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Effect of soil nutrient management on soil weed seed
bank dynamics across a soil fertility gradient in
smallholder farms, Eastern Zimbabwe

Dogu Zimbabwe'deki kiglik ciftliklerde toprak besin yonetiminin
toprak verimliligi gradyani boyunca toprak yabanci ot tohum bankasi
dinamikleri Gzerindeki etkisi

ABSTRACT

Weed seed banks are latent biotic stress contributors to low crop production among smallholder
farms. The objective of this study was to investigate effect of repeated soil nutrient amendments on
weed seed bank dynamics in eastern Zimbabwe. Soil samples were taken from three farms with low,
medium and high soil organic carbon (SOC) along the catena. Sampled treatments included varying
combinations of compound D (7%N, 14%P, 7% K) fertiliser, cattle manure and lime. Weeds that
emerged per plot were counted by species and data was tested for normality before running a linear
mixed-effects model and Restricted Maximum Likelihood. Principal Component Analysis (PCA) was
performed to establish the relationship between seasons, SOC, soil nutrient amendment, and
emerged weeds. Significant (p < .05) species richness (Margalef index), and Shannon Weiner index
were recorded in the medium (6.4g kg-1soil), high (8 g kg-1 soil) and low (< 3.9 g kg-1s0il) SOC. Weed
species emergence was significantly (p <.05) influenced by the level of SOC along the catena positions,
representing results from the source. Emergency and abundance of weeds such as Richardia scabra,
was associated with low SOC acidic sandy soils from the upper catena. However, application of
nutrients (NPK+lime treatment) reduced weed species counts from 1.96+0.12 to 1.4+0.12. Cattle
manure and NPK+CM treatments recorded significantly higher weed emergence, and weed biomass;
compared to the control. Clearly, cattle manure treatments significantly increase the soil weed seed
bank; thus, weeding intensity is likely to increase in cattle manure treated fields.

Keywords: Germination, organic matter, soil nutrients, weed diversity, weed management

oz

Yabanci ot tohum bankalari, kiigtk 6lcekli giftgilik isletmelerinde disik trGn Uretimine katkida
bulunan gizli biyotik stres faktorleridir. Bu calismanin amaci, tekrarlanan toprak besin
degisikliklerinin Dogu Zimbabve'de yabanci ot tohum bankasi dinamikleri Gzerindeki etkisini
arastirmaktir. Toprak 6rnekleri, egim boyunca diisuk, orta ve yiksek toprak organik karbon (TOC)
iceren (g ciftlikten alinmistir. Orneklenen islemler arasinda bilesik D (7% N, 14% P, 7% K) glibresinin
farkli kombinasyonlari, sigir gtibresi ve kire¢ bulunmaktadir. Parsel basina ¢ikan yabanci otlar
tirlerine gore sayllmis ve veriler normal dagilima sahip olmadan 6nce bir lineer karisik etkiler
modeli ve Sinirl Maksimum Olabilirlik calistiriimistir. Baslk Bilesen Analizi (PCA), mevsimler arasi
iliskiyi, TOC, toprak besin diizenlemesi ve ¢ikan yabanci otlari belirlemek icin yapilmistir. Orta (6.4g
kg-1 toprak), yuksek (8 g kg-1 toprak) ve dustk (<3.9 g kg-1 toprak) TOC'de anlaml (p < .05) tir
zenginligi (Margalef indeksi) ve Shannon Weiner indeksi kaydedilmistir. Yabanci ot tirlerinin ortaya
cikisi, egim boyunca SOC seviyesinden etkilenmis ve kaynaktan gelen sonuclari temsil etmistir.
Richardia scabra gibi yabanci otlarin asidik kumlu topraklarda disik SOC'ye bagli olarak cikisi
olmustur. Bununla birlikte, besin maddelerinin uygulanmasi (NPK+kire¢ tedavisi), yabanci ot tiru
sayisini 1.96+0.12'den 1.4+0.12'ye disUrmustr. Sigir gibresi ve NPK+SG islemleri, kontrolle
karsilastirildiginda 6nemli o6lciide daha ylksek yabanci ot c¢ikisi ve yabanci ot biyokutlesi
kaydedilmistir. Acikca, sigir glibresi islemleri toprak yabanci ot tohum bankasini énemli dlctide
arttirmaktadir; bu nedenle, sigir giibresi ile tedavi edilen tarlalarda capa yogunlugunun artmasi
muhtemeldir.

