331

Oxalidaceae 3 8 8 316 3 423 8 248
Papaveraceae 1 1 1 105 1 141 1 0.83
Papilionoideae 2 2 g 3716 2 2.82 2 165

Phyllanthaceae 1 1 2 21 - - 2 165

Plantaginaceae 1 1 - - = - 1 0.83
Poaceae 23 23 22 2316 13 18.31 & 2562
Polygonaceae 4 4 421 3 423 4 331

Portulacaceae 1 105 1 141 1 0.83
Primulaceae 1 1 1 1.05 - - 1 0.83
Ranunculaceae - - 1 105 - - 1 0.83
Resedaceae 2 2 2 21 2 282 2 165

Rubiaceae 1 1 - - - - 1 0.83
Solanaceae 2 2 3 316 2 282 2 165

Total 100 95 Al 121

Table 2 - Species number under weed morphology and life form classification

0-5 73 (73.00%) 23 (23.00%) 4(4.00%) 71(71.00%) 30 (30.00%) 2 (2.00%) 100
5-10 71(7774%) 22 (2316%) 2 (211%) 73 (76.84%) 21(22.11%) 2 (21%) 95
10-15 56 (78.87%) 13 (18.31%) 2(2.82%) 54 (76.06%) 15 (2113%) 2 (2.82%) 71

Total Soil Seed Bank 86 (71.07%) 31(25.62%) 4(3.31%) 86 (71.07%) 33 (27.27%) 2(1.65%) 121

*** The number in the parenthesis is the percentage of species number per categories

respectively. In general, a high number of broad leave and Annual weeds generally show a greater density and
sedge species were recorded at a soil depth of 0-5 cm than  higher seed output per individual in each soil depth than the
at 0-5 and 5-10 cm. other seeds. This is due to the prolific seed production, early
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maturity and more reproduction per year these characters
help for the survival strategy of weeds under unfavorable
conditions. Adhikary and Ghosh (2014) reported that annual
weed species were dominated over perennial weed species.
Annual weeds possess prodigious seed capacity and thus
develop small superabundant seeds (Marwat et al., 2010).

3.2 Soil Seed Bank Seedling Relative Frequency

The soil depth at 0-5 cm was dominated by A. conyzoides,
P hysterophorus and E. colona and accounted for 6.77, 6.34

Million D, Nigatu L, Bekeko Z

and 5.83%, respectively while the least was by 19 species
with 0.09% the relative frequency. Among the recorded
weed species P. hysterophorus, A. conyzoides and G. parviflora
were record the highest relative frequency of 8.21, 7.57 and
5.73% and least by 29 species with 0.11% at 5-10 cm soil
depth. The maximum relative frequency at 10-15 cm was
registered by A. conyzoides (9.32%), P. hysterophorus (7.83)%
and E. colona (5.97%) and least was by 15 species with
0.12%. In general, A. conyzoides, E. colona, G. parviflora and
P hysterophorus showed the highest frequency and relative
frequency from all soil depths (Table 3).

Table 3 - Percentage value of relative frequency (RF), relative density (RD), relative abundance (RA) and importance value (IV)