Anahtar Kelimeler: Cimlenme, organik madde, toprak besin maddeleri, yabanci ot ¢esitliligi,
yabanci ot yonetimi
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Introduction

Weeds are among the major constraints to crop production
worldwide, especially among  resource-constrained
smallholders in sub-Saharan Africa (Mashingaidze et al.,,
2009). Weeds smother crops but more importantly, mature
weed plants disperse and shed seeds into the soil, which
ultimately accumulate and form soil weed seed banks
(Schwartz-Lazaro & Copes, 2019). Weed seed banks consist
of viable, dormant and non-dormant seeds; with potential
to germinate and compete with crops, particularly at the
delicate seedling stages (Lopes et al., 2020). Weed seed
banks comprise of potentially germinable, and dormant
weed seeds which are vertically, and horizontally distributed
within the soil profile (Hussain et al., 2017). The number of
weed seeds in the seed banks varies considerably depending
on soil type and farmer’s management practices (Hussain et
al., 2017); and knowledge of weed seed bank status is
important for designing appropriate weed management
strategies (Hussain et al., 2017).

Literature relating soil fertility to weed growth and
proliferation is quite extensive, but overly contradictory
(Moyo, 2005; Mtambanengwe et al., 2006; Nezomba et al.,
2015). For instance, Mashingaidze et al. (2009) noted that
high levels of soil fertility tend to reduce the competitive
effect of weeds on crop growth and production. On the
other hand, Schwartz-Lazaro & Copes (2019) concluded that
low soil fertility affects the weeds as well as the crops. There
are also varied reports that soil heterogeneity due to
differences in inherent properties (organic matter, pH,
aluminium toxicity, CEC, etc.) of the soil arising from
different parent material, catena position and differences in
the management practices within and across farms
(Dessalegn et al., 2014; Nezomba et al., 2015). The catena
influences micro-environment, the physical and chemical
properties of this soil which also affect soil biological
activities. This implies that soil fertility could be strategically
leveraged in designing weed management programmes.
However, the link between soil fertility and level and
diversity of species in weed seed banks remains a subject for
further investigation.

An estimated 70 % of smallholder farms in Zimbabwe are
situated on low fertile soils (Chaumba et al., 2003; Moyo,
2005). In a bid to address low soil fertility challenges and
improve maize productivity, resource-poor farmers use with
limitations options available to them such as pit compost,
anthill soils, livestock manures, crop residues and inorganic
fertilisers (Mtambanengwe et al., 2006; Nyamangara et al,,
2011). However, the use of livestock manure as a soil-
improving organic amendment may increase weed density,
and weed reproductive structures; for example, weed seed
capsules thereby affecting the weed seed bank status. The
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objective of the study was to investigate short-term effect
of SOC, and repeated soil nutrient amendment on weed
seed bank emergence and biomass on smallholder farms
across a soil fertility gradient on the catena.

Methods
Study site

Soil used in this study was obtained from three smallholder
farms that were under short-term (six years) soil nutrient
management in Wedza, (18°15' latitude, 32°22' longitude),
Eastern Zimbabwe. The farms varied in SOC ((low= 3.9,
medium= 6.4, high=8.9 g SOC kg soil) and situated on the
upper, middle and lower catena position, respectively. Soils
in the three farms are generally infertility with low content
of major nutrients N, P, K. The farms used in this study had
similar previous land use practices (maize mono-cropping)
under conventional tillage system. They were located in the
natural region (NR) llb, at an altitude of 1150 m above sea
level, with a mean annual precipitation of >800 mm falling
between November and March. The predominant soil type
across the three farms was sandy textured soils derived from
granitic parent material and classified as Alfisol (USDA soil
taxonomy) or Lixisol (FAO soil classification).

Experimental design and sampling procedures

Soils for the weed seed bank studies were sampled from five
treatments, namely, unfertilised control, 7%N, 14%P and
7%K (NPK), cattle manure (CM), NPK+CM and NPK+lime
from each of the three farms (Zaka, Mwendamberi and
Vengesai) along the catena. The smallholder farms had
received fertiliser rates of 120N, 26 P and 30 K kg ha™, while
cattle manure applied treatments had received 5 t ha?in
each season. Lime as a treatment was applied at 1.5 t ha™
and this was done biannually; that is, 2011, 2013 and 2015.
Treatments were laid out in a randomised complete block
design.