of each weeds at different soil depth

No. Name of Weed Species 9-Scm >-10cm 10-15cm

RF RD RA \" RF RD RA v RF RD RA 1\
1 Abutilon figarianum 200 084 056 340 216 094 068 378 273 160 106 539
2 Achyranthes aspera 017 0.07 0.54 078 - - - - - - - -
3 Aeschyomene schimperia 017 006 043 066 022 009 063 0893 - - - =
4 Aeschynomene virginica 0.35 0.06 0.21 062 0.32 0.31 151 215 062 0.31 0.89 182
S Ageratum conyzoides 6.87 1016 198 19.02 757 1043 217 2016 9.32 821 158 1912
6 Agrostis alba - - - 0.76 026 054 1.56 - - - -
7 Alternanthera repens 0.09 0.08 129 146 oM 010 151 - - - -
8 Alysicarpus rugosus 009 003 043 054 0OM 0.05 0.76 - - - -
g Alysicarpus Spp. 0.70 028 054 151 097 031 0.50 179 099 033 07 209
10 Amaranthus cruentus 0.96 0.53 074 223 130 078 095 302
M Amaranthus graecizans 235 141 080 456 2.38 130 086 454 2M 296 253 7.59
12 Amaranthus hybridus 252 168 080 5710 097 028 045 170 447 316 128 891
13 Amaranthus spinosus 017 013 097 1.27 - - - - - - - -
14 Anagallis arvensis 0.09 0.06 0.86 1.00 oM 0.05 0.76 0.92 = = = =
15 Andropogon abyssinicus 0.03 0.03 043 0.54 0m 0.03 0.50 065 = = = =
16 Argemone mexicana 00S 004 064 077 0omn 0.07 101 119 025 010 0.75 110
17 Aspilia kotschyi 00 0OmMm 172 192 011 0.09 126 146 - - - -
18 Bidens biternata - - - - - - - 012 023 328 363
19 Bidens pilosa 435 709 219 1362 454 710 246 1409 447 706 285 1439
20 Brachiaria eruciformis 0.26 015 079 120 om 016 2.27 2.53
21 Brassica carinata 0.26 063 322 41 043 017 063 124 0.50 0.37 134 2.21
22 Caylusea abyssinica 374 554 199 127 378 519 216 113 3.36 558 300 194
23 Celosia argentea 017 040 31N 369 - - - - - - - -
24 Celosia trigyna 139 175 169 484 - - - - 137 246 325 708
25 Chenopodium album - - - - om 0.07 1.01 119 012 010 149 172
26 Chenopodium ambrosioides 017 oM 0.86 114 - - - - - - - -
27 Chloris inflata - - - - 054 0719 0.55 129 - - - -
28 Chloris radiata - - - - 0om 0.02 0.25 0.38 - - - -
29 Commelina albescens 0.26 018 093 137 om 0.03 0.50 0.65 0.25 012 0.89 127
30 Commelina benghalensis 200 118 079 398 165 149 121 464 21 1.66 142 520
31 Commelina diffusa 0.70 029 056 155 086 033 060 179 050 037 134 221

Continue
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Continuation

No. Name of Weed Species g-5cm >10cm 10-15¢em

RF RD RA \Y RF RD RA \" RF RD RA \"
32 Commelina forskalaei 1.83 132 097 412 216 148 107 471 373 21 102 6.87
33 Commelina latifolia 0.52 0.26 068 147 - - - - - - - -
34 Commelina subulata . - - 0.54 0.38 1M 203 - - - -
35 Convolvulus arvensis 0.70 0.32 062 163 - - - - - -
36 Conyza bonariensis - - - - - - - - 0.76
&7 Corchorus olitorius 435 661 204 1300 519 6.91 209 1419 5710 616 218 1344
38 Corchorus trilocularis - - om 0.09 126 146 012 010 149 172
39 Crassocephalum rubens 0.09 0.08 129 146 oM 010 151 173 - - - -
40 Crotalaria filipes 052 014 0.36 102 0N 0.07 101 119 062 047 137 246
41 Crotalaria spinosa 078 0.29 0.50 1.58 - - - - - - - -
42 Cynodon dactylon 008 0om 172 192 - - - - 025 014 104 144
43 Cyperus alopeouraides 0.09 0.07 1.07 1.23 - - - - - - - -
44 Cyperus eragrostis 009 006 086 100 0OM 0.07 101 118 0.25 021 149 194
45 Cyperus esculentus 017 0.32 247 296 - - - - - - - -
46 Cyperus rotundus &8 273 1M 714 195 191 1.54 540 1.86 1.85 179 5.50
47 Dactyloctenium aegyptium  0.35 0.39 150 2.24 0.32 0.28 135 185 - - - -
48 Datura stramonium 0.26 0.22 115 163 0.32 017 0.84 134 - - - -
49 Desmodium uncinatum 0.09 0.01 0.21 0.32 = = = = 0.37 0.21 0.99 1.57
50 Digitaria abyssinica 009 014 215 2.37 0om 0.09 126 146 - - - -
51 Digitaria horizontalis - - 065 017 042 124 - - - -
52 Digitaria Sanguinalis 085 | O 048 096 086 031 0.57 174 012 006 089 108
53 Digitaria ternata 0.35 032 123 190 0OmM 017 252 280 025 027 194 245
54 Digitaria velutina. - - 008 063 093 025 008 060 093 - - -
SS Dinebra retroflexa 435 418 129 981 443 694 246 1383 373 614 297 1284
56 Echinochloa colona 5982 689 156  14.37 573 7.31 200 1504 597 780 236 1613
57 Eleusine indica 218 3.03 1.87 708 346 495 225 1065 385 542 254 N8
58 Eleusine Jaegeria 026 008 043 077 - - - - - - - -
59 Eragrostis ciliaris 026 019 100 146 022 0.23 164 208 - - - -
60 Eragrostis paniciformis 052 043 1M 206 032 036 177 245 - - - -
61 Eragrostis schweinfurthii - om 0.02 0.25 0.38 -
62 Eriochloa fatmensis - - - 012 0.06 0.89 1.08
63 Erocastrum arabicum 0.35 024 091 150 0.22 014 1.01 1.36 012 010 149 172
64 Euphorbia heterophylla 0.70 039 075 184 0N 005 076 092 012 006 089 108
65 Euphorbia hirta 044 040 125 208 032 014 067 114 037 0.23 109 169
66 Euphorbia hypericifolia - - - - - - 012 0.06 0.89 108
67 Euphorbia indica 0.26 017 0.86 129 097 0.30 048 174 - - - -
68 Fallopian convolvulus 0.26 0.07 0.36 069 0.32 010 0.50 093 0.37 016 079 1L
69 Flaveria trinervia 017 013 097 127 0om 010 151 173 - - - -
70 Galinsoga ciliata 470 752 215 1436 - - - - - - - -
71 Galinsoga parviflora = = 573 849 233 16.54 497 6.75 245 1418
72 Galium spurium 017 017 1.29 163 - - - - - - - -
73 Guizotia scabra 035 018 0.70 123 0M 0.07 101 119 025 031 224 279
74 Gutenbergia rueppellii 0.70 028 054 151 065 031 0.76 172 0.75 021 0.50 145