From the three fields, six cores each with a diameter 15 cm
were randomly collected each into a clean plastic bucket (10
litres), from a 0-20 cm plough depth. The sub-samples from
each field were mixed into a composite sample. Seed bank
sampling was done in 2014/15 and 2015/16 cropping
seasons.

Weed diversity, emerged weeds and biomass

Soil samples of about 1000 g for each plot, were evenly
spread (20 cm deep) in labelled germination trays and
watered regularly (Forcella et al, 2003). The weed
emergence experiment was carried out in asbestos trays
from mid-October in each season under green-house
conditions.

Weed species were identified two weeks after weed
seedling emergence and counted by specie (number kg™
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soil). Biomass of emerged weeds in the entire plot were
determined using a method described by Parwada et al.
(2020). The emerged weed species were identified
botanically, counted at approximately 2 cm in height. Then
the weed species were cut at ground level, packed in khaki
brown paper bags, and oven-dried for 48 hours at 70 °C for
determination of emerged weed biomass (Forcella et al.,
2003). This process was repeated once a week. In the
seventh week after emergency, the soil in the trays was sun-
dry for about five days. The soil on the trays was thoroughly
and rewatered following the same routine, for an additional
six weeks. At four weeks after emergency, diversity was
determined using richness (Margalef index), evenness (Pie
Lou index), (Pie Lou, 1966) and Shannon Weiner index
(Shannon, 1948), viz:
Shannon Wiener index (H) = —Z Pi In (Pi)
i1 (1)

Where: H is Shannon Wiener diversity index, Sis the number
of individual species in the community (richness), Pi will be
the proportion of S made up of the i-th species that is p; = N;
/Nrotar, where Niis the individuals of species i (plants m?) and
Neotas is the total number of individuals (plants m™).

Species Richness was determined based on the Margalef
index:

_5-1

- InN (2)

The community Evenness was determined using the Pie
Lou’s index:

2
I Ins (3)

Data analysis

Data on weed seed emergence and biomass of emerged
weed seeds were tested for normality of variance using
Ryne-Joiner and Bartlett's test, respectively. Analysis of
variance was carried out by the Linear Mixed-Effects model
Restricted Maximum Likelihood, in GenStat Discovery 14.
Principal component analysis (PCA) was performed to
establish relationships between season, SOC, soil nutrient
amendment, and emerged weed seeds, using CANOCO 5).

Results
Weed diversity

Weed seed bank richness (Margalef index) and Shannon
Weiner index were significantly influenced by levels of SOC
(p < .001); but not evenness (Table 1). Margalef index
increased in medium and high SOC content by 1.5 and 1.3
times, respectively; while the Shannon Weiner index increased
by 1.3 and 1.1 times; compared to low SOC (Table 1). The

farm nutrient application (NPK+CM) significantly (p < .001)
increased Shannon Wiener index by 1.3 and Margalef index
by 1.4 times compared to unfertilised control treatment
(Table 1).

Table 1.

Effect of SOC and nutrient application on diversity indices
(Margalef, Shannon Wiener and Pie Lou indexes) of weeds
on-farm in Hwedza, Zimbabwe

Weed diversity indices

Margalefindex  Shannon Pie Lou index
Parameter Richness Wiener index Evenness
SOC content

Low 1.44° 1.47° 0.62
Medium 2.10¢ 1.84°¢ 0.65
High 1.87° 1.68° 0.60

F pr <0.001 <0.001 Ns
SED 0.08 0.05 0.024

Soil nutrient amendments

Control 1.54° 1.52° 0.69¢
NPK 1.64° 1.60° 0.62¢
NPK+LM 1.79¢ 1.56%° 0.60°
CM 1.95¢ 1.79¢ 0.60°
NPK+CM 2.11¢ 1.86°¢ 0.61°

F pr <0.001 <0.001 0.011
SED 0.09 0.07 0.003

Interaction (SOC x soil nutrient amendment)

F pr 0.014 0.003 Ns
SED 0.172 0.12 0.044

*Means followed by the same letter superscript in a column are no significantly
different at p < .05.

The interaction of SOC level and soil nutrient application
significantly (p < .05) affected species richness (Margalef)
and Shannon Wiener Indices (Figures 1a and 1b); with the
highest Margalef index recorded from the medium SOC
compared to the other SOC contents. In the low and
medium SOC levels, the lowest species richness was found
in unfertilised control and NPK treatment. Co-application of
NPK+CM and/or sole CM increased richness by 38.6 %, in the
low SOC, and 45.5 % in the medium SOC levels. However,
the Margalef index was not affected by the soil nutrient
management in the high SOC content (Figure 1a).