Continue
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Continuation
No. Name of Weed Species g-5cm >10cm 1015 em
RF RD RA v RF RD RA \" RF RD RA 1\
75 Heliotropium cinerascens ~ 0.671 0.32 071 163 054 026 076 156 062 0.25 0.72 1.58
76 Hygrophila auriculata 017 0.07 054 078 - - - - - - - -
77 Hypochaeris radicat 00S 003 043 054 0OM 0.07 101 119 - - - -
78 Ipomoea cairica - - oM 0.02 0.25 0.38 - - - -
79 Ipomoea purpurea 0.35 019 075 129 0.22 0.21 151 194 0.25 0.33 238 296
80 Justicia flava 044 040 125 208 043 033 120 196 0712 006 089 108
81 Lactuca saligna 061 025 055 141 0.76 0.35 072 182 087 035 072 194
82 lactuca serriola 061 0.50 110 221 086 033 060 179 0.37 0.25 119 181
83 Launaea cornuta 061 029 064 155 086 030 054 170 0.75 0.35 0.84 194
84 Leucas martinicensis = om 0.05 076 0.92 = = = =
85 Malva parviflora - - - om 003 050 065 012 012 179 204
86 Medicago denticulata - - om 005 076 092 - - - -
87 Medicago polymorpha 061 038 083 181 054 050 146 251 062 0.37 107 2.06
88 Melinis repens 0.52 0.32 0.82 167 0.76 035 072 182 087 0.37 077 201
83 Nicandra physalodes 305 2.55 112 6.72 389 500 202 1091 460 485 190 1135
90 Nigella sativa = = = 022 009 063 093 = = = =
91 Ocimum Lamiifolium 0.35 0.22 0.86 143 - - - - - - -
92 Oxdlis corniculata 026 025 129 180 022 028 202 251 012 016 238 267
93 Oxalis latifolia 052 028 072 152 0.76 035 072 182 062 043 125 230
94 Oxalis stricta 131 118 122 371 065 075 1.81 320 087 0.57 119 264
S5 Oxygonum sinuatum 0.35 018 0.70 123 0.22 012 0.88 122 0.25 016 119 161
96 Parthenium hysterophorus 644 1044 218 1905 821 1022 195 2039 7.83 770 177 1730
97 Paspalidium desertorum 017 006 043 066 022 010 0.76 108 025 008 060 093
98 Pennisetum polystachion - - - - - - - - 012 004 060 076
99 Pennisetum sphacelatum  0.09 0.07 1.07 123 - - - - - - - -
100 Phalaris paradoxa 017 0.07 0.54 078 - - - - - - - -
101 Phyllanthus fraternus - 01 0.05 076 0.92 - - - -
102 ma’;’;ﬂgggg’;gﬁsis 009 001 021 032 O0M - - - - - - -
103 Plantago lanceolata 061 022 049 132 = = = = = = = =
104 Polygonum nepalense 0.70 029 056 155 054 024 07 149 050 018 067 135
105 Portulaca oleracea 252 2.85 152 6.89 270 262 152 6.85 174 209 217 6.01
106 Reseda luteola 0.70 028 054 151 097 0.31 0.50 179 062 033 095 190
107 Rumex bequaertii 0.26 0.24 122 171 0.22 010 0.76 1.08 - - - -
108 Setaria pumila 0.09 0.07 107 123 - - - - - - - -
109 Solanum nigrum 209 117 075 401 151 116 1.21 388 236 183 140 558
110 Sonchus asper 165 097 079 342 162 0.83 0.81 326 21 i85 116 463
M Sonchus oleraceus 0.09 004 064 077 om 0.05 0.76 092 - - - -
M2 Tagetes minuta 165 096 078 339 130 071 086 287 124 090 131 346
M3 Tragus berteronianus 009 004 064 077 om 005 076 092 012 004 060 076
M4 Trianthema pentandra 078 028 048 154 086 031 0.57 174 099 037 067 203
15 Tridax procumbens 078 0.25 043 146 065 017 042 124 012 002 030 044
16 Trifolium semipilosum 157 117 100 374 054 021 061 135 025 016 119 161
17 Trifolium steudneri 0.78 0.74 126 279 054 052 151 2.57 050 074 268 392
Continue
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Continuation
0-5cm S5-10cm 10-15cm
No. Name of Weed Species
RF RD RA v RF RD RA v RF RD RA v
118 Urochloa panicoides. 061 049 1.07 217 065 0.33 0.80 178 137 047 062 246
119 Vicia hirsuta 0.09 0.04 0.64 077 0.32 016 076 124 - - - -
120 Vicia monantha 0.78 0.36 062 177 108 049 071 227 0.87 0.31 0.64 182
121 Xanthium strumarium 104 071 091 267 065 024 059 148 087 105 217 4.09
The current study showed that when the soil depth N .
. “ et W W P Table 4 - Similarity index of soil seed bank weeds among
increase the frequency and relative frequency of the soil depths
species were decrease and vice versa. Next to A. conyzoides, .
higher frequency and relative frequency were recorded by NUmbenoRkesdispecies —_
P hysterophorus this suggesting its high competitiveness Similarity Between  gn Both  On First Second ﬁ:?;:[;?
to the herbaceous plant community in the study area. Depth Depth Depth
Similarly, parthenium (54%) is recorded that the second
c e - . 0-5and 5-10 cm 7 21 16 6810
most common weed after Digitaria abyssinica (63%) in
eastern Ethiopia (Tamado, 2001). 0-5and 10-15 cm 61 39 S 55.96
5-10 and 10-15 cm 62 38 8 6019

3.3 Soil Seed Bank Relative Density

The relative density at 0-5 cm soil depth dominantly
occupied by P. hysterophorus, A. conyzoides and G. parviflora
with 10.44, 10.16 and 7.52%, respectively while Desmodium
uncinatum and Phyllanthus maderaspatensis species with
0.01% were the least (Table 3). Among the weed species at
5-10 cm soil depth A. conyzoides (10.43%), P. hysterophorus
(10.22%) and G. parviflora (8.49%) had the highest relative
density and the least was recorded by Chloris radiate,
Eragrostis schweinfurthii and Ipomoea cairica species with
0.02% at 5-10 cm soil depth. The relative density showed
that A. conyzoides, E. colona and P. hysterophorus had the
highest value of 8.21, 7.80 and 7.70%, respectively whereas,
the least was by T. procumbens with 0.02% at 10-15cm
soil depth. From all soil depths, A. conyzoides, E. colona,
G. parviflora and P. hysterophorus had maximum seedling
density and relative density (Table 4).

Parthenium contributed the highest seedling relative
density 0f 10.44,10.22 and 7.70% at 0-5, 5-10 and 10-15 cm
soil depth, respectively (Table 3). The farmers practice crop
rotation, tillage, hand hoeing, quality seed and fertilization
but still they don’t control parthenium due to its prolific
seed production, control resistance, deep rooted character,
high canopy formation and other they are ineffectiveness
to control. This can be providing evidence for a high
contribution of parthenium in the top layer of the seed
bank, which may be attributed to repeated germination
and persistence of viable seeds on and/or below the soil
surface. The invasiveness of parthenium resulted due to
several aspects like its very large viable seed production,
its large and persistent soil seed banks (Navie et al., 2004).
Similarly, the longevity of its seeds when buried, its fast
germination and quick flowering time, its ability to flower
over a long period of time, its allelopathic interactions
with neighboring plants and its ability to adapt to many
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different environments result in more densely (Adkins,
Shabbir, 2014).

The domination of parthenium in the soil seed banks
indicated that the weed had a substantial negative impact
on the ecology of plant communities (Shabbir, 2015).
In the underground species present in the form of soil
seed banks, parthenium can substantially reduce plant
diversity. The diversity of a pasture plant community in
Queensland was significantly reduced by the presence of
parthenium even when the weed was present in relatively
low density (2 plants/m?) and this trend was seen in both
the aboveground plant community and the soil seed bank
(Nguyen et al., 2017).

3.4 Soil Seed Bank Relative Abundance

The relative abundance varied significantly among the
different soil depths and species. The soil depth (0-5 cm)
showed the highest relative abundance (3.22, 3.11 and
2.47%) by B. carinata, C. argentea and C. esculentus,
respectively and the least was by A. virginica, D. uncinatum
and P. maderaspatensis each with 0.21%. At 5-10 cm soil
depth, D. ternata (2.52%), D. retroflexa (2.46%) and B. pilosa
(2.46%) had the highest relative abundance and the least
was by Chloris radiate, E. schweinfurthii and Ipomoea cairica
with 0.25%. Finally, B. biternata, C. trigyna and C. abyssinica
were showed the highest relative abundance of 3.28,
3.25 and 3.00%, respectively whereas, the least was by T.
procumbens with 0.30% at 10-15 cm soil depth. This result
also showed that P. hysterophorus was abundant species
with 337.84, 258.33 and 198.41 plants while its relative
abundance was 2.18,1.95 and 1.77% at 0-5, 5-10 and 10-15
cm soil depth, respectively (Table 3).