Shannon Wiener index of less than 1.4 + 0.12 was observed
in unfertilised control, NPK, and NPK+LM; while significantly
high Shannon indices (1.6 + 0.12 and 1.7 + 0.12) were
recorded in treatments that received CM and NPK+CM,
respectively under low SOC (Figure 1b). In contrast, in
medium SOC, the Shannon index values increased 1.2 times
in NPK, NPK+LM and 1.4 times in CM, NPK+CM. However, in
high SOC, the Shannon index in NPK+LM was lower
compared to other treatments (Figure 1b).

Research in Agricultural Sciences
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Weed seed bank numbers and biomass

Weed seedling emergence varied across the SOC statuses
with values of 31.6 + 0.73 and 29.2 + 0.73 and 32.4 + 0.73,
corresponding to low, medium and high SOC, respectively
(Figure 2a).

Total emerged weed seed bank numbers were significantly
(p < .001) affected by soil nutrient management and SOC
content along the catena (Fig. 2b).

Weeds seedling total biomass was also significantly (p <
.001) affected by soil nutrient management and SOC levels
(Table 1). The medium and high SOC contents had
significantly higher weed biomass (5.97 + 0.40 and 5.78 +
0.40, respectively) compared to low SOC 4.14 + 0.40 (Figure
2b).

Soil nutrient management markedly (p < .001) increased
emerged total weed seed bank counts in NPK, NPK+CM, and
CM by 3, 6 and 8 %, respectively compared to unfertilised
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Interaction of SOC x soil nutrient amendment on Margalef
and Shannon Wiener indices.
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control (Figure 3a). Weed seedling biomass from was also
significantly (p <.001) increased by soil nutrient application;
increasing by 67, 80, 166, and 200 % in NPK+LM, NPK, CM,
and NPK+CM, respectively; compared to unfertilised control
treatment (Figure 3b).

Soil Organic Carbon and weed seed bank species

The principal component analysis (PCA) recorded an
association between SOC, season and weed seedling species
composition (Figure 4). The PCA bi-plot accounted for 44.5
% of total variance in weed composition, with Axis 1
accounting for 28.1 % (eigenvalue of 0.281); while Axis 2
accounted for 16.4 % (eigenvalue =0.164). SOC content had
a strong effect on weed seedling species composition. Weed
seedling species were significantly (p < .05) linked to SOC
levels according to position on the catena; thus, mimicking
results from the original field experiment (Figure 4).
However, the soil nutrient management was not significant
(p < .05).
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Effect of soil nutrient management on weed seedling counts
and biomass in 2014-2016) cropping seasons in Hwedza,
Zimbabwe.

Weed seedling diversity and numbers varied markedly with
season (Figure 5a). There was a spike in weed density in
2014 and 2015; then a decline in 2016 in high SOC content.
In contrast, in the medium SOC levels, there was an increase
in weed count in 2014; followed by a decline in 2015 and
another increase in 2016 (Figure 5a).

The Principal Response Curves (PRCs) drawn from sampling
season, SOC and their interactions was significant based on
Monte Carlo permutation test (F= 30.2, p=.002). However,
soil nutrient management was not significant (p < .05, Figure
5b). Weeds with positive weights on the PRC scale were G.
parviflora, D. stramonium, C. monophylla, and L.
martinicensis; while R. scabra and S. pinnata had negative
weights (Figure 5b). The six species listed above were then
further analysed using REML (Table 3). Seventy five percent
of the weed species fell between -0.5 and 0.5 were not
influenced by SOC content and were excluded from further
analysis (Figure 5c).

The PRC showed that C. monophylla, D. stramonium and G.
parviflora numbers increased with increase in SOC levels;
while R. scabra and S. pinnata numbers decreased with
increase in SOC (Table 2). Integration of NPK+CM increased
the numbers of D. stramonium and G. parviflora; while sole
NPK increased the counts of R. scabra. In contrast, C.

monophylla and S. pinnata numbers were not affected by
soil nutrient management (Table 2).

Table 2.