The weed species including parthenium that had high
frequency, relative frequency, density, and relative density
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were relatively recorded less abundance and relative
abundance. This is due to these species found in most of
the experimental pot whereas, high abundance value
species were in few pots this implies a lower denominator
for abundance calculation. In the lower layers (10-15 cm),
the total species and seed numbers were lower than in the
upper layer (0-5 cm). This might be caused due to different
tillage systems as well as other soil intervention methods,
and this is consistent with (Nur et al., 2019).

3.5 Importance Value of Weeds

As demonstrated by Table 3 the importance value varied
from 0.32 t0 19.05, 0.38 to 20.39 and 0.44 t0 19.12% at 0-5,
5-10 and 10-15 cm soil depth, respectively. Data from the
soil seed bank shows that the highest importance value was
recorded by P. hysterophorus, A. conyzoides and E. colona with
19.05, 19.02 and 14.37%, respectively whereas, the least
was by D. uncinatum and P. maderaspatensis each with 0.32%
at 0-5 cm soil depth. The highest importance value of 20.39,
20.16 and 16.54% were registered by P. hysterophorus, A.
conyzoides and G. parviflora, respectively and least by Chloris
radiate, E. schweinfurthii and I. cairica with 0.38% at 5-10 cm
soil depth. Likewise, at 10-15 cm soil depth A. conyzoides, P.
hysterophorus and E. colona with 19.12, 17.30 and 116.13%,
respectively were showed the highest importance value
whereas, D. uncinatum and T. procumbens each with 0.44%
were the least. Overall, the result showed that A. conyzoides,
E. colona, G. parviflora and P. hysterophorus were the
uppermost weed species with an important value from all
soil depths. The most dominant species were A. conyzoides,
E. colona, G. parviflora and P. hysterophorus in the soil
seed bank study, with the highest contributions from the
relative frequency and relative density. Among the species
reported, parthenium was one of the dominant species,
with a higher value relative to all other plant species. Due
to its high invasive ability, allelopathic characteristics and
short life cycle parthenium were the dominant (Dalip et al.,
2013). Similarly, showed that parthenium were the most
successful species in Ethiopia (Belachew, Tessema, 2015).

3.6 Weed Species Diversity in Soil Seed Bank

The weed species richness for the entire soil seed bank
study period was highest (100 species) at 0-5 cm, while 95
species at 5-10 cm and the least was at 10-15 cm with 71
species. The Shannon diversity index at 0-5 cm, 5-10 cm and
10-15 cm soil depth were 4.46, 4.41 and 4.17, respectively.
Whereas, the evenness of weeds at 0-5, 5-10 and 10-15 cm
soil depth were 0.98, 0.97 and 0.96, respectively (Figure 1;
Table 1 and 2).

Concerning species richness, Shannon diversity index
and evenness, the vertical distribution of total weed
seedlings in the soil seed bank showed a decreasing trend
with increasing depth in parthenium infested maize
fields. The higher Shannon diversity index and evenness
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Figure 1 - Weed species richness, Shannon diversity index and
evenness in parthenium infested soil seed bank of maize fields

value for the species indicated that the more dominance,
diversification, and even distribution over other species
throughout the depth. The higher value of the index of
diversity indicates the variability in the type of species and
heterogeneity in the community whereas the lesser values
point to the homogeneity of the community (Belachew,
Tessema, 2015).

3.7 Similarity among soil seed sank depth

There were 121 weed species germinated from the soil
seed bank samples, out of which 58 species were found at all
soil depths. The highest similarity was observed between 0-5
and 5-10 c¢m (68.10%) and followed by between 5-10 and 10-
15 cm (60.19%) and 0-5 and 10-15 cm (55.96%) (Table 4).

The result submits that the plant species composition
among the different soil depth was similar by 55.96 to
68.10%. If the index of similarity is greater than 60%, it is said
that the two depths have similar weed communities (Taye,
Yohanes, 1998). Subsequently the similarity index of 0-5
with 10-15 and 5-10 with 10-15 cm soil depth were greater
than 60% and it can be concluded that both soil depths in
two comparisons exhibited similar weed community and
thus, require similar weed management options.

4. Conclusions

The study showed that 121 weed species were identified
from all soil seed bank. When the soil depth increase the
relative frequency, relative density, relative abundance and
importance value of the weed species were decreased and vice
versa. Similarly, species richness, Shannon diversity index and
evenness of total weed seedlings in the soil seed bank showed
a decreasing trend with increasing depth. The similarity index
between 0-5 with 10-15 cm soil depth and 5-10 with 10-15
cm soil depth were greater than 60% and it exhibited similar
weed community and thus, require similar weed management
options. Overall, the result showed that A. conyzoides, E. colona,
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G.parviflora and P. hysterophorus were the uppermost dominant
weed species in all soil depths. Specifically, P. hysterophorus
had shown high importance value in all soil depths. Weed soil
seed bank is a sign of future weed infestation potential of the
species and is crucial for creating a strategic planning for an
appropriate weed management. The study suggests for the
government to take immediate action to control weed soil seed
banks in parthenium maize infested fields of the study site.

Authors' contributions

All authors have read and agreed to the published
version of the manuscript. DM: apprehended the ideas of
the document, performed the research, the data collection,

References

Weed Soil Seed Bank in Maize Fields

analyzed the data and wrote the original manuscript. LN
and ZB: were advising all the research activity and data
analysis as well as review and editing manuscript.

Acknowledgements

The authors acknowledge Agri-Ceft Ethiopia PLC for
availing research site and material support during the
field experiment.

Funding

This research was funded by Ethiopian Ministry Science
and Higher Education.

Adhikary P, Ghosh RK. Effects of cropping sequence and weed man-
agement on density andvertical distribution of weed seeds in alluvial
soil. J Crop and Weed. 2014;10(2):504-7.

Adkins S, Shabbir A. Biology, ecology and management of the invasive
parthenium weed (Parthenium hysterophorus L). Pest Manage Sci.
2014,70(7):1023-9. Available from: https://doi.org/10.1002/ps.3708

Belachew K, Tessema T. Assessment of weed flora composition in
parthenium (Parthenium hysterophorus L) infested area of east
Shewa Zone, Ethiopia. Malaysian J Medi Biol Res. 2015;2(2):105-12.
Available from: https://doi.org/10:18034/mjmbryv2i2.397

Benvenuti S. Natural weed seed burial: effect of soil texture, rain and
seed characteristics. Seed Sci Res. 2007;17(3):211-9. Available from:
https://doi.org/10.1017/S0960258507782752

Brainard DC, Bellinder RR, Hahn RR, Shah DA. Crop rotation, cover
crop and weed management effects on weed seedbanks and yields
in snap bean, sweet corn and cabbage. Weed Sci. 2008;56(3):434-41.
Available from: https://doi.org/10.1614/WS-07-107:1

Dalip K, Ahmed J, Singh S. Distribution and effect of Parthenium hys-
terophorus L. in Mehari sub-watershed of Rajouri forest range. Inte J
Sci Res. 2013;2(6):304-6.

Forcella F. Prediction of weed densities from the buried soil
seed reservoir. Weed Res. 1992;32(1):29-38. Available from:
https://doi.org/10.1111/j:1365-3180.1992.tb01859.x

Golafshan MG, Yasari E. Comparison of sampling methods for esti-
mating seed bank and weed population densities during the grow-
ing season. J Agri Sci. 2012;4(9):1-9. Available from: Available from:
https://doi.org/10.5539/jasv4nSp3S

Grundy AC, Mead A, Burston S. Modelling the emergence response
of weed seeds to burial depth: interactions with seed density,
weight and shape. J Appl Eco. 2003;40(4):757-70. Available from:
https://doi.org/10.1046/j:1365-2664.2003.00836.x

Hedberg |, Edwards S, Sileshi N, editors. Flora of Ethiopia and Eritrea
volume 4 part 1. Addis Abeba: Uppsala University; 2003.

https://doi.org/10.51694/AdvWeedSci/2022;40:00005

Hussain F, Murad A, Durrani MJ. Weed communities in wheat fields of Mas-
tuj, District Chitral, Pakistan. Pakistan J Weed Sci Res. 2004;10(4):101-8.