Principal Response Curve scale (PRC) of major seedbank
weeds associated with affected by SOC content and
nutrient amendments

PRC weed species

C. D. G. R. S.
monophylla stramonium parviflora  scabra pinnata

SOC content (kg 2 soil)
Low 1.0°(1) 19°(6) 2.1°(6) 5.5°(28) 5.1°(36)
Medium  2.3°(9) 2.7°(10) 2.3°(6) 4.2°(20) 3.0°(17)

High 2.8°(13)  4.1°(21) 3.7°(12) 2.7°(7) 2.4°(8)
Fpr <.001 <.001 <.001 <.001 <.001
SED 0.35 0.33 0.27 0.34 0.38
Soil nutrient amendments

Control 2.1(9) 1.1° (3) 1.6°(3) 3.6°(14) 2.8(10)
NPK 1.8(7) 2.1°(9)  3.0°(9) 5.2¢(26) 3.8(25)
NPK+LM 1.9 (5) 1.6°(3) 2.3°(6) 2.12(7) 3.4(21)
CM 24 (11)  4.7°(21) 3.29(10) 4.6°(22) 3.5(21)
NPK+CM 2.0(5) 5.0°(25) 3.49(12) 4.6°(22) 4.0(24)
F pr Ns <.001 <.001 <.001 Ns
SED 0.44 0.42 0.35 0.43 0.49

*Means followed by the same letter superscript in a column are no significantly
different at p < .05. "Numbers in brackets are back-transformed (actual) weed
numbers m2

Discussion
Diversity of weeds

Twenty-four weed species were identified from the soil seed
bank study along a toposequence, indicating diverse weed
species. An increase in Richness (Margalef index) and
Shannon Weiner index was recorded in medium and high
SOC content. The increase in weed diversity and weed
community composition can be attributed to the effects of
topography and nutrient management, on the across the
toposequence. Topography steepness and orientation
affect  microclimate, determine water movement
(infiltration, runoff, erosion, available moisture), deposition
of nutrients, affect vegetation growth, radiation
interception at different landscape positions (Boling et al,,
2008; Kone et al., 2013). Boling et al. (2008) attributed the
change in weed density along the catena to variation in soil
texture, organic matter and macro-nutrient (NPK) content
resulting from the above listed physical processes. The
differences in texture, SOC and nutrient status along the
catena also confirm the findings by Koné et al., (2013), who
reported an increase in Cyperus density down the slope and
attributed it to changes in soil physical and chemical
properties along the catena.

Research in Agricultural Sciences
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Principal Component Analysis (PCA) Bi-plot projection of
weed species for three seasons (2014-2016), affected by SOC
content and soil nutrient management in Hwed:za,
Zimbabwe.

As depicted by soil characterisation of the experimental site,
the upper catena consists of coarser soil texture with poor
physical and chemical properties, compared to the lower
catena (Boling et al,, 2008). The sedimentation of fine-
textured particles in the lower catena, according to
Nezomba et al. (2015) increased clay content, iron oxides,
pH and organic matter (OM), and may have resulted in a
distinct fertility gradient from crest (upper) middle and
lower (bottom) catena positions. The lower catena soil
exhibits good physical and chemical properties for weeds
establishment (Koné et al., 2013).

Weed species were strongly linked to SOC content along the
soil catena (Fig. 6a). Weeds associated with sandy soils in the
upper catena position appeared to be well adapted to
infertile, low pH (acidophiles) and degraded soils
(Mavunganidze et al., 2016). Weed species predominant in
the middle and lower catena positions are known to have
luxurious uptake of N and P and are referred to as
nitrophilous and phosphophilous, respectively (Blackshaw et
al., 2010) and pose a lot of competition in fertilised fields.
The results confirm findings by Kone et al. (2013) and Touré

Research in Agricultural Sciences

et al. (2014) who reported physical spatial distribution of
weeds along the catena as influenced by soil physical and
chemical properties. Mavunganidze et al. (2016) also
reported a strong association of weed species, soil texture
and nutrient management.

Apart from variation in SOC content and location on the
farm across the toposequence, nutrient management
affected soil physical, chemical and biological properties and
promoted nutrient uptake, water retention and improved
soil health (Bera et al, 2018; Nezomba et al.,, 2015).
Application of cattle manure (CM) and NPK+CM in low and
medium SOC content increased species richness, Shannon
Wiener, and Evenness. Soil fertility management, especially
co-applying organic and in-organic fertilisers altered the
composition and species diversity in farm fields (Table 2).
The increased species diversity in NPK+CM suggested that
balanced fertilisation improves or maintains soil stability and
productivity. In contrast, Jiang et al. (2014) found that the
application of organic fertilisers reduced the species number
and richness index of the soil weed seed bank. These noted
discrepancies could be due to difference in forage diets and
mother plants content and diversity of weed species in each
case.