Karim SM, Norhafizah MZ, Maszura CM. Incidence of parthenium al-
lergy on human health in Kedah, Malaysia. Int J Biol Pharm Allied Sci.
2017,6:175-82

Li Q, Fang H, Cai Q. Persistent soil seed banks along altitudinal gradi-
ents in the Qilian Mountains in China and their significance for conser-
vation management. African J Agri Res. 2011;6(10):2329-40. Available
from: https://doi.org/10.5897/AJAR10:1099

Marwat KB, Khan MA, Hashim S, Nawab K. Khattak KM. Integrated
weed management in wheat. Pakistan J Bot. 2010;43(1):625-33.

Menalled FD. Schonbeck M. Manage the weed seed bank-minimize “de-
posits” and maximize “withdrawals". eOrganic. August 20, 2013. Avail-
able from: https://eorganic.org/node/2806

Navie SC, Panetta FD, McFadyen RE, Adkins SW. Germinable soil seed
banks of central Queensland rangelands invaded by the exotic weed
Parthenium hysterophorus L. Weed Bio Manage. 2004;4(3):154-67.
Available from: https://doi.org/10.1111/j1445-6664.2004.00132.x

Nguyen TLT, Bajwa AA, Sheldone C, Donnell C, Adkins SW. The soil
seedbank of pasture communities in central Queensland invaded by
Parthenium hysterophorus L. Rangeland Eco Manage. 2017;70(2):244-54.
Available from: https://doi.org/10.1016/j.rama.2016.07.010

Nur J, Mahfuza B, Abdus S, Sirajam M. Weed seed distribution at dif-
ferent depths of sail in a crop field. Fund Appl Agri. 2019;4(2):815-22.
Available from: https://doi.org/10.5455/faa 19969

Ranjit JD, Suwanketnikom R, Chinawong S, Suprakarn S, Sooksathan |, Jun-
takool S. Weed seed bank response to soil depth, tillage and weed manage-
ment in the mid hill ecology. Kasetsart J Natural Sci. 2007;41:17-33.

Shabbir A. Soil seed bank studies on a riparian habitat invaded
by Parthenium. Indian J Weed Sci. 2015;47(1):95-7. Available from:
https://doi.org/10.1007/s11284-014-1198-2

Singh A, Kaur R, Kang JS, Singh G. Weed dynamics in rice-wheat crop-
ping system. Global J Bio Agri Health Sci. 2012;1(1):7-16.

Adv Weed Sci. 2022;40:e020220109

9



10

Advances in Weed Science

Stroud A, Parker CA. Weed identification guide for Ethiopia. Rome: Food
and Agriculture Organization of the United Nations; 1988S.

Tamado T. Biology and management of Parthenium hysterophorus L. in
Eastern Ethiopia [Ph.D. thesis]. Uppsala: University of Agricultural Sciences;
2001. Available from: https:/www.cabi.org/isc/abstract/20023090324

Adv Weed Sci. 2022;40:e020220109

Million D, Nigatu L, Bekeko Z

Taye T, Yohannes L. Quantitative and qualitative determination of
weeds in teff in west Shoa Zone. Arem. 1998;4:46-60.

Wittenberg R, Simons SA, Mauremootoo JR. Instrument and tools for
assessing the impact of invasive allien species in Africa. Nairobi: CAB
International; 2004.

https://doi.org/10.51694/AdvWeedSci/2022;40:00005