Biomass of emerged weeds

Biomass of emerged weeds from soil samples increased by
7 % as the SOC content changed from 3.9 to 8.9 g kg™ soil
(Table 1). The inherently high SOC content, and optimum pH
from medium and high SOC content could have stimulated
the germination, and emergence of weed seeds (Tang et al.,
2014). Moreover, the possible adequacy of nutrient and
water supply to the emerged weeds, resulting from the
treatments, could have caused rapid growth and therefore,
boosted seedling biomass accumulation, which in turn could
have translated into high weed reproductive capacity
(Mavunganidze et al., 2009). Well-nourished weed plants
tend to shed more weed seeds back into the seed bank,
compared to their weak counterparts from low fertile upper
catena (Koné et al., 2013).

The differences in weed biomass arising out of seed banks
along the catena, have earlier been reported by several
reserachers (Dessalegn et al.,, 2014; Koné et al., 2013;
Malinowska and Szumacher, 2013; Touré et al., 2014). The
increase in biomass from middle and lower catena is likely
to be affected by the physical and chemical properties of the
soils, which in turn affect nutrient and water uptake by the
crop and weeds down the slope (Touré et al., 2014). Weeds
tend to benefit more from inherent fertility, owing to their
natural adaptation and greater ability to efficiently extract
nutrient from such soils; these augment weed density and
biomass (Wortman et al., 2011).
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From the present study, NPK+CM and sole CM amended
treatments increased weed seedling emergence from the
soil by 6 and 8 %, respectively. Datura stramonium, B. pilosa,
A. hybridus, N. physaloides and G. parviflora numbers were
relatively high in these treatments and increased total
biomass of emerged weeds as well. Application of livestock
manure and fertiliser presumably benefit weeds through
enhanced nutrition, breaking weed seed dormancy and
initiation of weed seedling emergence (Karimmojeni et al.
2011), weed growth and competitiveness, weed biomass
accumulation (Tang et al., 2014), and weed seed production
(Blackshaw & Brandt, 2009).

Increased weed seedling numbers and biomass of
treatments that received CM, NPK+CM was also attributed
to cattle manure acting as a weed seed source or by
providing possible stimulants for weed seed germination.
This is a virgin area for future investigations. Otherwise,
livestock manure is known to change physical (aggregation,
aeration, infiltration, and water retention capacity) and
chemical properties (cation exchange capacity, amelioration
of soil pH) of the soil (Wortman et al., 2010; Kone et al.,
2013). This has been found to benefit crops and also un-
intentionally benefits weeds (Chipomho et al., 2018).
Furthermore, cattle manure is known to carry enormous
numbers of germinable weed seeds (Materechera &

Modiakgotla, 2006) and this is associated with high density
and biomass in field crops, especially when the soil has not
been cured or incubated for less than five months. Rupende
et al. (1998) observed that A. hybridus, E. indica and N.
physaloides densities were associated with cattle manure
which was treated for less than four weeks. Results from our
study suggested that manure use in agro-ecosystems is a
potential source weed seeds into the soil seed banks (Smith
etal., 2008). Generally, the application of CM, NPK+CM, and
NPK+lime ameliorates soil pH and increases nutrient uptake
by weeds, thereby increasing weed numbers and biomass of
emerged weeds from seedbank compared to the control
treatment. Blackshaw et al. (2010) concluded that the use of
organic and inorganic fertilisers does not only benefit the
crop but weeds as well.

Conclusion and Recommendations

This study has demonstrated the effect of soil fertility
management on weed species emergence from a weed seed
bank, diversity, numbers and biomass across a SOC gradient
of a cultivated catena in Zimbabwe. Melinis repens, R.
scabra, Cyperus sp. and S. pinnata weed species were
associated with low SOC content on upper catena position;
while B. pilosa, N. physaloides, L. martinicensis, C.
monophylla, D. stramonium, H. meeusei and G. parviflora
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were strongly linked to medium and high SOC content on
middle and lower catena positions. Generally, livestock
manure treatments were associated with the greatest
seedling emergence, weed biomass and species diversity.
Thus, manure can be external major source of weed seed,
unless when pre-treated prior to its application. However,
the mode of contribution of cattle manure to the weed seed
bank, which may be by harbouring weed seeds, providing
germination stimulants, enhancing weed nutrition or
providing a more favourable growth environment, requires
further investigation.
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